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Foreword
The vast grasslands of China cover approximately 400 million hectares and support the livelihoods 
of 16 million herders and their low-income pastoral households. The poor condition of these 
grasslands after centuries of grazing, with considerable off-site impacts such as soil erosion 
affecting air and water quality, was the focus of an international conference in 2001. Australian 
grasslands expert, Professor David Kemp, then from the University of Sydney, was invited to share 
his experiences at the conference. 

After a few years of follow-up discussion and planning, in 2004 the Australian Centre for 
International Agricultural Research (ACIAR) commenced an applied research program supporting 
the restoration of degraded grasslands through better management, while improving the income 
of herder households. The program demonstrated the calibre of Australia’s agricultural science and 
scientists, and the invaluable role of ACIAR in brokering and facilitating international agricultural 
research-for-development collaborations. 

The program was developed with key grassland groups across northern and western China, with 
ACIAR bringing together the key research institutions in China within a broad, systems approach. 
Much of the fieldwork was funded by Chinese agencies, including the Ministry of Agriculture and 
the Ministry of Science and Technology.

The editor of this book, Professor David Kemp, developed the program to restore degraded 
Chinese grasslands with Dr Bill Winter, an ACIAR Research Program Manager. The first ACIAR-
supported project associated with the program, ‘Sustainable development of grasslands in western 
China’ (LPS/2001/094) finished in 2010. Modelling, farm demonstrations and field experiments 
indicated that a reduction in stocking rates could increase herder incomes and reduce pressure 
on the grasslands, enabling rehabilitation. However, further work was needed to understand the 
system changes that would consistently achieve sustainable outcomes. 

The second phase of the program, from 2011 to 2018, had the goal of improving herder household 
incomes, alleviating poverty and rehabilitating degraded grasslands, while reducing environmental 
damage. The next ACIAR-supported project in the program, ‘Sustainable Livestock Grazing Systems 
on Chinese Temperate Grasslands’ (LPS/2008/048) provided leadership, mentoring, coordinating, 
modelling and analyses for a large number of Chinese-funded projects. The Australian team from 
Charles Sturt University’s Graham Centre for Agricultural Innovation joined with groups from China 
Agricultural University, Inner Mongolia Agricultural University, Institute of Grassland Research 
(China Academy of Agricultural Sciences), Gansu Agricultural University/Gansu Academy of 
Agricultural Sciences and Lanzhou University to carry out the work.

Much has been learned since 2001. Herders have changed and continue to change their practices 
as they shift from a survival mode to one that is more production oriented. Our understanding 
of Chinese grassland systems has significantly improved and better guidelines for managing 
grasslands to achieve a sustainable and resilient state were developed, to the point where herders 
see a future in livestock production on grasslands. 
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Modest investment from ACIAR to support Australian scientists was matched by a much larger 
investment from China to support the on-ground activities through this program. The systems 
approach and multidisciplinary, integrative skills of the Australian scientists helped the Chinese 
research institutes, with their deep technical capabilities but more narrow focus, to work more 
effectively together on the complex challenges of improving rangeland management in China 
for multiple objectives.

This monograph, Sustainable Chinese Grasslands, presents the current state of knowledge for 
managing these vast grasslands and what has been learned in the new century. The results apply 
not only to the 400 million hectares of grasslands in China but also to those in Mongolia, Russia and 
throughout Central Asia. The principles elicited here are also relevant to grasslands in many other 
developing countries.

Andrew Campbell 
Chief Executive Officer, ACIAR
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Professor David Kemp (third from left), 
Dr Bill Winter, former ACIAR Livestock 
Research Program Manager (fourth 
from left) and Chris Brittenden, former 
ACIAR Country Manager (far right,) 
with herders in eastern Gansu in 
2002, during an early visit to plan the 
grasslands program. Photo: D.R. Kemp

Professor Andrew Campbell, Chief Executive Officer, ACIAR and 
Dr Nyima Tashi, President, Tibetan Academy of Agricultural and 
Animal Science, pictured at Lake Namtso in the Tibet Autonomous 
Region of south-west China. The lake is the highest saltwater lake 
in the world at 4718 metres above sea level, and is located on the 
Qinghai–Tibetan Plateau. Photo: D.R. Kemp

Professor David Connor and Dr Liu 
Guodao, reviewers of the last phase of 
the program in 2016. Photo: D.R. Kemp
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1	 Sustainable Chinese grasslands
David Kemp, Zhang Yingjun, Wu Jianping, Hou Xiangyang,  
Hou Fujiang, Han Guodong

China’s grasslands are part of the Eurasian grasslands, one of the world’s largest land-based 
ecosystems that extend from eastern China to eastern Europe. The grasslands of China are vast 
(approximately 400 Mha), and some 90% are overgrazed and considered degraded, although 
only 10% (approximately 40 Mha) have become so badly degraded and desertified that they need 
serious intervention to restore them. The worst areas have had livestock grazing bans imposed. 
There has been considerable concern about the state of the grasslands (Li 1999; Ren et al. 2001; Lu, 
Fan & Liu 2002; Lu, Ly & Xin 2005; Hong 2006; Hong 2011; eds Kemp & Michalk 2011) and ongoing 
discussion about better policies (Gongbuzeren, Li & Li 2015). 

Typically, the productivity of these grasslands has declined and the botanical composition has 
changed to the point that species of low nutritional value, either due to low palatability or being 
effectively inedible, have become an increasing and often dominant proportion of the plant 
community. The overall impression, though, is of resilient ecosystems where most native plant 
species remain, but their composition declines to a significantly less desirable state for functionality 
and sustaining livelihoods. It is very rare for exotic species to be found invading the grasslands.
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A herder taking sheep out to graze on the desert steppe in spring. Photo: D.R. Kemp

The 16 million herders who depend upon grasslands for their livelihoods are among the poorest 
rural communities in China. Traditionally, they led a nomadic lifestyle. Human and animal 
populations were low, having only a moderate impact on the environment, and they acquired 
considerable skill in surviving in a climate that is considerably lower than 0 °C for up to seven or 
eight months of the year. Precipitation (50–600 mm) occurs primarily through the summer growing 
season, with a more variable period in early summer, which often sets the annual grassland 
productivity level, irrespective of the total annual precipitation. 

The traditional practice is to take the animals out to graze every day of the year, irrespective of 
conditions. Adult animals lose 20–30% of their body weight every winter, often only regaining that 
weight loss by the end of summer after a period of compensatory gain. Mating is more successful 
in late summer and autumn, when animals are at their peak body condition for the year. Animals 
are often in poor condition at other times of the year and cannot get pregnant. Those animals that 
do get pregnant produce young in the middle of winter through to spring, when temperatures 
are very low and they are in poor condition. The young are weaned about the time that grassland 
growth commences in early summer, or during summer. 

Traditional herder knowledge helps to ensure that animals survive through these tough local 
conditions, but this does not optimise production for the rapidly developing markets of China. 
Consumers want more animal products, not skin and bone (Kemp & Michalk 2011). Herders have 
traditionally believed that the more animals they have, the better their income will be. This has led 
to overstocking in recent decades.

Livestock productivity is generally poor. Animals are of low birth weight and grow slowly, often 
not reaching mature weights until about twice the age that would apply in Australia, Europe, 
New Zealand or other developed countries. Cattle and yaks typically only produce a calf every 
second year. Sheep produce a lamb in two years out of three, and there is considerable abortion 
among goats due to the stressful conditions. Meat, milk and fibre (wool, cashmere and yak hair) 
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production per animal is considerably below what could be expected from better-fed animals. As 
the productivity per animal is low, so is the price per animal. When traders come, they purchase the 
best animals. As a result, the remaining animals are the least productive, as was found when the 
weights and condition of animals were regularly monitored on farms1 (eds Kemp & Michalk 2011). 
Often flocks were found to have far more old animals than was reasonable for flock renewal. The 
flock or herd productivity declines over the years until there is a good season, an above average 
number of young are born, and rebuilding occurs. This is more akin to wild animal populations 
than a managed flock or herd.
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Figure 1.1	 Standardised stocking rate (SE/ha), China, 1950–2014
Note: From 1950 to 2014, the stocking rate showed an average annual increase of 3%.
Source: FAOSTAT

Overgrazing of grasslands has been driven by major increases in people and animals since 1950, 
reflecting policies to utilise this apparently wasted resource. Old herders talk about their youth, 
when they were ‘having trouble to see the cattle, but now they see the mice’. Analyses of local 
records has shown a fourfold increase in stocking rates since 1949 (Figure 1.1; Chapter 2). The 
data are shown as sheep equivalents to better illustrate grazing impacts. China now has one billion 
sheep equivalents of livestock using grasslands, particularly in summer.

The overall pattern in stocking rates shows four distinct phases. From 1950–57, there was a steep 
rise in numbers following the wars and conflicts of previous decades, presumably getting back 
to previous levels, though no earlier data are available. From 1958–84, there was a steady rise in 
numbers during the collective farm and commune era, when production systems were rebuilt. 
During that time, cattle were the main tools used on farms for producing crops and there was 
very little consumption of beef. From 1985, after then-President Deng Xiaoping introduced the 
‘responsibility’ system, opening markets and allocating individual areas of land to farmers and 
herders, the response of the herders was to increase their grazing livestock by nearly twofold. 
Village leaders now identify that response as exacerbating overgrazing. From 2009 to 2015, there 
was a small decline in animal numbers, as herders, officials and research (like the programs 
discussed in this monograph) all indicated that a reduction in stocking rates was needed. 

1	 ‘Farm’ is used in this publication for properties producing livestock. This terms covers the many different types of farms that 
have grazing livestock.
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Understanding why herders do what they do, and what can be changed to improve their 
livelihoods, is critical to developing sustainable solutions (Chapter 6; Hou, Han & Li 2012; Hou et 
al. 2014). More detail on trends in livestock numbers, nationally and regionally, is presented in 
Chapter 2.

The data on livestock numbers in China provide useful indications for the level of stocking rate 
reduction needed to restore the grasslands. If the stocking rates in 1950 were the goal, a 75% 
reduction in overall stocking rates would be required. However, from the limited information 
obtained to date, it is considered that during the period 1958–84 grasslands were in reasonable 
condition and systems were sustainable. This means that a 50% reduction is a more practical 
target. Different targets will probably apply in different regions. The reduction required will depend 
upon the local availability of forage and supplements. Grassland areas are considered natural 
systems and government policies have limited any artificial pasture or fodder crops to < 0.7 ha per 
household. Better nutrition of livestock to sustain higher stock numbers would require production 
of more forage, hay, silage, grain, etc. in neighbouring districts. However, growing that food would 
compete with cropping for human consumption, which has priority in China. These considerations 
mean that livestock in grassland areas are and will be mostly dependent on grassland for food.

Animals grazing on the desert steppe in early winter at temperatures of –20 °C. The tall grass is toxic in summer 
and is left ungrazed under these harsh conditions. Photo: D.R. Kemp

The condition of some grassland areas was adversely affected by an expansion of cropping 
fostered under previous government programs. This was done in the belief that the soils and 
climate were better than they were (Ren et al. 2001). Cropping meant that soils remained bare 
through winter and spring. Wind erosion then removed much of the readily available nutrients in 
soil surface layers, reducing productivity. Many of the areas used for cropping in recent times are 
now returning to grazing, though the plant species present are not as frequent nor as productive 
as they are in natural grasslands. Restoration of these previously cropped areas often requires 
replanting. This is a separate issue to the main emphasis of this monograph of managing the 
grasslands to return them to more sustainable levels.

The decline in grassland productivity due to overgrazing through the year has meant that wind 
erosion and the frequency of dust storms have increased considerably. Historically, an average of 
one severe dust storm reached Beijing every four to five years. In recent times, there have been 
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four to five dust storms in a single year. These dust storms can reach the Korean Peninsula and 
Japan. There is considerable concern about dust storms across northern China. Governments have 
been implementing a range of policies to reduce their incidence. The grasslands are only partly 
to blame, as dust also comes from construction, industrial and mining sites close to the northern 
cities. Unfortunately, some early policy responses resulted in programs to plant trees across 
the grasslands, where trees do not naturally occur, rather than seeking to better manage the 
grasslands. Those problematic policies may return as the responsibility for grassland management 
was transferred to the State Forestry and Grassland Administration in 2018.

Since the passing of the first Grassland Law in 1985, government policies have aimed to improve 
herder incomes and rehabilitate grasslands. Many local officials, following earlier directions from 
the Central People’s Government, had encouraged more livestock as a way of improving incomes. 
However, with the passing of the Grassland Law, local governments commenced grazing bans in 
parts of the grasslands to aid rehabilitation. In the Inner Mongolia Autonomous Region (IMAR), 
70 Mha was progressively closed to grazing. Grazing bans exclude all livestock and typically 
last for five years. Herders are compensated for not grazing. Compliance with these bans has 
become an increasing problem, and even when herders comply they are not always convinced 
that the grasslands benefit. Also, after a grazing ban, grasslands were being restocked at the old, 
high stocking rates. A subsequent Grassland Law was then introduced to allow local officials to 
implement lower stocking rates. Increasingly, the Central People’s Government has strengthened 
its desire to improve the environmental values of the countryside, as President Xi Jinping noted in 
his 2017 address to the Party Congress. Some officials interpret this as meaning that all grazing will 
be banned in sensitive areas. 

When this project was being developed, there was little evidence that a five-year grazing ban would 
restore the botanical composition of grasslands to a desired state, or if some grazing may help in 
that restoration, yet the impact on herder household incomes could be significant. Work done in 
the 1990s in IMAR within an AusAID project (Chen et al. 2002), using tactical rest ideas developed 
in Orange, NSW (Kemp & Michalk 1993; Kemp & Dowling 2000), showed that early summer rests 
could help restore C3 (temperate) perennial grasses (Kemp, Michalk & Virgona 2000). Normal 
grazing was then possible through summer, once some initial plant growth had occurred that 
reduced the risk of early-summer overgrazing. An early summer grazing ban is now commonly 
imposed by local officials, for which herders get a small payment, as part of the ‘balance’ program 
supported by the Central People’s Government.

Through the 1980s and 1990s, there was a growing acknowledgment in China that the 300+ Mha 
of extensive grasslands in northern and western provinces were degraded to varying degrees. This 
was evident in a decline in growth of desirable plant species and an ever-increasing proportion of 
less-desirable species of low nutritive value. At best, these species might maintain an animal’s body 
weight briefly in summer, but irrespective of how much the animal ate, it generally lost weight. 
Desertification increased. Cattle were less able to eat the short grass and were replaced by sheep 
and goats. Programs to cultivate grasslands to grow crops were not successful. These problems 
were acknowledged by researchers, herders and officials at all levels of government. Much of 
the past and current research in China investigates components rather than integrated systems. 
Studies needed to be done across a range of grassland types to identify better management 
practices. This monograph brings together the outcomes from a large program and is designed to 
find strategies that will help rehabilitate grasslands and improve herder incomes.
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Building a program
In 2001, an international conference was held at Hailar in IMAR, organised by the China Agricultural 
Science Society and the Chinese Grassland Society. Several key speakers discussed the state of 
knowledge of grasslands at that time. Professor Nan Zhibiao from Gansu thought that some of the 
Australian approaches for managing grasslands sustainably could be useful, and invited Professor 
David Kemp to give a paper on the work done in central New South Wales and tour northern 
China to discuss ideas for research. Many discussions over the following few years culminated 
in a program funded by ACIAR that started in 2004. That program eventually comprised two 
large projects funded by ACIAR, with some additional initial activities funded by the Australian 
Department of Agriculture, Fisheries and Forestry (DAFF), and also by the Australian Greenhouse 
Office (AGO). The Australian components funded project design, analyses and coordination among 
six major groups working on grasslands in China. The fieldwork was funded by institutions from a 
range of Chinese Government programs.

The initial proposals were for grazing experiments designed to understand the interaction between 
grazing animals and the botanical composition of grasslands, and provide better estimates of 
livestock productivity. A modelling component was included that aimed at using the data from 
the experiments to investigate alternative grazing practices. Farm surveys would provide data for 
calibrating models and to help understand the grassland–livestock system. This included examining 
greenhouse gas production and wider sustainability issues from different grazing systems. The 
proposals expanded to include universities and institutes in Gansu, IMAR and Beijing. Given the 
extensive areas of grassland and the fact that some data was already available in China, the ACIAR 
program would focus on understanding the grassland–livestock system in several villages in a 
transect from due north of Beijing (in IMAR) through to western Gansu (Figure 1.2). Surveys of 
farms would provide data to calibrate models designed to evaluate the options available to herders 
to improve household incomes and help rehabilitate the grasslands. In addition, work would 
commence on understanding the governance issues for managing China’s grasslands. 

The initial part of this work was only specified for two years. Before that concluded, it was evident 
that not enough information could be collected in that time frame, and that other issues of interest 
(e.g. greenhouse gases, herder attitudes) had to be incorporated. The program was expanded to 
include modelling of greenhouse gas impacts and farm demonstrations. Funding for the expanded 
program came from ACIAR, the AGO, DAFF and Chinese agencies.

The first phase of the program demonstrated, first in models and then in farm demonstrations, 
that reductions in stocking rates could lead to improved net incomes from livestock with the 
prospect of consequent improvements in grassland condition (eds Kemp & Michalk 2011). It was 
acknowledged, though, that a wider test of on-farm changes was needed, as were experiments to 
investigate grassland management practices that could enable positive changes in the botanical 
composition of grassland from the increasing incidence of less-desirable species such as Artemisia 
to more productive, higher forage quality grasses. Did total grazing bans achieve the best outcome, 
or was tactical grazing better? Changes in the organisation of livestock production on farms were 
likely to be only part of the story. It was evident that better outcomes resulted when the markets 
sent signals to herders that emphasised per head production over increasing animal numbers. 
Better markets could encourage change with less need for government intervention. 
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main ACIAR sites

Figure 1.2	 Map of the main vegetation types across China and the main initial study sites 
used in the ACIAR Sustainable Chinese Grasslands Program

All these components had to be documented. ACIAR agreed to a second major phase in this 
program, providing support to coordinate the planned work and help document the impact of 
various changes. The Chinese Government, through various national and local programs, provided 
funds for the comparison of experimental and control farms in nine regions across China, several 
projects to investigate grazing tactics and strategies on the main grassland types in northern 
and western China, and other work on improving the nutrition of livestock when grasslands are 
inadequate. 

As these programs were large, and new to many involved, the success rate was variable. However, 
overall, far more is now known about managing the grasslands and the system changes that are 
required to deliver better household incomes and improved grassland condition. 

We thank all our supporters and collaborators for their major efforts at taking on and researching 
the many ideas generated and obtaining all the funds needed for the success of this work. This 
monograph reports on 15 years of work investigating the improvement of grasslands and herder 
household incomes in northern and western China. The publications listed in Appendix 2 provide 
more detail on the work that was done.
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Theory to practice
In developing the sustainable grassland management program for China, an initial step was to 
revisit the basic relationships underlying animal production of grazing animals. These relationships 
were the subject of much discussion in the 1960s and 1970s. A review of grazing experiments 
(Jones & Sandland 1974) suggested there is often a linear relationship between animal production 
per head and stocking rates (Figure 1.3). The initial formulation normalised the data, which means 
the underlying mathematical relationship may not be necessarily linear. However, if absolute values 
are used, the underlying relationship is clear. An important aspect of defining these relationships 
is that animal production per head (in growth, meat, milk, fibre) is the primary response. The 
productivity per unit area (hectare or mu) is then calculated from the production per head.

production/hectare = production/head x head/hectare

Many papers in the literature confound these terms and calculate them independently, although 
they are not independent measures. This often leads to differences in estimates of optimal stocking 
rates depending upon which measure is used (per head or per hectare). A further problem in the 
literature is the definition of optimal stocking rates at the point where the per head and per hectare 
curves intersect. This is clearly an artefact, dependent upon the scales used for each measure, and 
ignores other criteria that would define the optimum, such as grassland condition or economics.

Over the years, there has been an ongoing debate about the linear or curved nature of the 
response in per head production to stocking rates. A consideration of the results obtained in this 
program and of the literature suggested that curved responses often seemed to occur where there 
was some confounding. Examples include using animals of different ages, using mature animals 
that did not show much growth response, or combining data from different seasons (e.g. where 
grasslands were only growing and green for part of the period of measurement, while the rest of 
the period had effectively very different quantities and quality of forage). When the system under 
study showed reasonably consistent steady-state conditions, linear responses were evident.
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Figure 1.3	 Basic animal production relationships between stocking rate, production per 
head and production per hectare
Source: Based on Jones & Sandland (1974)



Sustainable Chinese Grasslands 9

1  Sustainable Chinese grasslands

Project meeting to review work, May 2006. Left–right: From Inner Mongolia Agricultural University, Professors 
Yun (Head of Grassland Department), Li (Vice-President), Wang (Head of Faculty of Ecology), Han (local project 
leader); from the Institute of Grassland Research, Dr Tian, Dr Yuan, Dr Xu (local project leader); Professor Kemp 
(project leader). Photo: Han Guodong

A further confounding problem is that, in the first year or more of a grazing experiment, the results 
will reflect the consequences of previous management at the site (Chapter 10; Zhang et al. 2015). 
It can take some time before the results more accurately reflect the treatments being studied. 
In China, grasslands are green and growing for three to four months over summer and animals 
have a reasonably consistent feed supply. It was therefore decided to restrict analyses of animal 
responses to stocking rates to the summer period. In autumn, winter and spring, the quantity 
and quality of forage available is often below maintenance requirements and animal responses 
need to be analysed differently. In those cold seasons, animal production is affected more by low 
temperatures and the quantity and quality of supplements they are given than by the available 
forage on grasslands.

The opportunities for improving animal productivity over summer derive from considering the 
basic relationships between stocking rates and animal production per head and per hectare (Figure 
1.3) (eds Kemp & Michalk 2011). The simple case that applied in China (as shown in Chapters 
8–10) was for a straight-line reduction in production per head with increasing stocking rates. The 
optimum point, based on financial analyses of the per hectare curve, is often around point A, where 
production per hectare and per head is 75% of the potential. At the top of the per hectare curve, 
the marginal gain (slope) for each additional animal is zero, though there are still costs for those 
additional animals. The net income is less than at the peak of the per hectare curve, and moves 
towards point A. The actual financially optimum position will depend upon the total effect of all 
fixed and variable costs, as well as income per animal, but from the perspective of this discussion 
and the experience gained with the models (Chapters 6 and 7), a reasonable position is around 
75% of the peak of the per hectare curve, which translates to 75% of the per head response curve.

Livestock producers are often given a target production per hectare to aim for. These curves 
illustrate a problem that can arise. The production per hectare curve shows there are two positions 
(points A and B) where the same productivity applies per hectare. At point B, however, production 
per head is only 25% of the potential and the stocking rate is three times that of point A. 
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The stocking rate is a simple way of estimating the available forage per animal. The slow growth 
of animals to maturity in China strongly indicates that many are stocked at that higher level, a 
condition that also applies in poor growing seasons. In a drought or winter snow emergency (called 
dzud in Mongolia), animal production becomes negative as the notional stocking rate, relative 
to the forage supply, increases considerably. These curves indicate how the stocking rate could 
be substantially reduced and still achieve the same output of animal products per hectare, while 
moving closer to the point where net income per hectare, and therefore per farm, is maximised. In 
practice, the actual optimal position will vary, but the underlying response functions would retain a 
similar shape, with different scales.

Other analyses (Kemp, Badgery & Michalk 2015) indicated that, at point A, the grasslands would 
be in much better condition than at point B. To achieve production per head around 75% of 
the potential would require higher levels of green herbage mass in the grassland with a higher 
proportion of desirable plant species (Chapter 10). Economic modelling indicates that herder 
household net incomes would be increased if stocking rates were at point A (Michalk et al. 2011). 
This provides a mechanism where stocking rates could be reduced, animal productivity increased 
and grasslands rehabilitated, as there is less risk of overgrazing. These basic relationships were 
used in models (Chapters 6 and 7) to assess the cost–benefit responses of different stocking rates. 
The outcomes of the modelling were tested and substantiated in farm demonstrations (Chapter 
4). Results from the grazing experiments were used to assess the form of the response in per head 
production to stocking rates and that supported the basic linear relationship (Chapters 8–10).

Many herders are not familiar with thinking about productivity per hectare, and better understand 
productivity per head. As with livestock producers in Australia, they talk more about how their 
animals perform than their output per hectare. Traditional herders lived a nomadic existence, 
and land was not necessarily the main constraint on livestock production. The constraint is more 
often how many animals they can manage with the labour available. For that reason, we translated 
the optimal values to per head production to provide better guidelines for herders (Chapters 4 
and 5). By monitoring their animals, herders can better judge if their stocking rates are near the 
optimum, rather than developing new skills in thinking about stocking rates. In addition, the models 
estimated net incomes per household to reinforce the benefits of reduced stocking rates.

This program sought to identify various criteria that herders and officials can use to better manage 
their livestock and grasslands. Productivity and profitability per head are a primary measure that 
herders are more likely to monitor and use to optimise their household income. In addition, some 
simpler criteria are needed to manage stocking rates so that the grassland condition is optimised. 
Unless herders have accurate measures of the land area they are grazing, it is difficult for them 
to know and manage stocking rates. The grassland condition depends upon the balance between 
plant growth and animal demand. Animal demand varies with the size and physiological state of 
the livestock and is not easy to calculate accurately. However, the balance between animal demand 
and plant supply is clearly visible in the herbage mass. In experiments, the actual herbage mass 
in response to grazing pressures is regularly measured so that the herbage mass that optimises 
grassland functions and animal productivity can be assessed. Various studies sought to identify this 
optimal grassland herbage mass (Chapters 8–10). When the relevant values for herbage mass are 
known for any given grassland type, herders and officials can be trained to recognise that level and 
adjust their grazing and stock numbers accordingly.

The many different grassland types and environments across China mean that no single set of 
management criteria will apply to all areas. It is anticipated that the sustainable levels of herbage mass 
will probably range from high values in the higher rainfall meadow steppe to low values in the desert 
steppe. As an aid to officials in making judgements about sustainable levels of grassland utilisation, a 
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long-term objective of this program is to use the data from grazing experiments to not only estimate 
the sustainable levels of herbage mass, but also estimate what that means in the sustainable 
consumption rates by livestock. The aim is to manage grasslands to improve and maintain a higher 
proportion of desirable plant species and maintain enough cover to reduce the risk of soil erosion.

Program structure
This large program had a transdisciplinary approach. The core aim was to improve the grasslands 
and the livelihoods of herders who depended upon them. All the work was evaluated from that 
perspective, as well as its contribution to understanding the system. The transdisciplinary nature 
of the work carried an expectation that all personnel had some understanding of the other 
components, so they could do better research and help solve the core problems more efficiently, 
although this varied among personnel. Capacity building was important in all components of the 
program. Central to the program design were the case study and satellite farms (Figure 1.4), which 
provided data to calibrate models and investigate what changes may be more useful, and ran the 
demonstrations to test the model outcomes.

As well as the data obtained from farms, additional data was required from experiments and 
literature to develop various models used to analyse farm options. Modelling and experiments 
proceeded in parallel. To keep the program’s focus, regular meetings with herders and local 
officials discussed the program’s progress. Training sessions were held with herders and officials 
to improve their skills as they moved from traditional practices to one that emphasised production 
for developing markets from which they could derive improved incomes. The cyclical nature of the 
program’s design meant that there was no specific endpoint—a situation that applies to agriculture in 
general. Rather, the success of the program emerged when it was evident that sustainable changes 
in the livestock/grassland system were being adopted and herder livelihoods were improving.

Case study & satellite farms

Note: Names are listed alphabetically in English

Workshops 
& field days  
(Wu Jianping, 
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Mengli)
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programs 

for herders 
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(D Michalk)
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expert panels 
(site leaders, 

Gansu & 
IMAR)

Plan/review 
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(D Kemp)
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practice change 
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(T Takahashi,  
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(D Kemp,  
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IGR, Zhang Yingjun)

Capacity building of collaborators to analyse and improve livelihoods and 
rehabilitate grasslands (incorporated into all activities)

Figure 1.4	 The Sustainable Chinese Grasslands Program aimed to analyse and improve the 
livelihoods of herders and rehabilitate grasslands
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Working in China
Applied research programs such as those outlined in this monograph not only need to find 
appropriate solutions to problems, they must also develop the connections with herders and 
various authorities to deliver and help implement the practices identified. What were the processes 
that helped define the project and promote the results? This section outlines the main processes 
we used, though their implementation varied depending on how remote the study villages were. 
In some cases, we were able to visit sites regularly, but in others we worked with local researchers 
and students who did the required enquiries, surveys, training and contacts. 

Initially, about three years were spent in discussion before the first phase of work officially 
started. These discussions clarified that farm surveys and modelling and field experiments were 
needed, and this fieldwork was funded and done by the Chinese groups. Once the project officially 
started, much time was spent interviewing farmers in each study village to understand how they 
worked and what the main parameters of their grazing–livestock system were. Repeat visits often 
applied, as it was important for the key people involved (researchers, herders and local officials) 
to get to know one another. Data had to be clarified during these repeat visits, as we built our 
understanding. We relied on herders recalling the biophysical and financial data we needed, as they 
did not keep written records. Regular visits were made at times when key pieces of information 
were more likely to be recalled. We worked with staff and students to help them understand how 
to use open-ended questions (e.g. ‘What did you pay for a ram?’) rather than leading questions (e.g. 
‘You paid ¥500 for a ram’) to get better data. In China, leading questions are common and people 
politely give the answer expected.

We met with local officials and other interested people to outline what we were doing and keep 
them informed on progress in the project. Those contacts were at least annual and often more 
frequent. Similar contacts were made across the six layers of government in China. In Beijing, the 
team met with the Ministry of Agriculture and the Ministry of Science and Technology and other 
funding agencies. Our aim was to inform these groups of our progress and the implications for 
their programs. This had some influence on the Chinese national five-year plans and their annual 
updates. Officials and some herders visited Australia to see research and do ‘paddock to plate’ 
training programs, which helped them understand the key importance of more transparent 
marketing chains and understand how we carry out Australian research.

Extension staff from Australia helped run training programs with herders. This was a new, less 
formal approach for China. We met with small groups of herders on their farms. After some initial 
meetings, we asked officials to stay away so that the herders would talk more freely with the 
trainers. Separate meetings were held with officials to tell them what was discussed, how it was 
done and what we learned from the exchange with herders. This helped build a more accurate 
knowledge base of how livestock were managed.

The work in this monograph has been the subject of many papers presented at conferences and 
meetings in China and in lectures to staff and students. We wanted to present work-in-progress as 
well as more complete results. As will be evident through this monograph, we developed various 
theories to help us understand, interpret and model the grazing–livestock system. These have 
become important in the subjects taught at collaborating universities in China. Further details on 
capacity building achieved are discussed in Chapter 11.
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Monograph outline
This monograph reviews the work done in the large sustainable grasslands program since the early 
2000s, with emphasis on the period 2011–18. A previous publication (eds Kemp & Michalk 2011) 
provides more detail on the background and earlier work.

The program was designed to provide sound evidence for the livestock and grassland management 
options to guide Chinese research and development agencies on how to alleviate poverty and 
reduce further environmental damage on degraded grasslands by improving household incomes 
from livestock production enterprises while reducing grazing pressures.

The program had two main objectives:

1.	 analyse the bio-economic sustainability of grassland livestock production systems options at 
household level

2.	 develop evidence-based advice for Chinese research and development agencies on practical 
options for reducing grazing pressures and improving net financial returns from livestock.

As part of these studies, a set of system components were investigated:

1.	 Enterprise choice: Which livestock enterprises are the most beneficial for net income and 
grassland sustainability?

2.	 Animal management: What changes are needed in the type, numbers and management of 
animals to achieve this?

3.	 Animal nutrition: What changes are needed in animal feeding strategies throughout the year?

4.	 Grassland management: How will these new livestock production systems improve the 
sustainability of the grassland?

5.	 Infrastructure: How will changes affect farm infrastructure and management?

6.	 Finance and policies: What are the additional strategies/policies that could be implemented to 
achieve greater household incomes and rehabilitate grasslands?

7.	 Driving change: What are the drivers of practice change that will bring about the changes 
identified?

These topics overlap and their interactions, as well as individual outcomes, will be considered 
in this monograph. These objectives and topics are then considered in the series of studies 
summarised in the following chapters. 

•	 Chapter 2: Chinese livestock numbers and grassland impact

•	 Chapter 3: Changing animal practices and industry structures on grassland farms

•	 Chapter 4: Farm demonstrations—what are we learning?

•	 Chapter 5: Herder attitudes on stocking rates and implications for grazing management in 
northern China

•	 Chapter 6: Sustainability modelling

•	 Chapter 7: Modelling the sustainability of Qinghai–Tibetan Plateau grasslands

•	 Chapter 8: Desert steppe grazing management
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•	 Chapter 9: Managing the typical steppe

•	 Chapter 10: Devising sustainable grassland grazing management practices for the future of 
Chinese grasslands

•	 Chapter 11: Capacity building as a driver to deliver benefits for sustainable grasslands

•	 Chapter 12: Future-proof sustainable Chinese grasslands
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2	 Chinese livestock numbers 
and grassland impact

David Kemp, Wu Jianping, Lang Xia, Gong Xuyin, Li Ping, 
Han Guodong, Zhao Mengli, Karl Behrendt, Scott Waldron

Livestock have always been an important part of China’s history, transport, mechanical power 
and food supply, vital for supporting the large population, especially herders who lived on the 
grasslands. However, for much of China’s history, the 400 Mha of extensive grassland areas of 
the north and west had a low density of people and animals. People lived a largely self-sufficient 
existence, depending upon their livestock to satisfy most of their needs. Trade with other regions 
was restricted and limited to higher value items, as transport systems were rudimentary. Not all 
grasslands were grazed each year and a transhumanance system of annual movement by herders 
seeking forage for their livestock meant they had time to recover.

The grasslands of China had sustained herder households for centuries, but in the last century, 
the large increases in populations of people and animals have put this major resource under 
increasing pressure. It is now widely acknowledged that 90% of the grasslands are degraded to 
varying degrees and animal productivity is low. Overstocking was encouraged, as herders and 
officials considered that more animals would result in more income, which would support the 
increasing demand for food and other products from the increasing human population. It has now 
been realised that those policies and practices have not delivering the results desired and that 
degradation of the grassland resources is creating additional environmental problems, including 
the increasing frequency of dust storms. As discussed throughout this monograph, simply 
increasing animal numbers does not result in higher incomes for herder households. A better 
strategy is to focus on maximising net income per animal.
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This chapter summarises the changes in livestock numbers since 1950, when statistics were 
collected for the animals that graze the grasslands. This provides a background to the chapters that 
consider more detailed impacts and solutions. Data is presented for sheep, goats, yaks, beef cattle, 
horses and camels, but not dairy cattle, buffaloes, pigs or poultry. The latter groups of animals are 
more common in the south-east of China, not on the grasslands. In more recent years, dairy cattle 
numbers have expanded in grassland regions, but they tend to be kept in feedlots and fed on 
specially grown forages. The ways grazing animals are managed have changed over time, but it is 
difficult to be very precise about how that may have changed grazing pressures on the grasslands. 
For example, a general trend has been to increase the amount of supplementary forage used 
and the time animals spend in sheds through winter. This trend has been driven, in part, by the 
declining forage available from grasslands and changing market demand for animal products 
(quantity and quality). The objective of this chapter is to estimate the general changes in grazing 
pressures that would have occurred. 

Data is presented for China, the IMAR and Gansu, and four regions within those provinces where 
the research presented in this monograph was carried out. In IMAR, the counties investigated are 
Siziwang and Xilinhot. In Gansu, the counties are Sunan and Gannan/Maqu. From these seven 
different regions and scales, we can clarify the similarities and differences in livestock pressures on 
grasslands, and the implications of these for similar areas across China.

Livestock have always been important in pastoral areas of China. This ancient bronze shows an animal used 
for draught. In recent decades, the numbers of draught animals have declined, and beef cattle have rapidly 
increased. Photo: D.R. Kemp
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China

Statistical issues
The available data on livestock numbers and products has some limitations that need to be kept 
in mind when considering these results. It is best to interpret the results in a broad sense. The 
problems in Chinese livestock collection and reporting systems have been previously documented 
(Waldron et al. 2007). In China’s annual ‘bottom-up’ system, statistics are sent from villages up to 
national levels, based on subsamples and a series of technical assumptions (turnoff and carcass 
weights). These are corrected and retrospectively revised every 10 years in a complete agricultural 
census (1996–97, 2006–07). The early years of the 1950s would have been problematic, as the 
current Chinese government came to power in 1949 after many years of conflict.

The main national dataset used for China was obtained from the Food and Agriculture Organization 
Corporate Statistical Database (FAOSTAT) (accessed April 2017). The available FAOSTAT data cover 
the period 1961–2014. Data from 1950 to 1961 were obtained from archived statistics originally 
maintained by the United States Department of Agriculture and now on a NASA website (accessed 
April 2017). Where that data overlapped that from FAOSTAT, any differences were trivial. This 
suggests that the same adjustments applied to the earlier dataset.

The data used was on numbers of sheep, goats, cattle (excluding dairy and buffalo, but including 
yaks), horses and camels—the species that utilise grasslands. The data on sheep and goats is 
sometimes separate and in other cases combined (sheep+goat), especially in the early years of 
available data. Herders often call all their small livestock ‘sheep’ and those collecting the data were 
not always able to separate them. In some cases, it appears that beef cattle and yaks may have 
been combined. Where clear differences applied, the separate data on species was used.

Changes in animal products (especially meat) over time could add additional information on how 
well those animals were being fed from grasslands. However, that data has limitations. Data on 
‘meat’ animals (the term used in FAOSTAT) is more correctly termed ‘turnoff’ or ‘offtake’, which 
includes both slaughtered and transacted animals (which may not have then been slaughtered 
for meat) and the proportions vary through the years. The derived tonnes of meat from each 
species are based on estimated carcass weight constants. What was evident was that the same 
yield of meat per animal was often used over the years, even though seasonal conditions and 
management practices changed. In the early years, sheep numbers were not clearly distinguished 
from goats, and the weight of ‘meat’ per goat was often equal to, or greater than, that from sheep, 
suggesting there are some inherent errors. Sheep are typically 20–25% larger than goats, and it is 
highly unlikely that both species had the same meat yield. The calculated meat per head was not 
constant across all years, suggesting that there was some data collected that resulted in variable 
outputs over the years, but it was difficult to resolve this detail. The ‘meat’ produced by horses 
and camels was constant over the years (120 and 220 kg/head, respectively) and does not identify 
consumption, as some of the animals sold were not slaughtered. As horses and camels are a small 
proportion of the total number of animals, this is not a major issue for estimating the total effect 
from all grazing animals.

The definition of ‘meat’ animals is also problematic. When the number of animals in this category is 
expressed as a proportion of the total (within species) this was initially low (arguably realistic), but 
in later years it rose to 70–80% of the total for sheep and goats. It is unrealistic to expect that the 
national flock/herd could continue to increase each year if 70–80% were slaughtered. Fecundity is 
not that good in China and, even within the world’s best systems, total animal numbers could only 
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decrease with that slaughter rate. Even a slaughter rate of 40% for cattle is arguably unrealistic 
at a national scale, as this roughly suggests a life span of 2.5 years for the average head of cattle. 
Waldron et al. (2007) used data from IMAR that separates ‘turnoff’ into ‘killed for self-use’, ‘sold for 
slaughter’, and ‘exchange only’. Their data reported that most sheep and goats were slaughtered, 
but that rate would still be too high. We have used the data on meat per ‘turnoff’ animals, but 
suggest it needs to be interpreted carefully until we can find a better clarification of what was 
counted. We use ‘turnoff’ in a relative sense to get an idea of changes over time. Meat output per 
total flock/herd is possibly a safer estimate of output.

Some data was available on wool production, but this used a constant term across the years and 
may not reflect the effect of grassland conditions. No data was consistently available on cashmere.

Waldron et al. (2007) expressed caution in interpreting a lot of the statistics, as sheep vs goat data 
are poorly differentiated and it is best to treat them as a single category, although this improved 
in recent years. Slaughter numbers are overstated, as noted above. For cattle, the proportion is 
much less, especially before 1978 when they were the main draught animals. They have since 
been largely substituted with machinery. Sheep and goat meat production are grossly overstated, 
while sheep and goat meat consumption (obtained from other data sources) is understated, 
leaving a large unexplained gap between estimates. The data presented needs to be considered 
conservatively, with the above caveats in mind.

Total livestock grazing pressure
The total livestock grazing pressure across China was estimated using the total number of animals 
in each category converted into sheep equivalents (SE). These estimates are similar to the Chinese 
sheep unit (SU). They are based on the estimated average differences in liveweight. One SE is 
equivalent to a 50 kg animal:

•	 1 sheep = 1 SE

•	 1 goat = 0.8 SE

•	 1 cattle = 5 SE

•	 1 yak = 3.5 SE

•	 1 horse = 6 SE 

•	 1 camel = 10 SE

The area of grassland across China used in the national statistics has varied over the years. Initially 
this did not include any land that could not be cropped, although livestock would have grazed the 
extensive, non-arable land as well as crop residues and some forages. The common estimate from 
the early 1990s of 392,834,000 ha of grassland in China is held constant and was used to estimate 
stocking rates.

The cumulative SE for sheep, goats, cattle, horses and camels from 1950 to 2014, and the 
standardised national total stocking rate as SE/ha, are shown in Figure 2.1. The greatest 
contributors to total SE were cattle and the next largest category were sheep and goats. In recent 
decades, the proportion of cattle fed for part of their life in pens has increased, though it is difficult 
to estimate how many. The sheep and goat SE are shown separately, but as previously mentioned 
they are arguably best treated as one category (sheep+goat), particularly for the first few decades 
of this data.
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Figure 2.1	 Cumulative SE and standardised stocking rate (SE/ha), China, 1950–2014
Source: FAOSTAT

In 1950, the stocking rate averaged 0.6 SE/ha. By 2014, this was 2.4 SE/ha, a fourfold increase in 
grazing pressure. China now has about one billion SE (380 million sheep and goats, 115 million beef 
cattle, 6 million horses and other grazing animals). The average rate of increase in the stocking rate 
from 1950 to 2014 was 0.027 SE/ha per year (mean of 4.5% per annum). The standardised stocking 
rate data for China (Figure 2.2) indicates there were approximately four different growth phases 
from 1950 to 2014: an initial rapid rise from 1950 to 1957, a slower rate of change from 1958 to 
1984, another fast rise between 1985 and 2008, and a constant, or declining, period from 2009 
to 2014. The break between these periods was based on inspection of the data, but in each case 
points could be varied a year or so without changing the general result. 

 

y = 0.063x – 121.9 
R² = 0.98

y = 0.014x – 27.3 
R² = 0.87

y = 0.047x – 91.4 
R² = 0.97

y= –0.015x + 31.6
R² = 0.41

0.0

0.5

1.0

1.5

2.0

2.5

3.0

St
oc

ki
ng

 r
at

e 
(S

E/
ha

)

1950–57
1958–84

1985–08
2009–14

1945
1955

1960
1965

1970
1975

1980
1985

1990
1995

2000
2005

2010
2015

2020
1950

Figure 2.2	 National standardised stocking rate (sheep, goats, cattle, horses and camels), 
China, 1950–2014



Sustainable Chinese Grasslands22

2  Chinese livestock numbers and grassland impact

The rate constants and percentage change per year for the stocking rate data for these four 
periods are given in Table 2.1. The highest annual rate of increase was 7.5% p.a. from 1950 to 
1957, the recovery period after the previous years of conflict. Data collection at that time may have 
initially underestimated actual numbers, as the state was only starting to collect this information, 
but the estimated growth rate is feasible for the likely grassland conditions at the time.

Change was slow (1.2% p.a. increase) in the collective period (1958–84), when agricultural activities 
were being reorganised and tightly regulated. The first few years of this period (1958–62) was 
the ‘great hunger’ during the Great Leap Forward, and the data show a decline in total SE during 
this period (Figure 2.1). During this time, cattle were primarily used for mechanical power and 
not consumption. Only yaks were consumed. There is an opinion among Chinese scientists that 
during this period the grasslands were in reasonable condition and stocking rates may have been 
sustainable. The stocking rates in that period were about half those of 2014, suggesting that a 
halving of current stocking rates is needed to restore them to a sustainable level.

Table 2.1	 Rate constants and percentage change in total SE and stocking rates, 1950–2014

Period Duration  
(years)

Slope  
(SE/ha/yr)

Mean total  
(SE) 

Annual change  
(SE/yr)

Change  
per year (%)

1 1950–57 8 0.0628 328,532,750 24,669,975 7.5%

2 1958–84 27 0.0144 463,264,644 5,656,810 1.2%

3 1985–2008 24 0.0467 738,806,871 18,345,348 2.5%

4 2009–14 6 –0.0145 956,996,779 –5,696,093 –0.6%

When the individual responsibility system and markets were introduced, and herders started to 
have control over individual areas of land when decollectivisation started in the 1980s, there was 
a faster rate of increase in animal numbers and stocking rates (1985–2008, 2.5% p.a.). This was 
attributed to herders considering they could now have more animals, supported by local officials, 
as a way of improving their income. However, as argued in this monograph, that consideration is 
based more on maximising the number of animals that can survive than optimising production and 
net incomes. During this period, grassland degradation became widely recognised.

From 2009 to 2014, the data indicates a small decline in grazing pressure, although this may in 
fact represent no real change as this period is short. Future data will show if the increasing animal 
numbers have now reached a limit and will be consolidated. The current poor state of many 
grasslands will limit the number of animals that herders can manage. By 2009, officials were 
changing their attitudes from emphasising increasing animal numbers to improve product output 
and herder household incomes, to focusing more on improving the output of animal products. 
The work reported in this monograph has encouraged that change.

From 1950 to 2014, there was no uniform pattern of change for the major herbivores. When the 
number of cattle is related to the number of sheep+goats over the whole period (Figure 2.3), there 
was an average increase of 0.25 cattle for each extra sheep+goats. This was a 42% higher rate of 
increase for cattle than for sheep+goats, when expressed as SE.
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Figure 2.3	 Total number of cattle vs total number of sheep+goats, China, 1950–2014

There were some differences in the relationship between cattle and sheep+goat numbers over 
the years. From 1949 to 1957, during the recovery period, cattle numbers increased by 60% then 
almost stopped, whereas sheep+goats doubled. This could indicate an increase in cattle used as 
draught animals. Between 1957 and 1981, a period when regulations were introduced to limit their 
use for draught purposes, cattle numbers showed very little change, while sheep+goats (the main 
meat source from herbivores) again doubled. Sheep+goats then declined by 30 million until 1985, 
while cattle numbers rapidly increased when they could be used for consumption. From 1986 
to 2005, there was a reasonably constant rate of increase in cattle and sheep+goat numbers. In 
recent years (2006–14) there have only been small changes in cattle and sheep+goat numbers. The 
periods when the relative changes in cattle and sheep+goat numbers varied broadly relate to the 
different periods of changes in stocking rates (Figure 2.2).

These shifts among animal species would have affected the grasslands. Cattle tend to be less 
selective of plant species when grazing, which could mean that in the first period (1949–57) plant 
composition changes may have been small. When sheep+goat numbers were increasing relative to 
cattle, larger effects on plant species may have been seen.

Livestock productivity
The amount of animal product (especially meat) per head can provide additional information on 
how animals were being managed and the productivity of the underlying grassland resource. 
However, this data needs to be carefully appraised (see Waldron et al. 2017 for a more complete 
discussion of the issues). It was assumed that any of the basic statistical problems noted earlier 
apply in a reasonably constant way through the adjusted datasets, and that the patterns of change 
do provide some useful information, even if the absolute values are not correct. Data on meat 
production are available from 1961 from FAOSTAT. This data had been adjusted following more 
detailed surveys in 1996–97 and 2006–07.

Preliminary analyses found that meat production per head, using the estimates of the ‘turnoff’ 
number of animals, gave results that were inconsistent. The proportion of those animals did not 
vary in any logical way between years. For example, sheep+goats in the ‘turnoff’ category, as a 
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proportion of the total, varied from 9% in 1961 to 21% in 1979, 67% in 1997 and 76% in 2014. 
If most animals were slaughtered, these numbers are unrealistic. Flocks and herds could not 
be sustained at that level of loss. For example, in 2014, this implies a lifetime of 1.3 years per 
sheep+goat. Similarly, the numbers for cattle varied from 1% in 1961 to 40% in 2014. We know that 
livestock production in China is not very efficient. It takes two to three years for a ewe to produce a 
lamb, and four years before a cow has a calf. This can only sustain low rates of slaughter. 

More useful results were obtained by deriving meat outputs per animal using the total number of 
animals in the national flock/herd. Meat output per head for all sheep+goats (Figure 2.4) and all 
beef cattle (Figure 2.5) show a similar sequence to the earlier data on stocking rate changes over 
time. The increasing output of meat per head probably reflects, in part, an increasing proportion of 
flocks and herds being sold for slaughter, though probably not to the high proportions indicated by 
the ‘turnoff’ numbers.
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The rates of change in meat produced per head for sheep+goats and cattle were initially low from 
1961 to 1978 (4.8% and 4.9% of the average output at that time, respectively) (Table 2.2). This 
difference in timing arguably reflects the slower breeding cycles of cattle and the limited change in 
total cattle numbers during this period (Figure 2.3).

Table 2.2	 Meat production per head, China, 1961–2014

Period Duration  
(years)

Rate  
(kg/hd/yr)

Average  
(kg/hd)

Gain  
per year (%)

Sheep+goats

1961–78 18 0.071 1.5 4.8%

1979–97 19 0.35 4.9 7.2%

1998–2014 17 0.13 10.0 1.3%

Cattle

1961–84 24 0.17 3.5 4.9%

1985–2000 16 3.02 24.5 12.3%

2001–14 14 0.65 51.4 1.3%

Between 1985 and 2008 there was a rapid increase in total SE across China (Figure 2.1). This 
broadly aligns with the periods of rapid increase in meat output per head for cattle and 
sheep+goats (Figures 2.4 and 2.5). Increased meat output per sheep+goats started earlier than for 
cattle, probably due to the faster breeding cycles of sheep+goats. However, there was a decline 
in meat output per head after 1997 for sheep+goats and after 2000 for cattle (11 and 8 years 
respectively), before the rate of increase in animal numbers slowed from 2009. The significantly 
slower rate of increase in meat output per head after 1998 for sheep+goats and 2001 for cattle, 
while animal numbers increased, suggests some fundamental system changes, which could 
include a deterioration in the underlying grassland resources. The slower rate of change in meat 
output per head for the period 2001–14 suggests that some limits are being reached. The capacity 
for increasing the food supply for animals is limited, as is the proportion of flocks and herds that 
can be sold for slaughter. These data support the view that since 2000 there has been increasing 
off-take of meat to satisfy an increasing demand for red meat by Chinese consumers. This is also 
driven by higher prices.
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Inner Mongolia Autonomous Region
IMAR is one of the major grassland (64 Mha) provinces of China. Herding has been a traditional 
practice here for millennia and IMAR has been in the forefront of developing sustainable grazing 
practices. The problems of degraded grasslands have been widely acknowledged. In recent years 
the whole province has been subject to partial or total grazing bans. Data on livestock numbers 
for 1947 to 2015 have been assembled from the yearbooks and related sources to investigate the 
changes. Unfortunately, it has not been feasible to build a consistent dataset on meat output to 
compare IMAR with China.

Sheep+goats have been the major livestock group in IMAR from 1947 to 2015, contributing about 
half of the SE (Figure 2.6), similar to cattle+horses. In general, there was a steady increase until 
around 2002 and a subsequent rapid rise. Cattle numbers also increased after 2002. The data do 
not always separate beef from dairy cattle. In 2002, dairy cattle were 24% of the total, rising to 39% 
in 2006, then declining in proportion to 21% by 2015. Dairy cattle are now managed in feedlots 
and are not grazed to the same extent as other species. Horses+donkeys+mules comprised a 
similar level of SE as cattle from the mid-1960s to about 2000, but they have since declined because 
of policy changes. By 2015 there were 82.7 million sheep, 24.7 million goats, 11.3 million cattle, 
2.1 million horses+donkeys+mules and 0.2 million camels in IMAR.
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The total grazing pressure in many areas is high. These sheep on the desert steppe are in good condition at the 
end of summer, but there is no more grassland growth for the next nine cold months to sustain them under 
traditional management practices. Photo: D.R. Kemp

Stocking rates have dramatically increased from 0.3 SE/ha in 1947 to 2.5 SE/ha in 2015, an increase 
of 8.8x. From 1947, there was an initial steep increase to 1 SE/ha. That remained relatively constant 
from 1965 to 1987, then increased slowly to 1.3 SE/ha by 2002. This was followed by a steep rise 
to 2.5 SE/ha by 2005, initially due to more dairy cattle but subsequently due to both beef cattle 
and sheep. There was a pause after 2005, then stocking rates again increased until 2015. In recent 
years, it is unlikely that the dairy cattle grazed the grasslands to any great extent. In 2015, if the 21% 
of cattle that were dairy did not graze, this would only reduce the stocking rate to 2.3 SE/ha, which 
is still more than an eightfold increase in grazing pressure since 1947.

The long initial period for increasing livestock numbers from 1947 until 1965, which applied to 
China as a whole (Figure 2.1), probably reflects the initial low herder population density in IMAR 
and the effects of migration into grassland regions. The collective period in China’s history limited 
change until 1987, but afterwards herders had more individual control and more people moved 
onto the grasslands. Animal numbers in IMAR increased rapidly, like elsewhere in China. It is not 
clear how much of this increase was due to an increase in animals per household or an increase 
in herder households. In Taipusi, an old herder commented that when he was young there were 
three households where he lived, but now there are 66. The available land has decreased, while 
animal numbers have dramatically increased.

There were some interesting shifts in the relative changes in sheep+goats vs cattle numbers from 
1947 to 2015 (Figure 2.7). Over this 68-year period, cattle numbers increased by 0.08 for each unit 
increase in sheep+goat—approximately 40% that of sheep+goats when expressed on an SE. This 
indicates the general dominance of sheep and goats in IMAR. Sheep and goats have become more 
important over time as the available grass becomes shorter and cattle are less able to graze. There 
were five phases in this interaction:

A.	 1947–55: both sheep+goats and cattle numbers increased at nearly equivalent SE rates  
(0.18 cattle numbers per 1 sheep+goat number)

B.	 1955–2002: an increase mainly in sheep+goats, with very small increases in cattle

C.	 2002–06: cattle numbers increased faster relative to sheep+goats and there was a belief 
among some herders that cattle were more profitable, which was supported by government 
programs and continued into the next phase
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D.	 2006–12: decrease in sheep+goats (mostly in goats) and a significant increase in cattle numbers

E.	 2012–15: marginally larger increase in numbers of sheep+goats compared with cattle, though 
both increased at higher rates than in previous phases.
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Figure 2.7	 Relationship between numbers of cattle and numbers of sheep+goats, IMAR, 
1947–2015

Statistics for the five phases are summarised in Table 2.3. The changes in animal numbers in each 
phase varied considerably, from a decline of 0.96x in sheep+goats in phase D to a 3.3x increase 
in sheep+goats in phase B. The annual rate of change in phases A, C and E for sheep+goats was 
around 0.4 per year, suggesting a high retention rate and maybe reduced sales. This could also 
reflect animals coming into IMAR from other provinces. Rates of increase in sheep+goats relative 
to cattle were higher in phases A, C and E, averaging 0.37 over these phases compared to 0.02 and 
–0.22 in phases B and D.

Table 2.3	 Number of sheep+goats and cattle, IMAR, 1947–2015

Phase End 
year

Number 
of years

Number of 
sheep+goats

Change  
in phase

Change 
per year

Number  
of cattle 

Increase 
in phase

Increase 
per year

Slope

1947 5,708,000 1,746,000

A 1955 8 17,244,000 3.02 0.38 3,942,000 2.26 0.28 0.18

B 2002 47 56,752,200 3.29 0.07 4,195,500 1.06 0.02 0.02

C 2006 4 90,026,000 1.59 0.40 7,801,000 1.86 0.46 0.10

D 2012 6 86,054,000 0.96 –0.16 10,158,000 1.30 0.22 –0.22

E 2015 3 107,365,000 1.25 0.42 11,260,000 1.11 0.37 0.05

Note: The ‘Slope’ column shows the relative change in sheep+goat numbers for each unit change in cattle.
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Siziwang
Siziwang is a desert steppe region, north of Hohhot in IMAR. Grassland degradation problems were 
recognised in the 1990s by local herders and officials. Inner Mongolia Agricultural University began 
long-term research into better grassland management and, when the program discussed in this 
monograph commenced, Siziwang was chosen as one of the key study sites.

Data have been obtained from various yearbooks to examine the general patterns of change in 
livestock numbers in Siziwang. Unfortunately, it was not possible to find data for 2001 and 2002, 
though this gap arguably does not affect the general patterns or conclusions. Sheep and goat data 
are treated as one group, due to the general problems of poor separation in the data. Horses, 
donkeys and mules are also in one group. The relative proportions of horses, donkeys and mules 
have varied over the years, but overall numbers are small relative to sheep and goats. Cattle numbers 
are generally low. In recent years, dairy animals have become a larger proportion of the cattle group.

Siziwang is an area of 1.7 Mha. In 2016, it had 1.1 million sheep+goats, 36,000 cattle, 1800 
horses+donkeys+mules and 8,000 camels. Cattle numbers were around 60,000 in the 1960s, as 
were horses+donkeys+mules in the 1970s. Camel numbers reached a peak of about 11,000 around 
1980. Many herders in Siziwang are Mongolian, and they have a strong horse culture, although the 
number of horses greatly declined as the grasslands degraded. The total SE in Siziwang ranged from 
358,000 in 1949 to 1,756,000 in 1989. These numbers have declined by 30% to 1,231,000 in 2016 
(Figure 2.8). Cattle numbers declined significantly by 2008, and the increase since then has mostly 
been in dairy animals. The significant number of camels indicates the dry nature of grazing lands.

Stocking rates in 1949 were 0.2 SE/ha, rising to 0.7 SE/ha in 1960. They were then relatively steady 
at 0.7 SE/ha until 1985, rose to an average of 0.9 SE/ha from 1988 to 2008, then declined sharply to 
an average of 0.6 SE/ha from 2009 to 2016. This later decline in stocking rates aligns with the period 
when the results from the ACIAR program were being implemented in the district, recommending a 
50% reduction in stocking rates. The decline in cattle and other large animal SE numbers agrees with 
the comments of old herders that cattle can no longer be adequately fed on the short grasslands.
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Figure 2.8	 Livestock numbers and stocking rates, Siziwang, IMAR, 1949–2016
Note: Horizontal bars denote average stocking rates for the periods 1960–85, 1988–2008 and 2009–16.
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Since 1949 there have been significant changes in the proportions of the major livestock groups 
(Figure 2.9). From 1949 to 1985 there was a close linear relationship and a general increase in both 
cattle+horses+camels and sheep+goats, except for a significant decline in the 1960s (Figure 2.8). On 
an SE basis, large animals only increased at 66% of the rate for small animals. From 1985 to 1989 
there was a 38% decline in large animals while small animal numbers doubled. This suggests that, 
during that period, the viability of large animals was doubtful and the existing grassland conditions 
were considered more favourable for sheep and goats. From 1989 to 2008 the numbers of small 
animals oscillated between 1.2 and 1.5 million, while larger animals continued to decline. From 
2008 to 2009, sheep+goat numbers dropped by 60% and cattle remained steady. This was when 
general prices for sheep and goats declined. Since 2009, sheep+goats have increased to about 
1 million SE. Since 2008, the numbers of large animals have been relatively steady.
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Figure 2.9	 Numbers of large animals (cattle+horses+camels) relative to small animals 
(sheep+goats), Siziwang, IMAR, 1949–2016
Note: Fitted line is for the period 1949–85.

The pattern in changing livestock numbers and stocking rates in Siziwang is different to the general 
patterns found for China and other regions. In Siziwang there was more variability in the data. 
This is partly due to Siziwang being a smaller region with smaller animal numbers, so the effects 
of variable seasonal conditions are more obvious. Across China, seasonal effects are smoothed 
out as changing climatic conditions are not uniform. In Siziwang there was a longer initial period of 
recovery after 1949, which may reflect the low initial density of people and animals and the gradual 
migration of others into the region because of policy changes. In Siziwang there was a steady rise in 
animal numbers until 1960, whereas across China the initial rapid rise only lasted until 1957.

The relatively stable animal numbers from 1960 to 1985 in the collective period reflected the 
situation across China. As discussed earlier, this is possibly the period when stocking rates across 
China were generally sustainable. That was followed by a period of higher animal numbers from 
1988 until 2008, when the grasslands were overgrazed. Since 2008, the stocking rates have been 
reduced by 30%, arguably in response to the research presented in this monograph and because 
the extent of overgrazing was recognised and accepted as a problem. It is interesting that current 
stocking rates are below the average from 1960 to 1985. That could suggest that stocking rates in 
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the collective period were above sustainable levels, or that the stocking rates from 1988 to 2008 
did significant damage that reduced what might be sustainable to less than what may have been 
possible in previous decades. It is reasonable to expect that a few decades of lower stocking rates 
might be needed before the grasslands can sustainably carry the animal numbers of 1960–85.

Xilinhot
Xilinhot is a region in the middle of IMAR where the grasslands are typical steppe, tending to 
drier conditions, and where livestock production is a major activity. Throughout the study period, 
grasslands have been the major source of food for livestock, though since around 2015, hay 
production from the grasslands has become significant. That hay is used across IMAR. The county 
boundaries have changed over recent decades, which creates some problems when building a 
dataset about what has changed since the late 1940s. A consistent dataset was assembled from 
a few sources for 1986–2015 (Figure 2.10). Some boundary changes in 1985 resulted in significant 
changes in land area and livestock numbers for earlier periods. The available data on animals was 
either collected in June or December, or both. The June animal numbers would better reflect the 
grazing pressure on the grasslands. There were significant statistical relationships between animal 
numbers in June and those in December. These relationships were then used to fill in the gaps in 
data for June.

 

Sheep
Goats
Cattle
Horses+donkeys+mules
Camels
Stocking rate

0.0

0.3

0.6

0.9

1.2

1.5

1.8

0.0

0.5

1.0

1.5

2.0

2.5

1986 1992 1999 2005 2010 2015

St
oc

ki
ng

 r
at

e 
(S

E/
ha

)

Cu
m

ul
at

iv
e 

SE
 (m

ill
io

n)

Figure 2.10	Livestock numbers and estimated stocking rates, Xilinhot, IMAR, 1986–2015
Note: Horizontal line shows average stocking rate for 1996–2015.

While the data for Xilinhot is limited, it does cover the time after the collective period, which ended 
in 1978, when livestock numbers in other regions started to increase rapidly. A rapid increase in 
animal numbers and stocking rates also occurred in Xilinhot, reaching a peak in 1999. There was 
a general decline until 2011 and then animal numbers and stocking rates increased until 2015, 
almost returning to the previous peak of 1999. The declines and recovery in animal numbers from 
1999 reflect a combination of seasonal conditions, grazing bans (often imposed for five years) and 
fluctuating markets.
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The stocking rate in 1986 on 1.3 Mha of grasslands was 0.6 SE/ha. In 1999 this nearly trebled to 
1.7 SE/ha before declining to 1.0 SE/ha in 2011 then increasing to 1.4 SE/ha in 2015. From 1996 
to 2015, the average stocking rate was 1.3 SE/ha, over twice that of 1986. Most of the animals in 
Xilinhot were sheep, with declining numbers of goats, horses and camels. Cattle numbers remained 
relatively constant throughout this period, though there was an increasing proportion of dairy 
cattle within that group. In 2015, there were 1.3 million sheep, 0.3 million goats, 0.08 million cattle, 
0.01 million horses+donkeys+mules and only 330 camels.

Gansu
Gansu in western China has a highly variable range of environments, from deserts to ancient 
irrigation districts, semi-arid farming regions on the limit of rain-fed cropping and alpine meadows 
along the northern Sunan and eastern sides of the Qinghai–Tibetan Plateau. Livestock are 
found throughout the diverse agro-ecosystems. Sheep and goats are found throughout Gansu, 
but camels are mainly kept in the deserts and yaks are kept in alpine areas. Cattle graze where 
grassland growth is better, or in feedlots. There is an estimated 1.6 Mha of grasslands.

Gansu has a similar pattern in livestock numbers (Figure 2.11) to the other sites discussed. There 
was an initial increase from 1949 to the mid-1950s, a decline in the early 1960s (at the time of the 
‘great hunger’), a steady rise until the mid-1980s, then a steady rate of increase from the mid-1980s 
until 2016. The SE numbers of cattle+yaks, and sheep+goats were similar in 2016. Unfortunately, 
the lack of data on horses, mules, donkeys and camels makes it harder to examine the total impact, 
but it is likely that the numbers of those animals has probably declined, as has occurred elsewhere. 
That would mean that the rate of increase in total SE and SE/ha would be a little less than for cattle, 
sheep and goats. Yaks are included in cattle numbers. Potentially, the mean stocking rate would be 
at least 3.5 SE/ha, up by 3.9x that of the 0.9 SE/ha for 1949—approximately the same increase as 
for the whole of China. In 1988, there were 2.4 million horses, donkeys and goats, and 0.04 million 
camels. By 2016, Gansu had 5.2 million cattle, 1.1 million yaks and 24.3 million sheep+goats.
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Figure 2.11	 Livestock numbers and stocking rates, Gansu, 1949–2016
Note: Data for horses+donkeys+mules and camels were not available for 1989–2016.
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The number of cattle and the number of sheep+goats both increased at similar rates, when 
expressed on an SE basis, from 1949 to 2016 (Figure 2.12). This represents approximately five extra 
sheep per extra head of cattle. The main exception to this trend was between 1980 and 1995, when 
cattle numbers initially increased while there was a decrease in sheep+goats. There was a second 
decrease in sheep+goats in 1991, before numbers moved back to the common trend. Equal grazing 
pressures over time across Gansu, for cattle and for sheep+goats, suggests that the grassland 
condition on average remained suitable for both large and small herbivores. Some areas would 
have only been suitable for sheep+goats, while others could support cattle. The relative areas of 
each probably did not change. By 2000, overgrazing was widely acknowledged.
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Figure 2.12	 Number of cattle relative to sheep+goats, Gansu, 1949–2016

Sunan
Sunan is on the northern edge of the Qinghai–Tibetan Plateau, which covers about 40% of China. 
Grazing land varies in altitude from 2000–4000 m with moderate rainfall and a four-month growing 
season. The grasslands are broadly classified as alpine meadows. Herders practice traditional 
grazing patterns of having winter, spring/autumn and summer grazing areas, determined by 
altitude, that are now fixed and allocated to individual households. Sheep, followed by yaks and 
goats, are the main livestock species. This region has the Gansu alpine fine-wool breed, based 
in part on Australian merinos, though inter-breeding with local animals has resulted in reduced 
quantity and quality of wool. Sunan has 1.2 Mha of grasslands, though an unknown but significant 
part of that is not grazed, as it is inaccessible and very dry, especially at lower elevations.

Livestock numbers (as SE) and stocking rates have increased sevenfold since 1949 (Figure 2.13). 
There was an initial rapid increase until 1960, a slower rise until the mid-1980s, a decline until 
the mid-2000s then a rapid rise in the next decade. In 2016, total livestock numbers and stocking 
rates were similar to those of the mid-1980s. Both horse and goat numbers have declined over 
recent decades. Local authorities decided in the 2000s to remove goats from most areas. It was 
considered that the goats were doing more damage than sheep, though this could have simply 
been due to overstocking and not a species effect. The cashmere market had declined but fine 
wool remained more profitable, justifying the greater reduction in goat numbers. However, fine-
wool production is marginal, as most herders have bred their sheep with local breeds and both 
wool yields and quality has declined.
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Figure 2.13	 Livestock numbers and stocking rates, Sunan, Gansu, 1949–2016

From 1949 until the 1980s there was a relative constant ratio between small and large animals 
in Sunan (Figure 2.14). Through the 1990s there was a decline in small animals, but not much 
change in the large animal numbers. This continued until around 2000. After 2000, the number of 
small animal increased in general, while there was a relatively smaller change in the large animal 
population. By 2016 the total number of SE had returned to similar numbers to that of the 1980s.
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Maqu
Data on livestock numbers for Maqu, Gannan, on the Qinghai–Tibetan Plateau in Gansu have been 
obtained for 1949–2016 from the Chinese yearbooks. The livestock included are sheep, yaks and 
horses. There is a gap in the data for horses from 1991–2002, but as they are a minor part of the 
total animal biomass this does not affect the general results. The land area of Maqu is 0.89 Mha, 
most of which is used for grazing through the year. Higher altitudes are grazed in summer. Maqu is 
the major source (approximately 45%) of water for the Yellow River.

The total number of sheep, yaks and horses increased from 191,400, 34,500 and 14,900 
respectively in 1949 to 451,300, 473,300 and 20,000 respectively in 2016. The total SE increased 
from 418,800 in 1949 to 2,464,500 in 2016, with most of that coming from increase in yak numbers 
(Figure 2.15). The average stocking rate (SE/ha) increased from 0.5 in 1949 to 3.2 by 2008 then 
declined slightly to 2.9 by 2016—an average increase of about sixfold over the period, about twice 
that of China as a whole. The overall stocking rate rose steeply (approximately 50%) from 2009–12 
after reasonably constant values from 1985. It is not clear what the main drivers of these large 
changes were, though the introduction of the individual responsibility system through the early 
2000s was probably important.
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Figure 2.15	 Number of sheep, yaks and horses and average stocking rates, Maqu, Gannan, 
1949–2016

Sheep have often been the most profitable animals on the Qinghai–Tibetan Plateau, and their 
products were more readily traded with other districts. However, through the 67 years from 1949 
to 2016, sheep numbers only increased 2.2×, whereas yak numbers increased 13.7×. The changes 
between sheep and yaks show some variable trends (Figure 2.16). For a brief period from 1949 
to 1954, sheep numbers increased faster than yaks. Until 1962, sheep declined as yaks slowly 
increased, followed by a faster increase in sheep numbers until 1980, then a decline in sheep while 
yaks increased. From 2003, there was a steady increase in yak numbers at 1.3× the rate for sheep. 
Overall, there was an average rate of increase of 1.3 yaks for every extra sheep. In SE terms, this 
average was 5.2 yaks for every sheep. Yaks have cultural significance to Tibetans, and this may be 
more important than increasing incomes.
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Figure 2.16	 Number of yaks relative to sheep, Maqu, Gannan, 1949–2016

     
In Gannan, sheep have been more profitable over the years, but as pressure has increased on the available 
land, yaks are often kept in preference to sheep for cultural reasons. Photos: D.R. Kemp

There have been several major phases and policy changes that have influenced grassland 
management on the Qinghai–Tibetan Plateau (Hong 2011). Before 1949, population densities 
were low and livestock was managed by tribal leaders and temples. Between 1949 and 1958, 
tribal leaders owned the livestock, but they were allocated to and managed by individual herders. 
Cooperatives were then formed and these became larger over time, while population densities 
remained low. In Maqu, from 1949–54, there was a rise in total animals (74% increase in SE), mostly 
sheep rather than yaks, and then an overall decline in total SE for a few years (Figure 2.15).

People’s communes dominated the period from 1958–78. Herders joined the communes and herds 
became large. It is now acknowledged that management was not generally efficient. From 1954 to 
1962 there was a 50% decline in sheep numbers in Maqu, while yaks increased by 40%. From 1962 
to 1980 sheep numbers increased by 275% and yaks by 266%. This suggests some major changes 
in local policy around 1962.

The Householder Contract System for farmers and herders was implemented in stages from 
1978–2009. From 1985, all livestock were progressively distributed among individual herder 
households under the Pasture Household Contract Responsibility System. From the late 1980s, 
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contracts for most grasslands were signed by communities and by the early 2000s most herder 
households were operating as individual family businesses. It has been argued that, as regulations 
were minimal, overstocking and overgrazing became severe in this period, but after 1980 in Maqu, 
sheep numbers had declined by 28%. By 2003 (the turning point in Figure 2.16), yaks only increased 
by 31% and the average stocking rate had only increased from 1.8 to 2.0 SE/ha. The data presented 
here show that increased stocking occurred in the commune period (1962–80) (Figure 2.15) but the 
effects only became evident later, after higher stocking rates had been maintained for some years. 
Stocking rates exceeded 1 SE/ha from 1966 (twice the 1949 stocking rate). 

In 2002, the State Council of China enacted the Grassland Law. Since 2009, this has brought in 
regulations for grasslands to reduce overgrazing and rehabilitate and/or maintain grasslands. In 
Maqu, from 2003 to 2015, sheep numbers have increased 35%, yak numbers have increased 54% 
and average stocking rates have risen by 50% from 2 to 3 SE/ha. It is not clear how the Grassland 
Law is being applied.

Discussion
Throughout the recent history of China, livestock numbers and stocking rates have shown 
some common features when analysed at a national, provincial or local level, for regions where 
grasslands have been commonly used to feed livestock. There were four phases evident in most of 
the datasets examined.

1.	 Recovery: From the late 1940s through the 1950s there were significant increases in animals 
and stocking rates. This period was after the extensive conflicts of previous decades. The 
populations of people and animals on the grasslands during this time were generally low 
and grasslands were considered to be in reasonable condition. The perception of productive 
grasslands at this time resulted in an expansion of cropping into many grassland areas, with 
adverse results (Ren et al. 2001).

2.	 Collective: Through the 1960s and 1970s, agriculture across China was organised into 
collectives and production was regulated from the central government. Large animals were for 
production and not consumption, except for yaks and dairy products. During periods like the 
Great Leap Forward, there were food shortages and a noticeable decline in animal numbers 
often occurred. Slow increases in animal numbers and stocking rates were seen. Discussions 
among herders and officials suggest that during this phase the grasslands were in reasonable 
condition and stocking rates may have been sustainable.

3.	 Expansion: After deregulation of production and markets in 1978, when herders progressively 
attained user rights over their own areas of land, there were rapid increases in animal numbers 
and stocking rates. This is the period when overgrazing became widely acknowledged. 
Developing markets increased demand for more animal products, especially red meat, 
throughout China (Zhou et al. 2012; Mao et al. 2016). Herders and officials thought that more 
animals were the pathway to improved animals, but animal production is typically optimised at 
lower stocking rates where animal production per head is higher (eds Kemp & Michalk 2011).

4.	 Restoration: Acknowledgment of overgrazing resulted in a cessation of increasing animal 
numbers and stocking rates through the 2000s. The timing of this phase varied depending 
upon local conditions. Policies were introduced, typically for five years, to impose short-term 
grazing bans in early summer (Chen, Michalk & Millar 2002) and/or limit animal numbers. Much 
research was initiated to identify sustainable practices.
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For much of China’s 400 Mha of grasslands the objective is now to restore them to sustainable 
states, where the focus is on production of animal products rather than maximising the number 
of animals that can survive (Kemp & Michalk 2011). An important driver of this change are 
environmental problems such as the dust storms that have increased across northern China. 
Many other aspects of the grassland–livestock system will need to change, as discussed in this 
monograph, but the actual practices used will vary from region to region depending upon local 
circumstances. Typically, a 50% reduction in stocking rates is arguably required to allow the 
grasslands to recover. As desirable plant species return to the grasslands, some small increases 
in stocking rates are possible, but these will need to be carefully managed. Animal numbers and 
stocking rates through the collective period provide an indication of sustainable levels. To go above 
these levels will require significant increases in the supplementary food supply. Increasing the 
productivity of grasslands above their inherently low levels is unlikely to be profitable.
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Wu Jianping, Gong Xuyin, Lang Xia, David Kemp, Taro Takahashi,  
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China has 400 Mha of grasslands (Kemp & Michalk 2011; Kemp et al. 2013), of which 300 Mha are 
in the north and west of the country, directly supporting 16 million people (Michalk et al. 2011) plus 
many more indirectly. From 1950 to 1980, China’s human population rapidly increased throughout 
much of the grassland areas. As a result, livestock numbers also increased to support the growing 
population and sustain the livelihoods of herder households. Prior to 1980, livestock production by 
herders focused on subsistence for households and the local communities and grazing practices 
maintained a transhumant, annual migration system on the extensive grasslands. Traditional 
practice was that grasslands would be rested at intervals, allowing time for species to adapt and 
recover. The amount of forage available for livestock was greater than it is today. These processes 
of recovery have declined significantly as livestock densities increased from 1950 (Chapter 2).
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After 1980, policies focused on increasing livestock production to satisfy increasing demands 
for livestock products such as milk, meat, fibre and hides. These livestock products traditionally 
come from pastoral areas. Increasing numbers of cattle, yaks, sheep and goats in pastoral regions 
resulted in continuous overgrazing and led to over 85% of China’s grasslands being degraded 
by the early to mid-1990s. During this period, the frequency of severe sandstorms in spring 
increased significantly every year as a result of overgrazing. Starting in the 1990s, research began 
on identifying sustainable solutions for rehabilitation of the grasslands. Government policies 
changed with the implementation of the Grassland Law, designed to protect and restore vast areas 
of grasslands, reduce dust storms and recover desirable plant species and biodiversity. Subsidies 
for fencing came in from the mid-1990s, and grazing bans were progressively introduced from the 
early 2000s.

The skills of traditional herders have been built on surviving in a very harsh climate, and the 
primary use of livestock for household consumption as a ‘bank’, which can be sold when needed, 
and only selling a small proportion of their flock or herd. Herders had limited knowledge and 
skills of how to optimise the output of animal products to increase household incomes within the 
constraints of limited grassland and other fodder resources. In the early 2000s, the sustainable 
grasslands program supported by ACIAR started with the goals of identifying practices that 
rehabilitated degraded grasslands and improved the livelihoods of herders. As discussed through 
this monograph, the initial work sought to better understand the herder livestock system on 
grasslands to improve knowledge, supported by modelling the energy balance of livestock, and 
investigate changes that could improve the efficiency of animal production while reducing the 
grazing pressure on grasslands. 

This chapter reviews some of the changes in animal management practices coming from the 
ACIAR program that improve the efficiency of animal production and are viable within the herder 
livestock production systems. Similar changes in practices are likely to be useful in other countries 
throughout the Eurasian grasslands. In the ACIAR program, the main region where many of the 
animal management studies were done was Sunan, Gansu, in western China. Sunan is on the 
northern edge of the Qinghai–Tibetan Plateau, where the mountains are up to 5,000 m high and 
the grasslands are alpine meadows. Many of the herders are Tibetan, grazing fine-wool sheep. 
Flock sizes are often only around 100 adult animals and the herders have summer, autumn/spring 
and winter grazing lands. Additional aspects of livestock management were studied in IMAR.

Challenges
Grassland degradation is now common across most of the grasslands of China. This has resulted in 
lower productivity and carry capacity, severe soil erosion, loss of biodiversity and other detrimental 
effects. In the past few decades, the estimated average grassland production and carrying capacity 
has decreased about 30% in the most of China’s north-western regions, while the livestock (sheep, 
goats and cattle) population doubled (Chapter 2). As overgrazing of grasslands has increased, the 
available forage for livestock has significantly reduced. The condition of livestock is now often 
poorer than was traditionally been case. In part, this is due to an imbalance in the forage available 
in summer and winter grazing areas, but it mostly results from major increases in animal numbers 
(Chapter 2). There has been the belief that the path to increasing household incomes is through 
more animals. However, as demonstrated through this monograph, improving the efficiency of 
production and focusing on productivity per head provides a better way of optimising household 
incomes, while reducing the grazing pressure on grasslands.
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Traditional livestock management had not been focused on maximising animal products for 
sale (Kemp & Michalk 2011). A household’s assets were largely tied up in its ‘bank’ of livestock for 
domestic use and status, and prices for animals did not vary much with animal size or output. 
Households therefore aimed to maximise animal numbers and only a small proportion of a 
flock was ever sold. Flock and herd sizes were very dependent on seasonal conditions and there 
was very little feeding of hay or other supplements. The limited hay made was used for animals 
that were in poor condition, rather than for the general herd. That meant animals were fed 
supplements only after declining in condition, rather than for maintenance. When heavy winter 
snowfalls occurred, often after a summer with poor grass growth, animal deaths were high. This is 
referred to as a snow emergency in northern China, or dzud in Mongolia. Work on monitoring flock 
structure and condition (Kemp, Han & Junk et al. 2011) found that flocks often had a very uneven 
age structure. Often the best animals were sold to traders, which meant the remaining flocks were 
increasingly dominated by less productive and older animals. Renewal occurred after bad seasons, 
when the poorer animals died. This increased the forage supply per head for the remaining 
animals in subsequent years, which resulted in higher birth rates and renewed the flock, but 
with an uneven age structure. This is similar to wild animal populations and is largely unplanned. 
Improvements in productivity can be made by culling less-productive animals, better feeding of the 
remaining animals. Herders can market the animals they wish to sell, rather than traders dictating 
which animals they wish to buy (Kemp, Han & Junk et al. 2011).

Chinese government policies have had the twin aims of rehabilitating the degraded grasslands and 
alleviating poverty among herders (Kemp et al. 2013). These were also the aims of the program 
discussed in this monograph. Reducing stocking rates leads to higher production per head over 
summer, while at other times of the year more supplement per head is needed to maintain animal 
liveweights (eds Kemp & Michalk 2011). Research is needed to determine relative responses, and 
the data obtained can be used in models to find optimal farm level solutions. Alongside these 
issues are policies of total or seasonal grazing bans that aim to rehabilitate grasslands. For severely 
degraded grasslands, a total ban on grazing is reasonable, as there is almost no forage available for 
animals. Seasonal bans also have their place, as research has shown the value of allowing early-
season growth of grasslands for increasing the total growth over summer (Chen et al. 2002). But 
for many grasslands where degradation is in the early stages and where changes in plant species 
have occurred, reduced and tactical grazing practices could be more useful than a total grazing 
ban. Livestock management and feeding strategies need to be developed in ways that help relieve 
pressure on the grasslands throughout the year.

Demand for animal products has increased in recent years. This has led to many small cropping 
farmers increasing the number of animals they raise, which in turn has depressed livestock prices. 
The animals raised by cropping farmers tend to scavenge for food and are poorly prepared for 
markets. This exacerbates the profitability of livestock production for herders who do not have 
other options. Herders then continue to increase their animal numbers, which has further adverse 
consequences for grasslands. Grain prices are guaranteed in China and these prices are higher 
than herders could normally afford, and higher than in countries like Australia and the USA. It is 
difficult for herders to use opportunity feedlots or provide better supplements through winter. The 
quantity and quality of individual animals drops, and herders are unable to get better prices. While 
these trends reflect the developing markets in modern China, they reinforce the need to develop 
more efficient livestock production systems, especially for herders who are solely dependent on 
livestock for their livelihoods.
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Marketing of livestock (left) and their products (right) has been largely negotiated between single traders and 
herders, without any transparency. There are often many traders in the marketing chain and margins are small. 
Better marketing systems are needed to incentivise herders to improve their productivity. Photos: D.R. Kemp

Modelling
The ACIAR program used several staged methods to develop new practices that herders could use. 
Farm surveys were done to provide data on typical farms in each study region. The data obtained 
were used in models (Chapter 7; Takahashi, Jones & Kemp 2011) to understand current constraints 
and investigate alternative practices. The results from modelling various options were tested in on-
farm experiments.

The livestock production system on grasslands in China is primarily limited by energy (feed) supply 
(Yang et al. 2012b). An estimate of the metabolisable energy (ME) balance per SE provides a clear 
picture of the scale of changes often needed (Figure 3.1). Estimates of actual energy intake in 
comparison with that required for maintenance show large gaps exist for 7–8 months (typically 
October to April) each year. These graphs do not include energy estimates for maximising 
production, as it was found that those curves were typically double that for maintenance and could 
not be realistically achieved with all the constraints on farms in China. Researchers, officials and 
herders in China could better understand the value of minimising the gap between actual and 
maintenance energy levels, which helped to devise improved practices.

The typical energy balance patterns found across China showed major deficits through winter 
(Yang et al. 2011). The only time that maintenance requirements were exceeded was in summer 
(Figure 3.1), when animal growth occurs. Animals typically lose 20–30% of their liveweight through 
the cold months and then regain that weight in summer. Liveweights of mature animals in 
September are often only marginally better than the year before. This means that much of their 
summer growth is compensatory gain, which is achieved at a higher level of efficiency than growth 
requiring structural body changes (e.g. bone growth). The peak in actual energy requirements 
occurred primarily around lambing. In Figure 3.1, this started in January, when temperatures were 
well below 0 °C and actual energy intake was only a third of that required for maintenance. These 
curves indicate the need for better feeding practices through the cold months of the year, and that 
changing lambing dates closer to summer (e.g. May) would better align energy demand and supply.



Sustainable Chinese Grasslands 43

3  Changing animal practices and industry structures on grassland farms

All livestock

0

5

10

15

20

25

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec

M
E 

in
ta

ke
 (M

J/
SE

/d
ay

)

Actual intake
Maintenance
Supplements

Figure 3.1	 Metabolisable energy (actual and maintenance) for fine-wool sheep on a typical 
farm, Gansu, before the demonstration farms started

Flock and herd structures in China tend to have uneven age patterns and retain poor performing 
animals. A model was developed to estimate the net income (gross margin) for each individual 
animal in a flock or herd and rank animals from best to worst (Yang et al. 2012b). Curves for 
cumulative net income (Figure 3.2) typically showed a rise then fall. The final point (A) is the net 
income from livestock for the farm. The decline in the later part of these curves reflects the fact 
that some animals cost more to keep than they earn in income. Extrapolation from point A to 
point B shows how retaining only the better animals would result in the same farm net income, 
but with fewer animals. Often a 50% reduction in animal numbers achieved this. The animals 
ranked between point A and point B are the primary group for culling. But, as this system is feed-
limited, if half the animals are removed the remaining animals can increase their food intake and 
production, resulting in the dashed curve. Livestock net income could then exceed that achieved 
at point B, or the same net income would be sustained at point C. This model greatly improved 
the understanding of the benefits of culling the least productive animals—ewes that did not 
successfully produce a lamb or animals that did not grow. This model only considers selection 
within the existing animals, but further gains could be made by introducing animals with higher 
genetic merit and improving the food supply at critical times during their life cycle.
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Figure 3.2	 Ranking of net income (gross margin) per sheep on a demonstration fine-wool 
sheep farm, Gansu, using the PhaseONE model 
Note: In China, the unit of currency is the Renminbi (RMB) denoted by the symbol ¥, not to be confused with the 
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Other models were used to determine optimal average stocking rates over time, using a dynamic 
model responding to variable grassland management tactics (Chapter 7). The theory of animal 
production from grassland (Chapter 1) provided the central ideas about how reductions in stocking 
rates could raise incomes while aiding rehabilitation of the grasslands. The models incorporated 
functions to analyse the effects of climate (precipitation, temperature and wind) on productivity, 
which were then used to analyse feeding practices and the use of warm sheds through the cold 
months. The ideas developed from these models were then considered and the more useful ones, 
both in terms of financial and sustainability gains, were tested in on-farm studies. These studies 
were used to develop practices that could be readily used on farms.

Changing animal practices
Animal management practices used by herders have evolved over time, but have focused more on 
managing the survival of the maximum number of animals than on achieving more animal product. 
Herders are willing to consider new practices when they can see the benefits (Wu et al. 2011). In 
this section, we present the results of testing new practices that herders have now adopted.

Lambing time
Lambing has traditionally occurred in mid winter, as ewes are in the best condition to get pregnant 
at the end of summer. A winter-born lamb is weaned in early summer when grass growth is 
commencing. While that pattern makes some sense ecologically, it suffers from the problem 
of ewes experiencing a huge energy deficit during lambing and early lactation (Figure 3.1). 
Milk production is consequently very limited, and both ewes and lambs are well below optimal 
liveweights throughout the whole winter.
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The impact on energy balances of varying lambing times, and the value of providing supplements 
during critical periods, were modelled for a study village in Sunan, Gansu. Farms graze areas 
from 2,000–3,500 m in altitude through the year. The options modelled were traditional lambing 
in January with no supplements (Figure 3.1), or lambing in April, May or June with supplements. 
January lambing, with supplements, still resulted in a 50% energy deficit during lambing and early 
lactation (Figure 3.3). April lambing, with supplements, resulted in much smaller deficits during 
lambing and early lactation (Figure 3.4). The agreement between maintenance requirements and 
actual energy intake was closer when lambing occurred in May (Figure 3.5) and June (Figure 3.6).
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Figure 3.3	 Metabolisable energy (actual and 
maintenance), January lambing 
with some supplements fed at 
local rates, demonstration farm, 
Sunan, Gansu
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Figure 3.4	 Metabolisable energy (actual 
and maintenance), April lambing 
with some supplements fed at 
local rates, demonstration farm, 
Sunan, Gansu
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Figure 3.5	 Metabolisable energy (actual 
and maintenance), May lambing 
with some supplements fed at 
local rates, demonstration farm, 
Sunan, Gansu
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Figure 3.6	 Metabolisable energy (actual 
and maintenance), June lambing 
with some supplements fed at 
local rates, demonstration farm, 
Sunan, Gansu

Where the agreement between energy demand for maintenance and actual supply was closer, it 
was anticipated that ewes would produce more milk and lambs would be larger and grow faster. 
These predictions were discussed with local herders and it was decided to trial lambing in April 
and May on demonstration farms. It was thought that June lambing would create problems in 
producing lambs large enough to be sold in early autumn.
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Lambs born in January typically weigh 2–3 kg at birth and have slow growth rates until mid 
summer, when grass growth is significant. This demonstration found that April-born lambs 
were larger and reached higher weights at sale in early autumn (Table 3.1). May-born lambs had 
significantly higher birth weights, but significantly lower weights at sale in early autumn. The 
demonstration household strongly preferred April lambing because of the heavier sale weight in 
autumn. They have now adopted this practice, as have others in the village.

Table 3.1	 Lamb growth and survival in response to lambing time, demonstration farm,  
Sunan, Gansu

Lambing 
months

Number 
(head)

Birth weight 
(mean ± SD, kg)

1-month weight  
(mean ± SD, kg)

2-month weight  
(mean ± SD, kg)

Sale weight  
(mean ± SD, kg)

Survival 
rate (%)

April 94 3.1 ± 0.6(b) 8.2 ± 1.5(a) 16.3 ± 2.8(a) 28.8 ± 4.1(b) 98

April 121 3.1 ± 0.5(b) 8.4 ± 2.7(a) 16.9 ± 2.1(a) 27.7 ± 3.0(b) 98

May 71 3.4 ± 0.7(a) 8.6 ± 1.7(a) 17.4 ± 2.4(a) 23.7 ± 4.2(a) 95

Note: Different letters in the same column indicate significant difference (p < 0.05).

These lambs at Sunan were born in April (spring), weaned early and grazed over summer on fresh grassland. 
Their growth rates exceeded those of lambs traditionally born in January (winter) and weaned in early summer. 
Photo: D.R. Kemp
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Warm sheds

Government programs have constructed many warm sheds, especially in IMAR. The plastic roof is south-facing 
and can be removed in summer. Some sheds have heating from methane digesters that use collected dung and 
urine. New designs have a solid and well-insulated roof. Photo: D.R. Kemp

Winters across northern and western China are very cold. Temperatures can be –20 °C to 
–30 °C. Traditional shelters have been used to provide some protection from the cold wind and 
snowstorms, but the benefits are marginal. Enclosed warm sheds have been developed to protect 
animals from the cold and trap heat. The best sheds now use plastic or glass roofs (facing south) 
and/or higher-quality insulation to trap heat and minimise heat loss. Most farms use modified 
traditional sheds to create a warmer environment for livestock. A warm shed compensates for 
the lack of food. An on-farm comparison of traditional sheds and warm sheds, where there was 
some insulation and air flow was restricted, demonstrated that warm sheds halved weight loss and 
increased conception and lambing rates significantly (Table 3.2).

Table 3.2	 Fine-wool sheep performance, Gansu

Group
Number 
of sheep

Weight Weight change Fecundity

Before winter 
(mean ± SD, kg)

After winter 
(mean ± SD, kg) 

kg % Conception 
rate (%)

Lambing 
rate (%)

Warm shed group I 230 45.8 ± 4.9 40.2 ± 4.3 –5.6 12.3 97* 97**

Warm shed group II 110 40.3 ± 4.6 34.3 ± 4.4 –6.0 14.9 99** 96**

Control (traditional) 
shed

120 41.9 ± 5.1 30.5 ± 5.0 –11.4 27.2 88 79

Note: * = significant at 0.05; ** = significant at 0.01 (compared to control).
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The effect of winter temperatures on ewes and lambs was investigated in more detail to define the 
temperature responses of sheep (Zhang et al. 2016). Two groups of lambing ewes were monitored 
in adjacent sheds in Taipusi, IMAR. One group was in a shed modified to make it warmer through 
winter, and the other group was in a shelter. The animals were fed a ration with more protein and 
energy than would have been normal practice, but was still below maintenance requirements 
through winter. The ration was deemed to be financially viable for herders. The data were 
reanalysed to define temperature responses for ewe and lamb growth rates (Kemp et al. 2018). 

These results show that, even though the ewes were fed a better diet than normal, ewe liveweights 
started to decline at temperatures below –8 °C (Figure 3.7). Lamb growth rates were closely 
related to the weight loss of ewes (Figure 3.8), reinforcing the need for better ewe nutrition in 
late pregnancy and through lactation. The warm sheds only provided a small benefit over the 
conventional shed. In support of the earlier results, there was a higher lambing rate in the warm 
shed but no significant differences in liveweights. In part, this was due to more respiratory 
problems among the warm shed animals, who were at a higher density than the traditional shelter. 
Other experience in using warm sheds through western China (Wu JP, personal communication) 
has found there is a need to have 20–30% lower animal densities than official recommendations to 
allow for better ventilation and animal movement, and to improve the food supply.
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Source: Kemp et al. (2018)

Supplementation of ewes
Traditional practice has resulted in ewes being grossly underfed through winter. This has 
major effects on their body condition and liveweight and the weights and growth of lambs. 
Demonstrations examined the effects of improved energy supplements for the condition of ewes 
and lamb birth weights. The traditional practice of lambing in mid winter was followed. Ewes 
were fed a supplement for 0, 1 or 2 months prior to giving birth. There was no effect on the ewes’ 
condition scores, but lamb birth weights were directly affected. The supplement fed resulted in only 
a marginal improvement in quantity and quality than the herders would have otherwise used.

Table 3.3	 Ewe body condition score (at lambing) and lamb birth weight in response to 
supplements, farm demonstration, Sunan, Gansu

Condition Period supplement fed to ewes before lambing

0 
(mean ± SD)

1 month 
(mean ± SD)

2 months 
(mean ± SD)

Ewe body condition score 2 months 
before lambing

3.1 ± 0.3(a) 3.2 ± 0.4(a) 3.1 ± 0.2(a)

Ewe body condition score at lambing 2.4 ± 0.3(b) 2.9 ± 0.3(a) 3.1 ± 0.4(a)

Lamb birth weight (kg) 3.4 ± 0.4(c) 3.8 ± 0.4(b) 4.2 ± 0.5(a)

Notes:

•	 Different letters in the same row indicate significant difference (p < 0.05). 
•	 Supplement fed was 0.06 kg maize + 0.15 kg beans + 0.09 kg wheat bran per ewe per day, providing a total of 3.3 MJ and 80 g 

crude protein.
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Improving the nutrition of animals is vital for sustaining production and improving herder incomes. 
This allows grasslands to be managed to optimise the proportion of species with higher nutritive 
value (Liang et al. 2015) while reducing stocking rates and pressure on the grasslands, which will 
then reduce environmental problems such as dust storms (Wang et al. 2011) and greenhouse gas 
production (Dong et al. 2011).

    
Maize stubble (left) is commonly fed, unchopped, to livestock in winter, which reduces the rate of weight loss. 
However, more and better-quality meadow hay (right) is now being made in IMAR, which can minimise weight 
loss in livestock through winter if used well. Photos: D.R. Kemp

Precision management
The model developed to decide which animals to keep and which to cull (Figure 3.2) was applied 
to a demonstration farm in Sunan, Gansu with Gansu alpine fine-wool sheep. The application of 
the model in 2010, three years after selection for better animals had begun (Figure 3.9), indicated 
a small number of inefficient animals (between points A and B), although there was a higher 
proportion of old animals in the flock than would be ideal to sustain production levels. The 
demonstration farm started in 2007, but insufficient data had been collected on each animal to 
use the precision management model at that time. An analysis of the possible gains from selection 
suggested that considerable improvements were possible. The dashed line in Figure 3.9 shows the 
modelled gains from selective culling of the least productive sheep.
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Figure 3.9	 Cumulative gross margins for demonstration farm, Sunan, Gansu, 2010
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A more intense selection program was then implemented (Yang B et al. 2012a). The results showed 
that in 2014 there were no animals that did not return a positive net income (Figure 3.10). The 
cumulative net livestock income was close to the ideal straight line. Further evaluation of the 
remaining animals suggested some gains were still possible. The same total net livestock income 
could be achieved with about 10 fewer animals (point C). The net income from livestock in 2014 was 
about 50% higher than in 2010. This resulted from improving the quantity and quality of livestock 
products and a general increase in market prices.
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Figure 3.10	Cumulative gross margins for demonstration farm, Sunan, Gansu, 2014

The progressive improvement trends in the demonstration farm are evident in several key 
measures (Table 3.4). From 2007 to 2014, the flock size was reduced from 161 to 120 animals. 
The liveweights, body condition scores and wool production all increased, as did lamb birth 
weights and lamb sale weights. Overall, there was a substantial increase in farm income. The 
reduction in animal numbers allowed more forage for the remaining more-efficient animals. Small 
improvements in the supplements fed enabled animals to respond effectively.

Table 3.4	 Sheep production using precision management and supplements, demonstration 
farm, Sunan, Gansu, 2007–14

Year Sheep 
number 
(head)

Liveweight 
before mating  

(mean ± SD, kg)

Body 
condition 

score 
(mean ± SD)

Wool 
production  
(mean ± SD, 

kg)

Lamb birth 
weight

(mean ± SD, 
kg)

Lamb sale 
weight 

(mean ± SD, 
kg)

Income
(yuan)

2007 161 38.5 ± 4.8 2.8 ± 0.5 2.9 ± 0.2 3.1 ± 0.7 25.7 ± 3.5 31,729

2010 149 42.6 ± 5.9 3.2 ± 0.3 3.3 ± 0.3 3.5 ± 0.6 26.5 ± 5.3 34,995

2014 120 43.1 ± 6.1 3.6 ± 0.2 3.7 ± 0.7 3.5 ± 0.7 29.0 ± 4.5 46,463

The demonstration farm at Sunan was able to achieve a 25% reduction in animal numbers, with 
a 50% increase in net income. These changes were mainly from culling poor performing animals, 
selecting and breeding from the more productive animals within existing flocks, improving feeding 
practices (Gong et al. 2011) and using warm sheds through winter. The control farm did not receive 
any particular support, but nor were they constrained in what they could do. It was not considered 
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ethical to restrict their development. Practices changed on control farms over time as they observed 
the demonstration farms and varied their practices with changing seasonal and market conditions.

Changes in body weight of animals on the control farms increased over the years, but less than for 
the demonstration farms (Table 3.5). On the demonstration farms in 2015, all classes of sheep were 
about 2 kg heavier than on the control farms, and there was an increase from 2008 in the body 
weight of ewes (8 kg), lambs (6 kg) and wethers (12 kg). These gains were measured at the time 
of the annual sales in early autumn and resulted in higher incomes for herder households. The 
responses on the control farms support the view that when the practice changes are clearly evident 
and can be implemented by herders, they will be adopted. Wool growth has shown small increases, 
more so on the demonstration farms (Table 3.6), as have reproductive rates (number of ewes with 
a lamb) and lamb weaning (survival) rates (Table 3.7).

Table 3.5	 Body weights of Gansu fine-wool sheep, control and demonstration farms,  
Sunan, Gansu, 2008–15

Year

Control farms Demonstration farms

Ewes 
(mean ± SD, 

kg)

Lambs
(mean ± SD, 

kg)

Wethers 
(mean ± SD, 

kg)

Ewes 
(mean ± SD, 

kg)

Lambs 
(mean ± SD, 

kg)

Wethers 
(mean ± SD, 

kg)

2008 32.4 ± 5.3 23.1 ± 3.3 39.2 ± 8.2 33.3 ± 4.5 24.4 ± 5.3 39.5 ± 10.8

2010 34.6 ± 7.2 28.4 ± 3.6 43.5 ± 11.8 36.5 ± 5.3 29.4 ± 3.7 45.5 ± 5.0

2015 37.8 ± 4.9 28.0 ± 3.9 47.6 ± 4.3 41.3 ± 8.5 30.4 ± 3.1 49.3 ± 6.3

Note: Weights measured at the end of summer, at time of sales.

Table 3.6	 Wool yield of Gansu fine-wool sheep, control and demonstration farms, Sunan, 
Gansu, 2008–15

Year

Control farms Demonstration farms

Ewes 
(mean ± SD, 

kg)

Lambs
(mean ± SD, 

kg)

Wethers 
(mean ± SD, 

kg)

Ewes 
(mean ± SD, 

kg)

Lambs 
(mean ± SD, 

kg)

Wethers 
(mean ± SD, 

kg)

2008 2.9 ± 0.5 2.2 ± 0.4 3.1 ± 0.7 2.9 ± 0.6 2.3 ± 0.5 3.2 ± 0.8

2010 3.3 ± 0.8 2.7 ± 0.5 3.2 ± 0.8 3.3 ± 1.0 2.7 ± 0.5 3.7 ± 1.0

2015 3.0 ± 0.6 2.7 ± 0.3 3.1 ± 0.4 3.5 ± 0.8 2.8 ± 0.5 3.5 ± 1.3

Table 3.7	 Reproduction and lamb weaning rates, control and demonstration farms, Sunan, 
Gansu, 2008–15

Year

Reproduction rate (%) Lamb weaning rate (%)

Control farms Demonstration farms Control farms Demonstration farms

2008 83 82 75 76

2010 85 89 81 83

2015 96 99 96 99
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Changing industry structures of farms
The examples in this chapter show how it is possible to change practices on farms to increase 
production by reducing animal numbers, while using better selection and feeding practices to 
maintain or increase household incomes. These techniques will contribute to solving the collective 
problems of reducing stocking rates, rehabilitating grasslands and improving herder household 
incomes. An important consideration, however, is that the grazing industries of China are in 
transition. These changes will require not only the continuing development of markets but also 
government support with appropriate policies. The need for government policies to support the 
emerging and likely future trends in livestock production will be critical for the improvement of 
herder household incomes. Policies need to support the trends that will reduce grazing pressures 
on the grasslands and facilitate rehabilitation.

Market development is critical. Herders need to obtain real price increases for better-quality 
animal products to stimulate positive changes. These changes are occurring, but in many regions 
there are still many traders along the value chain who make only small losses or gains (Waldron, 
personal communication). This leads to herders continually borrowing money in order to survive. 
The more efficient and transparent the markets are, the more likelihood there is that herders will 
receive appropriate signals from consumers that they can use to optimise their production system 
and incomes. At present, herders get some price signals that encourage larger quantities of animal 
product per head, but not always enough to improve their financial position. Herder associations 
are being formed to promote the development of market power among herders when negotiating 
with traders. This will improve market information and aid the development of more effective 
markets. Developing premium lamb and beef products, branded as Natural Meat, is another 
recent strategy designed to realise a higher value of products from grass-fed animals. Government 
policies need to promote better market systems and the components that help.

     
Traditional preferences in Chinese pastoral areas have been for meat with a high fat content (left), but health 
conscious consumers now prefer more lean meat. Modern hot pots (right) are very popular and allow meat of 
traditional quality to be used in the cities. Photos: D.R. Kemp

Many herders do not see a useful future in herding for their children and are encouraging them 
to seek employment elsewhere. As these herders get older, they often find it more profitable to 
lease their land to neighbours. They semi-retire with just a few animals for household needs, or 
move into nearby towns. Herders who rent their land are able to increase their area for grazing, 
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and while they may increase their flock or herd size, their net stocking rate declines. This is a useful 
change for grassland management and animal production per head. However, the impacts of 
these changes are not uniform. The rented land is often overused and the herders’ own land is 
lightly used. Land is often only rented for a year at a time, which means there is no incentive to 
better manage the rented land. Policy changes are needed to enable the transfer of land between 
herders in ways that encourage sustainable management. In several of the villages where the 
ACIAR program was active, more collective action by herders to achieve sustainable grassland 
management was becoming evident.

Demonstrations have shown the merit of culling the least productive animals and improving 
the nutrition of those remaining. This is the first step in the process of flock/herd improvement. 
Herders who have been involved in these demonstrations are keeping records of animal 
production and finances, and there are strong indications they will continue to do so. These 
practices will help herders better understand their livestock businesses. Better knowledge of the 
productivity of their animals means herders can more readily identify the better breeding stock 
when they introduce improved genetics, and can target feeding practices to optimise returns. 
Initially, it was a challenge to introduce ear tags to enable better recording of performance. When 
the benefits were demonstrated, the value of ear tags was evident. Ear tags are now required in 
China for management of diseases, such as foot and mouth. Precision livestock management is 
seen as a vital new area for research in China.

The work discussed in this chapter has shown the benefits of improving the quantity and quality 
of supplements. Herders now make more hay and purchase more straw from cropping areas. 
However, the nutritive value of much of this hay and straw is, at best, at maintenance levels. There 
is a poor understanding of energy and protein requirements of livestock. Training in nutrition and 
demonstrations on farms have been very important in educating herders. Research is needed to 
identify ways of improving the yield of digestible nutrients through the cold months of the year 
to improve animal productivity per head and financial returns from livestock. The vast amount of 
straw in China is potentially a valuable resource for livestock, if the quality can be improved.

Many of the examples in this chapter came from Sunan, on the northern edge of the Qinghai–
Tibetan Plateau. This site was the main focus for more detailed animal management studies of the 
ACIAR program, but there are limits about what can be done locally (which also applies in other 
parts of China). The climate at Sunan is cold and there are no significant areas of crops grown to 
improve animal nutrition. To improve animal nutrition, productivity and thence returns to herders, 
the solutions will require wider county level strategies. At lower altitudes, there are the irrigation 
districts of the Hexi corridor, along parts of the old Silk Road. Either the fodder and grains grown 
in the irrigation areas could be transported to the plateau, or animals could be moved to feedlots 
at lower altitudes, closer to the crops. The latter solution is more financially viable, because of 
respective transport costs and because the climate is warmer from autumn to spring. Animals can 
be finished in a shorter time in feedlots, significantly reducing the grazing pressures on grasslands, 
and most animals can be finished before winter becomes severe. The local government has 
helped to fund these feedlots and some herders are now growing the crops used. The principle 
of separating breeding and finishing areas means different groups can specialise. This will be an 
increasing trend in many parts of China’s grasslands.
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Household livestock grassland farms in China
The Eurasian steppes comprise one of the world’s largest groups of ecosystems, widely distributed 
across Asia and Europe. In China, there are 400 Mha of grasslands, occupying 42% of the country 
and making up 12% of the world’s grasslands (Department of Animal Husbandry and Veterinary 
Medicine 1996; Kang et al. 2007). China’s major agro-ecosystems are separated into the pastoral 
area (west and north), semi-pastoral area (central region) and cropping area (south). Most of 
China’s grasslands are in the northern and western semi-arid, arid and cold regions, including 
the high Qinghai–Tibetan Plateau. Seventy-five per cent of China’s grasslands and 70% of the 
grazing livestock are in six major pastoral areas within the provinces and regions of Tibet, IMAR, 
Xinjiang, Qinghai, Sichuan and Gansu (Department of Animal Husbandry and Veterinary Medicine 
1996). IMAR is a major pastoral province with 70 Mha of grasslands. It has been in the forefront of 
identifying better livestock and grassland management practices.
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In IMAR and other provinces, before 1947, the grassland was owned or managed by herders, serfs, 
feudal lords, tribes or temples. Livestock production was nomadic to semi-nomadic and primarily 
focused on satisfying household needs. Since 1950, various reforms in grassland areas have aimed 
to improve production and herder household livelihoods, often assuming more animals will result 
in more income. However, both the human and animal populations have increased dramatically 
since 1950 (Chapter 2), leading to overutilisation of the grasslands and declining productivity. Many 
herder households are among the poorest people in China. It has been estimated that the average 
grassland productivity has decreased by 30–50% (Wang 2006), while the frequency of dust storms 
has increased.

At the beginning of the 1980s, the Double Rights and One System policy was implemented. This 
meant that, while the ownership of grasslands belonged to the nation, herders had contracted 
rights of use and were responsible for management of the grasslands. Collective farms and 
other group structures were abolished. The household farm is now the basic unit for grassland 
management and grazing livestock production (Ding 2008). Herders are moving from primarily 
satisfying household needs to marketing more livestock products in response to increasing 
demand (Ren 2013). Rising prices for livestock products have helped to improve herder incomes 
(Wang et al. 2014), although that has led to oversupply and price reductions. The livestock 
production system is characterised by low costs and low income (Mou 1998; Li et al. 2015), utilising 
natural grasslands as the main forage source.

With increasing human population and livestock numbers, the capacity of existing grassland 
resources to support resilient and high-quality herbage and animal production is under threat 
(Estell et al. 2012). In IMAR, there are now more farms, with more animals producing more products 
from the same areas of grassland (Figure 4.1). Sheep and goats are primarily grazed on grassland 
and the meat output per head has not changed much. Beef production per head has increased, 
though this is because more animals are now finished in feedlots. The natural grasslands are 
declining in productivity, primarily because of grassland degradation aggravated by reduced rainfall 
caused by climate change. Overgrazing has been the main factor driving grassland degradation. 
Livestock keepers, who are faced with a variety of economic constraints and incentives, may 
consider that it is in their personal best interest to overstock (Pope & McBryde 1984), though this 
could change as markets pay more for the amount of animal product, rather than a common 
price for all animals. In China, a number of factors, including increasing household expenditures, 
slow growth in net incomes and expectations of volatile income streams, have led households to 
prioritise short-term income gains over investment in sustainable use of environmental resources 
(Ning & He 2006).

The twin common aims across the grasslands of China are to overcome degradation and improve 
the livelihoods of herder households. Other chapters in this monograph focus on the development 
of technologies that will further these aims. However, any technologies developed need to be 
effectively demonstrated on farms. This chapter discusses the work done in a large, extensive 
national program to trial new practices on farms so that herders can see the benefits and costs of 
various alternatives. How do herders manage change and what are the results when they do? Much 
of this work has been done in IMAR.
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Figure 4.1 	 (a) Number of large (cattle+horse+donkey+mule+camel) and small 
(sheep+goat) animals, and (b) meat production from beef and lamb+mutton, 
IMAR, 1978–2015
Source: Inner Mongolia Autonomous Region Statistics Yearbook, 1978–2015 

Grassland management and improvement programs
Grasslands and grazing have sustained the livelihood and culture of herder households for 
centuries (Wu et al. 2003). Traditional herders followed extensive nomadic animal production 
systems, were isolated in small groups away from urban centres and developed a deep traditional 
knowledge about how to survive in a harsh climate (Yang 2007). Historically, herding populations 
were much smaller than today and herders avoided grassland areas that were in poor condition, 
allowing them time to recover. The knowledge and skills of herders were focused on survival. 
Today, herders are part of a market economy and want the same goods and services, such as 
vehicles, phones, education and health services, that most people do. Herders need to build skills in 
optimising animal production to supply more of the animal products that consumers are willing to 
pay for. To do this, they need to change from keeper/survival mode to one focused on production 
(Kemp & Michalk 2011). As shown in other chapters, it is possible to achieve a win–win outcome 
where grasslands are improved and net household income is increased. Herder households need 
to become adaptive and flexible, better at managing risk and more able to adjust to changing 
environments and markets (Li 2015).

Building the knowledge and skills of herders became a core part of the program of the farm 
demonstrations. Key components of building knowledge have been to shift the herders’ focus 
from gross to net profit, and helping them identify if they can achieve the farm size and animal 
numbers they need to be financially and ecologically viable. In doing this, it is acknowledged that 
some herders can change and will remain in animal production. Others, for various reasons (age, 
ability or family reasons), are unable to change what they do and will remain at similar levels of 
production, or may move into urban areas to be closer to families, if that is possible. Traditional 
knowledge helps to keep animals alive through the harsh winters, but improving the quantity and 
quality of animal products requires an understanding that starving animals are inefficient and that 
it can be profitable to feed them for production rather than just for survival. Demonstrations play a 
vital role in showing herders what can be done and provide data they can use to assess the viability 
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of new practices. A further value of farm surveys and demonstrations is that they provide data to 
calibrate models (Chapter 6). Herders will always have their own ideas on what practices are viable 
for improving their livelihoods. Their suggestions may not always be correct, but it is important to 
include their suggestions in the farm demonstrations.

The general philosophy underlying the farm demonstration research program is that reorganising 
the livestock production system, and considering the developing markets of China, is preferable 
to relying entirely on government support programs. Reorganisation within a farm is more likely 
to build sustainable outcomes, as herders are in control and have learned how to exploit change 
to improve what they do. To sustain herder livelihoods and improve grasslands, changing farm 
practices need to be resolved first. More effective ways of using government support programs can 
then be identified. In practice, the reverse has often applied.

Since 2002, central and local governments have adopted many policies and measures to promote 
grassland recovery and conservation and promote economic development in pastoral regions 
(e.g. relocation of households from degraded areas, forage reseeding, grazing bans and fencing). 
However, these measures are all expensive, compliance has not been ideal and, while they may 
be sustained through a few five-year plans, there is no ultimate guarantee they will be permanent 
(Han, Wang et al. 2013; Wang, Yang et al. 2014).

During the 12th five-year plan (2011–15), the central government provided subsidies for herders in 
grassland areas of IMAR (70 Mha) for grazing prohibition (typically for five years at ¥90/ha2), animal 
balance (partial grazing ban at the start of summer to allow better regrowth of the grassland and 
reduced stocking rates at ¥22.5/ha), means of production (for diesel at ¥500/farm) and forage 
seeds (¥150/ha). Since 2016, the subsidy has only been for grazing prohibition and animal balance, 
and the payments are ¥112.5/ha and ¥37.5/ha respectively. Grazing prohibition means no animals 
grazing on the banned area over the whole year. Animal balance is based on reducing the number 
of sheep units3 and supplementary feeding. This reflects the early work in this program, which 
indicated that reduced stocking rates could maintain household incomes and help grasslands 
recover (Kemp & Michalk 2011). A standard system is used to estimate sheep equivalents (SE), 
i.e. 1 sheep = 1 SE, 1 goat = 0.8 SE, 1 cattle = 5 SE, 1 horse = 6 SE and 1 camel = 10 SE. These are 
based on the estimated average differences in liveweight from a 50 kg animal. These payments 
have clearly helped improve grassland areas since 2010. It is likely that further changes in herder 
practices will be needed in the future.

Farm demonstration research program
The farm demonstration research program was broadly divided into two main components: 
initial studies and more intense studies in Siziwang, which was then expanded into a national 
program across the main grassland provinces of China. Similar methods were used in each case. 
A common emphasis was assessing the benefits of reduced stocking rates on household incomes, 
on the assumption that reduced stocking rates would aid in rehabilitation of the grasslands. In 
short- to medium-term studies in these harsh environments, it was not realistic to expect rapid 
grassland improvement.

2	  Currency is shown as yuan (¥). At the time of this work, the exchange rate was approximately ¥1 = $A0.21.
3	  China uses ‘sheep unit’ as a measure of livestock and is a lactating ewe rather than the easier-to-use sheep equivalent.
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Dr Takahashi (on right) with students from Inner Mongolia Agricultural University interviewing a Siziwang herder 
as part of the initial farm surveys. Photo: D.R. Kemp

Farm household survey design
Farm household surveys were done to better understand the biophysical and financial aspects of 
the livestock–grassland system, first to model management changes, then to monitor the effects 
of the changes being tested. Initially, this research was novel in China. Early work in Siziwang was 
done in part to resolve effective techniques (Han et al. 2011; Han, Wang et al. 2013). Herders were 
paid an allowance for participating in the program as compensate in case the results did not prove 
as positive as predicted. However, results were consistently positive. While specific changes were 
implemented on the demonstration farms, the design meant that herders could adapt the changes 
being trialled to suit seasonal, farm and market conditions. Ethically, it was important that herders 
could change their practices if needed. Similarly, the control farms were not constrained to rigidly 
maintain their practices. It was anticipated that over time both demonstration and control farms 
would evolve, and that some might change states. For example, a demonstration herder may wish 
to return to a control state, and vice versa. This requires careful consideration of the methods used 
to analyse the data collected.

The selection of demonstration and control farms was based upon self-selection within a village and 
advice from local village leaders and officials. The farms were selected on the basis of size, animal 
numbers and farm enterprise incomes in previous years and their willingness to participate in data 
collection. The initial Siziwang studies only involved a few farms. This meant herders who would 
be committed to the program could be selected. In later phases, the number of herders involved 
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increased greatly and there was more variability in commitments and abilities. The monitoring of 
farms was backed by extension programs to provide advice to herders about what they could do. 
This meant the herders became better at managing the changes implemented over time.

In the national and expanded studies, stratified random sampling was used to select the 
households surveyed. The semi-structured survey tool collected data on land resources (area of 
grassland owned and rented; seasonal utilisation practices; the area, crop types and yields; and 
irrigation practices), livestock (number and type of animals; body weight in different periods; 
number of births) and economic variables (prices and volumes of animals and fibre products sold; 
price and number of animals purchased; prices and volumes of concentrate, maize, hay, stubble 
and silage purchased; and labour, veterinary, mineral supplement, grassland rental and machinery 
use costs). Each household was also asked for information on production practices such as the 
timing of joining, lambing and weaning, and sales, age of animals at off-take and supplementary 
feeding practices. Data was collected on the livestock/farm system calendar, animals, grassland, 
economic, policy and weather (Table 4.1).

Table 4.1	 Categories and subjects in household/farm surveys

Category Content 

Calendar Date of joining, lambing, weaning, shearing and sales

Animals Species, breed, number, age, bodyweight, fat score, health, supplements fed 

Grassland Cropland and natural grassland; area, yield and quality, utilisation mode 

Economic Price and amount of animal production, supplements, health, fuel, salt, machinery, labour, 
other 

Policy Subsidy from government and project 

Climate Current and historical weather data 

Animals were regularly monitored to track their weights and body condition, fat scores, ewe udder 
scores, lambing times, lamb birth weights, stocking rates, forage and feed supplies and livestock 
enterprise financial data (Han et al. 2011). The key monitoring times were the start and end of 
summer (i.e. the period of grass growth) and mid winter, though for various logistical reasons it 
was not always possible to maintain this schedule. Winter temperatures can be below –20 °C and 
access to farms is difficult. Some monitoring of grassland condition also occurred. Other animal 
management practices were added to the program over time.

The design allowed for herders to vary what they did over time. As a result, methods of analysis 
needed to take these effects into account. Early analyses grouped herders into demonstration 
or control groups to compare results. In later work, the herder group was not always used to 
analyse the data. Instead, analyses were done using dependent variables, such as net income per 
sheep equivalent, in various regression analyses, and then the data were examined to identify 
the behaviour of demonstration or control herders. Invariably there was some overlap between 
the original groups, reflecting the variable abilities of herders and the fact that there was no rigid 
constraint on what herders could do.
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Simulation modelling
Prior to establishing the farm demonstrations, data from farm surveys were used to define a typical 
farm for the village, and to calibrate computer models (Chapter 6) that were used to evaluate 
management options. A typical farm was based on averages, but anomalies were removed. For 
example, if most farms had sheep but a few also had some cattle, the SE for cattle was estimated 
so that stocking rates and other calculations were valid, and the typical farm was considered to be 
only a sheep enterprise. The models did not aim to exactly replicate any existing farm, which was 
not possible given the limited data collected, but to provide a workable framework that would allow 
an analysis of the contrasting effects from changing practices. Four models have been developed 
and these are now being integrated into a common framework of ‘optimised management models 
for household pasture livestock farm production’ so they can share a common dataset. 

The four models are: 

•	 feed balance analyser (FBA, also referred to as StageONE)
•	 linear program optimiser (LPO, StageTWO)
•	 dynamic sustainability (DS, StageTHREE)
•	 precision livestock management (PLM, PhaseONE).

Further details are given in Chapters 6 and 7. 

These models are best used to evaluate contrasting options, rather than management changes 
that may only produce small effects. The models have been successful at identifying management 
changes that herders then need to evaluate. The farm demonstration research is vital for resolving 
exactly how to best implement the better management changes.

Siziwang studies
Farm household surveys commenced in 2006 in Siziwang, IMAR (Figure 4.2) to understand how the 
grassland–livestock system functioned and model options for improving grassland and household 
incomes. Similar studies were also commenced at the same time in Taipusi Qi, Xiwu and Abaga in 
IMAR, and Sunan and Huanxian in Gansu. Some of the results from those additional studies are 
included in other chapters; earlier work is in Kemp & Michalk (eds 2011). 

In Siziwang, three demonstration and three control farms were established in 2007 to evaluate 
model predictions that reducing stocking rates by 50%, culling the least productive animals and 
extra feeding of supplements in winter would improve incomes and provide the opportunity for 
grasslands to start and recover. Monitoring continued through 2009. This phase of the work also 
aimed to resolve how best to do on-farm demonstration research. The initial results have been 
published (Han et al. 2011).

Siziwang is located in IMAR. The landscape is gently undulating grassland with some limited 
cropping land. Grassland degradation due to overgrazing and drought is widespread and severe 
(Han et al. 2011). Elevation averages 1400 m. The climate is characterised as continental, windy 
in spring, low precipitation in summer when most rainfall occurs, and dry and cold throughout 
winter. Mean annual temperature, precipitation and evaporation are 4.1 °C, 305 mm and 2,213 mm 
respectively. The frost-free period is 17 days. The vegetation type is desert steppe. The dominant 
plant species are short flower needle grass (Stipa breviflora Griseb.) fringed sagebrush (Artemisia 
frigida Willd.) and awnless Cleistogenes (Cleistogenes songorica (Roshev.) Ohwi.) (Li 2015). The soil is 
Kastanozem (FAO 2006) with a sandy loam texture.
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Figure 4.2	 Vegetation regions and location of the Siziwang demonstration site, IMAR
Source: Inner Mongolia Grassland Resource (1990)

Mr Buhuchalou, village leader (left), and Professor 
Han Guodong outlining plans for the farm 
demonstrations at Siziwang, IMAR. Photo: D.R. Kemp
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Sheep and goats are the main domestic animals and are herded together. In the typical production 
system in Siziwang, lambing occurred around February, mating in September and sales in October. 
Livestock rely on grassland grazing through summer (May–September) with limited dry frosted 
forage through the rest of the year and limited feed supplements in winter (October–April). A 
severe energy deficit occurs during every winter and spring, when animals typically lose 20–30% 
of their bodyweight. Although low-input extensive livestock production continues to be common, 
in recent decades many herders have faced pressures to change production practices. These 
pressures include population, limits on herd mobility and grazing areas imposed by tenure reform 
and fencing, and environmental deterioration. New production practices and technologies have 
been introduced, in part by this program. These include changes in herd structure, the use of more 
supplementary feed in winter, seasonal rotational grazing, and construction of infrastructure, such 
as warmer animal shelters and hay shelters, often with government support. One innovation in 
Siziwang has been the introduction of Dorper and other sheep breeds, made available to herders 
through a nucleus herd managed by a herder association and artificial insemination services 
provided by local government. Dorper x Mongolian fat-tail lambs have a faster potential growth 
rate and a higher yield of lean meat.

National farm demonstration program
From 2010 to 2014, the successful studies in Siziwang were expanded across the main grassland 
provinces of northern China (Figure 4.3). A national program (see Acknowledgments for list of 
projects) used nine villages in the six main grassland provinces in northern and western China. 
The national survey was designed in 2010–11, with farms selected and initial datasets obtained in 
2011. At each site, 2–6 households were surveyed, half to test new management practices and the 
other half as controls. At each site, discussions were held with local herders and officials to identify 
the changes in management practices they thought would be most appropriate for testing in the 
farm demonstration research program (Table 4.2). Before implementing the demonstrations, farm 
survey data was collected to calibrate the FBA (StageONE) and LPO (StageTWO) models (Chapter 
6). These were then used to identify the changes most likely to result in larger improvements 
in productivity of livestock and grassland. The treatments were then implemented and regular 
surveys were done in 2012 and 2013 to assess the initial effects of the changes being tested. Basic 
biophysical and financial data were collected on the components that influence animal production 
(Table 4.1). For financial analyses, depreciation was set at 20% for fixed assets (e.g. sheds, fences) 
and 10% for machinery. Remote sensing was used to evaluate the state of the grassland and soils 
on each farm surveyed. The changes reported here reflect what can be implemented in the short-
term. Changes to the grassland condition would take longer to become apparent.
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Figure 4.3	 The nine demonstration sites across six provinces that were involved in the 
national farm household demonstration research project

The diversity of sites chosen meant that, while a majority of sites tested reduced stocking rates, 
other components of the livestock–grassland system varied. For instance, in IMAR, there were four 
test sites covering the three main grassland types (meadow, typical and desert steppe). Grazing 
was initially common at all four sites, but other practices varied. Data is not listed for three villages 
surveyed as they did not have comparable systems with other villages. Hay making became more 
profitable for local herders in Chenbaerhu and Ewenke, which meant a longer feeding period in 
sheds through winter and almost no grazing. Zhangxiangbai was a typical steppe site, but with 
small farms (less than 50 ha grazing pasture and 5 ha artificial pasture) there were limited options. 
In Siziwang and Xisu, all the grassland was used for grazing but supplements were bought from 
markets, rather than harvested on the farm.
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Table 4.2	 Basic financial data for the livestock grazing farms in 2011 (prior to implementing 
practice changes)

Province Site Grassland 
type

Total 
income
(103 ¥)

Total 
cost

(103 ¥)

Net 
income/

SE
(¥)

Stocking 
rate  

(SE/ha)

Number 
of demon-

stration 
farms

Practice 
changes for 

demonstration 
farms

Jilin Songyuan Meadow 
steppe

337 47 474 2.6 1 Reduce animal 
numbers by 
60%, income 
based on hay 
production

IMAR Hulunbeier Meadow 
steppe

1,999 510 753 2.0 2 Reduce stocking 
rate by 25%, 
increase corn 
fed 35% in 
winter

Bai Typical 
steppe

90 19 327 1.2 2 Increase 
supplement 
10% in winter; 
increase 
lambing rate by 
14% (using local 
sheep)

Xisu Desert 
steppe

139 29 333 0.6 3 Reduce animal 
numbers by 
20%, increase 
supplements by 
50% for ewes in 
winter

Hebei 
(2012)

Guyuan Semi-
pastoral

80 1 990 0.1 3 Grazing ban, use 
hay, increase 
supplements by 
20%

Gansu 
(2013)

Maqu High-cold 
steppe

0.1 185 179 2.7 1 Reduce animal 
numbers (>15%)

Xinjiang Changji Upland 
meadow

76 4 299 1.5 4 Increase 
concentrate by 
30% and plant 
alfalfa

Sichuan Hongyuan High-cold 
meadow

0 14 36 3.3 1 More alfalfa, 
more training, 
reduce animal 
numbers
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Main achievements from demonstration farm research

Siziwang 
The monitoring of farms aimed to understand more about why some herders were more efficient 
than others. In Siziwang, a particular focus was assessing how membership of the local herder 
association influenced the efficiencies of production. The association provided training in various 
aspects of improved livestock production and also developed improved marketing arrangements 
for the sale of meat lambs, which are often now sold direct to restaurants through a feedlot 
and abattoir. Important practice changes included the culling of goats, improved lamb feeding 
systems and the use of Dorper rams to achieve the benefits of hybrid vigour. Dorper rams were 
only available to association members. The expanded farm demonstration research in Siziwang 
commenced survey work in 2012 after the new practices fostered by the herder association had 
been implemented. 

Both association and non-association farms were surveyed in 2012 and 2013. A simple comparison 
of association members against the control group did not indicate any clear trends. As a general 
aim of this work was to evaluate the efficiencies of livestock production, it was decided to use a 
common, normalised variable (net income/SE) as the dependent variable in a decision tree analysis 
(using least squares) to identify how the farms were grouped, which ones included association 
members and what the differences were between the statistically defined groups.

The analyses were done using Systat (V13) with the constraints that variables had to explain at least 
5% of the variation and nodes had to contain at least five farms. The model produced explained 
59% of the variability (attempts to use normal multiple regressions only achieved an R2 of 30%). 
However, as some group sizes were at or close to the minimum of five farms, it was decided to 
form two larger groups, based on net income/SE, after ranking the groups from the least to the 
most profitable.

The fundamental relationship, with three closely related terms, was:

income/ha = income/SE x SE/ha

This relationship can dominate these analyses, hence only one of these three terms was used 
in any analysis. Income/SE is considered the most relevant to herders as they focus on animal 
performance and are not as familiar with productivity per unit of land. Land areas are also often 
less accurate than animal numbers. As income/SE is a financial term, that meant other financial 
terms (total income, total costs, costs/SE and lamb price/head) were most significant in forming the 
decision tree groups (Table 4.3). To identify the important biophysical terms, the four significant 
financial terms were excluded. The resulting decision tree explained 41% of the variation with total 
lambs sold, SE/labour unit, proportion of rented land, total grassland area, total SE and energy 
fed/lamb as the most significant terms. The main distinguishing characteristics of these two larger 
groups, formed using the more significant analysis, are listed in Table 4.3. The variables in bold 
were significant in forming the decision trees. Other relevant additional variables are listed to show 
how these varied between the income groups.
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Table 4.3	 Characteristics of 92 Siziwang households, 2012 

Characteristic Low-income group 
(mean ± SD)

High-income group 
(mean ± SD)

High-income group 
as % of low-income

Net income (¥/SE) 195 ± 25.42(b) 371 ± 22.5(a) 190

Number of households 39 53 136

Association members (%) 18 60 333

Total costs (¥) 67,376 ± 6,571(b) 92,587 ± 6,029(a) 137

•	 supplement cost (¥) 39,159 ± 4,668(a) 49,439 ± 3,432(a) 126

•	 forage crop produced (t) 5.8 ± 1.7(a) 10.1 ± 2.6(a) 174

•	 labour cost (¥) 6,349 ± 1,558(b) 13,251 ± 1,327(a) 209

•	 cost/SE (¥) 186 ± 16(a) 214 ± 13(a) 115

Total income (¥) 132,865 ± 9,024(b) 257,915 ± 14,643(a) 194

•	 lamb income/head 554 ± 9.2(b) 807 ± 15.7(a) 146

Total net income (¥) 65,489 ± 7,880(b) 165,328 ± 13,454(a) 252

•	 net income (¥/ha) 156 ± 20.8(b) 313 ± 31.68(a) 201

Grassland area (ha) 497 ± 28.7(b) 632 ± 40.8(a) 127

•	 rented land (% of total) 34 ± 5.1(a) 38 ± 3.8(a) 112

Total sheep equivalent 355 ± 14.7(b) 442 ± 16.3(a) 125

•	 stocking rate (SE/ha) 0.80 ±.006(a) 0.81 ± 0.04(a) 101

•	 SE/labour unit 169 ± 10.8(b) 219 ± 9.7(a) 130

•	 new breed lambs (%) 0.05 ± 0.02(b) 0.42 ± 0.05(a) 840

•	 lambs/ewe 0.89 ± 0.03(a) 0.99 ± 0.05(a) 111

•	 total lambs sold 146 ± 13.29(b) 222 ± 11.4(a) 152

•	 energy fed (MJ/lamb) 4.9 ± 0.44(a) 5.6 ± 0.33(a) 114

Number of animal sheds 1.9 ± 0.13(b) 2.4 ± 0.16(a) 126

Note: Different letters in the same row indicate significant differences.

The analysis showed that 60% of herders in the high-income group were in the farmer association, 
compared to only 18% in the low-income group. Association members received more training in 
managing and marketing their livestock as well as access to better sheep genetics. More improved 
management strategies were adopted in the high-income group. It was evident that non-association 
members in the high-income group also adopted improved practices, arguably from observing 
their neighbours. The design of this study did not preclude any herder from changing practices.

The low-income group had an average net income of ¥195/SE compared to ¥371/SE for the high-
income group. There were association members in the low-income group, but it was evident they 
did not participate very much in the association’s programs, as shown by the low proportion of new 
breed lambs as a total of all lambs. The more active association members were in the high-income 
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group. There is strong evidence here that association membership, and committed participation 
in the association’s programs, results in improved household incomes. The poorer performing 
association members in the low-income group may have joined the association for social reasons, 
rather than a desire to improve their financial performance. 

Average stocking rates in both groups were the same (0.8 SE/ha, range 0.35–2.11). Five years 
earlier, when this research program started in this village, stocking rates were around 1 SE/ha (Han 
et al. 2011). Some individuals are now closer to 0.5 SE/ha, in part from renting extra land without a 
similar increase in livestock numbers, and have commented that the grassland condition is getting 
better. These results show that herders can achieve lower stocking rates, but that does not simply 
result in higher incomes. Other aspects of management need to change. The high-income group 
had 25–27% more SE and land than the low-income group. They produced 10% more lambs per 
ewe, sold 52% more lambs, spent more on supplementary feed and labour, managed more SE per 
labour unit, grew more forage, had more sheds to protect animals in winter and achieved nearly 
50% more in prices per lamb, reflecting their larger size and quality.

The data obtained from all the Siziwang farms enabled some additional analyses on the basic 
relationships between net financial returns/SE (the dependent variable in the decision tree analyses), 
net financial returns/ha, SE/ha and the total SE and grassland area per farm. This provided additional 
insight into herder goals and limits in the livestock system on the desert steppe (Figure 4.4).



Sustainable Chinese Grasslands 71

4 Farm demonstrations: what we are learning 

0

0.5

1.0

1.5

2.0

2.5

To
ta

l S
E/

ha
(a)

Low income
High income

0 400200 800600 1,000

Total SE/farm

0

0.5

1.0

1.5

2.0

2.5

To
ta

l S
E/

ha

(b)

0 500 1,5001,000 2,000

Total grassland area (ha/farm)

y = 29.28x-0.587

R² = 0.55

100

–100

300

500

700

900

1,100

N
et

 in
co

m
e 

(¥
/S

E)

(c)

0 0.5 1.51.0 2.52.0
Total SE/ha

100

–100

300

500

700

900

1,100

N
et

 in
co

m
e 

(¥
/h

a)

(d)

0 0.5 1.51.0 2.52.0

Total SE/ha

y = 366.6x - 49.2
R² = 0.34

100

–100

300

500

700

900

1,100

N
et

 in
co

m
e 

(¥
/S

E)

(e)

100 500300 1,000700 900

Net income (RMB/ha)

y = -0.0006x2 + 1.397x
R² = 0.68

Low income
High income

Low income
High income

Low income
High income

Low income
High income

Figure 4.4	 Relationships between main production and financial variables for 92 farms in 
the expanded Siziwang farm studies 
Note: Green diamonds = farms that had lower net incomes per SE; blue circles = farms with higher incomes, as per 
Table 4.3.
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There was no relationship between stocking rate and total SE/farm (Figure 4.4a), but there was a 
significant decline in stocking rate as total farm area increased (Figure 4.4b). This shows that as the 
land area available to a herder increases, they do not increase animal numbers at the same rate. 
The constraints arguably change from land limitations to a limit in the number of animals a herder 
can manage using traditional practices. While there is an overlap between low- and high-income 
herders, some of the high-income herders had the largest farms and lowest stocking rates, while 
the few high stocking rate farms were in the smaller and lower income groups.

The key dependent variable used to identify the farm groups (net income/SE) was not related to 
stocking rates (Figure 4.4c), but was significantly related to net income/ha (Figure 4.4e). Net income/
SE reached an average limit of about ¥700/SE for the high-income farms, in those farms that also 
had higher stocking rates. Net income/ha showed a marginal positive relationship to stocking rate 
(Figure 4.4d). Some of the low-income farms had almost zero or negative incomes/ha and per SE. 
These analyses show that larger farms could manage more animals, but used lower stocking rates 
and still achieved high net incomes/SE.

National farm demonstration research

Grassland types
Across China, grassland types vary continuously, with different dominating plant species, soils, 
productivity and forage quality. In each of the villages involved in the national program, the 
grassland types were surveyed using traditional vegetation and soil surveys, combined with higher 
resolution remote sensing to identify the grassland types that applied across each farm (Wulan 
2014) (Table 4.4).

Model analyses of household farms
The initial surveys of farms in each village in the national project were used to construct typical 
farms in the FBA and LPO models (Table 4.4) using grassland parameters at each site (growth rate, 
percentage of desirable and undesirable species, digestibility) plus financial, livestock, supplements 
and climate data. Both models estimated the optimum feed energy balance and the associated 
optimal stocking rates, determined by manually changing values in FBA or by solution within 
LPO. The LPO model was used to assess the effect of factors (e.g. changing lambing time, better 
supplementary feeding and when to graze grasslands) on net income, stocking rates and the 
animals’ energy balance. In most cases, the optimum stocking rate found in the model simulations 
with the FBA and LPO models were lower than initial surveys had identified. The differences in net 
income/SE between the two models reflect the simple gross margin used in the FBA model and the 
more detailed analysis in the LPO model, which also has the constraint that animals are fed to at 
least maintain body weight throughout the whole year. This constraint has often shown that profits 
mostly increase as a result, though not in all cases, and the income deficit is small. In general, better 
feeding of livestock through winter is an important improvement that herders can use. When fixed 
costs were included in additional analyses, the Jilin farms had negative net incomes in 2011, due to 
machinery and labour costs, but other sites remained positive.
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Table 4.4	 Sites in national farm demonstration research, main grassland types, initial stocking 
rates and simulation results using the FBA and LPO models

Province Site Grassland 
type

Grassland 
yield 
(kg DM/ha)

2011 
stocking 
rate (SE/ha)

FBA model 
simulation

LPO model simulation

Jilin Songyuan Meadow 
steppe

610 2.6 SR: 0.7 SE/ha
NI/SE: ¥487 

SR: 0.8 SE/ha
NI/SE: ¥514 
Lambing time: November 

IMAR Hulunbeier Meadow 
steppe

770 2.0 SR: 0.8 SE/ha
NI/SE: ¥286 

SR: 0.5 SE/ha
NI/SE: ¥182 
Lambing time: April
Feed supplements: 
November to April

Bai Typical 
steppe

670 1.2 SR: 1.0 SE/ha
NI/SE: ¥146 

SR: 1.0 SE/ha
NI/SE: ¥148 
Lambing time: April
Feed supplements: 
December to April

Xisu Desert 
steppe

110 0.6 SR: 0.8 SE/ha
NI/SE: ¥715 

SR: 0.5 SE/ha
NI/SE: ¥1,238 
Lambing time: April
Feed supplements: 
December to March

Hebei Guyuan Semi-
pastoral

1,110 0.1 SR: 0.5 SE/ha
NI/SE: ¥128

SR: 0.7 SE/ha
NI/SE: ¥101
Lambing time: June

Gansu Maqu High-cold 
steppe

440 2.7 SR: 0.6 SE/ha
NI/SE: ¥238 

SR: 0.5 SE/ha
NI/SE: ¥276 
Lambing time: April
Feed supplements: 
November to February 

Xinjiang Changji Upland 
meadow

1,370 1.5 not analysed not analysed 

Sichuan Hongyuan High-cold 
meadow 

950 3.3 not analysed not analysed

Notes:
•	 DM = dry matter.
•	 Net incomes/SE (NI/SE) (gross margins) are for the optimal stocking rate identified.
•	 In Changji, the condition of the grassland was inadequate for profitable livestock production. It was concluded that herders 

needed to reduce animal numbers and replant pastures.
•	 In Hongyuan, the farms had yaks and estimates of area grazed were confounded by common grazing, which limited what 

could be simulated in the versions of the models used. Yak submodels were being developed (Chapter 7).
•	 In Guyuan, a total grazing ban had been imposed, hence the low SR, and herders reduced livestock numbers.
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Benefits of management changes
The implementation of the changed practices on the demonstration farms varied with local 
circumstances and markets. In 2012 and 2013, stocking rates tended to be lower than in 2011, 
except in Xisu and Hongyuan, where stocking rates increased (Table 4.5). Apart from those 
exceptions, even on control farms the stocking rates declined relative to 2011, suggesting that 
those herders were recognising some benefits from reducing animal numbers. The high incomes 
on the Songyuan demonstration farm in 2012 reflected a change to hay production, then a swing 
back to livestock in 2013. Herders in Guyuan received payments for not grazing that meant their 
income/SE was high in 2012. This indicates how the level of payments is designed to replace 
income from grazing. The two yak sites were excluded from other analyses because it was not 
possible to estimate the area used for grazing and hence stocking rates.

To further investigate the impact of reduced stocking rates on net farm incomes, the stocking 
rate ratio between demonstration and control farms was plotted against the net income ratio for 
demonstration and control farms in 2012 and 2013 (Figure 4.5). In 2012, the first year of changes 
on farms, the income of demonstration farms declined relative to the control farms as the relative 
stocking rate declined. However, the net income on demonstration farms only declined below that 
of the control farms when the stocking rate was <85% that of the control. Only small marginal gains 
in net income were recorded on demonstration farms in that first year. In the second year, 2013, the 
net incomes of demonstration farms were equal to or up to 4x greater than for the control farms. An 
extrapolation of the fitted line (Figure 4.5, 2013 data) indicated that the stocking rate again needed 
to be <85% that of the control for the demonstration farms’ income to be less than the control. 
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Figure 4.5	 Net income vs stocking rates for demonstration and control farms in (a) 2012 
and (b) 2013
Note: The horizontal dotted line shows where the net income of demonstration and control farms were equal.

These data need to be viewed against the earlier data (Table 4.5) where the stocking rates on 
control farms were sometimes less than they had been in 2011. In general, these results support 
the view that stocking rates can be reduced without harming household incomes. However, 
these results will be influenced by other changed practices, including the control farms observing 
and implementing what the demonstration farms did. Other modelling has indicated that a 50% 
reduction in stocking rates would not reduce incomes below previous practice (eds Kemp & 
Michalk 2011). A 50% reduction in stocking rates was required to improve grassland management 
(Chapters 8 & 9).
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Table 4.5	 Farm income, costs and stocking rates for demonstration and control farms in 
eight villages, 2012 and 2013

Site Demonstration farms 2012 Control farms 2012

Site
Total 

income 
(¥’000)

Total costs 
(¥’000)

Net 
income 
per SE  
(¥/SE)

Stocking 
rate  

(SE/ha)

Total 
income 
(¥’000)

Total costs 
(¥’000)

Net 
income 
per SE 

(RMB/SE)

Stocking 
rate  

(SE/ha)

Songyuan 2,400 629 461 1.7 295 673 649 2.0

Hulunbeier 1,470 507 566 1.5 370 109 514 1.4

Bai 66 17 398 1.3 63 20 329 1.4

Xisu 163 49 310 0.8 84 18 275 0.9

Guyuan 44 1 688 0.1 82 1 787 0.1

Maqu – – – – – – – –

Changji – – – – – – – –

Hongyuan 14 0 35 3.3 19 4 30 7.3

Site Demonstration farms 2013 Control farms 2013

Site
Total 

income 
(¥’000)

Total costs 
(¥’000)

Net 
income 
per SE  
(¥/SE)

Stocking 
rate  

(SE/ha)

Total 
income 
(¥’000)

Total costs 
(¥’000)

Net 
income 
per SE  
(¥/SE)

Stocking 
rate  

(SE/ha)

Songyuan 331 38 604 2.1 116 53 164 2.2

Hulunbeier 1,340 525 583 1.6 418 134 575 1.8

Bai 124 19 512 1.6 61 9 327 1.8

Xisu 211 46 382 0.8 94 27 261 0.9

Guyuan – – – – – – – –

Maqu 185 0.5 179 2.7 185 0.2 175 3.2

Changji – – – – – – – –

Hongyuan 43 0.5 68 7.7 19 9.5 18 7.5
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Discussion
The techniques developed in this program provide a useful method for rapidly demonstrating the 
benefits of improved technologies. Surveys of how current farms function, and the use of that 
data in models based on the main limiting factors (in this case livestock energy budgets), enabled 
a series of practices to be identified that could significantly improve herder incomes and help 
grasslands recover from degradation. The outcomes from modelling were discussed with local 
herders and officials to resolve what practices were possible within the local livestock/farm system. 
The selected practices were then trialled on demonstration farms. In general, the demonstration 
farms had higher incomes and lower stocking rates than the control farms, achieving the program’s 
goals. This occurred even though the control farms started to change their practices during the 
course of this research, after observing what was being done on the demonstration farms. The 
difference between demonstration and control farms was therefore less than might have otherwise 
applied.

To make practice changes and be part of this program, herders received a participation payment. 
This payment was to compensate them if their income declined, although that did not occur. 
This payment probably achieved a quicker response to practice changes among herders than 
would have been the case if they had to fund the changes themselves. Initially, it was thought 
that culling unproductive animals would provide extra cash to buy better rams for breeding, extra 
supplements for winter or other farm changes. However, herders are unfamiliar with such business 
models and it was realised they may not readily use this self-financing strategy. In China, there is 
a clear need for business training among herders and farmers. When this program started, most 
herders thought the best way to improve incomes was to have more animals (eds Kemp & Michalk 
2011). They were not aware that increasing animal product (meat, wool, milk) could be achieved 
with less animals (Kemp et al. 2011).

When the project started, herders expressed a desire to continue their traditional management 
practices. They thought that declining rainfall and the high cost of purchasing animals were 
the main factors restricting their ability to improve incomes. In Sichuan, Gansu and Xinxiang 
provinces, the herders wanted to keep their higher stocking rates and reduce their costs, especially 
for supplementary feed in winter. These data showed that reductions in stocking rates, when 
combined with better feeding of animals and other changes, does not reduce incomes. As shown 
in Chapter 3, improving the livestock system on several fronts, while reducing stocking rates, does 
lead to major gains for households and provides the circumstances where degraded grasslands 
can recover. When stocking rates are reduced, herders can focus more on improving per animal 
performance, with the aim of achieving a higher income per SE. This was clearly evident in the 
Siziwang data (Table 4.3).

The program was backed with training so that herders could understand the logic behind practice 
changes and be better able to manage them. In Siziwang, where the various techniques were 
first developed, it was evident that the leading herders understood these changes. The training 
programs and practice changes were formalised through the local herder association. Some 
incentives were provided, but herders needed to be involved in the whole program to receive 
them. Access to Dorper rams required herders to also implement other changes. It was evident 
that herder groups with a high commitment to the program made the most money, whereas 
association members who produced few lambs were among those with the lowest net incomes 
and prices per lamb. Further research is needed to understand why some herders do not adopt 
practices that can improve their income.
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This farm demonstration research showed that reductions in stocking rates, along with better 
feeding of animals, changing breeding cycles to match grassland feed supply and other reasonable 
practices, resulted in improved incomes. The reduced grazing pressure is expected to help 
grassland rehabilitation; however, it will be some years before the impact of reduced grazing 
pressure on grasslands can be confirmed. The total area of farms involved in the national farm 
demonstration research was approximately 25,000 ha and the average net financial returns 
increased by ¥5,000–30,000, resulting in a total benefit of ¥10–20 million across all farms involved. 
The total area of similar grasslands in the counties studied is about 35 Mha. The general nature of 
the benefits would apply to 300 Mha across China, as the farms studied cover the different major 
grassland types found across China. It is a reasonable expectation that when herders appreciate 
the benefits of changing practices, further changes in the livestock system can be introduced and 
greater benefits will flow. However, this is a continuing process without any defined end point.

Initial estimates of the effects on grassland productivity suggested it had increased. This view is 
supported by evidence that litter accumulates and biodiversity increases when stocking rates are 
reduced on these grasslands (Wang, Zhao et al. 2011; Wang, Jiao et al. 2011). Grazing experiments 
have shown that the proportion of desirable species increases when stocking rates are reduced 
(Chapters 8 & 9).

The work presented here is the first phase of an ongoing program to modify livestock and 
grassland management practices. The practices tested on the demonstration farms are the first 
steps in reorganising the livestock production system to improve herder household incomes and 
help rehabilitate the degraded grasslands. These steps include culling unproductive animals that 
cost more to keep than they return in income. The remaining animals can be better feed, improving 
weight gains, fertility, fecundity and the value of livestock produced for sale.

As herders cull unproductive animals, the remaining animals need to be better fed. This reduces 
grazing pressures and increases their rates of growth so these animals can be sold earlier. Early 
surveys (Han et al. 2011) found that lambs were often not sold until they were 18 months or older, 
meaning extra animals were being carried over from year to year, adding to the total grazing 
pressure. Increasing animal growth rates enables herders to sell those destined for market at a 
younger age. Other animal practices that can be changed are outlined in Chapter 3. Herders are 
becoming aware of the importance of improving the quality of their livestock rather than increasing 
livestock numbers to improve both incomes and grasslands (Li et al. 2015).

The next steps required in this program are to commence a regular, objective program of selecting 
and keeping better animals, based on measurements. At present, traders demand to see all the 
animals that herders have. Traders selects the best animals, which leads to a progressive decline 
in the quality of flocks and herds. Herders need to acquire better skills for dealing with traders 
to allow them to keep the better animals as breeding stock. In the future, this would mean that 
herders only have good quality animals in their flocks and herds. Herders also need to identify 
which livestock enterprises are the more profitable (e.g. meat, wool, cashmere, milk, breeding 
young stock for feedlots). Along with these changes is the need to use and better manage warm 
sheds (Chapter 3). Warm sheds help compensate for limited supplementary feeding and can 
reduce the total amount of feed required to maintain livestock. To adequately feed animals, 
particularly through the cold seasons, more use could be made of managed forages. These include 
maize and other crops for silage, sown pasture for hay or silage, and the tactical use of nitrogen 
fertiliser on the better areas of grassland to feed the more profitable animals in summer, or 
make hay or silage for winter. The optimal combination of natural and managed fodder needs to 
be resolved in future research. All of these practices can be implemented in a staged sequence 
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to minimise transition costs and enable benefits to continue to increase, providing the incentive 
for adoption of the more effective practices. Along with research to identify the better practices 
and testing them on farms, this adaptive research program has shown that it is vital to have a 
demonstration program that operates in collaboration with local herders and officials, plus private 
companies where they are closely involved, and is backed by training programs so that practice 
changes are well understood.
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5	 Herders’ attitudes on stocking 
rates and implications for 
grassland management in 
northern China

Hou Xiangyang, Yin Yanting, David Kemp, Li Ping

Chinese grasslands are extensive, comprising approximately 40% (400 Mha) of the national land 
area (Ren et al. 2008). The grasslands have been seriously degraded because of overgrazing, 
exacerbated by reduced rainfall in large areas and the continuation of high stocking rates, resulting 
in a decline in grassland productivity (Li 1999; Liu et al. 2002; Li et al. 2008; Yang 2010; Kemp et 
al. 2011; eds Kemp & Michalk 2011). Grazing is arguably (Li 1999) the dominant factor affecting 
vegetation community characteristics, more so than climate change. It has been recognised that 
stocking rates need to be reduced to aid grassland rehabilitation (Kemp et al. 2013).

To rehabilitate degraded grassland, the Chinese Government initiated grazing bans and forage–
livestock balance policies from 2002, designed to encourage herders to reduce their livestock 
numbers. However, there is a high degree of non-compliance by herders with these programs (Li & 
Zhang 2009; Hou et al. 2013). Herders may appear to behave in accord with policy requirements, but 
it is well known that while there is no grazing during the day, there is often a lot of night-time grazing 
in areas where grazing bans have been imposed. Outcomes have been described as a ‘partial 
improvement amidst overall deterioration’ (Yang 2010). Reasons for the non-compliance with these 
policies have been the subject of much discussions (Li & Liu 2005; Yang & Hou 2005; Waldron, Brown 
& Longworth 2010; Wang et al. 2010; Li & Hao 2011; Qi, Chen & Wan 2012). Ultimately, herders 
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make pastoral decisions, yet there has been a lack of research on the important role of herder 
attitudes on grazing decision-making and how that aligns with policy objectives. Such knowledge is 
vital for improving the application of current policies and ensuring a higher level of compliance.

Chinese grasslands are collectively part of the largest natural ecosystem in the country. For 
millennia, people have been dependent on the grasslands for their livelihoods and for cultural 
reasons. Good policies need to consider the whole socioeconomic and natural systems. Although 
this was argued some years ago (Ma & Wang 1984), this approach has not been thoroughly 
implemented to date. The program considered in this monograph is the first to apply this approach 
to grassland–livestock–herder systems in China. The need to adequately understand the ecological, 
economic and social needs of natural systems like the permanent grasslands of China has 
been stressed in studies done elsewhere (Grumbine 1994; Folke et al. 2005; Norton 2005; Folke 
2006; Xu, Liang & Gao 2008; Meffe et al. 2010). In Chinese grassland systems, the herder is the 
key stakeholder.

Herder households have been directly and progressively responsible for grassland management 
under the Pasture Household Contract Responsibility System since 1985 (further details in Chapter 
1). Under this system, herders are responsible for a specified area of land. Previously, under 
common grazing systems, herders could move their animals to wherever they thought there 
was more grassland available. Today the level of grassland productivity and animal performance 
directly depends upon the stocking rates on a herder’s allocated land.

Stocking rates can be defined from various perspectives. This can range from the maximum 
number of animals that can survive on the land through the year to the number that will produce 
the optimum (economic) output of animal products (meat, fibre, milk). This range depends upon 
whether the herders are primarily interested in keeping animals for survival or producing the 
most saleable product (Neidhardt et al. 1996). Exactly where current Chinese herders fit within 
this range is unclear, although experience suggests most are thinking about maximising the 
number of animals they have. Herders have been progressively engaged with the modern market 
systems in China and an increasing proportion of their livestock and livestock products are being 
sold. The concept of a desirable stocking rate (DSR) (Hou et al. 2014) has been developed to help 
understand the decisions herders make. Knowledge of the herders’ DSR is needed to compare 
with stocking rates that are considered sustainable on ecological grounds. These are sometimes 
called theoretical or ecological stocking rates, and are promoted by government organisations. 
Understanding how herders select a can then better inform policies for managing China’s 
grasslands (Wei & Hou 2015). It is also important to know if the herders’ DSR is different to their 
actual stocking rates, and the reasons for that.

In this chapter, we report on a survey of herder styles, attitudes and intentions for stocking rates, 
the DSRs they choose, and how that relates to actual and recommended stocking rates and the 
implications for policies designed to rehabilitate degraded grasslands.

Study areas
This research was done in the five most important grassland regions across IMAR in northern 
China: meadow steppe, typical steppe, desert steppe, sandy steppe and desert regions (Figure 
5.1). These regions are on or near the Mongolian Plateau, which also extends through Mongolia. 
Grassland productivity declines from east to west, associated with the gradually decreasing 
rainfall. The growing season is from May to September in summer, when 60–70% of the annual 
precipitation occurs, then there is a long drier and colder period through autumn, winter and 
spring. Three neighbouring banners (counties) were chosen in each region surveyed. The Pasture 
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Figure 5.1	 Study regions in IMAR

Household Contract Responsibility System has been implemented since the 1980s in these regions. 
Households have responsibility for the grassland under the contract, and they own and are directly 
responsible for the livestock.

Survey design
The first household survey was done in 2010 in the 15 counties studied (Figure 5.1). At least 60 
households in each county were randomly selected, giving a total of approximately 180 households 
within each of the five grassland regions. The second survey was done in 2012 to explore herder 
perception about DSR in the meadow steppe (Xinbaerhu Left), typical steppe (Xilinhot City) and 
desert steppe (Sunite Right) regions. Both surveys included structured questions in five topic areas: 

1.	 the socioeconomic characteristics of the herders and their households

2.	 opinions about overstocking, carrying capacity, and the degradation of their rangelands 
(responses were coded on a 5-point Likert scale: 1 = absolutely not, 2 = not, 3 = unsure, 3 = yes, 
5 = absolutely yes)

3.	 information about the herders’ current management practices (including their actual stocking 
rates on their grasslands and their desired stocking rate)

4.	 attitudes towards new agriculture practices

5.	 attitudes towards the policy of balancing animals and grass. 

Most questions were semi-structured rather than open-ended. An initial version of the survey 
was tested with 20 herders in their homes to ensure that the questions were understandable 
and unambiguous.
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Household characteristics
Across the five grassland types, the average family size (4) and household labour (2) were similar, 
but the number of animals managed varied considerably, as did the area of grassland per 
household (Table 5.1). The households from the meadow steppe region had the largest number 
of livestock (661 SE), the highest stocking rates (3.2 SE/ha) and the lowest net livestock income/
SE (¥118/SE). In contrast, the households in the desert steppe region had the largest areas of 
grasslands (963 ha), the lowest stocking rates (0.6 SE/ha) and a higher net livestock income/SE 
(¥198/SE). The total livestock income was greatest (¥126,796) for households from the typical 
steppe region, and they also had a high net livestock income/SE (¥245/SE). Households in the 
sandy steppe region had the fewest animals, the lowest total livestock income (¥57,745) but the 
lowest livestock cost/SE (¥33/SE), which resulted in a similar high net livestock income/SE (¥246/
SE) as in the typical steppe. In the sandy steppe, herders had some irrigation to grow forage, more 
so than in other regions, which resulted in a higher stocking rate than in the desert steppe where 
precipitation is similar. The considerable variation in total livestock income/SE reflects the current 
state of markets across grassland areas and the variability in amount of animal product per SE.

Table 5.1	 Mean socioeconomic characteristics of households across five grassland regions, 
IMAR, 2010

Category Meadow 
steppe

Typical 
steppe

Desert 
steppe

Sandy 
steppe

Desert

Number of surveyed households 179 180 191 179 180

Family size 4 4 4 4 4

Household labour 2 2 2 2 2

Herd size (SE) 661 548 419 220 415

Grassland area (ha) 328 601 963 196 994

Stocking rate (SE/ha) 3.17 1.23 0.60 1.41 0.99

Total livestock income (¥) 87,789 126,796 75,160 57,745 57,881

Total livestock income/SE (¥) 133 231 179 262 139

Total livestock cost/SE (¥) 34 104 123 33 49

Net livestock income/SE (¥) 118 245 198 246 151

Herder household styles
A conceptual framework was used to help understand herder styles and their attitudes. These 
styles can in part be characterised by how the animals are managed and fed through the year. The 
transitional framework for herders in East Africa, developed by Neidhardt et al. (1996), of ‘user/
keeper/producer/breeder’ is similar for herders in China. A ‘user’ is similar to the gatherer/hunter 
mode, where management is minimal and herders harvest from a wild population of animals. 
Users are primarily exploitative and animals are left to their own devices for feeding, water, shelter 
and reproduction. Some elements of users still remain in China. Traditional herders in China, 
though, have more in common with ‘keepers’, who routinely constrain their animals, herding them 
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and keeping them in yards or shelters at night for protection from predators. Keepers do manage 
their animals for water and (maybe) reproduction, but feeding is minimal—typically only when 
animals are in poor condition in winter. Keepers are often more focused on maximising the survival 
of the most animals, as their livestock are their main asset. As herders increase the amount of 
animal products sold to markets, there is the incentive to become ‘producers’, where more effort is 
made to feed animals and look after their welfare in order to increase incomes by better satisfying 
consumer demands. The final stage, ‘breeder’, is where herders employ more intense management 
to improve the efficiencies of production, typical of developed economies (Kemp et al. 2011). The 
step to livestock breeder will only succeed once the herder has experience as a producer (Sölkner, 
Nakimbugwe & Valle Zarate 1998). This transitional framework suggests that the stage a herder is 
at can be indicated by the amount of feed provided per animal, in this case feed cost/SE (Table 5.2).

The main cost for livestock is feed. The median cost for the five regions was around 50% of  
income/SE (Table 5.2). Income figures are based on total income received and total livestock 
numbers (SE). Income/SE depends in part on the proportion of animals being sold. As incomes 
increase with increasing costs, this indicates an increasing proportion of livestock being sold. When 
these probability data are compared (Figure 5.2), it is evident that the patterns were very similar 
across grassland types, even though the absolute amounts for costs and income per SE differed. 
Below the median costs per SE, the rate of increase in costs was less than for income, but the 
reverse applied above the median cost. In the typical and sandy steppes, the highest costs were 
almost equal to the income received. The more money herders spent on their livestock, the more 
income they obtained, though net income/SE may have declined. Where feed costs/SE and income/
SE were low, the herders were probably in keeper mode. As costs/SE and income/SE increased, the 
herders were transitioning to producers (Figure 5.2).

Table 5.2	 Cost and income per SE for households across five grassland regions, IMAR, 2010

Percentile 
of farms

Meadow steppe Typical steppe Desert steppe Sandy steppe Desert

Cost 
(¥/SE)

Income  
(¥/SE)

Cost  
(¥/SE)

Income  
(¥/SE)

Cost  
(¥/SE)

Income  
(¥/SE)

Cost 
(¥/SE)

Income 
(¥/SE)

Cost 
(¥/SE)

Income 
(¥/SE)

1 3.0 5.1 20.8 80.5 18.4 4.6 16.0 79.0 7.9 17.3

10 18.0 41.7 55.6 125.8 41.1 77.0 51.8 135.7 28.2 76.3

20 26.2 67.7 80.5 162.5 56.2 107.4 76.6 174.3 34.6 98.3

30 35.2 79.9 93.2 185.8 66.6 142.6 102.0 194.3 44.0 113.7

40 43.7 93.6 118.0 202.8 78.0 169.9 125.6 213.6 55.5 131.8

50 51.8 104.5 131.7 242.3 91.3 194.2 141.8 243.1 67.5 152.0

60 62.7 122.5 161.1 261.2 115.6 229.7 173.8 261.9 78.6 168.6

70 84.9 143.8 188.9 295.4 141.0 261.1 203.8 286.7 86.1 183.6

80 108.1 174.7 249.5 334.5 165.7 288.2 231.3 327.0 102.2 204.6

90 163.0 211.7 302.4 406.9 222.6 335.2 278.6 388.0 117.9 238.4

99 260.2 422.4 485.6 545.4 330.4 405.8 597.4 613.5 173.3 312.4
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y = 0.0011x2 + 0.302x + 2.88
R2 = 0.98 
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Figure 5.2	 Relationship between income and costs per SE for five grassland regions,  
IMAR, 2010
Note: Data are the limits for probability classes presented in Table 5.2.

The data on feed costs do not include estimates of hay made by herders. It is reasonable to 
assume, based on anecdotal evidence, that the amount of hay fed could be in proportion to 
the amount of purchased feed. The price received per SE was in proportion to the feed cost/SE, 
suggesting that any hay fed was not having any significant effect on that relationship.

This general analysis suggests that a significant number of herders are still behaving as keepers. 
They provide minimal inputs for their animals, wish to increase the size of their flocks and herds 
and only sell a small proportion of animals each year (Kemp & Michalk 2011). These are traditional 
practices of older herders, who still function that way.

One issue that constrains the way that herders manage their livestock is the lines of credit available 
to them. Bank loans are typically for a maximum of one year, based on crop loan practices. 
However, it is difficult to earn enough from livestock within a year to repay loans, especially loans to 
purchase better-quality animals to build a productive herd or flock, or extra feed supplies. Existing 
livestock are the main asset that herders use to support a loan application. These factors mean that 
herders adopt a risk-adverse strategy and tend to only take out minimal loans to provide minimal 
support for their livestock enterprise and/or for household use. This constrains them to a keeper 
mode. Maximising animal numbers provides a bank to help survive adverse seasons, though 
this typically leads to reduced productivity per animal and overgrazing. Policies need to provide 
incentives to enable these herders to transition to a producer mode, while reducing overgrazing. 
However, only those who are strongly motivated are likely to change (West 1979).
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The conceptual model for desirable stocking rate 
The actual stocking rate (ASR) used by a herder is influenced by many components, including: 

•	 ecological/biophysical factors (state of the grassland, grassland area, forage quality, ecological 
condition, rainfall)

•	 financial factors (market prices for livestock, forage, fodder, bank charges, total 
household income) 

•	 social factors (labour available, herder age, education and medical needs of family, status). 

Interacting with each of these components are government policies. The relative importance of 
each factor will change with time and household circumstances. From this range of qualitative 
and quantitative factors, herders develop their own idea of their DSR. This may be greater or less 
than the current ASR, and the scale and direction of that difference provides useful information on 
what management decisions a herder is likely to make and how they might comply with policies on 
recommended stocking rates. It is difficult to quantify all the possible factors that might influence a 
herder’s decision about stocking rates. However, experience suggests that there are three factors 
that commonly emerge in discussions with herders about stocking rates. These components are 
arguably known to influence the ASR decisions of herders:

ASR = f(DSR, SRe, SRf)                   (1)

DSR is defined by the herder as their ideal stocking rate under current circumstances and is usually 
related to a defined period (Hou et al. 2013). SRe is defined as the stocking rate recommended by 
local officials. Unfortunately, SRe is often quoted uniformly across a county, rather than adjusted for 
each farm. Ideally, SRe would be modelled for each farm, based on the condition of the grassland. 
SRf is the stocking rate that optimises financial returns for the herder. This could be modelled 
to find the optimal stocking rate, based on the individual financial situation of each herder. 
However, as herders are often focused primarily on the gross sale price of their animals, using 
average livestock prices could be a reasonable approximation of the main driver for this term. 
This model is difficult to analyse in practice, as SRe tends to be a constant within districts and data 
for understanding SRf is difficult to obtain. It is possible, however, to evaluate ASR in relation to a 
herder’s perception of DSR.

Herder perceptions of DSR
The 2015 survey found that in Xinbaerhu Left (XZ, meadow steppe), Xilinhot City (XL, typical steppe) 
and Sunite Right (SY, desert steppe) counties, 65%, 61% and 49% of respondents respectively stated 
that they carried more livestock now than 10 years earlier, when the balancing animals and grass 
policy was implemented in those counties (Table 5.3). While most herders (74%, 79% and 68% 
respectively) said there was no overstocking on their rangelands, a lower proportion (51%, 57% 
and 63% respectively) believed that their rangelands could still graze more livestock, suggesting 
that only a small proportion (23%, 22% and 5% respectively) thought levels were at their DSR. In 
addition, 80%, 88% and 76% of respondents insisted that they always took into consideration the 
carrying capacity of the rangeland when deciding whether to increase livestock numbers or not, 
indicating that 20%, 12% and 24% gave carrying capacity a low priority in their decision-making. This 
could be an underestimate. Carrying capacity in this case could mean either the herder’s DSR or the 
SRe. In these three counties, herders considered that the average DSRs were 1.20 SE/ha, 1.15 SE/
ha and 0.59 SE/ha respectively, which was 25–50% higher than the ASRs (0.96 SE/ha, 0.76 SE/ha and 
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0.39 SE/ha respectively) at the time. The proportions of herders in Xinbaerhu, Xilinhot and Sunite 
counties with individual DSRs greater than the ASR were 61%, 61% and 77% respectively. This is 
10%, 4% and 14% larger than the 51%, 57% and 63% who believed the rangelands could carry 
more livestock. This discrepancy may indicate that herders have some uncertainty about their DSR 
estimates. The ASRs were, on average, higher than the ecological standard imposed by the policies 
(SRe) but lower than the herders’ DSRs, supporting the view that that the ASR was affected by both 
the policy standard and the herder’s DSR.

Table 5.3	 Herders’ responses to statements about stocking rates, 2012

Question/SR levels

Region

Xinbaerhu Xilinhot Sunite 

Had more livestock than 10 years ago (%) 65 61 49

Believed that there was no overstocking on rangeland (%) 74 79 68

Believed that the rangeland could still carry more livestock (%) 51 57 63

Always considered the carrying capacity of rangeland when 
deciding whether to breed more livestock (%)

80 88 76

Herder DSR (SE/ha) 1.20 1.15 0.59

Household ASR (SE/ha) 0.96 0.76 0.39

Standard ecological stocking rates imposed by policies (SE/ha) 0.75 0.50 0.38

The general results from the survey showed that herder responses were not always consistent. 
To further investigate herder attitudes, the desire to increase or decrease stocking rates was 
plotted against the difference between the DSR and ASR (Figure 5.3). This classified herders into 
five main groups. Where herders were intending to decrease their ASR (groups 1 and 3, 38% of the 
total), 12% had higher ASRs than desired and 26% had less than desired. Group 1 may have been 
indicating that, while they desired a higher stocking rate, they acknowledged this might not be 
rational, given the current state of the grasslands. However, 58% of herders intended to increase 
their stocking rates (groups 2 and 4)—40% considered their ASR was below their DSR, but 18% 
were above their DSR. Group 4 was possibly being driven by financial and social motivations more 
than a consideration of the grassland condition. Only 3% of herders did not intend to change their 
stocking rates even though the difference between their DSR and ASR was not zero. Most of the 
individual herder differences between DSR and ASR were within 0.5SE/ha. That would be equivalent 
to a 15% change for the meadow steppe (XZ) but 40% for the typical steppe (XL) and 83% for the 
desert steppe (SY). On the desert steppe, more herders considered their ASRs were below desired, 
compared to the other counties, yet a moderate proportion still intended to decrease stocking 
rates. It was evident that, overall, only about half the herders (52%) intended to change their 
stocking rates in a way that aligned with the difference between DSR and ASR.
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Figure 5.3	 Classification of herders into five groups based on the relationship between 
their intention to increase or decrease stocking rates and the difference 
between DSR and ASR for Sunite (SY), Xilinhot (XL) and Xinbaerhu (XZ), 2012 

This classification of herders supports the view that, while herders may be aware of the 
recommended stocking rates, in practice a majority give more consideration to their DSR and any 
changes they make are more likely to move towards their DSR than towards the SRe. But, even 
where the DSR was less than the ASR, 18% of herders (group 4) intended to increase stocking rates. 
What might be their primary motivation?

While this chapter focuses on stocking rates, it is important to consider if herders think about 
stocking rates in the ways applied in the literature, such as animals per unit area, or differently, 
such as the number of animals per household. Discussions with herders on stocking rates often 
reveal that they talk more about the number of animals they wish to have than the density of 
animals on the ground. This arguably reflects their views about their status as a herder and that, 
prior to recent decades, they were not limited by land area but only by the number of animals they 
could manage. They consider their DSR on the basis of total number of animals per household.

The mean responses for groups 1–4 were examined in relation to total household animal numbers 
and the difference between DSR and ASR (Figure 5.4). There was a consistent negative relationship 
between the difference in stocking rates and the total animal numbers per household across three 
groups in all counties. Group 2 wanted to increase animals, while group 3 wanted to decrease 
them. This may align along a common relationship, as group 2 had fewer animals than group 3. 
These groups for Sunite and Xilinhot were not significantly different and the fitted regression was 
not significantly different for group 1, who said their intent was to decrease animals, even though 
their DSR was greater than the ASR. The hypothesis presented here suggests they may in effect 
choose the county trend and increase their animal numbers. The fitted regression for Sunite and 
Xilinhot suggests that herders aim for a flock size of about 450 SE, at which their DSR and ASR 
would be the same. Similarly, the Xinbaerhu groups 1, 2 and 3 aligned on a common relationship, 
suggesting that they would settle on 600 SE, where their DSR and ASR would be the same.
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Figure 5.4	 Herder DSR as percentage of ASR, in relation to livestock numbers per 
household, Sunite, Xilinhot and Xinbaerhu, 2012
Note: Data are means for the four main groups in each county, identified by same colours as Figure 5.3  
(green = group 1, orange = group 2, blue = group 3, maroon = group 4). Data points in ellipse (group 4) 
were excluded from fitted regressions.

The group in each county that did not conform to the same pattern as the others was group 
4, especially in Xinbaerhu. These were herders whose DSR was less than the ASR, yet they still 
intended to increase their animals. The Xinbaerhu group 4 herders had an average SE of 500, 
100 SE less than where the other herders would consider DSR and ASR agree. Their intention to 
increase stocking rates could reflect a desire to have a similar flock size to the other herders in 
Xinbaerhu, even though this would result in a 20% increase in stocking rates to 1.8 SE/ha, more 
than twice that of the other farms. The DSR for this outlying group was 0.8 SE/ha, close to the SRe 
of 0.75 SE/ha for the county, yet their intent was to increase animal numbers. Similarly, in Sunite 
and Xilinhot the group 4 herders had <400 SE and wanted to increase their number, possibly to the 
target of 450 SE.

The discrepancies between SRe, ASR and DSR were considerable (Figure 5.5). Across the three 
counties, ASRs for groups 1 and 2 were closest to the SRe, but groups 3 and 4 were often 50% 
higher. The DSR data showed a contrasting pattern. The DSRs for groups 3 and 4 were generally 
closest to the SRe, but groups 1 and 2 had DSRs of up to twice that of the SRe. The herders on the 
desert steppe at Sunite had the narrowest range of DSRs and the smallest average difference to 
the SRe.
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Figure 5.5	 (a) ASR and (b) DSR in relation to SRe, Sunite, Xilinhot and Xinbaerhu, 2012
Note: Data are means for the four main groups in each county, identified by same colours as Figure 5.3  
(green = group 1, orange = group 2, blue = group 3, maroon = group 4). Mean values are shown in Figure 5.3.  
The dotted line shows the line of equality.

The motivations of the four main groups of herders are clearly different, and they also are on 
different parts of the line relating costs/SE with income/SE (Figure 5.6). The main differences are 
that in Xinbaerhu (meadow steppe) average incomes and feed costs were the lowest, while Sunite 
(desert steppe) had the highest costs and incomes. Xilinhot (typical steppe) prices were closer to 
the desert steppe. It was not possible to get consistent data on the prices paid per SE, only total 
livestock income, but if market prices for animals were reasonably consistent, this suggests a 
higher proportion of animals were sold at Sunite, less at Xilinhot and least at Xinbaerhu. That could 
be true, as feed costs across grassland types show the same trend. The size and quality of animal 
products would bear some relationship to how the animals were fed. The amount of hay made 
and fed to animals by herders could not be estimated. This could change these results, though 
given the ranking in income/SE, it is reasonable to assume that any hay made and fed by herders 
was of the same order as purchased feed costs/SE. Sunite is the driest region of these sites, which 
may mean that herders prefer to sell more animals each year rather than maximising the number 
of animals they keep, especially through winter. These considerations suggest that the herders at 
Xinbaerhu were behaving more in a keeper mode (Figure 5.2) while those at Xilinhot and Sunite 
were more focused on being producers.
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Xinbaerhu, 2012
Note: Data are means for the four main groups in each county, identified by same colours as Figure 5.3  
(green = group 1, orange = group 2, blue = group 3, maroon = group 4).

Herder opinions of the policy
Herders were asked for their perception of current government policies. In Xinbaerhu, Xilinhot 
and Sunite, 22%, 53% and 34% respectively considered the forage–animal balance policy was 
unreasonable. These herders stated that the local standard set by the policy was too restrictive, 
compared to the stocking rates that they believed could ensure their livelihoods remained 
unchanged or improved. They believed their livelihoods would be adversely affected if they 
complied with the policy and reduced livestock numbers. Additionally, 38%, 83% and 78% 
respectively thought there was no need to implement the forage–animal balance policy, as they 
had their own DSRs and would adjust their livestock numbers and other relevant production 
practices (e.g. renting grasslands and buying more forage and fodder) based on their own 
understanding of the interaction between animals and grasslands.

Notably, this survey was conducted in 2012, after one year of the implementation of the Grassland 
Ecological Protection Award Policy (GEPAP). Households could receive subsidies from the GEPAP 
(¥90/ha/year if they complied with the grazing ban policy and ¥22.5/ha/year if they complied with 
the grass–animal balance policy). However, many herders expressed their concern about the 
policy. They were not sure about the details of the implementation, including if they had to reduce 
livestock numbers, and whether there would be any punishment if they did not reduce livestock. 
In effect, many herders adopted a wait-and-see attitude towards the policy and did not change 
their livestock numbers. There was almost no monitoring of herder activities or punishment in the 
study regions, and all households got the same subsidy whether they reduced livestock numbers 
or there was a total ban on livestock grazing in a specific region. Herders still depended on 
themselves to make decisions about animal numbers and no officials seem to have been involved 
in those decisions.
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Policy implications
The results reported here show that the attitudes of herders to stocking rates are variable and 
often in conflict with policy objectives. Herder definitions of their DSR were often significantly 
different to the recommended sustainable stocking rates. Part of the reason for this difference is 
that herders may be behaving more as animal keepers than producers of animal products. Their 
definition of sustainable stocking rates may be more about how many animals can survive on 
the resources (land, sheds, feed) available, rather than how much animal product they could sell. 
Many herders are arguably in the transition between keeper and producer. A keeper often aims 
to have animals eat every plant they see, whereas producers acknowledge that animal production 
requires a lower rate of utilisation, with implications for rehabilitating grasslands. An additional 
factor identified in these analyses is that many herders may think about stocking rates in terms of 
the total number of animals that would ensure their household needs into the near-future. The 
data suggests that, within any district, there is an animal number where DSRs and ASRs are equal. 
Desired animal numbers take priority over stocking rates per hectare. Traditionally, herders were 
not constrained by land area, so the idea of stocking rates per hectare would be new to them. 
Herder status may also depend upon the number of animals they have. Other work presented 
in this monograph shows that, as farm size increases, stocking rate decreases. Herders do not 
maintain stocking rates as a priority if they have more land.

DSRs are based on herders’ consideration of a diversity of factors (Hou et al. 2014). Where the DSR 
was less than the ASR, the DSR was similar to the SRe, suggesting those herders had recognised 
the merit of the recommended SRe, but their primary motivation could be to first achieve a desired 
number of animals by decreasing or increasing their herd/flock size. To achieve lower stocking 
rates in group 4 (herders who intend to increase animal numbers) would require land reform that 
allows them to increase their farm size. Group 3 herders were intent on reducing their flock/herd 
size in line with policy.

Where DSR was greater than ASR (groups 1 and 2), the ASR was closer to the SRe but herders 
intended to change their stocking rate and flock/herd size. Group 1 herders intended to decrease 
their animal numbers, but given their DSRs were considerably greater than SRe, they may still not 
comply with the policy objectives if they perceive the difference between DSR and SRe to be too 
great. Some further research is needed to determine what these herders have done since the 
surveys and what their motivations are. They may not conform to the relationship found in Figure 
5.4. These group 1 herders could be older and more interested in reducing their workload and 
therefore willing to reduce animal numbers. Group 2 herders intended to increase their animal 
numbers, even though they were starting close to the SRe. Both these groups could be primarily 
motivated to have the number of animals (450 SE for Sunite and Xilinhot, 600 SE for Xinbaerhu) that 
they considered viable in their county.

There were 58% of the herders who intended to increase their stocking rates. These herders do not 
appear to accept current recommendations as their priority. This could be driven primarily by the 
desire to increase their flock/herd size to a number they consider is needed to adequately support 
their household. This desire seems to take priority over current recommendations. To achieve their 
goal, and reduce stocking rates, individual herder households need access to more land. At present, 
they are renting land from their neighbours on short-term arrangements. They need to pay rent 
and have no incentive to avoid overgrazing on rented land. In some villages, it is evident that up to 
half the herders have rented land to their neighbours, which has enabled the remaining herders to 
increase their farm size. The net effect has been a reduction in stocking rates (Chapter 4). However, 
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these arrangements are not permanent. Herders have to pay rent and they do not guarantee that 
stocking rates are sustainable on all land areas. In fact, in order to pay rent, these herders may 
want to have more animals than they would otherwise desire. Government payments to cover 
rents may be a useful way to limit animal numbers and aid household incomes (de Janvry, Sadoulet 
& Zhu 2005).

The evidence presented here showing that herders often behave as keepers rather than producers 
has implications for policy changes. What limits herders from transitioning to being producers? 
The financial problems that herders have when they wish to upgrade their animals, feeding and 
facilities need to be addressed. Bank loans need to be longer-term for livestock producers and 
have lower interest rates. Government payments for infrastructure would further assist herders, 
but these need to be combined with training programs, so that herders make better use of new 
or upgraded facilities (Wu et al. 2011). Herders have great skills in managing their animals through 
difficult seasons, but many do not have the skills required to become efficient producers. 

The experience of the program reported in this monograph is that herders do respond to farm 
demonstrations as a mechanism to improve animal production techniques. This monograph 
outlines the techniques that were found to be useful. As part of these programs, training is needed 
on how herders should use information on DSRs. The results presented here show that herder DSRs 
were typically above SRe and often the ASR. The results support the view that herders think about 
the maximum number of animals that they consider will survive on the grasslands, rather than the 
maximum amount of animal production and saleable products they could achieve. The transition 
from keeper to producer cannot always be done in a single step. A more gradual series of steps is 
recommended so that herders can adjust and learn to optimise production more effectively.
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6	Sustainability modelling 
of grassland systems

Karl Behrendt, Haibo Liu, David Kemp, Taro Takahashi

Environmental, financial and political influences affect herders and farmers livelihoods because 
of the expectation that they maintain biologically and economically resilient systems. Making 
decisions regarding the management of a grassland resource is an important and complex 
bioeconomic problem. It involves the consideration of interactions between grassland ecology, the 
use of technology to improve and manage the resource, environmental externalities, utilisation of 
the resource by grazing animals and the profitability of the farming system.

Within any grazing system, decisions need to be made by managers and herders on how to best 
manage the mosaic of grassland resources available to them. This involves making decisions 
about how to utilise the existing resource through the adjustment of stocking rates and grazing 
management, or making decisions about the use of inputs and existing technologies, such as 
fencing or labour, to aid in the control of grazing, the application of fertiliser or manure and 
the sowing of introduced species. The ultimate aims of these decisions are to improve farm 
profitability, household cash flows, animal production and grassland productivity, quality and 
persistence (Scott et al. 2000; eds Kemp & Michalk 2011; Behrendt, Cacho et al. 2013). A series of 
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tactical and strategic decisions4 need to be made in a climate of uncertainty about their degree of 
success in achieving desired levels of production, profitability and environmental outcomes.

A grassland resource is dynamic in its response to utilisation and climate, and the impacts of 
decisions made at different points in time significantly influence profitability over the long term. 
Climate risk influences the future profitability and productivity of the grazing system and the 
future state of the soil and grassland resource. The more recent approach to managing grassland 
resources is the continuation of a paradigm shift that occurred during the late 1980s and 1990s, 
to one where grasslands need to be managed as continually changing ecological systems. Kemp 
and Michalk (1994) defined grassland management as the process of actively intervening in the 
production of plants and their utilisation by grazing animals to maintain or improve production 
while sustaining the resource. The options and technologies available to herders allows them to 
modify their management and utilisation of grasslands under stochastic climatic conditions. Hence 
grassland management includes the need to find a balance between grassland productivity and 
persistence, environmental outcomes, livestock production and whole-farm profit.

The use of conventional production economics to support decision-making regarding shorter-term 
production and profit objectives of livestock grazing systems is unlikely to be acceptable to modern 
community values, where the focus is increasingly on improving environmental outcomes. The 
challenge lies in identifying profitable and ecologically sustainable livestock production systems 
from dynamic grassland resources (MacLeod & McIvor 2006).

A greater realisation of environmental responsibilities over the past three decades has led to an 
increased emphasis on the development of sustainable grazing systems (Gramshaw et al. 1989; 
Humphreys 1997; Hutchinson 1992; Kemp & Dowling 2000; Wilson & Simpson 1994). A critical 
component to achieving sustainable grazing systems is one that is capable of sustaining high 
levels of productivity as well as meeting environmental objectives. Sustaining Chinese grasslands 
means developing a grassland resource that is dominated by species capable of sustaining positive 
livestock production.

The complexity of the grazing and grassland system, and the need for it to be integrated within 
the farming system in a profitable and sustainable way, limits the usefulness of relying solely on 
field experimentation to obtain answers to the complex questions of sustainability in grassland 
systems. Modelling and simulation of complex farming systems provides the most efficient 
method of undertaking systems research to improve decision-making (Bywater & Cacho 1994). The 
development of bioeconomic models that consider the biophysical system and integrate dynamic 
grassland and soil resources, with livestock production and economic analysis, provides a useful 
tool for finding sustainable solutions for grassland systems. However, existing models and decision 
support tools such as the GrazPlan suite of models (Donnelly, Moore & Freer 1997; Moore et al. 
2007) and the Sustainable Grazing Systems (SGS) Pasture Model (Johnson, Lodge & White 2003) 
are complex and require significant inputs and skills by users to create, calibrate and validate 
model outputs. In countries with limited modelling capacity and quantities of data in appropriate 
forms, parameterisation of such complex models is difficult. These models are further constrained 
in the approaches that can be taken to simulating different innovations and the interactions of a 
stochastic climate with whole-farm profitability and herder cashflows.

4	 Tactical decisions represent decisions made by producers to adjust their farming strategies in response to changes in 
seasonal and market conditions (Antle 1983). Strategic decisions represent decisions made for the development of the 
business which involve inter-temporal benefits and costs (Rae 1994).
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This chapter introduces a suite of models that have been developed to help understand grazing 
systems and investigate options for changes in stocking rates and management. Several of these 
models were developed in the earlier phase of this program (eds Kemp & Michalk 2011). Although 
they have been modified since, readers are referred to the earlier work for more details. This 
chapter provides a more detailed introduction to the most recent iteration of the modelling suite, 
the StageTHREE Sustainable Grasslands Model (SGM). This model utilises the core functions and 
dynamic dimensionality of more mechanistic tools, such as those used in the GrazPlan suite 
and the SGS Pasture Model, but has been designed to minimise the skill and data required for 
parameterisation. Additionally, the StageTHREE SGM has been designed to provide a range of 
commonly assessed measures of production, economic and environmental outcomes in response 
to pertinent questions (or decision variables) that are being considered critical for sustainable 
Chinese grasslands systems. To support the parameterisation of the StageTHREE SGM, a Grassland 
Growth Calibration (GGC) tool has also been developed to enable researchers, advisers and 
analysts to calibrate the grassland growth models to different agro-ecological zones. This chapter 
demonstrates the application of the SGM to a case study in IMAR, and then (Chapter 7) applies the 
SGM to animal production systems on the Qinghai–Tibetan Plateau.

Modelling suite
The four models developed are: 

1.	 feed balance analyser (StageONE)

2.	 linear program optimiser (StageTWO)

3.	 dynamic sustainability (StageTHREE SGM)

4.	 precision livestock management (PhaseONE). 

Each of these models contains a different set of modules and features (Table 6.1), and is designed 
to address separate research questions identified in Chapter 1 (Table 6.2). The StageONE, StageTWO 
and PhaseONE models were originally developed in Excel to enable wider use, but have recently 
been incorporated into a standalone common platform, optimised management models for 
household pasture livestock farm production (OMMLP) (Figure 6.1), so they can share a common 
dataset. The StageTWO model requires the Excel add-in ‘What’s Best’ to manage optimisation 
routines, which is not needed in the OMMLP framework. The StageTHREE SGM model has 
been written in Matlab and a runtime version is used in OMMLP or as a standalone tool. The 
models require a combination of basic in-field experimental data and data from literature and 
other sources.
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Table 6.1	 Modules and features of each model in the modelling suite 

Model feature StageONE StageTWO StageTHREE PhaseONE

Pasture module   

Animal module   

Soil module 

Economic module  

Multiple enterprises 

Heterogeneous animals 

Light data requirement  

Already validated    

Fine temporal resolution 

Dynamic 

Optimisation  

Table 6.2	 Research questions suitable for each model in the modelling suite

Research question StageONE StageTWO StageTHREE PhaseONE

1. Livestock enterprise   

2. Animal management   

3. Animal nutrition   

4. Grassland management  

5. Infrastructure changes  

6. Government policies  

7. Capacity building Not suitable for modelling
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Figure 6.1	 Initial windows of the OMMLP modelling platform for China

StageONE
The StageONE model (Takahashi, Jones & Kemp 2011) estimates the energy balance between feed 
supply and demand, using standard functions for sheep, goat and cattle nutrition (eds Freer, Dove 
& Nolan 2007; Freer, Moore & Donnelly 1997). This is a manual, steady-state model that needs 
monthly data on numbers and liveweights of livestock, and of grassland growth and digestibility for 
the desirable and less-desirable, but edible, species. The model is commonly used to check data 
collected on farms to see if it is consistent and sensible. Once the control condition is established, 
the model is used to investigate changing livestock practices and other components of feed supply 
and demand. The objective is often to minimise energy deficits through the year. 

The StageONE model also calculates a gross margin for the livestock enterprise and greenhouse 
gas production using standard functions. The functions used in the model are those from the 
literature for sheep, which are also applied to goats. Cattle are converted to SE for analyses. This 
poses a few issues with calves, which can be managed provided the user remembers they are 
using sheep equivalents. However, as the main use is often to simply evaluate contrasting options 
and get a general idea of effects, rather than to get exact predictions, this strategy has been found 
to be satisfactory. Much of the data required can be obtained from interviews with herders and 
additional information local experts that have acquired. This model was developed using Excel and 
can be used without any specialised software. It is very useful for introducing people to modelling 
and regular users do not need much ongoing guidance. It has been widely used in the program 
reported in this monograph.
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Professor Kemp (standing 
at the whiteboard), Dr Xu, 
Dr Yuan and Dr Wang (right) 
at the first workshop at 
Inner Mongolia Agricultural 
University to plan the 
StageONE model.  
Photo: D.R. Kemp

StageTWO
This model is designed to evaluate farm enterprise options, including the financial responses to 
changes in stocking rates (Takahashi, Jones & Kemp 2011). StageTWO is a linear programming 
model that optimises the livestock, grassland, feed, crops, labour and other resources to maximise 
net farm financial returns. This model uses the same basic farm data as StageONE with some 
additional items. It is also a steady-state model for a typical farm in a typical year. A constraint 
in the model, arising from the linear programming tools used, is that animals are not allowed to 
lose weight. The interesting result is that, with this constraint, farm profitability generally exceeds 
the actual net income from traditional practices. This model was developed in Excel, but as the 
linear programming structure is large, it needs the Excel add-on ‘What’s Best’ to function, or can be 
operated in the OMMLP platform.

StageTHREE
The StageTHREE SGM is a dynamic bioeconomic model that is designed to assess the long-run 
sustainability of grassland systems under climate uncertainty. It is discussed in more detail 
throughout this chapter. The current version of this model has been developed to incorporate 
cattle and a yak submodel for the evaluation of grassland management options on the Qinghai–
Tibetan Plateau (Chapter 7; Liu 2017). The cattle and yak submodels are too complex to be used 
in the StageONE and StageTWO models. In those models, cattle and yaks are simulated by being 
converted to SEs, based on liveweights.
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Dr Badgery (left) and 
Professor Behrendt (front 
row) at a workshop at Gansu 
Agricultural University to 
develop the models. 
Photo: D.R. Kemp

PhaseONE
The PhaseONE model was developed from a different perspective. This model aims to identify 
the animals in a flock or herd that should be kept or culled (Takahashi et al. 2015). It requires 
measurements of the liveweight and condition of each animal in a flock or herd, plus financial 
information and estimates of how age and condition influence fecundity. The animals are ranked 
from highest net (financial) income/head to lowest net income/head. Graphical tools are provided 
to show the animals to keep and cull and there is an intermediary group for discussion that may 
be kept or culled. The principles in this model have proved to be a great educational tool for 
researchers. They have strongly supported the other models and experiments that showed a 
significant reduction in stocking rates was needed to achieve financial viability. Examples of its use 
are in Chapter 3.

Model usage
The first three models are regarded as an integrated set (Figure 6.2). StageONE is the easiest 
model to use and requires the minimal dataset. It is used to develop a ‘typical’ farm based on the 
averages, but removing anomalies. For example, if most farms had sheep but a few had some 
cattle, the SE for the cattle is estimated (so that stocking rates and other calculations remain valid) 
and the typical farm is considered to be only a sheep enterprise. It can then be used to quickly 
evaluate various livestock management options, especially their energy balance and nutrition. This 
was done when designing the farm demonstrations (Chapter 4). Once the options of interest have 
been narrowed down, the StageTWO model can evaluate the options in a more complex framework, 
with various constraints (e.g. land, labour, capital), to assess strategies for improving grasslands 
and herder household incomes. The better options can then be evaluated dynamically over time 
with the StageTHREE model, along with other complexities in grassland management, to assess 
their impact on the sustainability of the grassland system. These models have all been built as 
standalone units, but they share data and functions to address different questions.
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Figure 6.2	 Integrated set of models for analysing the livestock–grassland system

StageTHREE sustainability modelling approach
The objective of the SGM was to develop a bioeconomic method that adequately models the 
dynamic nature of grassland resources and integrates climatic uncertainty. The methods developed 
needed to be capable of identifying the inter-temporal trade-offs between the management of the 
grassland resource for herder household welfare and the resulting productivity and environmental 
outcomes from the grazing system.

The specific objectives of the model are to:

•	 assess the impacts of different grassland management strategies on grassland condition, soil 
erosion, ecosystem services and herder household income

•	 analyse grassland management strategies over the medium to long term (10–50 years)

•	 account for the dynamic interaction of resource condition (grassland and soils) with 
management (livestock production system, stocking rate and supplementary feeding) 
and climate.

The bioeconomic framework that has been developed is unique in that it considers the impact of 
embedded climate risk, technology application and management on the botanical composition 
of the grassland resource over time, which in turn impacts on the economics and environmental 
outcomes of different strategies (Figure 6.3). It is a dynamic model of the interaction of resource 
condition (grassland and soils) with management (livestock production system, including sheep, 
goats, cattle and yaks, stocking rate and supplementary feeding) and climate risk. The StageTHREE 
SGM operates as a simulation model that is executed for each nominated grazing area (field or 
paddock) level on a daily time step and contains 11 submodels accounting for grassland dry matter 
digestibility (DMD); herd/flock structure, size and culling; supplementary feeding policies; growth, 
production and state variables for each age cohort of females, male progeny and breeding males; 
growth indexes and grassland growth; deep soil water drainage and rainfall run-off; and soil 
erosion from wind and water run-off. Grassland composition and soil depth/fertility submodels 
predict changes at an annual time step. Livestock production and system externalities are 
aggregated to determine the environmental, economic and financial performance of the system at 
the enterprise and whole-farm level.
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Figure 6.3	 StageTHREE SGM simulation framework

The additional data required for the customisation and running of the model include soil fertility 
change over time and its interaction with soil erosion from wind and water; grassland growth 
and digestibility parameters; long-term daily climate data (temperature, wind speed, precipitation 
and relative humidity); dynamics of changes in grassland botanical composition under different 
management practices, soil conditions and climate; and livestock production in relation to 
grassland quantity and quality. The model is capable of running in a deterministic mode (a single 
year type being repeated) and a stochastic mode (either a single run of randomly selected climate 
years or a selected number of iterations of randomly selected climate year sequences) to test the 
impacts of a range of decision variables (such as flock/herd size, supplementary feeding rules, 
output price variability, management systems, etc.) on system performance.

The StageTHREE SGM has been developed using Matlab (Mathworks 2017) and some specialised 
additional tools. A runtime version is available (Figure 6.4) that can be used independently of 
the specialised software and full model specifications and functionality are available from K. 
Behrendt. Monte Carlo simulation procedures, which draw upon randomised annual sequences 
of daily climate data, are used to evaluate a range of policies for managing Chinese and Australian 
grasslands. This descriptive simulation framework is used to investigate the expected production 
and environmental outcomes, and economic performance and risks associated with different 
technologies and grassland management policies over 10–50-year planning horizons.
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Figure 6.4	 Runtime version of StageTHREE SGM

Modelling botanical composition of the grassland resource
Changes in plant composition are often the first signs of degradation (Chapter 8). In mechanistic 
grassland or crop models, plant composition is generally modelled on the assumption of 
competitive interference for resources such as water, light and nutrients. The limitation of applying 
this method to grassland resource management is that it does not cope well with simulating 
more than two competing species. Few models have ever been developed that do this with some 
success, and where they do it is for very specific circumstances. There is also the underlying 
assumption in some models that species persist indefinitely and homogenously occupy space 
within the sward. Rather than modelling explicitly how plants interact, the response of plants to 
changes in their environment can be represented by the net ability of a group of plants to capture 
resources and compete (Kemp & King 2001). For decision-making, the modelled changes in 
botanical composition need to respond over the long term and represent the changes in the basal 
area of competing species, especially in response to sporadic events such as droughts (Jones, Jones 
& McDonald 1995).

The empirical grassland composition submodel within the StageTHREE SGM adapts the method 
proposed by Loewer (1998) on the use of partial paddocks. In Loewer’s GRAZE model, it is assumed 
that each species is uniformly distributed throughout a paddock and that the initial area they 
occupy remains fixed. However, the dry matter availability of each species is varied through 
selective grazing (driven by differences in forage quality) and independent species growth, with 
the regrowth of these species then dependent upon the residual biomass at any one time. In 
the StageTHREE SGM, the space occupied by species is assumed to be variable and to respond to 
climate, management, inputs and the state of soil resources. This enables the cycle of grassland 
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degradation to very low populations of desirable species to be modelled adequately. This then 
enables the potentially positive response of the grassland resource condition to tactical grazing 
management, production system modification, supplementary feeding and/or fertiliser inputs to 
be modelled.

This empirical modelling approach is analogous with in-field measures of basal areas of grassland 
species and is similar to the methods of basal area adjustments applied in some rangeland models 
(Stafford Smith et al. 1995). Separation of grassland yield and basal area of different species groups 
is justified, as basal area provides a more meaningful and stable indicator of ecological or botanical 
composition change than grassland yield (Cook, Lazenby & Blair 1978).

The population of desirable species in the sward is modelled by using differential equations 
describing population growth and the impact of harvesting (determined by the consumption rate 
of the desirable component of the grassland). The value of the livestock impact parameter reflects 
the sensitivity of botanical composition change to consumption rate and species phenology. 
These represent the grassland resource as an exploitable renewable resource as described 
by Clark (1990). In the grassland composition submodel, a logistic growth model is used for 
regeneration of desirable species with the rate of change influenced by both a soil fertility factor 
(which is influenced by inputs such as fertiliser and soil erosion) and an annual rainfall factor using 
stochastic multipliers (Cacho, Bywater & Dillon 1999). This empirical method adapts the concepts 
of state and transition models of rangelands (Westoby, Walker & Noy-Meir 1989) with the benefit 
of an indefinite number of grassland states and responses to climate, management and input 
factors. The modified partial paddock approach developed allows the desirable components within 
the sward to increase their basal area over time. The spatial measure of grassland composition 
in the model is similar to basal measurements common in agronomic experiments (Whalley & 
Hardy 2000).

In the model, two grassland populations are defined. They represent desirable and less-desirable 
species groups, which are the key groups of interest to herders, farmers and officials. The two 
groups may have different growth parameters, different responses to soil fertility and different 
dry matter digestibilities. All these factors combine to influence the potential carrying capacity and 
livestock production from the system. This process allows the expression of changes in the quality 
of the grassland resource in response to changes in grassland composition and the total amount of 
herbage available to grazing livestock.

Modelling grassland growth
There are several mechanistic grassland growth models available (Thornley & France 2007) as well 
as single function models that account for net grassland production (Woodward 1998). Previous 
studies and reviews have shown that simple models of grassland growth may adequately represent 
the changes in net grassland production (Behrendt, Cacho et al. 2013; Behrendt, Scott et al. 2013; 
Cacho 1993). These simpler models may be adequate for making management decisions when 
they provide dynamic descriptions of the key variables used in predicting changes in production 
(Woodward 1998). An equation that relates grassland growth to grassland mass, LAI or height, 
coupled with descriptions of monthly changes in grassland quality (DMD), is all that is required 
in the SGM model, as the animal–plant–resource interactions are the main concern in the 
simulation model.

Using a modification of the growth index method, originally proposed by Fitzpatrick and Nix 
(1970), the effects of daily temperature (air and soil), solar radiation and soil moisture on plant 
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growth controls and interacts with a sigmoidal grassland growth function (Cacho 1993) in the SGM 
(Behrendt et al. 2018; Liu 2017). In these submodels, the growth of desirable and less-desirable 
species is modelled independently of the area being occupied, as the grazing area is assumed to 
be homogenous in microclimate, soil type and fertility. At a grazing area (field) level, soil water 
balance and dynamics are modelled using the capacitance approach described by Johnson 
(2013), which also links to rate of soil formation through deep drainage and soil erosion through 
run-off. The proportional distribution of biomass to each of the digestibility pools is based on a 
modification of the equations described by Freer et al. (1997) and the StageTHREE SGM models the 
DMD pool distribution for desirable and less-desirable species at monthly intervals, although the 
aggregated biomass within these pools are available to grazing livestock for consumption through 
selective grazing. In combination, this allows the effective representation of differences in both 
the productive capacity and quality of desirable and less-desirable species to be more rigorously 
expressed in its influence on livestock production, especially as the state of the grassland resource 
changes in response to climate and management over the long term. The grassland growth 
submodel is parameterised using the developed GGC tool that utilises biomass and daily climate 
data throughout a growing season and across multiple years.

Modelling livestock performance
To adequately represent the production of wool and meat, the livestock submodels need to 
be capable of responding to changes in the available grassland mass and changes in botanical 
composition with its inherent effect on feed quality. A more mechanistic approach was taken in 
developing the livestock submodels. The livestock submodels are based on many of the equations 
described by Freer, Dove and Nolan (eds 2007) and Freer et al. (1997). These publications 
represent a revised version of the original report by SCA (1990) and fundamentally describe the 
functions used in the GrazPlan suite of decision support tools (Donnelly, Moore & Freer 1997; 
Moore, Donnelly & Freer 1997), which have been broadly applied and shown to adequately predict 
ruminant livestock performance under diverse environments. This was required to ensure there 
were adequate feedback mechanisms between the selective grazing by livestock and changes in 
botanical composition, grassland quantity and growth. The framework has been developed for the 
modelling of sheep, goat, cattle and yak production systems.

For each livestock species, three types of animals are modelled: females, males for breeding, and 
castrated or non-castrated males not used for breeding that are the progeny of the females. For 
breeding females and non-breeding males, an unlimited number of age cohorts can be modelled 
with differing selling and supplementary feeding policies applicable across different age cohorts. In 
these submodels, grazing livestock are capable of selectively grazing between the digestibility pools 
of total combined dry matter available to them from each partial paddock. This selective grazing 
assumes that grazing ruminants will aim to maximise their intake based on the DMD of plants. To 
estimate the actual dry matter intake of grazing livestock and the digestibility of their diets from 
the dry matter available in each digestibility pool, the model assumes that the animal attempts to 
consume its potential intake from each pool from the highest to lowest digestibility in succession. 
The ability of animals to select from each pool is related to the quantity of dry matter in each pool 
and its digestibility. The more an animal satisfies its potential intake from a higher digestibility 
pool, the less will be consumed from the lower digestibility pools,, resulting in an increase in less-
desirable species. The substitutional effect of feeding supplements on grassland dry matter intake, 
as well as its impact on diet digestibility and energy consumption for livestock maintenance and 
production, is accounted for. The grassland consumption from the desirable and less-desirable 
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components are assumed to be evenly distributed throughout the grazing area, depending on the 
weighted consumption from the digestibility pools and the proportion of the grazing area occupied 
by desirable and less-desirable species groups. Such models, which base diet selection between 
species or species groups on the digestibility of the dry matter, have been validated by research into 
the influence of grassland degradation on diet selection and livestock production (Chen et al. 2002).

Flock structure has been accounted for through the modelling of flock and herd structures and 
dynamics using a daily state flow model with up to 15 age cohorts available. It allows for all daily 
state variables relating to age (in days), bodyweights, fleece/hair weights, reproductive rates and 
foetus weights to be carried between age cohorts and across multiple years. The number of 
individuals in each age cohort is determined by reproductive and mortality rates, purchasing and 
selling policies.

One of the most significant direct externalities from grazing ruminant livestock is the production 
of greenhouse gases, particularly methane from rumination. To determine the capacity of system 
management and the use of grassland resources to reduce the intensity of methane outputs 
from ruminant livestock production (i.e. the units of methane per unit of animal product), 
Intergovernmental Panel on Climate Change (IPCC) Tier 2 functions (Dong et al. 2006) have been 
embedded into the StageTHREE SGM. These functions predict the amount of methane produced 
from the whole farming system and the emission intensity for meat production.

Modelling soil erosion
The combined loss of soil through wind and water erosion processes have been determined 
through a combination of empirical and process base models that utilise daily weather data. The 
estimation of wind erosion is based on a combination of a process-based model to determine 
saltation, and an empirical model to determine the vertical flux of dust emissions into the 
atmosphere. These are calculated using the process-based models of Shao, Raupach and Leys 
(1996), Lu and Shao (2001) and applied as adapted by Kang et al. (2011). The estimation of soil 
erosion due to rainfall run-off is modelled using the Revised Universal Soil Loss Equation as defined 
by Littleboy et al. (1999). The combined total loss of soil is expressed through changes in soil mass, 
which is offset by the rate of soil formation. The rate of soil formation relates to the amount of 
deep soil water drainage and is estimated using the method described by Wakatsuki and Rasyidin 
(1992) and utilises an approach of chemical weathering and mass balance accounting (Minasny, 
McBratney & Salvador-Blanes 2008). The ratio of soil mass to initial soil mass defines the soil 
fertility index, which allows for soils to either increase or decrease in depth and fertility depending 
on the rate of soil mass change.

Modelling household economics
To understand the expected economic and financial performance of herder households, a whole-
farm system approach is required. Typically, the economic analysis of farming systems in this type 
of research has only considered the analysis to a gross margin level, usually on a unit area basis. 
Although this provides useful information on the variability of enterprise returns, it provides little 
information on the impact of such variability on whole-farm system performance and resource use 
from a community perspective. A whole-farm system approach considers the cumulative effect 
of enterprise and system performance on a herder’s cash flow, profitability and wealth over the 
long term.
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The approach applied in the StageTHREE SGM follows the standard method of analysing whole-
farm financial and economic performance described in Behrendt, Malcolm and Jackson (2014) 
and Malcolm, Makeham and Wright (2005). The whole-farm financial and economic submodel 
operates at daily, annual and planning horizon intervals. It uses the biophysical outputs to 
calculate enterprise income, cash costs and gross margins. The cumulative net flows of cash from 
enterprises (i.e. net of variable costs) and assets interact with whole-farm fixed and financial costs 
to determine a range of financial key performance indicators that measure profitability, efficiency 
and viability. Daily cash inflows and outflows are extracted (including the value of initial capital 
invested by herders and its salvage value, which predominantly represents livestock assets and 
small plant and equipment) to undertake the economic analysis of the farming systems through 
commonly used investment analysis techniques, such as net present value (NPV).

To provide insights into both household financial and economic measures that may be of interest 
to herders and policymakers alike, the StageTHREE SGM reports and aggregates economic data at 
multiple levels. At the herder household level, the operating cash margin (OCM) represents the 
cash flow of a herder household before the costs of any financing are considered (i.e. they are 
assumed to be at full equity) and may be aggregated at different intervals (e.g. annual) to indicate 
operating cash flow variability. Any volatility in the OCM represents business risk and accounts 
for any variability in the production of outputs, the use of inputs and their respective values. Key 
assumptions in the derivation of the OCM is that it allows for both the cost of the herder’s family 
labour (e.g. education, medical and other household expenses) and the cost of owning machinery.

Whole-farm financial and economic performance is analysed on both an annual and multi-year 
basis. Each simulation is initiated using a common opening balance sheet (i.e. consistent opening 
assets and long-term liabilities between all simulations of a specified farming system) into which 
the OCM is integrated to produce long-term net cash flows, profit and loss statements and balance 
sheets. Any potential costs of financing the herder household through the cash account, as well as 
existing liabilities, is calculated sequentially at a daily intervals. Additionally, any subsidy payments 
or other income received adds to the cash flow of the whole system. From this data, further 
measures of both herder household financial performance and system economic performance can 
be examined at annual (e.g. returns on assets or equity) or planning horizon intervals (e.g. NPV as 
an annuity). At this whole-farm system level of analysis, the variability in outcome accounts for both 
business and financial risk, and can provide insights into whole-system economic performance for 
policy planning.

Managing the desert steppe for sustainable 
livestock production
The StageTHREE SGM was used to evaluate current and alternative stocking rates on the desert 
steppe in Siziwang, IMAR (Figure 6.5). Further details on this region can be found in Chapters 
2, 4, 5 and 8. This area is north of the Yellow River and shares the Mongolian Plateau with 
Mongolia. Altitude is around 1,400 m and annual precipitation is around 250–300 mm. Rainfall is 
predominantly distributed during the summer months. Average daily maximum and minimum 
temperatures range from 29 °C to –20 °C (Figure 6.6). Research has shown that IMAR is a primary 
source of dust storms for the populated areas of eastern China, including Beijing (Liu et al. 2004), 
with dust at times extending to Korea and Japan. Overgrazing has been a primary factor in 
driving grassland degradation (Chapter 2). Grassland degradation and gradual desertification is 
contributing to the increased incidence of dust storms and reduced air quality both locally and in 
populated urban areas.
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Figure 6.5	 Vegetation and location of the IMAR case study
Source: Li et al. (2015)
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Sheep, goats, cattle and camels are grazed on summer and winter grasslands. The summer grazing 
areas are often leased areas with an aggregation of livestock from several households, while the 
winter areas are allocated to individual households. In this application of the StageTHREE SGM, 
long-run stochastic simulations based on a variable climate (over 10 years) were used to analyse 
the effects of currently observed stocking rates on herder economics, grasslands and livestock. 
The stocking rate was varied between 50 and 750 ewes, with the flock having access to 320 ha of 
winter grazing (starting 28 October for 185 days), and 200 ha of summer grazing (starting 1 May 
for 180 days). These areas are based on survey data. As animal numbers were automatically varied 
within the model to maintain a specified level of target females, in part depending upon seasonal 
conditions and predicted animal performance, this resulted in a range of median stocking rates 
from approximately 0.1 SE/ha to 1.1 SE/ha. Using the StageTHREE SGM model, various new flock 
sizes were tested, with a typical herder (starting with around 370 animals/320 females) adjusting 
their flock size to a new level that was maintained over the simulated 10-year period. There is 
survey evidence to suggest that many herders aim to maintain in excess of 450 adult sheep (400 
females or a stocking rate of > 0.7 SE/ha assuming a grazing area of 520 ha) in an attempt to satisfy 
personal and family requirements (see Chapter 5 for an analysis of this issue). As shown in Chapter 
2, the current stocking rates in this region have been reduced from 2 SE to 0.8 SE in response to the 
program outlined in this monograph.

The model was calibrated using local farm surveys and measurements of grassland and animal 
productivity. The grassland data, including grassland composition change, was based on 
experimental data from the Siziwang experimental farm (Inner Mongolia Agricultural University) 
that has continuously run a grazing experiment since 2004 (Chapter 8). The emphasis is on sheep 
production, as that is the more profitable and prominent enterprise for the region. A key issue 
in many parts of China in identifying a more sustainable stocking rate is the risk associated with 
climate variability, which has been embedded into the model through importing regional climate 
time-series data.

To define a sustainably optimal stocking rate, the analysis considers the impact of different stocking 
rates on production, long-term economics and the environment within which the grazing system 
operates. The StageTHREE SGM predicts changes in grassland resource condition (defined as both 
the amount of grassland biomass and plant composition), soil erosion (caused by both wind and 
water), livestock production, greenhouse gas emissions (methane emissions) and economics (short- 
and long-term).

Grassland condition and environmental impacts
The condition of a grassland resource and its management is evident in the mean biomass over 
each year for each simulated stocking rate for both winter and summer grazing areas (Figure 6.7). 
The data highlights the difference between the two grazing areas, and indicates that summer 
grazing maintained the lowest biomass/ground cover. Additionally, with increasing stocking rates, 
the summer grazing area had decreasing amounts of biomass/ground cover. The winter grazing 
area also had a declining biomass, but to a lesser extent than the summer grazing area. This has 
both impacts on long-term grassland composition and the amount of soil erosion.
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Figure 6.7	 Mean annual grassland biomass for winter and summer grazing areas across the 
tested stocking rates, Siziwang

The predicted ratio of desirable species to less-desirable species at the end of the 10-year 
simulation period remained around 1:1 (Figure 6.8), the starting ratio for these simulations, 
when the stocking rate averaged 0.6 SE/ha. At lower stocking rates, the desirables increased, 
while at higher stocking rates the desirable species became the minor component. These effects 
are what would be expected, as shown by the experimental results for the desert steppe and 
typical steppe (Chapters 8 and 9). In the desert steppe grazing experiment, where there were 
two main species (neither of which was ideal), the best result was with a ratio of approximately 
1:1. Over a longer period, it could be possible to achieve a result similar to this simulation. In the 
desert steppe experiment, the lowest stocking rate was still approximately 1 SE/ha. Another Stipa 
species of higher nutritive value has been invading the light and nil grazing treatments. Over time, 
this species could become important. Where the desirable species was of better quality than 
Artemisia, as shown with the typical steppe grazing experiment (Chapter 9), higher ratios would be 
possible (e.g. 10:1 or better). The outcome depends upon the basic relationships set in the model. 
Indicatively, in most grasslands, a ratio in the vicinity of 2–3:1 is arguably optimal and balances the 
energy provided by desirable and less-desirable components, the need for resource use (i.e. the 
harvesting of the desirable components for livestock production and working with a grassland that 
is not pristine) and the persistence of the desirable component within the grasslands. This is only 
maintained at stocking rates of less than 0.45 SE/ha.
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Figure 6.8	 Ratio of desirable to less-desirable species at the end of the simulation period 
across the tested stocking rates, Siziwang

The resulting ratio of desirable to less-desirable species and its range of potential outcomes is 
largely driven by the interaction between the stocking rate and the effect of climate variability 
on grassland growth. In the modelled scenarios, stocking rates are strategically set. The number 
of animals only vary seasonally in accordance with local breeding and selling policies. Figure 6.9 
indicates the relationship between mean consumption rate (the proportion of total grassland 
biomass consumed by livestock) and the final proportion of desirables in the grassland at the 
end of the 10-year simulation period. When the consumption rate was < 20%, the proportion of 
desirables was > 50%. Experience in Australia (Dowling et al. 2006) suggests that the desirable 
species need to be > 60% of the total biomass to effectively exert competitive pressures on the less 
desirable components and optimise animal productivity. This level was achieved when the mean 
consumption rate was < 12%. The Siziwang grazing experiment showed that a 10% consumption 
rate was optimal for sustaining the grassland and livestock production (Chapter 8). At that rate, 
these simulations predict that the desirables would be about two-thirds the total biomass. A 2:1 
ratio occurred at a stocking rate of 0.28 SE/ha (Figure 6.8). This was lower than the light stocking 
rate testing in the desert steppe grazing experiment (Chapter 8), but could be reasonable as local 
herders have now been aiming for stocking rates of that order (Chapter 2).

Figure 6.9 highlights the difference in consumption rates between winter and summer grazing 
pastures. For the same flock size, the higher cluster of data towards the top left corner of the figure 
indicates the consumption rate and resulting proportion of desirables in the winter grazing areas. 
For example, at a flock size of 250 females, the winter grazing area is centred on a proportion 
of 65% desirables (often required to create a competitive environment where these species can 
remain the dominant component, Dowling et al. 2006) under a consumption rate of 10%, whereas 
the summer grazing area is centred on a proportion of 40% desirables and a consumption rate 
of 23%. This highlights the importance of both grazing duration and timing on resulting grassland 
condition.
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Figure 6.9	 Mean consumption rate vs final proportion of desirable species in the grassland 
across the tested stocking rates, Siziwang

With decreasing biomass/ground cover under increasing grazing pressure (Figure 6.7) there is also 
a clear impact on total soil erosion. Figure 6.10 indicates the predicted amount of cumulative soil 
erosion over each 10-year simulation period for both summer and winter grazing areas in relation 
to the tested stocking rates. The modelling results indicate that both winter and summer grazing 
areas have increased rates of soil erosion with increasing stocking rates, and that summer grazing 
areas will be impacted more than winter grazing areas. The earlier consideration of the stocking 
rate to maintain consumption at 10% and the ratio of desirables to less-desirables at 2:1 indicated 
the optimum to be around 0.28 SE/ha. At that stocking rate, the average grassland biomass was 
approximately 0.6 t of dry matter per ha, similar to the sustainable values estimated in the Siziwang 
grazing experiment (Chapter 8). The annual soil loss was averaging approximately 6–7 t/ha for 
winter and summer grazing areas respectively. In the desert steppe, the grassland biomass never 
gets close to complete ground cover and some soil erosion is inevitable. At the lowest stocking 
rate tested (0.1 SE/ha), the estimated average soil erosion rate was still 5–6 t/ha each year. When 
stocking rates are greater than 0.45 SE/ha, soil erosion becomes significantly greater than the 
base rate—approximately 7–8 t/ha each year over 10 years for winter areas (33–40% increase) and 
10–17 t/ha each year for summer grazing areas (100–280% increase). 
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Figure 6.10	Cumulative soil loss per hectare over the 10-year simulation period for winter 
and summer grazing areas across the tested stocking rates, Siziwang

Any increases in flock size by herders leads to an expected increased incidence of dust storms, 
as stocking rates would need to be at least halved to manage the plant species composition 
and achieve a significant reduction in the erosion risk. Additionally, the typically leased summer 
grazing areas will degrade at a much faster rate than the herder-managed (entitled) winter grazing 
areas. Various strategies could be adopted to improve grassland management and change the 
consumption rates on grazing areas, such as increasing the area of summer grazing that herders 
can use, delaying the onset of summer grazing until adequate ground cover is reached (as most 
dust storms are in spring), increased supplementary feeding in winter to reduce demand on 
the grassland, or adjusting the area, ratio and duration of grazing between summer to winter 
grazing areas.

The intensity of greenhouse gas emissions, such as methane produced per kg of sheep meat 
produced, reflects the efficiency of production from grasslands in regard to minimising such 
externalities. At lower stocking rates, not only are total emissions about one-third lower than at 
the higher stocking rates, the externalities from meat production are also reduced. As would be 
expected, it is not possible to eliminate the externalities related to greenhouse gas emissions, but it 
is possible to minimise them.

Livestock production and economics
Meat production per hectare shows a diminishing gain at increasing risk with increasing stocking 
rate (Figure 6.11a), while production per head showed a linear decline with increasing stocking rate 
(Figure 6.11b) as found in the grazing experiment (Chapter 8). At low stocking rates, the median 
production per head was 50% greater than at high stocking rates. There was more variability at low 
stocking rates, reflecting the response to good seasons, which did not occur at high stocking rates. 
Additionally, as would be expected, production per hectare showed a curvilinear response—as 
flock size (i.e. stocking rate) increases, the marginal gain in production per extra animal decreases.
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Figure 6.11	 Meat production per (a) hectare and (b) head across the tested stocking rates, 
Siziwang

When the economics at an expected gross margin level are considered (i.e. risk-neutral), the 
optimal stocking rate (or flock size) would be in the vicinity of 0.6 SE/ha on a per hectare basis 
(Figure 6.12a) and 0.1 SE/ha on a per head basis (Figure 6.12b). Variability in gross margins per 
hectare clearly increased with stocking rates, emphasising the increased farm risk. At all stocking 
rates, the gross margins were negative in some years, although the proportion of negative gross 
margin years declined with lower stocking rates. From a risk-efficiency perspective, it would be 
illogical for herders to increase their flock size beyond 0.6 SE/ha (350 females), as median gross 
margin per hectare declines and the associated risks increase.
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Figure 6.12	 Gross margins per (a) hectare and (b) head across the tested stocking rates, 
Siziwang
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Gross margins reflect the short-term income levels that herders would perceive and that would 
probably be the basis for many of their decisions. However, NPV and household cash flows are 
better measures, as they give a medium–long term view of the herders’ economic performance. 
To represent the long-term economic returns of herders over the 10-year simulation period, NPV 
as annuity (NPVa) expresses the annual equivalent of all future cash flows and asset values in 
today’s currency terms. The highest NPVa values with the lowest amount of risk are achieved at 
the lower stocking rates (< 0.3 SE/ha) (Figure 6.13). This is partly a function of capital gain from 
the sale of surplus livestock under the lower flock size scenarios, and more stable incomes under 
lower stocking rates (as depicted by gross margins in Figure 6.12). If herders chose to move to 
smaller flocks, with more accurate selection of productive animals, it would be possible to further 
increase future gross margins (Takahashi et al. 2015). The fact that the NPVa is negative at all 
flock sizes indicates the overall series of net cash flows are lower than the applied conservative 
discount rate (2%).

Cumulative herder household cash flows indicate that herders achieve the highest median 
cumulative cash flows at a stocking rate of 0.45 SE/ha (250 breeding females). Given the lower NPVa 
values and lower cumulative cash flows with more risk at higher stocking rates, it should be illogical 
for herders to seek larger flock sizes, unless they had more land available and could reduce stocking 
rates (Chapter 4). The net cash position indicates that the typical herder may not be sustainable 
without seeking other forms of income or changing the scale of operations. In Figure 6.13b all 
median cash flows were negative, which may not be a true reflection of the herder households’ 
position in practice, as it was not possible to determine which assets and other costs (e.g. fodder, 
livestock, sheds, housing, fencing etc.) had been subsidised. The values estimated reflect the 
combined economic position of herders, excluding government financial support. However, the 
pattern shown is likely to be reasonably true, with the lower stocking rates generating the higher 
returns. The modelled negative cash flows align with the anecdotal evidence in the farm surveys 
that most herders borrow money each year in order to survive, not just in bad years (Chapter 5).
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Figure 6.13	 (a) NPV as an annuity and (b) cumulative herder household cash flow across the 
tested stocking rates, Siziwang
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Following on from earlier theoretical work in this ACIAR program (Kemp et al. 2011), Figure 6.14 
indicates the expected responses and variability in outcomes for both production per head and 
per hectare, and gross margin and NPVa per hectare across the range of stocking rates tested. 
The results indicate that, with an increasing stocking rate, both measures of production per head 
and economics decline, although production per hectare initially shows a small increase. However, 
the rate of increase in production per hectare does not lead to higher profitability or economic 
outcomes for households. Herders in the desert steppe would be better off reducing their number 
of animals and overall stocking rate by around 20–25% (from current reduced rates, Chapter 2) 
to achieve higher long-term economic returns with less risk (volatility of production and returns). 
Based on risk-efficiency concepts, this data again confirms that it would be illogical for herders to 
maintain current or higher numbers of animals, as they are more likely to have lower economic 
returns and higher risk, unless they had more land and stocking rates could be reduced.

These analyses support the outcomes of farm surveys. They show that, while the gross margins 
were positive, herders can survive but in general they do not consider herding to be a longer-term 
viable option. That position becomes clearer when considering the NPVa and cash flow results. 
However, these simulations do show that higher financial gains would probably be achieved 
through lower stocking rates, which would help reduce environmental impacts and rehabilitate 
the grasslands.

A crucial issue is the development of more suitable ways for herders who remain in the industry 
to increase their farm size and have at least medium-term control over the land they use to 
encourage better management. Larger flock sizes are a useful way to improve incomes, but 
without increasing stocking rates. Herder households would also benefit from aiming to have 
better livestock genetics, feeding animals more effectively, having better marketing systems in 
place to enable them to receive higher prices, seeking to increase scale by acquiring access to more 
grassland and seeking more off-farm income.
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Conclusion
Components of the StageTHREE SGM have been developed to meet the need for modelling a 
dynamic grassland resource under stochastic climatic conditions over the long term. The model 
captures the predominant interactions between the production and persistence of the desirable 
components of grasslands, and that of grazing livestock harvesting the grassland resource. The 
modelling of interactions between botanical composition in grasslands, their productivity and the 
expected livestock production, externalities and subsequent economic returns, is unique. This 
model has the capacity to adequately test a range of tactical and strategic decisions available to 
herders. The StageTHREE SGM can develop insights into the expected range of outcomes from 
changes in how herders manage and interact with grasslands. With consideration of outcomes 
relating to production, grassland and soil resource condition, household finances and economics, 
and the externalities of ruminant livestock production from grasslands, herders and policymakers 
can identify more sustainable management strategies. The embedding of climate variability in 
the simulation model also presents the risk and probabilities of certain outcomes, which can then 
be considered by decision-makers. The robust nature of the functions in the model also ensures 
the model has broad applicability, especially in agro-ecological zones and systems with minimal 
experimental data.

Herders in IMAR attending 
a program training session 
on assessing the quantity 
and quality of fodder for 
feeding in winter.  
Photo: D.R. Kemp
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Siziwang herders, local 
officials and program 
members at a training 
session on winter feeding. 
Dr Li and Prof Han 
(bottom left) Mr Langford 
& Ms Junk (Australian 
livestock extension 
specialists) (centre) 
and Professor Kemp 
(middle rear).  
Photo: D.R. Kemp

Professor Wu, President, 
Gansu Academy of 
Agricultural Science 
(right), discussing farm 
demonstrations with the 
village leader and herders 
at Sunan in western 
Gansu. Photo: D.R. Kemp

International visitors at 
the China–Korea–Japan 
biennial Grassland 
Congress visiting a field 
site on the Qinghai–
Tibetan Plateau. At the 
International Grassland 
Congress in China in 
2008, visitors went to the 
Siziwang research site. 
Photo: D.R. Kemp
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7	Modelling the sustainability 
of Qinghai–Tibetan Plateau 
grasslands

Liu Haibo, Karl Behrendt, Wu Jianping, Du Wenhua, David Kemp

The Qinghai–Tibetan Plateau is the largest, high altitude plateau (4,500 m) in the world, with one 
of the world largest pastoral ecosystems (Liu & Chen 2000; Miehe et al. 2009; Shang et al. 2014). 
Its global significance is not simply about its physical parameters. More important is the great 
influence it has on regulating the intensity of Asian monsoons as well as global climate change 
and hydrology of major river systems (An et al. 2001; Harris 2006). The ecological functions of the 
Qinghai–Tibetan Plateau can be summarised as:

•	 a water source for major Asian rivers

•	 establishment of submarine fan system of the Bay of Bengal and the Arabian Sea and 
dissolved matter transmission from rivers into the oceans

•	 a large carbon sink and an important role in global weather regulation (Harris 2006). 

The Qinghai–Tibetan Plateau is a crucial and fragile environment that is highly sensitive to climate 
change (Li et al. 2013).
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The Qinghai–Tibetan Plateau covers an area of 169 Mha, of which 70% is natural grassland used for 
grazing (Miller 1990), which in turn is 30% of the total grassland area of China (Shang et al. 2014). 
Seventeen of the 18 main types of grasslands in China have been identified on the Qinghai–Tibetan 
Plateau (Ni 2002). Alpine meadow and alpine steppe are the main vegetation types and account 
for 45% and 29% of the grassland area, respectively (Li et al. 2013). Extensive areas of the Qinghai–
Tibetan Plateau have become degraded to varying degrees (Harris 2010; Li et al. 2013; Wang et al. 
2015), although appropriate definitions and standardised measurements for grassland degradation 
have some ambiguity (Wang et al. 2015). 

Overgrazing is regarded as a major cause of Qinghai–Tibetan Plateau grassland degradation (Liu et 
al. 2016). This has resulted in reduced above-ground plant biomass productivity, increased topsoil 
erosion, decreased water-holding capacity associated with permafrost thawing, reduced pools of 
soil organic carbon and nitrogen, loss of plant diversity, species composition and functional groups 
change associated with degradation and the invasion of weeds (Lu et al. 2013; Lu et al. 2014; Tang 
et al. 2015; Wen, Dong, Li, Li et al. 2013; Wu et al. 2015). The loss of vegetation has additional effects 
on the radiation absorbed by the soil surface, which changes the summer monsoon circulation 
and decreases precipitation in the south-eastern Qinghai–Tibetan Plateau (Li & Xue 2010). These 
ecosystem changes are generally adverse and management is needed to reverse them in order 
to restore the integrity of the Qinghai–Tibetan Plateau (Wen, Dong, Li, Li et al. 2013) and the 
livelihoods of many herder households who live there.

The role of livestock grazing systems in managing the utilisation of Qinghai–Tibetan Plateau 
grasslands is complex. The need for management to be integrated within the farming system in a 
profitable and sustainable way limits the usefulness of relying simply on field experimentation to 
obtain answers. Modelling and simulation of complex farming systems is a more efficient method 
of researching management systems to improve decision-making. In order to capture the dynamic 
interactions between different components and maximise the long-term profitability of the grazing 
system, the StageTHREE SGM (Chapter 6; Behrendt et al. 2018) was used to study the interactions 
between herder management and environmental outcomes.

In this study, parameterisation and calibration of the StageTHREE SGM is outlined for the alpine 
meadow grasslands and animal production submodels and applied to the Oula Tibetan sheep 
production systems. The StageTHREE SGM is used to predict the potential consequences of 
increased stocking rates and determine a more sustainable stocking rate for the alpine meadow 
area of Maqu (Figure 7.1).
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Figure 7.1	 The location of Maqu on the Qinghai–Tibetan Plateau
Source: Cao et al. (2013)

Case study site
The large ACIAR sustainable grasslands program and a subproject funded by the Chinese National 
Department Public Benefit Research Foundation Project (nr 201003019) were implemented 
from 2010 to 2014 at Maqu in the Gannan Tibetan Autonomous Prefecture of Gansu Province. 
This program used a study of family herders to investigate resource allocation of the pastoral 
production systems in the alpine meadow area of Qinghai–Tibetan Plateau, to then investigate 
ways of reducing overstocking to achieve a sustainable grazing system. Data obtained from those 
studies were used to calibrate a model of the livestock system on alpine meadows.

A set of experiments were done in the case study area to provide data on grassland production 
and utilisation, soil texture and nutrient status, Tibetan sheep nutrition, production and household 
finances. As a precursor to the major study, the ACIAR StageONE steady state model (Chapter 6) 
was calibrated and the feed balance situation and optimisation solutions were evaluated to refine 
the likely options that the more complex StageTHREE SGM model would then evaluate (Liu et al. 
2017). The SGM model was calibrated using climate data (Liu et al. 2016), grassland growth and 
vegetation composition (Liu et al. 2016), soil nutrients status and soil profile descriptions (Liu 2017), 
in vitro DMD of mixed grassland samples (Liang et al. 2015), dry matter intake (Wu et al. 2016) and 
production calendars (Liu 2017; Liu et al. 2017). 
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Tibetans retain many traditional practices such as this welcoming party to their region. In summer, herders 
move to higher altitudes with their flocks and herds. Note the absence of a flue to let smoke out of the black 
tent, which is made from yak hair. Photos: David. Kemp
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Model parameterisation and calibration
The SGM model was calibrated against data collected and data available from the literature to 
minimise the mean bias in model results as much as possible. As part of this process, where there 
was an initially poor fit between predictions and observations, model parameters were revised to 
improve the results (Thornley & France 2007). A series of simulations were done with the animal 
submodels of the StageTHREE SGM to determine more sensitive key parameters that significantly 
influenced the outputs of submodels (Liu 2017). Visual techniques (Mayer & Butler 1993) were 
used, plotting simulation data against observed data to subjectively assess if the initial parameter 
values satisfactorily fitted the observed data within the likely range. 

Least squares analyses (Thornley & France 2007) were used to identify the optimum values of 
parameters where applicable, to minimise the total residual sum of squares, R using:

where:

yi = the observed values from experiments or literature

xi = the simulated values produced from the model

n = the total number of the observations.

The assumptions and data used for parameterisation and calibration are discussed further in the 
following section.

Table 7.1	 Mean herbage mass in exclusion cages from four grassland sites and day of year

Day Desirable species
(kg DM/ha)

Less-desirable species
(kg DM/ha)

198 1,001 158

233 2,797 412

259 3,198 536

199 549 63

231 2,409 412

259 2,814 607

196 1,127 96

232 4,232 386

258 5,224 375

196 152 58

231 2,200 701

257 3,375 1,402

Note: DM = dry matter
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Grassland growth submodel
The grassland growth submodel is based on deriving growth indexes for temperature, light and 
moisture (Fitzpatrick & Nix 1970) then using the minimum of the three indexes, which is then 
scaled. Calibration of the grassland growth model was done using the GGC tool developed for this 
purpose (Behrendt et al. 2018). The GGC uses measures of herbage mass in ungrazed fields or 
quadrats and associated climate data (minimum, average and maximum air temperature, humidity, 
rainfall and wind speed). The mechanistic SGS (Johnson 2013) grassland submodel (which could be 
used in this case as experiments were designed to means the range is collect the data required, a 
problem that limits use of that model for Qinghai–Tibetan Plateau sites) was first used to produce 
daily growth curves, from which a well-established sigmoidal relationship was derived between 
daily grassland growth rates and the total green biomass (Cacho 1993). The optimal parameters 
estimated for the fitted sigmoidal equation (α = asymptote of growth curve; γ = the point at which 
maximum growth occurs) are given in Table 7.2 along with the maximum yield estimates for 
desirable and less-desirable plant species. Only a limited dataset on grassland growth was able 
to be collected, as livestock managed to overturn the cages and eat the available forage at some 
sites. An amalgamated dataset for the 2011 growing season from three farms was used, describing 
herbage mass inside the cages for July, August and September (Table 7.1). Measurements of 
grassland herbage mass over summer were used to estimate the grassland growth rates, using the 
fitted sigmoid equation and gaps filled in with interpolation to provide daily data. These estimates 
were further adjusted, based on how climatic conditions (temperature, soil moisture and light) and 
soil fertility varied. A total of 33 parameters can be modified in the SGM and the supporting GGC 
tool to improve the accuracy of grassland growth predictions.

The grassland growing season on the Qinghai–Tibetan Plateau is 4–5 months, when average 
temperatures are above 0 °C. To better predict the onset and cessation of the grassland growing 
season, a soil temperature threshold was used. By using a soil temperature threshold above 0 °C, 
grassland growth rate better aligned with herder perceptions of visible growth. For the Qinghai–
Tibetan Plateau, the soil temperature threshold was set at 8 °C rather than 5 °C (often used in 
temperate regions), which represents the typical minimum soil temperature in the top profile that 
allows for effective plant growth that animals can graze. To our knowledge, there is no data to 
validate the modelled temperature fluctuation of the topsoil in the case study area, although it is 
widely acknowledged that when the air temperature exceeds 0 °C, plants would be able to begin 
growing in the case study area. However, the grassland growth rates are very low between 0–5 °C 
and can be ignored for practical purposes. The temperature threshold set means that, across the 
data range, there is an effective linear response in grassland growth to temperature.
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Table 7.2	 Inputs and outputs of the parameterisation of α and γ for estimate grassland growth

Species 
group

Initial 
proportion

Initial 
biomass 

(kg DM/ha)

Optimal 
α

α  
test range

Optimal 
γ

γ  
test range

Ymax

(kg DM/ha)
R

Desirable 0.3 300 0.076

0.001:0.001:0.99

1.01

1.01:0.01:1.99

5,000 2.35

Less-
desirable

0.7 300 0.077 1.01 3,000 3.44

Notes: 
•	 DM = dry matter
•	 Ymax = maximum biomass.
•	 R = total residual sum of squares
•	 The α test range of 0.001:0.001:0.99 means the range is 0.001 to 0.99 with an increment of 0.0001.
•	 The γ test range of 1.01:0.01:1.99 means the range is 1.01 to 1.99 with an increment of 0.01.

Grassland biomass measurements (kg DM/ha) inside exclusion cages were used to calculate the 
daily growth rate, PGR (kg DM/ha/d), for direct comparison with predictions, using the following 
equation:

where:

Bm and Bm–1 = amount of desirable (edible) and less-desirable (inedible) biomass 

∆t = number of days between measurements.
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Tibetan sheep model
One of the regular aspects of livestock growth in China is the considerable loss in weight (20–30%) 
(Chapter 3) over autumn, winter and spring due to poor nutrition (eds Kemp & Michalk 2011). In 
summer there is a considerable component of compensatory gain in animal growth rates, which is 
simply regaining the weight lost in previous seasons. Compensatory gain can be falsely interpreted 
as very efficient feed consumption and animal growth rates. These responses suggest that animals 
have a larger capacity for forage intake than their reduced weights would suggest. In effect, their 
potential intake capacity for forage is more related to how large they previously were (Freer, Moore 
& Donnelly 1997; eds Freer, Dove & Nolan 2007). This requires estimates of a standard reference 
weight (SRW) to adjust forage intake capacity. SRW is defined as the liveweight of an animal 
(excluding fleece and conceptus) when skeletal development is complete and the condition score is 
in the middle of the range (eds Freer, Dove & Nolan 2007). For modelling purposes, this number is 
often treated as the maximum liveweight previously attained. The maximum liveweight of Tibetan 
sheep found in our studies was up to 75 kg, and that value was used as the SRW. The predicted 
weight and observed lamb liveweight showed a good fit (Figure 7.2) using this SRW and a birth 
weight of 4 kg for Tibetan sheep. The discrepancy between observed and predicted liveweights 
after about 200 days reflects the generally poor nutrition of animals in this environment and the 
opportunities for improvement.
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Figure 7.2	 Predicted normal weight and observed liveweight of Oula Tibetan sheep from 
different age cohorts in the field experiment, StageTHREE SGM
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Left: Students from Charles Sturt University visiting the Sunan demonstration farm winter camp, where 
overgrazing and inedible shrubs are evident. Right: Female yaks and their calves tied up at the Gannan site, 
where the cows are milked every 1–2 hours through the day. Photos: D.R. Kemp

    
Tibetan wool, while coarse, is important for the traditional manufacture of carpets, which are sold at a price 
premium. Photos: D.R. Kemp

Digestibility measurement
DMD is a key driving variable in the livestock submodel (Behrendt et al. 2018). Monthly estimates of 
mean DMD of the main plant functional groups are required. For this study, the digestibility of the 
mixed grassland grazed by the sheep was determined using in vitro measurements, with samples 
taken by cutting the grazed grasslands to ground level. Samples were taken four times during the 
growing season (July–October) on summer grasslands and three times outside the growing season 
(April–June) on winter grasslands (Table 7.3). A detailed description of the in vitro method used is 
provided by Liang et al. (2015).
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Table 7.3	 Nominated monthly DMD values for desirable and less-desirable species

Month Desirable Less-desirable

Jan 0.48 0.38

Feb 0.48 0.38

Mar 0.48 0.38

Apr 0.48 0.38

May 0.72 0.63

June 0.67 0.58

July 0.63 0.53

Aug 0.63 0.53

Sept 0.63 0.53

Oct 0.53 0.43

Nov 0.48 0.38

Dec 0.48 0.38

Grassland intake
Dry matter intake (DMI) and the simulation of selective grazing are key functions in modelling 
the interaction between grasslands and animal production in pastoral systems. In the field, the 
voluntary intake of Oula Tibetan ewes was determined by using the faecal nitrogen excretion 
method. Details are reported by Wu et al. (2016). Estimates in the field were then compared with 
model predictions based on the literature (Table 7.4). The predicted DMI versus measured DMI 
showed R2 values of 0.86, 0.99 and 0.70 for March, August and October, respectively. The DMI for 
Tibetan sheep was similar to the results obtained from using standard equations derived for other 
breeds of sheep (eds Freer, Dove & Nolan 2007). The differences did not lead to any major effects 
on predictions for liveweight gain or other measures.

Table 7.4	 Average liveweights, simulated DMI and measured DMI of Oula Tibetan sheep in 
different seasons

Age of 
sheep 
(year)

March August October

W
(kg)

DMIsim

(kg/day)
DMI

(kg/day)
W

(kg)
DMIsim

(kg/day)
DMI

(kg/day)
W

(kg)
DMIsim

(kg/day)
DMI

(kg/day)

1 41.7 0.74 0.79 54.7 1.63 1.17 54.3 1.39 1.66 

2 50.6 0.91 1.05 57.1 1.70 1.37 56.6 1.43 1.74 

3 59.6 0.93 1.10 65.0 1.71 1.38 65.6 1.44 1.79 

4 62.6 0.95 1.29 67.1 1.71 1.40 67.0 1.45 1.96 

R 0.15 0.25 0.21

Notes: 
•	 W = measured average liveweight
•	 DMIsim = simulated daily dry matter intake 
•	 DMI = measured daily dry matter intake, estimated by multiplying the measured average liveweight with the reported intake 

per kg of metabolic bodyweight
•	 R = total residual sum of squares from comparing DMI estimates
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Maintenance energy requirements
There is no literature available to specifically indicate the maintenance energy (MEm) requirements 
of grazing Tibetan sheep. A single value of 0.44 MJ/kg W0.75 for penned sheep was the only 
information available to provide an indication of the possible MEm during the June–September 
period. The sensitivity of grazing sheep to this term was tested by varying the related CM2 (basal 
metabolism weight scaler, Chapter 6) term by 80%, 100% or 120% (Table 7.5) for 2–3 and 3–4-year-
old ewes at three different times in a 10-year simulation. Lambing was assumed to be on day 50 of 
each year. These results suggest that the standard equations often used (eds Freer, Dove & Nolan 
2007) estimated higher MEm values than that single measurement. After reviewing the details 
behind these results, it was thought that the standard equations did produce a realistic result 
that was adequate for the current study. The single measurement from the literature had likely a 
significant error term. This is an area where research on the nutrition of Tibetan sheep is needed to 
see if they conform to or differ in important ways from the literature.

Table 7.5	 Sensitivity analysis of CM2 for Tibetan sheep

Age 
(years)

Day 80% CM2 
(MEm/kg W0.75)

100% CM2 
(MEm/kg W0.75)

120% CM2 
(MEm/kg W0.75)

2–3 910 0.46 0.53 0.6

1,217 0.62 0.69 0.77

1,534 0.33 0.39 0.45

3–4 910 0.45 0.52 0.58

1,217 0.61 0.68 0.75

1,534 0.33 0.38 0.43

R 0.39 0.49 0.77

Notes:
•	 CM2 is a variable in the SGM model for MEm/k W0.75

•	 MEm values are in MJ
•	 Day = day number over 10 years
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Liveweight change
Liveweight change is sensitive to the base reference parameter for the energy value of liveweight 
gain (CG8) in the SGM model. In the literature (eds Freer, Dove & Nolan 2007) CG8 has the same value 
for both sheep and cattle, though it may be that yaks have a lower CG8 value, as their muscles have 
less fat. If the CG8 values reflect some adaptation to the harsh conditions of the Qinghai–Tibetan 
Plateau, it is possible that Tibetan sheep may have lower CG8 values than European breeds. The 
SGM model was then tested with three different values for CG8 to test the effect on estimated 
liveweight using a 10-year run (Table 7.6). These results showed the average effects at DOY 121, 
the day for lowest liveweight recorded in a year and at DOY 300, the day for peak liveweight. As CG8 
decreased, birthweights and liveweight were significantly underestimated, suggesting that Tibetan 
sheep are unlikely to have lower CG8 values, and the standard value (eds Freer, Dove & Nolan 2007) 
is the better that is currently available. However, in the absence of specific results on appropriate 
values of CG8 for Tibetan sheep, it would not be sensible to arbitrarily make other changes without 
evidence. Instead, it is noted that research is needed to check what should be the correct values for 
Tibetan livestock and that the SGM model may be underestimating liveweight.

Table 7.6	 Different levels of CG8 and its effect on the liveweight prediction

Age
(day)

DOY
(day)

Observed 
liveweight

(kg)

W–1

(kg)
Bias
(%)

W–2

(kg)
Bias
(%)

W–3

(kg)
Bias
(%)

0 75 4.2 4.0 –3.2 3.3 –20.1 3.3 –20.1

1,170 121 59.6 18.4 –69.2 16.8 –71.8 11.0 –81.5

1,395 300 65.6 47.3 –27.9 49.4 –24.8 56.3 –14.2

Notes: 
•	 DOY = day of year
•	 W–1 = liveweight predicted when CG8 = 27; W–2 = liveweight predicted when CG8 = 25; W–3 = liveweight predicted when CG8 = 17.7
•	 Bias = (predicted W – observed W)/observed W x 100%
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Qinghai–Tibetan Plateau typical farm
Based on herder surveys and the literature (Wang, Lang & Liu 2012), a typical farm was constructed 
to represent the current Oula Tibetan sheep production system in the case study area. Key data 
inputs regarding grassland, livestock and management assumptions are listed in Table 7.7. Case 
study simulations used deterministic simulations to assess current production under constant 
climate conditions and investigate the effect of increasing grazing pressure on the production 
system and biological and economic outcomes. The grazing pressure threshold for this typical farm 
in the case study area was assessed based on 10-year simulations that are carried out under the 
same deterministic weather conditions using different stocking pressures.

Table 7.7	 StageTHREE SGM inputs for the typical farm simulation on the Qinghai–Tibetan 
Plateau

Parameters Units Values

Latitude ° 34

Altitude above sea level m 3,800

Average rainfall per annum mm 600

Grassland grazing areas (winter/summer) ha 133/213

Opening ewe number head 440

Opening ram number head 4

Opening wether (male progeny) number head 90

Lambing date DOY 75

Lactation period d 150

Shearing date DOY 200

Selling month 1–12 10

Standardised birth weight kg 5

Maximum height of grassland m 0.6

Starting day of year on winter/summer grassland DOY 300/150

Starting biomass of desirable/less-desirable species for winter grassland kg DM/ha 300/300

Starting biomass of desirable/less-desirable species for summer grassland kg DM/ha 400/500

Starting area proportion of desirable/less-desirable species for 
winter grassland 0.05–0.95 0.3/0.7

Starting area proportion of desirable/less-desirable species for 
summer grassland 0.05–0.95 0.4/0.6
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Simulation results and discussion
Local officials and herders have in the past seen more animals as the pathway to higher incomes. 
However, to date the increase in animal numbers on the Qinghai–Tibetan Plateau has not been as 
great as in other areas of China (Chapter 2). What might be the sustainable number of animals on 
the Qinghai–Tibetan Plateau? The StageTHREE SGM was used to evaluate current and alternative 
stocking rates on the alpine meadows of Maqu, Gansu. The model was used to first analyse the 
effects of current stocking rates on grasslands while allowing increases in the household flock 
size from 440 to 983 breeding ewes. This was done by retaining a higher proportion of breeding 
animals and castrated males. The total flock size increased from around 534 to 1,580 animals over 
10 years (Figure 7.3).
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Figure 7.3	 10-year simulation of increasing grazing pressure on the production system 
starting from the 1.4 sheep/ha and allowing a progressive increase to 5.1 SE/ha, 
showing (a) grassland biomass, (b) grassland biomass of desirable and less-
desirable species and (c) grassland composition of desirable and less-desirable 
species
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The simulation, allowing a build-up in flock size, shows that there is a negative effect on winter 
grazing areas (from an increase in the proportion in the basal cover of less-desirable species) 
although the summer grasslands remain relatively stable (with differential effects on ground cover, 
grassland biomass, grassland composition). For the whole flock, there is a decline in energy intake 
and liveweights (Figure 7.4, Figure 7.5), leading to declining incomes over time (Figure 7.6). Clearly, 
it would not be a useful policy to encourage herders to increase their stocking rates in this area. 
The decline in condition of the winter grazing areas shown in this simulation is a real problem, and 
is clearly evident when visiting the area. This problem is exacerbated by herders asking if they can 
bring their animals onto their neighbours’ properties to be near the road to meet traders when 
they return from the summer grasslands. This leads to substantial increases in stocking rates 
that are hard to quantify. The effective stocking rate is then far higher than estimated in these 
simulations. Winter grazing areas are about two-thirds the size of those used in summer and are 
grazed for longer than the summer areas. Both those components could be changed.
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Figure 7.4	 10-year simulation of increasing grazing pressure on the production system 
starting from 1.4 sheep/ha and allowing a progressive increase to 5.1 SE/ha, 
showing (a) metabolisable energy for conception, (b) metabolisable energy for 
lactation and (c) metabolisable energy for weight gain in 3-year-old ewes
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Figure 7.6	 10-year simulation of increasing grazing pressure on the production system 
starting from 1.4 sheep/ha and allowing a progressive increase to 5.1 SE/ha, 
showing (a) number of animals, (b) daily closing cash balance and (c) annual 
gross margin of sheep enterprise

A subsequent simulation reduced the stocking rate to 1.2 sheep/ha (1.1 SE/ha) and maintained a 
minimum of 400 ewes (Figure 7.7). At this lower stocking rate, the grassland biomass and cover 
remained relatively constant, and the proportion of desirable species was constant in winter 
grazing areas and increased in summer areas. Energy intake, liveweights and gross margins were 
constant, with the herder’s cash balance increasing over time and greater than for the initial case. 
In each case, the model captures and reflects the impact of any changes to the system.
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Figure 7.7	 10-year simulation results when target flock size was set as 1.2 sheep/ha, 
showing effects on (a) grassland biomass, (b) grassland biomass, (c) grassland 
composition, (d) metabolisable energy for conception, (e) metabolisable energy 
for lactation, (f) metabolisable energy for weight gain in 3-year-old ewes, (g) 
relative intake, (h) dry matter digestibility, (i) daily liveweight change,  
(j) number of animals, (k) daily closing cash balance, and (l) annual gross 
margin of sheep enterprise 
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Figure 7.8	 10-year simulation results when target flock size was set as 1.5 sheep/ha, 
showing effects on (a) grassland biomass, (b) grassland biomass, (c) grassland 
composition, (d) metabolisable energy for conception, (e) metabolisable energy 
for lactation, (f) metabolisable energy for weight gain in 3-year-old ewes, 
(g) relative intake, (h) dry matter digestibility, (i) daily liveweight change, (j) 
number of animals, (k) daily closing cash balance, and (l) annual gross margin 
of sheep enterprise



Sustainable Chinese Grasslands144

7  Modelling the sustainability of Qinghai–Tibetan Plateau grasslands

When the flock size was increased to 500 sheep (1.5 sheep/ha or 1.4 SE/ha) there was a tendency 
for less-desirable species to increase in the winter grazing areas. In the summer grazing areas, 
the reverse happened, while most other parameters remained constant (Figure 7.8). This same 
trend was accentuated when the flock size increased to 600 or 700 sheep (data not shown). This 
suggested the target stocking pressure should be 1.2–1.5 sheep/ha (1.1–1.4 SE/ha) and that herders 
need to reorganise how the winter grazing areas are managed. Winter grazing areas are probably 
too small for the number of animals that use them and do seem to be the main constraint on 
better grassland management. If better management of the winter grazing areas can be developed, 
some increases in total animal numbers would be possible. One option is to introduce more warm 
sheds where animals are kept over winter, as has occurred in IMAR and other parts of China where 
cold winters are the norm.

These simulations indicated that the average herbage mass when the grasslands were stocked 
at 1.2–1.5 sheep/ha or 1.1–1.4 SE/ha was 1,700–1,800 kg DM/ha on winter grasslands and 2,000–
2,100 kg DM/ha on summer grasslands. Research is needed to identify the values of herbage mass 
that maintain the desirable species and sustain livestock production. These simulation values 
are higher than for the desert or typical steppe (Chapters 8 and 9) but in line with what might be 
expected in higher rainfall areas and in line with the optimal values for sheep production (Nicol 1987).

Further simulations of different flock sizes revealed deeper insights into expected changes in 
grassland composition, livestock production and flock financial performance (outputs not shown 
here, but available in Liu 2017). Generally, as the grazing pressure increased, the proportion of 
desirable plant species on the winter grassland tended to decrease while less-desirable species 
showed the opposite tendency, reflecting what is commonly observed (Chapters 8 and 9). When 
flock size is reduced to around 400 sheep (1.2 sheep/ha), the winter grassland composition 
remained relatively constant, the proportion of desirable species on summer grassland gradually 
increased and the proportion of less-desirable species on summer grassland declined. When the 
flock size was maintained at around 600 sheep (1.7 sheep/ha), the summer grassland composition 
remained relatively constant, the proportion of desirable species on winter grassland gradually 
decreased and the proportion of less-desirable species on winter grassland increased over time. 
Larger flock sizes showed higher annual gross margins, with the long-term gross margin stabilising 
at around ¥299, ¥310 and ¥320/ha/year respectively, as the flock size increased from 400 to 
600 sheep (1.2–1.7 sheep/ha). DMD values were relatively constant when the flock sizes were 
maintained at 400 and 500 sheep (1.2 and 1.5 sheep/ha) respectively. However, when the flock 
size increased to 600 sheep (1.7 sheep/ha), peak DMD values were similar, although the lowest 
DMD values showed the tendency to decline below that seen at lower stocking rates. The average 
annual minimum relative intake values declined with increasing grazing pressure (Figure 7.5a). 
When the flock size was around 500 sheep (1.5 sheep/ha), peak relative intake values decreased 
gradually, while at lower values for 500 and 400 sheep (1.5 and 1.2 sheep/ha) they remained 
relatively constant.

Risks of increasing grazing pressure
By comparing the outputs from the simulations, it is evident that, given the area and grassland 
growth pattern for the typical Tibetan sheep herder, the optimal flock size to maintain winter 
grassland composition is around 400 to 500 sheep (1.2 to 1.5 sheep/ha or 1.1 to 1.4 SE/ha). This is 
the current typical flock size of Oula Tibetan sheep in the case study area. As noted earlier, animal 
numbers in this region had not increased to the same extent as in other parts of China (Chapter 2) 
but the estimated stocking rate in 2016 was 3–3.5 SE/ha, above a desirable, sustainable level. It is 
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expected that overstocking may not only negatively affect grassland production, but also decrease 
the energy content in the animals’ diets by suppressing their ability to selectively graze. This has 
negative effects on the efficiencies of animal production and herder household incomes. When the 
ME values drop below 8 MJ/kg DM, the diet is usually regarded as low in metabolisable energy. In 
the simulations, it was found that ME values were <8 between late October and late May, and when 
the corresponding DMD values were <0.6. This indicated that Tibetan sheep can only select low-
quality diets for half the year. This is the time of year when ewes require considerable energy for 
gestation, lactation and to maintain body temperatures against the cold.

The evaluation of feed balance needs to consider both the quantity and quality of the available 
forage. The negative feed balance on winter grassland is mainly from a lack of energy. On summer 
grassland, the opposite applies—both grassland herbage mass values and herbage DMD are 
adequate for good animal growth rates, provided the stocking rates remain sustainable and the 
herbage available per animal is sufficient. From the end of summer through autumn and winter, 
the continuous reduction in the DMD of selected diets and relative intake with increasing grazing 
pressure was due to animals being forced to select herbage from lower digestibility pools. From 
these results, we recommend that the first step to achieve a better feed balance is destocking 
on winter grassland during the cold season. This ensures livestock are not faced with a constant 
decline of both the quantity and quality of the herbage when grazing. Overstocking accelerates this 
negative relationship, as more animals lead to less available grassland per animal. During the main 
grassland growing season over summer, the model outputs showed that the biomass proportion of 
desirable and less-desirable species in the sward remained relatively constant. When a sustainable 
stocking rate was set, animals gained weight even with decreasing amounts of ME. Given the typical 
management calendar in the case study area, we conclude that the feed balance is more important 
on winter grassland than summer grassland. A limitation to the model is its ability to capture the 
detailed complex interactions between different species or functional groups under grazing, which 
is an ongoing challenge in ecological research and modelling. Future research should investigate 
the frontiers of summer grassland productivity to maximise the potential productivity per hectare 
and financial returns of different grazing regimes. The SGM model can be used to design and test 
the primary treatment strategies.

The economic outcomes from this study differ from other work. Unlike previous work, the price of 
the product was not based on the typical market price per animal, but rather on the animal sale 
value as calculated from the price per kg of carcass weight. This pricing method allows for better 
analysis of the economic returns of the household and creates a more explicit link between price 
per head and price per kilogram in the market. In the case study area, herders believe that more 
animals equal more income, which can be checked by examining their annual cash flow and closing 
bank balances. An examination of gross margins showed that economic efficiency dropped as the 
stock number increased, contrary to herder expectations. This is due to revenue per head declining 
in response to decreasing individual liveweight at the time of sale. This demonstrates the sensitivity 
of economic returns to any fluctuation of farm gate prices and the optimal production system. From 
this study, we conclude that economic efficiency and grassland condition will be negatively affected 
by increasing the number of livestock on the grasslands. The simulations presented here indicate 
that the current conservative stocking rates are close to sustainable levels, though better animal 
management practices through winter are needed to ensure the grassland do not degrade. Better 
management practices need to be tested in experiments and farm demonstrations (as in Chapter 4).
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Grazing system sustainability
Evaluation of the sustainability of the grassland–livestock system is difficult to do comprehensively 
in the field. Models like those used in this study are more useful, as the core issues and longer 
time periods can be investigated within a reasonable time frame. An alternative is to quantify the 
sustainability of alternative systems by using simple indexes (Scott et al. 2000). However, what 
defines sustainable management does vary depending upon local conditions and can be assessed 
at various scales (Kemp, Michalk & Virgona 2000). Shang et al. (2014) proposed 17 potential 
components for the sustainable development of the Qinghai–Tibetan Plateau, ranging from 
biophysical aspects to reorganising the industry structure. Increasing human population pressures 
prioritise the importance of small-scale farmers in meeting the global demands for animal protein. 
The potential gains from increasing the productivity and efficiency of the more than one billion 
small-scale livestock producers in the developing world are far greater than those that can be 
achieved in the developed world (Herrero & Thornton 2013).

The concept of sustainable intensification is popular among agricultural researchers and large 
potential, positive gains are possible for livestock systems (Herrero & Thornton 2013). Greater 
efficiencies can be obtained in intensive grassland–livestock systems, which involve high inputs 
(fertilisation, irrigation) and high utilisation rates (fodder cutting, high stocking rate) (Plantureux, 
Peeters & McCracken 2005) but they are not relevant to the Qinghai–Tibetan Plateau where 
planting forages is restricted to only a very small proportion of the landscape and the climate limits 
options for intensive grassland use. Extensive systems of grazing management (Vallentine 2000) 
characterised by low input and low utilisation rates are more relevant to the Qinghai–Tibetan 
Plateau. Sustainable intensification promotes a balance that maximises the efficiency of external 
inputs (fertiliser, supplementary feeding) and maintains internal resources (environmental services) 
(Himmelstein, Ares & van Houweling 2016). In the Qinghai–Tibetan Plateau, inputs are generally 
negligible, while the utilisation rates can vary with stocking rates, often being driven by economic 
factors as perceived by herders (Metera et al. 2010). Herders believe that more animals raised on 
the grasslands means more cash (gross income) for the herder households despite the lower quality 
of the animal products, the degradation of grasslands with lower grassland yields and the loss of 
biodiversity. Sustainable intensification for the Qinghai–Tibetan Plateau requires the identification 
of utilisation rates that maintain the proportions of useful plant species and the level of grassland 
productivity while keeping livestock gross margins at optimal levels. Sustainable utilisation rates of 
the grassland–livestock system do require a broader consideration of environmental, social and 
economic components, where socioeconomic development is limited by environmental boundaries 
(Steffen et al. 2015; Ross et al. 2016). In fragile environments where financial return is linked to the 
number of animals produced, it is increasingly difficult to achieve sustainability. Slower animal 
growth rates mean that the efficiency of animal production is not as high as it is in regions where 
the forage supply is better. To satisfy community desires, environmentally and socioeconomically 
sustainable farming practices should receive equal attention.

The system simulations shown here provide a good example of how to analyse the problem. When 
the flock size was maintained at 900 sheep (2.6 sheep/ha—close to the regional average, Chapter 
2), the annual gross margin first increased and then decreased to an extremely low level, which 
agreed with the conceptual model proposed by Jones & Sandland (1974). In the current study, it 
was concluded that economic returns peaked at a target size of 600 sheep (1.7 sheep/ha) and that 
it was better to keep the total number of sheep under 500 (1.5 sheep/ha or 1.4 SE/ha), which is 
about half the district stocking rate. The results showed that a lower flock size resulted in greater 
stability in economic returns per hectare. This provides a simple indicator of the risk thresholds 
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for livestock management in the case study area, i.e. the critical threshold in stocking rates beyond 
which the risks of deterioration in the grasslands and household income increased.

In their review, Shang et al. (2014) concluded that the major issue that restricted achieving 
sustainable grassland–livestock production was the feed imbalance. Overgrazing is generally 
believed to be the main issue in the rangeland areas of China, and throughout Central Asia, Africa 
and other similar regions (Kemp et al. 2013). Kemp et al. (2013) reviewed the current situation of 
the grassland production system in the western parts of China and pointed out that the energy 
supply in forages and feeds, livestock demand, and cash flows should be the key aspects to focus 
on. They made recommendations in seven areas: 

•	 grazing systems
•	 better enterprises
•	 animal management
•	 animal nutrition
•	 infrastructure development
•	 finance
•	 policy. 

Kemp et al. (2013) considered that the available evidence indicated that lower stocking rates 
would be necessary to restore grasslands to their longer-term desired states. Dong et al. (2013) 
a summarised the main drivers for grassland degradation in the water source region of three 
rivers as long-term overstocking, coupled with weather dryness or climate warming, and the 
destruction of grasslands by rodents. The combination of these have led to black-soil patches. 
The case study area has slightly higher annual precipitation (620 mm, Li et al. 2011) compared to 
that of the source regions of the three rivers in the Qinghai province (550 mm, Dong et al. 2013), 
but this may not have much effect on grassland growth and the conclusions about risk thresholds 
are likely to remain valid over large areas. As research has shown that there is a continuous 
drying trend in Maqu (Wang et al. 2006), the findings from this study highlight the importance of 
reduced stocking for the sustainable development, biologically and economically, of the grassland 
production system.

Biodiversity of grassland is important and it is associated with various ecosystem services such 
as nutrient recycling, microclimate and local hydrological processes regulation, suppression of 
less-desirable organisms and detoxification of noxious chemicals (Altieri 1999). Regions like the 
Qinghai–Tibetan Plateau are critical for preserving biodiversity and ecological functions, especially 
given the increasing rate of biodiversity loss at the global scale (Cardinale et al. 2012). In Europe, 
intensive grazing systems tend to be incompatible with maintaining a high level of biodiversity. 
In higher rainfall areas of southern Australia, maintaining the grassland herbage mass above 
2 t DM/ha by lowering stocking rates ensured the maintenance of a diverse plant community 
(Kemp et al. 2003). It can be argued that extensively managed grasslands and meadows are of 
crucial importance for maintaining grassland biodiversity, and that both the intensive use and 
abandonment of grasslands would harm global biodiversity. Examples from Europe have shown 
that grazing animals can be used to maintain or restore landscapes under extensive grazing 
systems (Metera et al. 2010). In the current study, a reduced flock size does influence the functional 
group composition of grasslands. This suggests that rational and strategic utilisation (Behrendt 
et al. 2016) would be a potential way to maintain the ecological services in the case study area. 
The current study also indicated that reduced grazing pressure has advantages in maintaining 
the stability of the grazing system over time, in terms of the compositional proportion of plant 
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functional groups, animal performance and economic returns per hectare. These results were 
achieved under a relatively steady state simulation, where climate could not vary. In practice, there 
are many variables that mean judgements about sustainable stocking rates need to be flexible and 
that criteria other than animal numbers should be used to determine when the grassland–livestock 
system is close to any critical risk threshold. Chapter 10 discusses how a practical, more efficient, 
criterion is to monitor the average herbage mass over summer and adjust animal numbers to 
maintain the herbage mass above a critical minimum. Research is needed for alpine meadows to 
determine the critical herbage mass minimum.

Grazing animals affect grasslands through defoliation, treading, depositing excreta and the 
transportation of seeds (Metera et al. 2010). The primary role of grazing animals in grassland 
biodiversity management is the maintenance and enhancement of sward structural heterogeneity 
and the resulting botanical and faunal diversity. This is achieved by selective defoliation in response 
to dietary choices, treading, nutrient cycling and propagule dispersal (Rook & Tallowin 2003). It 
is well established that large ruminants can enhance plant diversity at low stocking rates, where 
utilisation rates are low, and conversely decrease diversity at higher stocking rates (Olff & Ritchie 
1998, Plantureux, Peeters & McCracken 2005). The intensity of grazing activities may exceed the 
capacity of a natural system and adversely affect the whole system. Rook and Tallowin (2003) 
concluded that the main mechanism is selective grazing and dietary selection by the grazing 
animals, which creates and maintains the structural heterogeneity of grassland swards (Metera et 
al. 2010). Under extensive grazing on the Qinghai–Tibetan Plateau, where the level of utilisation is 
low, animals can be highly selective. This is why changes in plant species can occur before there 
is any change in total grassland productivity. The challenge is to minimise any adverse changes, 
rather than thinking it is feasible to completely eliminate them (Chapter 10). In the current study, 
when compared with other optimisation solutions, destocking is the most useful strategy for 
maintaining grassland composition. This demonstrates that appropriate utilisation rates are the 
key to sustainable grassland management (Kemp et al. 2013). Destocking can be achieved by 
rotational grazing. Rotational grazing at higher instant stocking rates reduces the selectivity of the 
grazing animals, which can be an advantage.

The Qinghai–Tibetan Plateau is not the only alpine system that has been historically overstocked. 
Overgrazing has resulted in the degradation of vegetation and soils across much of the alpine areas 
of the north Atlantic region, which includes some parts of Greenland and Norway (Ross et al. 2016). 
In principle, the same mechanisms have applied as considered in this study. It is generally believed 
that projected future global warming might cause extensive biodiversity and ecosystem losses in 
high-altitude mountain regions worldwide. Some research suggests that continued warming could 
be potentially advantageous for alpine vegetation (Crawford 2008) and observations carried out 
in the subalpine/alpine vegetation of the Swedish Scandinavian mountains supports this position 
(Kullman 2010). Given the predictions of warmer and hotter weather in the future (Wang et al. 
2006), careful attention is needed to identify more optimal grazing regimes and systems in the 
case study area. Suitable grazing strategies need to be applied to healthy grassland to maintain its 
structure, function and resilience (Xu & Guo 2015) while researching how the natural grasslands 
across the vast Qinghai–Tibetan Plateau will change under future climatic uncertainty.
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Professor Kemp and Dr Pematso with Tibetan herders near Namtso Lake on the  
Qinghai–Tibetan Plateau. Photo: D.R. Kemp
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Grazing by domestic or large herbivores is the primary method for livestock production in semi-
arid grasslands of the world (eds Kemp & Michalk 1993; Herrero & Thornton 2013). This has a 
major influence on determining plant community composition in the grassland (Milchunas et al. 
1989; Cheng et al. 2011). Grazing influences the balance between different species and population 
dynamics (Barkham 1980; Pitelka, Hansen & Ashmun 1985; Weiner 1988; Kemp et al. 2003; Pärtel, 
Bruun & Sammul 2005) and has a direct effect on plant development and species composition 
(Austrheim & Eriksson 2001; Cousins & Eriksson 2001).

The botanical composition and standing herbage mass are the key indicators of grassland 
condition for livestock production (Chapter 10) and indicators of the outcomes of environment–
grassland interactions from factors such as grazing management, hay cuts, fertiliser and other 
interventions, plus the influence of natural factors such as soil fertility, climatic conditions and 
fire. Grazing practices are known to change plant species composition; for example, causing 
shifts in dominant species from perennial bunchgrasses to annual species and grazing-tolerant 
perennial species (Moore 1970; Kemp et al. 2003; Gao et al. 2009; Hoffmann et al. 2016). 
Grassland management strategies need to identify ways of improving the botanical composition 
and herbage mass to satisfy the needs of livestock production within the constraints of natural 
environmental factors.
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The role of plant species richness in determining the productivity of grasslands has been 
the subject of a range of studies in arid and semi-arid regions. There has often been a clear 
relationship between soil water availability and plant species richness (Adler & Levine 2007; Kutiel, 
Kutiel & Lavee 2000; Shmida & Wilson 1985; Ward & Olsvig-Whittaker 1993; unpublished work 
of the senior authors) but that does not mean that productivity is a simple function of species 
richness. Grazing interacts with these relationships and can be the main determinant of plant 
community productivity, which declines as stocking rates increase (Fernandez-Gimenez & Allen-
Diaz 2001; Hoshino et al. 2009; Sasaki et al. 2005, 2008; Van Staalduinen, During & Werger 2007; 
Cheng et al. 2011). Often productivity is determined by a few dominating species, whereas, when 
richness increases, the extra species are often less productive (Kemp et al. 2003; Fraser et al. 
2015). Within the group of more productive species, there is some complementarity which lessens 
any relationship between species richness and herbage mass. Productivity can then decline 
as richness increases, as shown in a series of experiments (Kemp et al. 2003). However, recent 
studies have indicated that there is a unimodal relationship (i.e. optimal) between productivity 
and species richness (Flombaum & Sala 2008; Fraser, Jentsch & Sternberg 2014; Fraser et al. 2015). 
These differences among various studies depend in part on the range in species richness, how 
disturbed some sites are and the scale of the study. Rather than a simple measure of species 
richness, productivity is often better related to plant functional groups (Kemp et al. 2003; Tilman, 
Isbell & Cowles 2014) where, within any group, there is some redundancy among species. The 
plant functional traits within a functional group are useful in predicting grazing responses within 
grassland. Grazing intensity can change the composition of plant functional groups (Irisarri et al. 
2016). Plant functional groups are often easier for herders to recognise and manage than trying to 
monitor all species in the grassland.

Many grasslands are the prime resource that sustains livestock and herder households. The 
grasslands need to be managed so that livestock production and household incomes are optimised 
and sustained. This chapter reports on a longer-term grazing study on the desert steppe in IMAR 
that aimed to answer the following questions:

•	 Can grazing management optimise plant species composition to sustain productivity?

•	 Which plant functional groups are the more important to manage?

•	 How variable is grassland production in response to precipitation?

•	 What level of utilisation is optimal for grassland sustainability?

•	 How does the optimal animal stocking rate relate to the optimum management of plants?

Methods

Site description
The experiment was carried out on a degraded desert steppe grassland in Siziwang, IMAR (41.78°N, 
111.89°E, elevation 1460 m). The site is characterised by a continental climate with a mean annual 
precipitation of 223 mm, a mean annual ambient air temperature of 3.6 °C, cold winters, dry and 
windy springs and hot summers. The majority of precipitation occurs as rainfall between June–
September, during the frost-free period of about 175 days. Soils are classified as Kastanozems and 
have a sandy loam texture. The grasses Stipa breviflora Griseb. and Cleistogenes songorica (Roshev.) 
Ohwi and the semi-shrub Artemisia frigida are the commonly dominant plant species followed by 
Kochia prostrata (L.) Schrad, Convolvulus ammannii Desr. and Allium tenuissimum L. Together these 
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six species produce a mean vegetation cover of 7–20% at a mean height of about 5 cm. Further 
details about this site can be found in Wang et al. (2014). This experimental site was chosen 
to represent rangeland that had been degraded as a result of long-term overstocking (≥ 60% 
utilisation rate) that has resulted in the number of vascular plant species being reduced from over 
50 to less than 30 across the site.

Project team inspecting the Siziwang desert steppe grazing experiment in late spring. Photo: D.R. Kemp

Experiment design
The 12 years of study reported here began in June 2004, using four stocking rate treatments laid 
out in a randomised complete block design with three replications (12 fenced plots in total). Due 
to topographical considerations, plot sizes varied from 4–5.4 ha with one plot being 1.9 ha. Animal 
numbers per plot were adjusted to achieve the desired stocking rates. Local adult Mongolian 
wether sheep were used at stocking rates that averaged 0, 0.9, 1.6 and 2.3 SE/ha. These stocking 
rates are referred to as the nil, non-grazed exclosure (CK), and light (LG), moderate (MG) and 
heavy (HG) grazed treatments respectively. The HG treatment was set at the stocking rate average 
for local herders at the time the experiment commenced. For analyses, stocking rates were 
standardised to the equivalent of a 50kg sheep (1 SE), based in average weights measured through 
summer. A new group of one-year-old animals were introduced onto the plots every three years. 
Grazing only occurred during summer and autumn (June–November), except in the first winter 
when the local village sheep inadvertently heavily grazed all the plots. Livestock management 
details can be found in Wang et al. (2011). The data on livestock grassland interactions were 
analysed by considering the grazing period each year as two phases. The first phase was during 
summer, when the grass was green. The second phase was in autumn after the first frosts. In 
general, livestock growth occurred in summer, then ceased, and weight loss occurred through 
autumn. Animals were weighed at the start of summer, then in mid summer (late August/early 
September) and late October/early November when grazing finished for the year. While animal 
production was recorded, the main interest was to investigate the effects of different stocking rates 
on grassland condition.
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Sampling and analysis
Grasslands were sampled each year from 2004, in June and then in late August/early September 
when they were at peak growth. In each of the 12 paddocks, 10 portable cages (1.5 m x 1.5 m) in 
a relatively flat area of each plot were randomly located each year (ensuring no repeat sampling 
of any area from year to year). In the cages, individual vascular plants (current year’s growth) were 
identified, counted, recorded and clipped to ground level within a 1 m2 quadrat to determine net 
growth of above-ground biomass. On each occasion, a 1 m2 quadrat was also sampled nearby, 
outside each cage. Dry matter was obtained by oven-drying samples at 65 °C for 48 hours or more, 
until the herbage mass remained constant. These data were used to estimate total plant growth 
and estimated utilisation rates through summer. Meteorological data were measured using a 
micro-weather station (GroWeather, Version 1.2, Davis Instruments Corporation, USA) that was at 
the experimental site.

The estimated grassland utilisation rate for each treatment, derived from cage data, was 
calculated as:

U = ((HMi – HMo)/HMi) x 100 (%)

where:

U = utilisation rate

HMi = herbage mass inside cage

HMo = herbage mass outside cage.

This method of estimating utilisation rates is known to overestimate actual consumption by 
animals, often by a factor of two (Kemp et al. 2018) as the utilisation losses include the herbage 
consumed by micro- and meso-herbivores, disease and other losses from different leaf age 
structures. In this monograph, this calculation is referred to as an estimate of utilisation, whereas 
consumption is directly calculated from the likely DMI by animals, derived from standard equations 
(Chapter 10; eds Freer, Dove & Nolan 2007).

Plant species were classified into four plant functional groups (PFGs) based on their ecological and 
biological characteristics:

•	 perennial grasses and sedges that were a major part of the biomass (PG)
•	 shrubs and semi-shrubs that were a major part of the biomass (SS)
•	 perennial forbs and other minor species (PF)
•	 annuals and biennials (intermittent species) (AB).

Additional data on tiller numbers were obtained in 2014 and 2015, using three fixed quadrats in 
each plot, and counting the tiller density of dominant species in each quadrat in May at the start of 
growth and again in September, at peak growth.

The effects of stocking rate treatments, year and their interactions on the dry matter yield of PFGs 
were examined using the analysis of variance with a MIXED model (PROC MIXED, SAS Institute Inc., 
2008). Stocking rate, year, and their interactions were fixed effects, while replication and replication  
x stocking rate were random effects. When treatment effects were significant (P < 0.05), the means 
were separated with the least significant difference test of the LSMEANS procedure. Analysis of 
variance procedures were used to examine general effects, but as the treatments were part of a 
continuum, the data was often combined and analysed using regression models to show trends 
(using SAS and Excel).
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Results

Botanical composition and species diversity
There were 55 plant species found at the site: 

•	 7 perennial grasses and sedges

•	 6 shrubs and semi-shrubs

•	 36 perennial forbs and other minor species

•	 6 annuals and biennials. 

Most species were found in all treatments (Table 8.1) though this was more variable among the 
minor species. The main treatment differences found were in the biomass of each PFG between 
treatments and over the 12 years of this study. The total biomass of most PFGs declined from 
the nil to heavy grazing treatments. The exceptions were perennial grasses and sedges, and the 
annual/biennial PFG where the total herbage mass under light grazing remained similar to nil 
grazing. This suggested that, under light grazing, shrubs, semi-shrubs and other minor perennials 
and forbs were being grazed in preference to perennial grasses, sedges, annuals and biennials.

Table 8.1	 Mean botanical composition in different stocking rate treatments, Siziwang, IMAR, 
2004–15

Plant functional group and species Nil grazing
(g/m2)

Light 
grazing
(g/m2)

Moderate 
grazing
(g/m2)

Heavy 
grazing
(g/m2)

Forage
preference

Total perennial grasses and sedges 120.99 127.23 87.86 50.56

Agropyron cristatum 5.39 3.06 1.55 2.35 moderate

Carex pediform (sedge) 1.49 1.74 0.49 0.67 high

Cleistogenes songorica (C4) 14.07 15.21 20.38 14.27 high

Cleistogenes squarrosa (C4) 16.26 30.97 22.37 4.56 high

Leymus chinensis 6.49 3.91 1.18 1.16 high

Stipa breviflora 28.78 27.09 22.33 19.69 low

Total shrubs and semi-shrubs 88.37 64.81 36.41 28.5

Artemisia frigida Willd. 33.95 24.77 18.84 12.48 moderate

Caragana microphylla Lam (legume) 10.32 6.00 6.24 3.26 low

Caragana stenophylla Pojark. (legume) 4.59 2.14 1.09 1.96 low

Ceratoides latens (J.F. Gmel) Reveal et. 
Holmgren

17.19 17.88 5.85 6.27 low

Kochia prostrata (L.) Schrad 15.97 8.44 2.87 3.55 moderate

Lagochilus ilicifolius Bunge 6.35 5.58 1.52 0.98 low

Total perennial forbs and other minor 
species

163.82 96.81 44.92 37.96
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Plant functional group and species Nil grazing
(g/m2)

Light 
grazing
(g/m2)

Moderate 
grazing
(g/m2)

Heavy 
grazing
(g/m2)

Forage
preference

Allium mongolicum regel 5.65 1.31 0.56 2.49 high

Allium polyrhizum 2.95 0.87 0.23 0.30 high

Allium tenuissimum L. 3.61 1.04 0.77 0.85 high

Artemisia commutata Bess. 0.90 0.93 0.63 0.71 high

Artemisia sieversiana Ehrh. ex Willd. 0 8.00 0 0 high

Artemisia tanacetifolia 17.01 4.72 1.89 1.31 high

Asparagus cochinchinensis (Lour.) Merr. 7.05 0.24 0 0 high

Astragalus galactites Pall. (legume) 2.75 1.19 1.41 1.02 high

Astragalus scaberrimus Bunge (legume) 2.31 3.75 1.10 1.37 high

Bupleurum Linn. 0 0.05 0 0 high

Convolvulus ammannii Desr. 9.87 5.35 4.34 4.24 high

Corispermum mongolicum Iljin 0.68 0 0.20 0 high

Cymbaria dahurica L. 14.14 0 0 0.80 high

Galium verum L. 0.36 0 0 0.08 high

Gentiana dahurica 0.66 0.17 0.14 0 high

Haplophyllum dauricum (L.) Juss. 2.79 1.03 0.89 0.43 high

Heteropappus altaicus (Willd.) Novopokr. 12.25 9.24 2.03 3.18 high

Iris lactea Pall. 0 1.60 1.74 0.11 high

Iris tenuifolia Pall. 2.05 3.04 5.30 5.72 high

Linum stelleroides Planch. 2.98 1.28 0.55 3.50 high

Melilotoides ruthenica (L.) Sojak 1.54 0.65 0.42 1.01 high

Oxytropis tenuis Palib. 3.65 2.40 0 0 high

Parthenocissus tricuspidata 0.45 0.95 0.42 0.81 high

Phlomis mongolica Turcz 1.47 3.94 0.55 1.39 high

Portulaca oleracea Linn. 0.38 0.28 0.66 0.51 high

Potentilla acaulis L. 2.03 14.00 2.47 2.12 high

Potentilla anserina L. 0 0 10.60 0 high

Potentilla bifurca Linn. 3.00 1.35 1.21 0.95 high

Potentilla tancetifolir 0.24 0.08 1.20 0 high

Potentilla verticillaris Steph. ex Willd. 0 1.05 0.70 0.08 high

Scorzonera austiaca Willd. 1.92 0 0 0 high
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Plant functional group and species Nil grazing
(g/m2)

Light 
grazing
(g/m2)

Moderate 
grazing
(g/m2)

Heavy 
grazing
(g/m2)

Forage
preference

Silene conoidea Linn. 0 0 0 0 high

Ixeris denticulata (Houtt.) Stebbins 10.80 11.48 0 1.02 low

Anemarrhena asphodeloides Bunge 0.17 0 0 0 low

Cymbaria dahurica L. 3.25 5.93 0.93 0.08 low

Allium ramosum Linn. 4.23 1.00 0.45 0 low

Artemisia tanacetifolia Linn. 0.35 2.63 0 1.40 low

Artemisia pubescens L. 7.55 0 0.71 0 low

Artemisia gmelinii 17.01 4.72 1.89 1.31 low

Sibbaldia procumbens 0 0 0 0.74 low

Medicago sativa 0 0.71 0 0 low

Allium bidentatum Fisch. ex Prokh. 1.32 0.94 0 0 low

Androsace incana Lam. 0.37 0 0 0.19 low

Artemisia scoparia Waldst. et Kit 1.05 0.89 0.25 0 low

Artemisia capillaris Thunb. 15.03 0 0.68 0.24 low

Total annuals and biennials 32.53 29.34 7.85 19.49

Androsace umbellate (Lour.) Merr. 2.34 0.99 0.35 0.89 moderate

Chenopdium glaucum Linn. 1.06 0.63 0.70 1.15 moderate

Lappula myosotis V. Wolf. 1.16 1.42 0.28 0 moderate

Neopallasia pectinata 5.78 7.41 3.61 1.31 moderate

Ribes burejense Fr. Schmidt 0.36 6.18 0 3.19 moderate

Salsola collina Pall. 21.83 12.71 2.91 12.95 moderate

Total herbage mass (all species) 405.71 318.19 177.04 136.51

Notes:
•	 Forage preference is based on observations within the experiment. 
•	 Data after 12 years of grazing treatments.

The total species number/m2 measured in each treatment varied over the years (Figure 8.1). 
The ungrazed control (CK) tended to have more species, generally extra minor species (Table 8.1). 
This difference first became significant after 10 years of the experiment. There were no consistent 
significant differences in species number among the grazed treatments.
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Figure 8.1	 Species number for different stocking rate treatments, Siziwang, IMAR, 2004–15

An analysis of the rank abundance curves for the different stocking rate treatments, showed 
a small non-significant effect in the control treatment where the dominant species marginally 
exceeded the proportions of total biomass that applied in the other treatments (Figure 8.2). In 
general, all treatments had similar curves, with 5–6 species each contributing more than 90% of the 
total biomass.
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Figure 8.2	 Rank abundance curves for different stocking rate treatments, Siziwang, IMAR, 
2004–15
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Productivity of plant functional groups
The productivity of plant functional groups varied considerably over the 12 years of this 
experiment. The site was initially degraded and peak herbage mass for all species was very low 
(Figure 8.3). The perennial grasses and shrubs and semi-shrubs were the most productive plant 
groups. In 2004, the shrubs dominated the biomass. Over time, perennial grasses increased in all 
grazing treatments, exceeding the average herbage mass of shrubs after 2010, except for shrubs 
in the nil and lightly grazed treatments. The herbage mass of perennial grasses showed very 
little effect of grazing treatments, indicating that the dominant species, Stipa breviflora, was not 
noticeably being grazed by the sheep. The shrubs herbage mass remained low in the moderate 
and heavy grazing treatments and increased most under nil grazing. Annual and biennial species 
made little contribution to the herbage mass, except for 2008 when there was a substantial 
increase. The other perennial forbs also contributed little to the total herbage mass, until 2012 in 
the nil and lightly grazed treatments, but thereafter declined.
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Figure 8.3	 Peak herbage mass of (a) perennial grasses, (b) shrubs and semi-shrubs, 
(c) annuals and biennials and (d) perennial forbs and others under four stocking 
rate treatments, Siziwang, IMAR, Aug/Sep 2004–15
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Siziwang desert steppe grazing experiment in mid summer, in a year of above average rainfall (upper) and a dry 
year (lower). The high stocking rate treatment is on the left and low stocking rate on the right. Photos: D.R. Kemp

Plant group interactions
The most important interaction in the desert steppe plant community was the one between 
perennial grasses and shrubs and how that was influenced by grazing (Figure 8.4). All treatments 
showed similar values for both plant functional groups in 2004. This remained similar under all 
grazing treatments until 2011, when treatments diverged significantly. The nil and lightly grazed 
treatments remained close to the 1:1 line in subsequent years. The trajectory for the moderately 
grazed treatment was close to a 3–4:1 ratio (perennial grasses had 3–4 times the herbage mass of 
shrubs). The heavily grazed treatment resulted in considerably less shrubs with an average ratio 
for the trajectory of 12:1 (12 times more herbage mass from the perennial grasses than from the 
shrubs). This clearly showed that the shrubs were being grazed in preference to the perennial 
grasses, notably Stipa breviflora.
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Figure 8.4	 Trends in the interaction between shrub and perennial grass herbage mass 	
response to different stocking rate treatments, Siziwang, IMAR, Aug/Sep 
2004–15
Note: The starting point for all treatments in 2004 is identified with an oval. The dashed line indicates the 1:1 ratio of 
these two plant groups.

Plant productivity between and within years
There were significant differences between and within year effects on plant productivity. The 
peak herbage mass measured in one year was significantly related to the growth in June (the 
start of summer) in the following year (Figure 8.5). The exception was the data for 2004–5, when 
the plots were heavily grazed during the intervening winter. The mean effect of the 2004–5 data 
was that herbage mass in June 2005 was only about one-third of that predicted from the other 
years. In addition, the initial growth in June was significantly related to the total peak herbage 
mass produced in the same year (Figure 8.6), though not as significant as in Figure 8.5. All grazing 
treatments conformed to the same relationships in both cases and were consistent over the years 
where plant productivity varied considerably.
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Figure 8.5	 Relationship between maximum herbage mass in August/September and 
herbage mass in June of the following year under different stocking rate 
treatments, Siziwang, IMAR, 2004–15
Note: Data for 2004–05 has been excluded from fitted line.
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Figure 8.6	 Relationship between herbage mass measured in June and peak herbage mass 
in August/September in the same year under different stocking rate treatments, 
Siziwang, IMAR, 2004–15
Note: Data from all grazing treatments.

Plant growth, especially for the dominant grasses, was related to the density and growth of tillers. 
Measurements in 2014 and 2015 showed that the initial tiller density in May, before grazing 
commenced, was significantly related to the peak herbage mass later that summer in August 
(Figure 8.7). Initial tiller densities at the start of summer would reflect the plant size of the previous 
year (Figure 8.5) and their management through winter. The relationship between tiller numbers 
and peak biomass for Cleistogenes songorica suggests a smaller tiller size than for Stipa breviflora, 
but this is probably due to C. songorica being grazed more than S. breviflora.
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Figure 8.7	 Relationship between peak biomass and tiller numbers for Stipa breviflora and 
Cleistogenes songorica, Siziwang, IMAR, 2014 and 2015

Precipitation from May–July was related to peak growth, measured in August (Figure 8.8). The 
slope of the fitted lines varied from 13.7 to 7.8 kg DM/ha for each millimetre of rainfall. The higher 
response was for the ungrazed plots and the lowest was for the highest stocking rate. For the 
grazing treatments, the slope of the response was 8.4, 8.6 and 7.8 (mean of 8.3) kg DM/ha per 
millimetre of rainfall (not significantly different between treatments), though the highest peak DM 
levels reached on each treatment show a small (not significant) decline as stocking rates increased 
from LG to MG to HG treatments. The similarities in peak yield from each grazing treatment 
reflect the earlier data showing that the dominant perennial grass content was not influenced by 
grazing treatments (Figure 8.3). These relationships show that there would have been no growth 
if the precipitation declined to an average of approximately 25 mm, an indicator of what might be 
needed to initiate grassland growth each year. The variability in response to summer precipitation 
evident in Figure 8.8 reflects the additional factor of how growth in one year was also related to 
growth in the previous summer (Figure 8.5).
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Figure 8.8	 Relationship between peak standing herbage mass and early summer rainfall 
under different stocking rate treatments, Siziwang, IMAR, 2004–15
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Animal production
Animal growth rates were linearly related to standardised stocking rates, in line with the model 
found to fit Chinese grasslands (Figure 8.9). Previous work in this program found that the net 
financial returns from livestock were generally optimal at the point where animal production per 
head was about 75% of the maximum. That is about 1 SE/ha, which was half that of the district 
stocking rate (Chapter 2) when this experiment started in 2004.
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Figure 8.9	 Liveweight gain for 1–2-year-old sheep on the desert steppe grazing experiment
Note: Liveweight gain is for per head (data points, fitted solid line and the regression shown) and per hectare 
(dashed line calculated from the fitted solid line). Data is for three stocking rate treatments. Four separate groups of 
animals were used, changed every three years from 2004.

To achieve growth rates of 75% of the potential requires higher levels of forage on offer (herbage 
mass). For sheep grazing pastures of good quality forage, this will need to be > 0.5 t DM/ha (ed. 
Nicol 1987; eds Freer, Dove & Nolan 2007). If there are unpalatable plant species within the 
grassland (e.g. Stipa breviflora, which often approached 50% of the total herbage mass), the total 
herbage mass would need to be 1 t DM/ha. As forage quality deteriorates through summer, the 
herbage mass on offer needs to substantially increase to sustain the target animal growth rates 
(Badgery et al. 2017). Because there is often some compensatory gain in Chinese livestock through 
early summer, this may slightly reduce the herbage mass on offer required to sustain growth rates.

An average herbage mass of 0.5–1.0 t DM/ha through summer would require a low grazing 
pressure. This was achieved with the light grazing treatment, which also resulted in better botanical 
composition and ground cover. These results support the conclusion that the optimal management 
of the grassland for livestock production also results in optimising the grassland condition.

These experiment results reflect optimising the system within current constraints. Simulation 
modelling (Chapter 6) suggested that long-term sustainable stocking rates aimed at restoring a 
more desirable botanical composition would need to be about half the optimum found in the 
grazing experiment. That conclusion needs to test the assumption in the models about how a shift 
to more desirable grass species can be managed.
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Forage utilisation rate
The herbage utilisation rate over summer, estimated as the difference in biomass inside and 
outside cages, increased with the increase in stocking rate. Forage utilisation rates were 0%, 
24%, 44% and 57% as stocking rates increased from low to high. The utilisation rate in the 
highest stocking rate treatment was twice that of the light stocking rate treatment. Utilisation 
rates measured by the differences inside and outside a cage can be about twice that of actual 
consumption by livestock (Kemp et al. 2018) as herbage losses occur from many sources, in 
addition to that consumed by livestock. The actual consumption rates by livestock could then be 
closer to 12, 22 or 29% for LG, MG and HG respectively.

An alternative estimate for consumption rates can be derived from standard values (eds Freer, 
Dove & Nolan 2007). The average stocking rates were approximately 0.9, 1.6 and 2.3 SE/ha for LG, 
MG and HG respectively. As these were young growing animals, but not pregnant or lactating, and 
assuming they selected better-quality forage, their daily consumption rate would be approximately 
1 kg DM/SE. This allows for a small reduction in potential intake rates as the forage on offer 
would be below that required to maximise intake. As the main interest in deriving sustainable 
consumption rates is the usage over summer, we allow 100 days of grazing over summer (90, 160 
and 230 SE grazing days/ha (approximately equivalent kg DM/ha consumed)). The average peak 
herbage mass over 12 years on LG, MG and HG was 941, 745 and 566 kg DM/ha respectively. 
That means the average summer consumption rates were 10, 22 and 41% for LG, MG and HG. 
These values are similar to those estimated from the utilisation calculations, except for the HG 
treatment. The consumption calculations assume a higher daily intake rate for the HG treatment 
than may have been possible, given the low levels of herbage mass on that treatment. As LG was 
closest to the sustainable stocking rate, this indicates the average sustainable consumption rate 
of summer would be approximately 10%. Actual consumption rates would be less than this, as the 
peak herbage mass is the net outcome after grazing. However, for practical purposes, the use of 
peak herbage mass is justified on the grounds that it is often the only measure readily taken. The 
consumption rates are then an index for comparative purposes, and a calculation that could be 
done by local officials and herders.

The aim is often to define consumption rates that helped to optimise the botanical composition. As 
previously shown (Figure 8.4), treatment effects on the main plant species only started to separate 
from 2011. That suggested the consumption rates from 2004 to 2010 may have been higher than 
sustainable for most treatments. The increase in peak herbage mass from the first seven years 
(2004–10, Table 8.2) to the next five years (2011–15) was substantial on all grazing treatments. 
The SE grazing days/ha over summer varied due to seasonal factors, but remained within the 
objectives for each treatment. The estimated consumption rates, using the peak herbage mass as a 
measure of forage supply, declined substantially during the period 2011–15, reflecting the greater 
herbage growth. During the later five-year period, the light grazing treatment had an estimated 
consumption rate of 9%, similar to the earlier calculations and less than half that measured using 
the cage technique. In contrast, on the high grazing treatment during 2004–10, livestock were 
estimated to have consumed 100% of the peak herbage mass, leaving no cover over winter. This is 
typical of local experience.
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Table 8.2	 Indexed consumption rates for different stock rate treatments, Siziwang, IMAR, 
2004–10 and 2011–15

Treatment Peak herbage mass (kg DM/ha) SE grazing days/ha Consumption rate (%)

Treatment 2004–10 2011–15 2004–10 2011–15 2004–10 2011–15

CK 877 1,798 0 0 0 0

LG 684 1,247 89 104 16.0 9.1

MG 580 976 164 175 41.3 22.2

HG 470 701 274 221 100.2 43.0

Of additional interest is the average herbage mass over summer, as that provides a useful 
management guideline for herders and officials to adjust stocking rates. The available data was 
limited, but in general the indications were that the average herbage mass on a treatment was 
about half the measured peak herbage mass. As the period 2011–15 was more important for 
considering when the desert steppe was being managed sustainably, the light grazing treatment 
had an average herbage mass of about 0.6 t DM/ha (i.e. half of the peak 1247 kg DM/ha). Thus, 
stocking rates that consumed approximately 10% of the peak herbage mass over summer and 
maintained an average herbage mass of 0.6 t DM/ha through summer are then likely to achieve 
sustainable outcomes.

Discussion
The desert steppe is one of the major grassland types within the Eurasian grasslands of China. 
Much of the desert steppe is classified as degraded. That was evident in the site used for this 
experiment, where half of the plant biomass were less-desirable species that were not eaten by 
livestock unless the other species, notably the shrub Artemisia, was less available. The low initial 
plant growth at the experiment site indicated that it had probably been heavily grazed prior to this 
study, a point further emphasised by the increasing plant growth, year by year throughout the 
12 years presented here, even under the heavy grazing treatment that had been set at the initial 
district average rate. During that recovery period, the less-desirable Stipa breviflora, when lightly or 
not-grazed, still maintained nearly half of the total herbage mass. This reinforced the view that, on 
much of China’s grasslands, herders and officials need to work with what they have got, rather than 
expect to greatly change the grasslands botanical composition to a dominance of desirable species. 
In this case, that means managing the grasslands to retain a higher proportion of Artemisia species. 
That is in contrast to the typical steppe site (Chapter 9), where minimising the Artemisia species is 
the goal. Normally, management of these grasslands would aim to favour the grasses, but, in this 
case, the shrubs, while not ideal, were the mainstay of livestock production. Management should 
aim to sustain them in a competitive position against the less palatable grass. This was achieved 
just as effectively through the light grazing treatment as through no grazing. Low stocking rates 
would be useful to sustain this grassland in a reasonable state. The previous district stocking rate 
would result in a grassland dominated by low-palatability species and reduced animal production.
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Sheep on desert steppe farm in mid summer on grassland, after three years stocked at the low rate.  
Photo D.R. Kemp

An interesting recent trend in this experiment has been the emergence since 2012 of a more 
palatable grass species (Stipa klemenzi), which has increased more in the nil and lightly grazed 
treatments (Table 8.1). It remains to be seen if this species will become dominant over Stipa 
breviflora. The interaction between perennial grasses and shrubs showed that the initial heavy 
grazing in the winter of 2004–05 significantly reduced both plant groups. The herbage mass of both 
groups remained low for the next seven years. It was only after 2011 that treatment differences 
became clearer. This is the first evidence for how long it can take to initiate change in the botanical 
composition of the desert steppe under grazing.

This work has shown that there are significant feed-forward effects arising from how the grasslands 
are grazed that need to be managed. The inadvertent heavy grazing of the plots in the first winter 
of this experiment provided valuable information and showed that research is needed to better 
quantify the impact of winter grazing. In this case, it is estimated that heavy grazing in winter 
reduced growth in the next summer by more than 50%. The link between years was evident in how 
grass growth in summer related to the tiller density at the start of summer, which would in turn 
have been influenced by how the grasslands had been managed through the previous year. There 
is likely to be a relationship between the intensity of grazing through autumn, winter and spring, 
and regrowth in the following early summer that needs to be defined. Growth over summer was 
related to both the early summer plant growth and rainfall over May–July. Growth of the desert 
steppe is clearly as dependent upon how it is managed with livestock as it is on seasonal conditions.

To sustainably manage the desert steppe at the optimal stocking rate (approximately 1 SE/ha), the 
average herbage mass over summer needed to exceed 0.5 t DM/ha. At that level, the botanical 
composition was the best possible, given the high proportion of less-desirable Stipa species 
present. The higher stocking rate treatment averaged much less herbage mass and there would 
have been an increased risk of soil erosion. Some soil erosion is still likely in spring when the 
grassland is managed to retain 0.5t DM/ha over summer, as the residual biomass even without 
grazing, will deteriorate during the cold winter and be blown away. But it is anticipated, as shown 
by modelling (Chapter 6), that wind erosion will be usefully reduced. Setting an optimum level 
of herbage mass for management has two important implications. The first is that the start of 
grazing in summer could be delayed until the grassland reaches this target. At present, officials 
use a calendar date, which does not change with seasonal conditions. The second is that herders 
do not have to use a fixed stocking rate. As long as they maintain the average herbage mass 
above the target value, they can have more or less animals (i.e. use flexible stocking rates around 
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the optimum). Further research is needed to refine the estimates of the minimum herbage mass 
to maintain, as the target given here is based on 12 years of data where plant growth varied 
considerably. Research needs to investigate the mechanisms whereby the botanical composition 
can be changed to a dominance by desirable species. Modelling (Chapter 6) indicated that stocking 
rates may need to be closer to 0.5 SE/ha to achieve that change.

To sustain the desert steppe, plants need to be able to capture and recycle nutrients in order to 
complete their life cycles and persist. If herbivores, including livestock, consume too much plant 
material, species become extinct. Exclosure cages were used to estimate how much of the grassland 
was being utilised. However, this technique overestimates the amount actually consumed by 
livestock, often by a factor of two (Kemp et al. 2018). Knowledge of the actual consumption rates by 
livestock enables more accurate calculation of stocking rates. For the desert steppe, it was estimated 
that a consumption rate of 10–15% of the peak herbage mass, measured in mid summer, was the 
sustainable level of use. It is reasonable to assume that as grassland environments become more 
difficult (e.g. cold and dry), the sustainable consumption rate should decline.

Herder households depend upon livestock production to sustain their livelihoods. Data obtained 
in this research showed that animal production per head was close to the expected maximum 
net financial returns in the light grazing treatment. That reinforced the view that, to optimise the 
profitability of livestock production, the grassland needs to be in the best condition possible. The 
results from analysing animal production found the sustainable stocking rate was also appropriate 
for optimising the botanical composition. This stocking rate (approximately 1 SE/ha) was similar to 
the current district stocking rate (Chapter 2). During the course of the desert steppe experiment, 
initial modelling suggested that stocking rates should be halved to this lower level. This was 
demonstrated on farms (Chapter 4) and continual discussions with local officials and herders 
helped build their knowledge and confidence in reducing stocking rates. This experiment has 
played a vital part in achieving change. In the Siziwang district, the grasslands now appear to be in 
much better condition than they were, and better than in surrounding districts.
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Zhang Yingjun, Chen Wenqing, Liu Nan, Huang Ding, Rong Yuping, 
Zhang Hao, Kan Haiming, David Kemp

The steppe ecoregion of China is part of the vast eastern Eurasian grasslands, spanning the north-
east (32–45°N) to the south-west (104–115°E) and occupying a large zonal distribution across north 
China (Figure 9.1). The same grassland types extend across the Mongolian Plateau through central 
Mongolia. The temperate typical steppe covers 40 million ha and occupies approximately 10% of 
grassland in China, supporting the livelihoods of approximately 6.5 million people and sustaining 
24 million sheep. Nearly 70% of the steppe area is situated in IMAR (Du 2006). The climatic 
conditions of the steppe ecoregion are characterised by a continental, semi-arid, monsoon climate 
in the temperate zone with windy, dry and cold winters and springs, and warm and comparatively 
rain-rich summers followed by a short and cool autumn. Annual precipitation ranges from 350 
to 450 mm, about 80% of which falls between June and September. The steppe ecoregion acts as 
an ecological protective screen for eastern China, and is also one of the most important national 
production bases for animal husbandry.
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Figure 9.1	 The temperate typical steppe in China and other major grasslands and major 
grassland experiment sites
Note: White circles indicate the major grassland experiment sites used in the program outlined in this monograph.

However, nearly 90% of the steppe area is considered to be degraded, with significant areas of 
increasing desertification (12%) and salinisation (5%) (Zhao et al. 2005). It is widely agreed that the 
major cause of grassland degradation is overgrazing, and that degradation is further exacerbated 
by severe climatic conditions. Degradation of the steppe results initially in vegetation changes (to 
less palatable species), then decreased ground cover and increased soil erosion, progressively 
reducing the income of animal herders. A decline in the steppe functionality and an increase in 
degradation has attracted widespread concern about the declining environmental conditions and 
need to improve regional household incomes. There is growing recognition that this decline has 
been driven by initiatives taken at a range of levels, from national policy to the individual herder. 
Since the start of this century, the Chinese Government and local farmers have implemented 
a series of projects, such as ‘Grassland protection by grazing ban or rest’, ‘Grassland ecological 
compensation mechanism’ and ‘National grass and forage industry technology system’, designed 
to rehabilitate vast areas of the steppe and identify optimal solutions for ecological conservation 
and productivity in these regions. These policies and programs have typically included a reduction 
in stocking rates as part of their strategies to rehabilitate grasslands, but limited research had 
been done to determine which practices would deliver good environmental outcomes and at least 
maintain, or improve, herder incomes. This chapter aims to give an overview of recent research, 
designed to identify optimal practices, done on the steppe.
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Evaluating developing livestock management practices 
from economic and environmental perspectives

Livestock production
Livestock production is the main agricultural activity across the typical steppe in China. Livestock 
systems that achieve the maximum liveweight gain per hectare are commonly seen as the 
optimum production system. However, a livestock system that maximises short-term animal 
production per unit area usually results in a decrease of long-term grassland productivity and 
therefore animal production (Kemp et al. 2018). Traditional livestock management practices that 
maximise the number of animals on the steppe have resulted in overutilisation of the grassland 
and a decline in livestock production. The seriousness of this problem has been gradually 
recognised over the past two decades by individual herders and the Chinese Government.

Typical steppe in summer (30 °C) at Taipusi, IMAR. One herder is looking after the flocks for several households. 
Photo: D.R. Kemp
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Stocking rate has a major impact on animal performance and overall profitability of livestock 
production systems. It is therefore essential to consider the relationship between the liveweight 
gain of grazing livestock and the corresponding stocking rate. A basic model to describe the 
relationships between stocking rate and animal production per head and per hectare, developed 
from Jones & Sandland (1974), has been used to guide much of the research reported in this 
monograph (eds Kemp & Michalk 2011), as it was shown to represent the results found. With the 
consideration of this accepted model, studies covering a wide range of grazing intensities have 
been applied in the steppe region to evaluate impacts on liveweight gain and identify stocking rates 
that are more likely to result in an improvement of livestock production (Wang 2000; Glindemann 
et al. 2009; Muller et al. 2014). Results obtained from these studies showed that animal production 
per head decreased, often in a linear trend, with increasing stocking rate. This resulted in a 
quadratic response in animal production per hectare to increasing stocking rates. A representative 
example is the five-year grazing experiment on the steppe of IMAR done by Lin et al. (2012) (Figure 
9.2). The biological maximum livestock production per hectare occurred at stocking rates that 
ranged from 6.7–9.8 sheep/ha depending on herbage availability each year. This data only applies 
over the summer months when green forage is available. Very different relationships apply in 
winter when animals all lose weight due to the tough conditions.

 

Institute for Grassland Research field 
station at Taipusi in winter (–20 °C). 
Traditionally, animals were taken to graze 
under these conditions, but now they can 
be kept in a warm shed. Photo: D.R. Kemp
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Figure 9.2	 Relationships between stocking rate and (a) liveweight gain per sheep and 
(b) liveweight gain per hectare, 2005–09
Note: Inverted triangle = 2005; open circle = 2006, 2008 and 2009; closed circle = 2007
Source: Lin et al. (2012)

Given that the biological maximum does not coincide with maximising net profit, when taking 
account of the costs of animal maintenance and sustainability of grassland production (Kemp & 
Michalk 2007), a downward adjustment of the stocking rate from that at the biological maximum 
production per hectare is appropriate to estimate the financially optimal stocking rate. At the 
biological maximum production per hectare, the marginal gain in production for each extra sheep 
is zero. Each extra sheep entails extra costs, therefore net profits are not optimal at that point. A 
reasonable estimate of where net profit is maximised is where animal production is about 75% 
of the biological maximum per head production (Kemp et al. 2018). That suggests an optimum 
stocking rate) would be approximately 6 sheep/ha (weighted average of the fitted regressions). 
Using this lower number helps to further reduce stocking rates on these grasslands. The study by 
Lin et al. (2012) did not examine the impact of grazing pressures on the grassland ecosystem, which 
would further influence the optimal stocking rate. When this was done, the optimum stocking rate 
was reduced to approximately 4 sheep/ha (Zhang et al. 2015).

Relative to current continuous grazing practices, seasonal grazing is a system that considers 
grassland condition and sustainability. A delay in grazing in spring/early summer has become 
a common practice to improve grassland growth (Chen, Michalk & Millar 2002). Compared to 
continuous grazing, a grazing ban in the early growth stage of grasslands can have a significant 
improvement on the growth rate of herbage and total annual yields (Chen et al. 2015).

However, the length of any non-grazing period can have an effect on the time available for growth 
and development of the livestock. Even if a grazing ban through early summer had significant 
benefits for grassland condition, herders may be reluctant to do this if their total animal production 
was less. It may require herders to purchase additional supplementary fodder, reducing their 
profitability. Optimising the design of seasonal grazing bans is clearly important in order to help 
rehabilitate the grasslands and maintain herder incomes.

An alternative strategy that can provide opportunities for grassland improvement in the steppe 
is seasonal rotation of grazing, in which animals graze different areas in different seasons. This 
management practice can provide rest periods for the grassland that could help regrowth and 
reseeding (Wang et al. 2009. Animal production using rotational grazing has often resulted in 
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similar responses to continuous grazing, when both are at the same average stocking rate, and 
maintained similar levels of total animal production. However, seasonal rotational grazing could 
enable improvements in the grassland condition, justifying the extra organisation required for 
rotational grazing.

A case (modelling) study done in the steppe of the Loess Plateau made a financial comparison 
between seasonal grazing and a continuous grazing system. The results showed that the net 
financial return from one field used all year (continuous grazing) and three fields used for rotational 
grazing increased up to an optimal stocking rate, but with no financial differences between those 
systems (Figure 9.3). However, the feeding costs for a two-field system with a grazing ban (one 
field used in summer and the other used in autumn) were higher than costs for the other systems, 
leading to a lower net income. Therefore, while seasonal rotational grazing showed no advantages 
over continuous grazing in animal production or financial return, it did provided opportunities for 
resting and rehabilitating areas of grassland. These results suggest that seasonal rotational grazing 
could be a valuable grassland management strategy in the steppe region, providing opportunities 
for grassland protection without reducing household income.
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Figure 9.3	 Net livestock return of different grazing strategies for animal production
Source: Wang, Hou & Nan (2011)

Other options, such as changing the timing of lambing and selecting different livestock types 
can further improve livestock production. Lambs born in warmer seasons have reduced energy 
demands and they take advantage of grass growth soon after lambing, which reduces feeding 
costs. Introducing more productive livestock types better suited to foraging in a region can also 
increase financial returns.

These investigations identified a range of realistic management options that could be implemented 
by herders on the typical steppe. These options are compatible with current systems and are 
potentially adoptable. By considering a reduction in stocking rate, adopting seasonal grazing 
management, changing the type of livestock to better match forage and financial resources, 
and using current existing technologies, herders can achieve an optimal financial return without 
incurring penalties in grassland sustainability.
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Soil carbon sequestration
Soils of grasslands represent a large potential reservoir for storing carbon (C). Nearly 90% of 
total carbon is stored in the soil in grassland ecosystems. However, this potential reservoir 
depends on vegetation type, soil and climatic conditions, and how grasslands are managed for 
herbivore grazing. A review of 47 investigations (McSherry & Ritchie 2013) found that soil texture, 
precipitation, grass type, grazing intensity, study duration and sampling depth accounted for 85% 
of a large variation (± 150 g C/m2/yr) in soil carbon. An increase in mean annual precipitation to 
600 mm on fine textured soils resulted in a 24% decrease in grazing impact. The same increase 
in precipitation for sandy soils produced a 22% increase in grazing impact on soil organic carbon 
(SOC). Increasing grazing intensity increased SOC by 6–7% on C4-dominated and C4–C3 mixed 
grasslands, but decreased SOC by an average of 18% on C3-dominated grasslands.

Soil carbon storage has decreased substantially with grassland degradation in the steppe ecoregion 
due to long-term heavy grazing. To investigate the relationship between grazing intensity and soil 
carbon sequestration in the steppe, long-term field studies on grazing intensity have been done in 
the Mongolian Plateau in northern China. Results revealed soil carbon sequestration increased with 
light grazing intensity and carbon loss occurred under heavy grazing intensity. There was a general 
linear decline in soil carbon as grazing intensity occurred, though a comparison of when soil carbon 
levels were significantly less than the ungrazed control found this to be when grazing exceeded 
3.0 SE/ha (Figure 9.4) (He, Han & Yu 2012). However, the mechanism where grazing intensity 
affects soil carbon sequestration is complicated. Grazing can directly or indirectly influence carbon 
inputs, turnover and retention in grassland soil. Herbivore grazing involves three mechanisms: 
defoliation (removal of plant shoot tissue), dung and urine return, and trampling. Trampling can 
lead to increased microbial growth, especially that of fungi and arbuscular mycorrhizal fungi. 
This allocation is critical for the below-ground processes of soil carbon sequestration. Defoliation 
decreased plant production, soil respiration and altered vegetation composition. However, dung 
and urine return led to increasing plant carbon inputs to the soil. Simultaneously, any potential 
loss of soil carbon due to an increase in the abundance of bacteria and soil respiration eventually 
accelerated soil carbon cycling (Liu et al. 2015).
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The exclusion of grazing played a positive role in soil carbon sequestration in temperate steppe 
and temperate meadow-steppe regions. However, it had small effects in water-limited temperate 
desert steppe regions. This response pattern was similar to that found in below-ground biomass, 
which indicated that root mass may be a primary source of soil carbon input contributing to SOC 
change (Xiong et al. 2016). Soil carbon sequestration increased relatively quickly in temperate 
steppe soils following a period of grazing exclusion, but then remained relatively constant at a low 
rate of change (Figure 9.5), suggesting that short exclusion periods were better strategies. The 
exclusion of grazing on the grasslands should be integrated with other appropriate management 
practices rather than being a standalone solution, such as periodic grazing (restricted grazing in 
certain seasons) and/or rotational grazing (restricted grazing in certain areas).

–5

0

5

10

15

20

0 105 252015 35

An
nu

al
 s

oi
l c

ar
bo

n 
st

oc
k 

ch
an

ge
(%

 y
ea

r)

Temperate steppe

y = 0.7726 + (8.823/x),
R2 = 0.21, P <0.05

Duration of grazing exclusion (year)

Figure 9.5	 Percentage change in annual SOCs sequestration rates in temperate steppe 
under grazing exclusion practice
Source: Xiong et al. (2016)

Traditional grazing management practices using a constant grazing intensity (e.g. light, moderate 
and heavy grazing) throughout the growing season have been used to investigate grazing pressure 
effects on grassland ecosystems. However, forage supply changes dynamically throughout 
the short growing season (3–4 months) while animal food demand is relatively more constant. 
Management regimes aiming to improve grasslands need to be based on understanding the effects 
of varying seasonal grazing pressures on grassland productivity and species interactions. Results 
from a grazing management experiment that combined rest, moderate and high grazing pressures 
in the early summer season, and moderate or heavy grazing in the mid and late season, aimed 
to improve the vegetation on the steppe. Findings from this experiment showed that constant 
moderate grazing accumulated the most soil carbon. No grazing resulted in less soil carbon being 
sequestered compared to constant moderate grazing, despite no grazing resulting in a higher 
root mass, the maintenance of a more desirable pasture composition and the soil retaining more 
nitrogen. Constant high grazing pressures and reducing grazing pressures in the last grazing stage 
had a negative impact on soil carbon. A stocking rate of approximately 4 SE/ha with approximately 
20% vegetation consumption rate was shown to result in the most carbon accrual in this steppe 
environment (Chen et al. 2015).
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Mowing and reclamation as a land-use pattern in the IMAR steppe affects soil carbon 
sequestration. Soil carbon and nitrogen storage increased by 15.3% and 10.2% respectively after 
mowing for a 10-year period, and 19.2% and 7.1% after mowing for a 26-year period, respectively. 
However, after 49 years, soil carbon and nitrogen storage had declined by 10.6% and 11.4% (He, 
Han & Yu 2012). These effects on soil carbon and nitrogen storage would depend upon how much 
mown material was being removed in hay and the proportion of total biomass removed, though 
they do suggest that in the long run, mowing practices can lead to a decline in sequestration rates.

Methane emissions
Methane (CH4) is a potent greenhouse gas that has a global warming potential 34 times greater 
than carbon dioxide (CO2) over a 100-year timescale (IPCC 2013). Increasing atmospheric CH4 
concentrations have a serious impact on ecosystem–atmosphere energy budgets and global 
climate change. There are two major environmental CH4 sinks: oxidation by OH radicals is the 
primary sink for atmospheric CH4 and consumption by methanotrophs in soils is the secondary 
sink. This secondary sink accounts for a global estimate of 28 Tg CH4/yr (9–47 Tg CH4/yr) (Spahni, 
Wania & Neef 2011; IPCC 2013).

A two-year field experiment measuring CH4 flux using mobile greenhouse gas analysers was 
undertaken on an area of steppe in northern China (Wang et al. 2014. Experiment conditions were: 

•	 no grazing (UG) – 0 sheep/ha/yr

•	 light grazing (LG) – 1.0 sheep/ha/yr

•	 moderate grazing (MG) – 1.4 sheep/ha/yr

•	 heavy grazing (HG) – 2.4 sheep/ha/yr. 

Results showed that there was a significant grazing effect on CH4 uptake by soils despite a 
distinctive seasonal variation in CH4 uptake being detected for both years (Figure 9.6). Grazing 
intensity significantly affected soil CH4 uptake. MG significantly enhanced annual soil CH4 uptake 
compared to results from the UG site, and no significant difference of annual CH4 uptake between 
HG and UG was recorded. Annual soil CH4 uptake was significantly correlated with stocking rates 
and root biomass of the vegetation.
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The large inter-annual variations of CH4 uptake can be explained by the inter-annual variations of 
precipitation. Although a stocking rate between 1.0–1.4 sheep/ha/yr is beneficial for grassland soil 
CH4 uptake, compared to no grazing or heavier grazing, long-term CH4 measurements are required 
to accurately estimate the CH4 budget in this region. These data show that most of the CH4 fluxes 
are over summer, when temperatures are above zero and biological systems are active.
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Grassland production and biodiversity
Improving productivity and maintaining biodiversity, especially of the main plant functional types, 
is a central goal in the management of grassland ecosystems throughout the world and the steppe 
ecoregion in China is no exception (Tilman 1999; Bai et al. 2001; Grace et al. 2016). Net primary 
production (NPP) and biodiversity have a strong association, and both reflect important functions 
of grassland ecosystems. The relationship of grassland production and biodiversity has been 
dominated by the hypothesis of a hump-shaped mode, which was proposed by Grime (1973). This 
assumes that the greatest diversity occurs in the moderate or middle range of a physical gradient. 
However, a long-term case study on the IMAR steppe by Bai et al. (2007), showed that biodiversity 
and grassland productivity have a positive linear relationship rather than a hump-shaped mode. 
The results of Bai et al. (2007) demonstrate different organisational levels and spatial scales. In 
other environments, it has been shown in a series of experiments that productivity declines as 
species number increases (Kemp et al. 2003), supporting the view that there is an optimum density 
of species at which productivity is maximised and this depends upon the plant functional types 
present and site fertility.

Grazing is the main disturbance in the steppe environment that can decrease both primary 
productivity and species richness (Wang et al. 2009; Chen et al. 2015). Several studies have 
reported that the productivity and biodiversity of the steppe environment is negatively affected 
by high grazing intensity. For example, Bai et al. (2007) found that both above-ground net primary 
productivity (ANPP) and species richness decreased significantly with increasing grazing intensity 
(Figure 9.7), especially in summer, at the regional scale in a long-term and large-scale experiment. 
Among the four land use types (hayfields, winter-grazing grasslands, year-round grazing grasslands 
and summer-grazing grasslands), hayfields that had no animal grazing showed the highest average 
ANPP and species richness. In contrast, summer-grazing grasslands with the highest grazing 
intensity exhibited the lowest average ANPP and species richness. A six-year grazing experiment on 
the steppe showed that the effect of grazing intensity accounted for most of the variation in ANPP 
(Ren et al. 2016). With increased grazing intensity, ANPP decreased from 200 to 104 g DM/m at the 
highest intensity. The relationship between ANPP and grazing intensity showed a general negative 
linear decline with increasing grazing intensity (Figure 9.8).
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The combination of poor climatic conditions and human activities (particularly overgrazing) have 
led to different degrees of degradation across a large area of the steppe ecoregion (Figure 9.9). 
Degradation coupled with a loss of associated functional groups has ultimately affected grassland 
production and its environmental service function. This has resulted in overgrazing and large-scale 
reclamation of grassland, which needs to be strictly controlled with a reduction in stocking rates 
year by year. More research about grassland production and biodiversity is still required, especially 
in the semi-arid steppe regions as these regions are representative of the widely-distributed 
Eurasian steppe.
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Figure 9.9 	 Degradation stages for a typical steppe showing the decline in the desirable 
grass Leymus chinensis as grazing pressure increases

Delivering optimal economic and environmental 
outcomes: indicators for desirable steppe conditions
The dilemma faced in the steppe ecoregion is how to achieve high levels of animal production 
while attaining environmental benefits. Currently, the main challenge is to develop a common 
framework that delivers livestock production and environmental benefits while simultaneously 
providing suitable solutions for livestock herders. To date, the majority of research has focused 
on investigating components of the grassland systems, often using poorly integrated approaches. 
Consequently, previous studies targeting sustainable use of the steppe ecosystem have achieved 
limited success, with few positive proposals providing livestock herders an opportunity to increase 
their financial income and conserve grassland.

In grasslands, maximising individual factors is likely to degrade other components, and optimising 
the interaction between profitability and environmental goals is the core issue. Overgrazing can 
reduce the productivity of grassland but the greatly reduced stocking rates required to improve 
grassland productivity may be detrimental to net financial income of livestock herders. The optimal 
grazing pressure for carbon sequestration does not necessarily coincide with the optimal pressure 
for biodiversity or productivity conservation. A practical point that balances the profitability of 
livestock systems and environmental benefits should be assessed and identified.

A recent study that considered the multiple components of a grassland system demonstrated 
that improving the profitability of the livestock system and enhancing the ecosystem service can 
be achieved by applying the appropriate management practice (Figure 9.10; Zhang et al. 2015). 
Results from this study concluded that setting a stocking rate of approximately 400 SE grazing 
days per hectare per year throughout the summer grazing season was closest to the optimum 
rate to obtain the best balance between maintaining a desirable grassland condition, a profitable 
livestock system, mitigating greenhouse gases through increased soil carbon sequestration and 
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CH4 uptake, and having efficient CH4 emissions per unit of weight gain (Figure 9.10). Furthermore, a 
minimum standing herbage mass criteria above 0.5 t DM/ha with about 20% consumption rate of 
grass grown in the grazing period was proposed to define and manage an optimal grazing strategy 
for the steppe region. This utilisation rate would be adjusted to a higher level in more-productive 
environments and a lower level in less-productive ones.
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Figure 9.10  Partial redundancy analysis of field data in axis1 x axis2 ordination planes 
constrained by different grazing treatments
Note: Grazing pressure varied in treatment combinations from H = high, M = moderate, to R = rest/no grazing. 
Each treatment is the combination of these practices through three continuous summer grazing stages: 
early-, mid- and end-summer.

Maintaining herbage mass above a critical level optimised pastoral outcomes, as many key 
environmental and livestock components of the steppe ecoregion are directly associated with 
herbage mass. This provides a measure of the state of the system for both production and 
environmental criteria. There is a need to determine the critical values of herbage mass for 
other areas in the steppe region. Standing herbage mass and utilisation levels depend on the 
productivity of the environment, the length of growing seasons and how well plant species adapt 
to grazing disturbance. The herbage mass criteria identified in different regions of the steppe can 
be translated into tools that herders can use daily to track their progress and determine if their 
systems are sustainable.
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Directions for promoting sustainable steppe 
management in the future
The Chinese Government has implemented a series of policies and programs to reduce 
degradation of the steppe environment and restore its ecosystem functions. These policies 
generally limit early-season grazing or promote rest in spring to restore grasslands to a desirable 
state. However, studies in steppe regions indicate that current stocking rates could be reduced 
considerably. The use of bans early in the summer growing season may not be desirable in this 
environment, when all aspects of the grazing system are considered. Results presented here 
indicate that a moderate stocking rate throughout the summer grazing season (Zhang et al. 2015) 
provides the best balance between maintaining a productive grassland, desirable plant species, 
a profitable livestock system and mitigating greenhouse gases through increased soil carbon. A 
moderate stocking rate also results in soil CH4 uptake, rather than release, and provides desirable 
intensity measures of efficient CH4 emissions per unit of weight gain by livestock. Moderate 
continuous grazing during the grazing season from June to October is a more suitable method to 
sustainably manage grasslands in this environment, as this can maintain or enhance the incomes 
of herders. Rather than setting a time limit for rest periods, it would be preferable to set a value 
of herbage mass that needs to be reached before grazing commences. Maintaining herbage mass 
above 0.5 t DM/ha optimises pastoral outcomes and suggests that rest periods aiming to achieve 
this target mass before grazing commences may be a better tactic than time-based rest. Higher 
levels of herbage mass with moderate grazing pressures enable animals to select better-quality 
diets, especially when management has achieved a dominance of desirable plant species. 

The criteria considered here may not be suitable to return severely degraded grasslands to a 
desirable composition with reduced grazing pressure. In such cases, other rehabilitation strategies, 
such as reseeding and long-term grazing exclusion, may need to be considered. A moderate 
grazing pressure would result in livestock consuming about 20% of the grass grown in the growing 
season. Lower utilisation rates could be anticipated in less-productive environments and higher 
utilisation rates in more-productive ones. Actual losses of plant material over the growing season 
could be 2–3 times this value, as these calculations do not include normal plant and tissue death 
rates, losses from micro- and meso-organisms, ageing plant organs and physical damage from 
grazing livestock. Management of the steppe ecoregion should consider a whole system of 
grazing systems, including sown pasture or forage supplement in winter, livestock management 
in grassland and feedlot and market information. Market-based instruments are increasingly 
being used as a mechanism to pay farmers for environmental services. These markets are being 
developing for greenhouse gases in agriculture and may also provide incentives to improve 
management of steppe regions in the future.
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10	Devising sustainable grasslands 
grazing management practices 
for the future of Chinese 
grasslands

Warwick Badgery, David Kemp, Zhang Yingjun, Wang Zhongwu, 
Han Guodong, Sun Yi, Hou Fujiang, David Michalk, Karl Behrendt

There are 400 Mha of Chinese grasslands (Jia & Su 1996), of which 90% are considered degraded by 
overgrazing due to the large increase in the people and animals that have depended on them since 
the 1950s (Chapters 1 & 2; eds Kemp & Michalk 2011). It is acknowledged that a reduction in stock 
numbers is required to prevent further degradation (Kemp et al. 2013), but this must be balanced 
against an imperative to increase the production of red meat globally by 50% by 2050 to meet the 
demands of a growing population (Thornton 2010), many of whom will be in China. To meet these 
dual objectives of increasing production and reducing degradation, we must investigate ways to 
improve efficiency by closing the yield gaps on underperforming lands (Alexandratos & Bruinsma 
2012) while reducing the number of animals grazing in the landscape. This provides an opportunity 
for Chinese small holders to sustainably intensify their production based on new technologies, 
practices and production systems and produce more from less (eds Kemp & Michalk 2011; Michalk 
et al. 2015). While the area excluded from grazing in China has now reached 26 Mha (11% of China’s 
natural grasslands) since the ‘returning grazing land to grassland’ policy was implemented in 2003 
(Xiong et al. 2016), low to moderate grazing levels might still give similar benefits in many areas and 
help maintain herder incomes.
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One of the key issues from previous studies investigating grassland composition change and 
grazing pressure is that composition shifts are often described in terms of species number, 
diversity and evenness indexes (Zhang & Zhao 2015; Xiong et al. 2016). However, these measures 
do not give a useful indication of biomass or the biophysical mechanisms that are involved, nor 
of how animal production may be affected. It is often not clear which species are more sensitive 
to grazing, what level and timing (winter vs summer) of grazing is required to drive composition 
change, what roles climate (Bai et al. 2004) and landscape patch dynamics (Badgery 2017) plays, 
or whether composition change reaches thresholds that are irreversible (Friedel 1991; Briske, 
Fuhlendorf & Smeins 2005). The diversity measures often do not give a clear indication of which 
management strategies are effective. For instance, Xiong et al. (2016) found that grazing exclusion 
had little long-term effect on recovering plant diversity in a meta-analysis with 447 data points 
from across China’s grasslands, yet the response of grazing sensitive, high-value plants was not 
reported. The degradation pathway is understood for some steppe types (Tong et al. 2004), but it 
is not clear how reversible this process is when grazing pressure is removed or reduced. A better 
understanding is needed.

Grasslands are a major part of the world’s land-based ecosystems, with functions that go beyond 
sustaining the livelihoods of herders (Badgery et al. 2015). There are greenhouse gas (GHG) 
mitigation benefits from reducing grazing pressure. Increases to soil carbon (Xiong et al. 2016) as a 
result of greater root production (Gao et al. 2008; Chen et al. 2015) and higher CH4 fluxes into the 
soil and reduced methane emissions from livestock (Wang et al. 2014) have all been documented 
with reduced grazing pressure. However, while it is clear that grazing bans have many of these 
same benefits at specific sites, if they are imposed across large areas of grassland simply to 
improve carbon storage this will displace production to other areas, or intensive feedlot production 
systems that can have a greater contribution to the production of GHGs (Plevin, Delucchi & Creutzig 
2014). Moreover, there is evidence of soil carbon actually being lower when grazing is removed, 
compared to light or moderate grazing (Liu, Zhang et al. 2012; Orgill et al. 2016; Zhang et al. 2015) 
due to decreases in root turnover (Chen et al. 2015). Therefore, it is important to understand these 
implications for GHGs when managing grassland composition and livestock numbers. If there are 
to be successful outcomes for the grasslands and for herder livelihoods, grassland management 
recommendations need to take a systems-level approach that links plant and animal components.
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Overgrazing in some areas, like this desert grassland in Gansu, is so extensive that inedible shrubs that even 
camels do not eat dominate. Fortunately, most grasslands are not in this state. Photo: D.R. Kemp

In China, the grassland areas are categorised as steppe. The four main types are alpine, meadow, 
typical and desert (Kang et al. 2007; Wang & Ba 2008). These extend from the meadow steppe and 
alpine meadow, which generally have higher rainfall, grading through to the typical and desert 
steppe on a decreasing rainfall gradient. In most steppe areas, there are both C3 and C4 grasses. 
Sedges and semi-shrubs and perennial plants dominate. The desert steppe, located throughout 
large areas of IMAR, has an average production of 400–1500 kg DM/ha/yr and carries 0.25–1.2 
SU/ha5. A typical steppe in central regions on the Mongolian Plateau has an average production 
of 1000–3000 kg DM/ha/yr and carries 1.5–2 SU/ha. The meadow steppe in north-eastern China 
produces up to 4000 kg DM/ha/yr and carries 2–4 SU/ha. Alpine meadows on the Qinghai–Tibetan 
Plateau have an average production of 150–1000 kg DM/ha/yr and carry 0.2–1.4 SU/ha (Ren et 
al. 2008). In practice, the ASRs can be higher than this, as demonstrated in other chapters. The 
dominant plant species vary across and within these regions. A general description of the species 
was given by Kang et al. (2007). The desert steppe is often dominated by Stipa spp. (S. gobica, 
S. klemenzii), Cleistogenes songorica (C4), Allium polyrhizum, Hippolytia trifida, Ajania fruticulosa and 
Artemisia spp. The typical steppe comprises Leymus chinensis, Stipa spp. (S. grandis; S. krylovii), 
Festuca sulcata, Cleistogenes squarrosa, Agropyron cristatum and Artemisia frigida. Alpine meadows/
steppe also have Stipa spp. (S. purpurea, S. subsessiliflora), Festuca spp. (F. kryloviana), Carex 
moorcroftii and Artemisia salsoloides. The response of these grasslands to grazing depends on the 
proportion of desirable and less-desirable species. The low productivity of many grasslands and 

5	 One Chinese sheep unit (SU) is equivalent to a 40 kg reference weight sheep in moderate condition, often also defined as a 
lactating ewe, which implies that an SU more commonly reflects grazing pressures over summer. Elsewhere in this mono-
graph, sheep equivalents (SE), based on a 50k g reference weight, are used for many of the analyses. A 40 kg lactating ewe 
and a 50 kg SE are similar in average energy requirements for maintenance.
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well-established perenniality means that it does take several generations and seasons to change 
the proportions of species, arguably longer than the five years imposed by grazing bans. That 
means, in practice, that techniques must focus on optimising the combination of species present 
rather than aiming to increase desirable species that may have a significant presence in the 
grassland. The first sign of degradation in a grassland is an increase in less-desirable plant species, 
which means the more preferred plant types have become minor components.

The first phase of the program from which this monograph has come (eds Kemp & Michalk 2011) 
sought to understand how farmers (herders) managed their livestock. Models were then developed 
to analyse the livestock farming system and investigate options to improve management, including 
reducing stocking rates, improving feeding, introducing warm sheds, changes to enterprise and the 
timing of operations such as lambing (eds Kemp & Michalk 2011). On-farm demonstrations were 
established to verify the improvement in herders’ livelihoods with new management systems. The 
initial focus was on the organisation of livestock, because it is easier to make those changes than 
to focus only on grassland improvement. Any changes made in the livestock system were those 
that had implications for grassland improvement. In general, the reducing livestock densities would 
reduce consumption rates by livestock, while increasing productivity per animal and net financial 
returns. However, further verification of the changes to grassland composition and ecosystem 
services as a result of improved management were required. These processes can be difficult 
to model, and data was needed to develop functions for the StageTHREE SGM to investigate the 
sustainability of new management practices (Chapter 6). Grazing experiments were established at 
Guyuan in Hebei Province (typical steppe; Zhang et al. 2015) and Maqu in Gansu (alpine meadow; 
Sun, Angerer & Hou 2015) along with a long-term experiment at Siziwang in IMAR that commenced 
in the first phase of this program (desert steppe; Wang, Jiao et al. 2011). These experiments 
primarily examined the influence of stocking rate and grazing management on livestock 
production, grassland composition and associated ecosystem services (including greenhouse 
gas mitigation) across the three less-productive grassland types. Previous chapters provide more 
details on these studies.

The aim of this chapter is to synthesise the information from the research on managing grasslands 
to develop criteria for the optimal grazing management and utilisation that will enhance grassland 
composition while maintaining livestock production and essential ecosystems services (GHG 
mitigation and prevention of erosion). Optimised scenarios are assessed against current district 
average stocking rates and the implementation of partial or total grazing bans, policies currently 
used to restore grassland degradation. The main hypothesis being tested was that enhancing 
grassland composition, improving the efficiency of livestock production and improving ecosystem 
services (GHG mitigation and erosion control) could be done by optimising the stocking rate at 
levels 30 to 50% lower than the current district averages. We also consider the management 
principles that could be taught to herders to enable them to adjust stocking rates and other 
practices more effectively. Often recommendations are made about stocking rates that are rigid 
and not easily adapted to changing conditions.
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Criteria used to manage grasslands
The program reported in this monograph had a clear focus on defining better ways of managing 
grasslands that could also improve herder incomes. This involved not only grazing experiments but 
also modelling and the development of theory about how best to define the conditions where 
grasslands are likely to be managed sustainably. The two main system components involved are 
grassland condition and animal productivity. These components need to be defined in ways that 
allow grassland managers to easily know when the grassland is in a desirable state (Kemp & 
Michalk 2007).

The desired grassland condition is one with an optimal proportion of desirable species, with less-
desirable species being confined, where possible, to minor components. The biomass of plant 
species needs to be at a level that optimises animal production and maintains sufficient ground 
cover to limit soil erosion, within what is feasible for the environment, to sequester carbon in 
the soil, minimise CH4 release to the environment and optimise biodiversity. Simple measures of 
biodiversity (e.g. total species) are often inadequate, as they do not consider plant functional types 
(Chapter 8) or if there is an optimum number of species, or if more desirable species are increasing 
or decreasing under management practices.

Optimum animal production is best defined as the point where net incomes of herders are 
maximised, but in a way that links directly to the condition of the grassland. The focus in this 
work has been on defining optimal grazing practices for the period over summer when livestock 
graze the grasslands. Whole-year optimal animal production is a separate issue, as it depends on 
developing feeding strategies and the best use of warm sheds through the nine months of low 
temperatures when plant growth is nil and grassland forage quality is below animal maintenance 
requirements. Grazing through autumn, winter and spring is of doubtful value, as the energy costs 
of grazing typically exceed the energy obtained from the available forage. At best, animal liveweight 
loss is slowed from autumn grazing, when the quantity of available forage is higher. Grazing 
through winter is likely to damage grassland condition (Chapter 8).

Each component of grassland condition and animal productivity can be defined in its own terms, 
but this presents herders and grassland managers with the need to continually optimise their 
management across a range of components, which all need to be monitored. That rarely works in 
practice in any field, least of all with herders who do not have all the skills required. The alternative 
strategy developed here was to examine all the main components of grassland condition and 
animal production in terms of common variables. The aim was to identify a single measure that 
indicated whether or not the grasslands are being sustainably managed. The measure needed to 
be something that herders could readily monitor and understand in terms of how it influenced 
other system components, and that officials could also use to check management practices and 
apply policies. The common factor that is related to many grassland components and animal 
production is herbage mass (Kemp et al. 2015, 2018).



Sustainable Chinese Grasslands196

10  Devising sustainable grasslands grazing management practices for the future of Chinese grasslands

In grassland studies, the biomass of all plants should always be recorded at frequent intervals, as 
the primary measure along with plant cover, soil data, diversity measures, etc. Unfortunately, many 
ecological studies have recorded species in terms of cover, frequency and other measures, with no 
biomass data. That information is very difficult to use. Animals eat biomass, not frequency or cover, 
so a relationship with animal production and grassland state cannot be determined. The average 
standing herbage mass of a grassland through the growing season relates to total plant growth, 
the proportions of key species, the amount of carbon sequestered, general biological activity in 
the root zone, biodiversity (Kemp et al. 2003) and animal production (Kemp & Michalk 2007; Kemp, 
Badgery & Michalk 2015; Kemp et al. 2018).

Animal production in many studies over many years, and in models, has generally been assessed 
as the output of animals, meat, milk, skins or fibre per hectare. That is a highly relevant measure 
when land is a major limiting factor, as is now the case in much of China. However, many herders 
have not traditionally understood or focused on productivity per unit land area. The work reported 
in Chapter 5 suggests that they think more about stocking rates as the number of animals per 
farm. However, herders do understand the productivity of individual animals. This is becoming 
more important in China and elsewhere, where market prices reflect the quantity and quality of 
animal products per head. Animal production per head is the primary measure of performance 
used in research and by modern farmers. It is then multiplied by the stocking rate to estimate 
productivity per unit area of land. Animal production per head is a more relevant measure for 
herders traditionally used to common grazing practices. The research done here generally derived 
animal production per hectare, and the same measure was used in models to estimate optimal 
stocking rates. In general, it is often the case that the financially optimal stocking rate is when 
animal production per head is around 75% of the potential possible for those animals on that 
grassland system (Kemp, Badgery & Michalk 2015; Kemp et al. 2018).

Many experiments have shown that there is a hyperbolic relationship between herbage mass, 
animal intake and production (eds Freer, Dove & Nolan 2007; Kemp, Badgery & Michalk 2015; 
Badgery et al. 2017). Maximum animal production is reached when the herbage mass of grassland 
is at or above 1500 kg (green) DM/ha for Lolium perenne/Trifolium repens (ed. Nicol 1987). The 
financially optimal position of 75% of potential is around 1000 kg DM/ha for temperate higher 
rainfall pastures. However, the exact relationship will depend upon the grassland type, condition 
and type of livestock (Badgery et al. 2017). The key point is that, to achieve 75% of the potential 
per head production, the grassland needs to have readily prehended forage, which means more 
biomass than the typical overgrazed grasslands of China provide. Maintaining the average herbage 
mass above the levels required to optimise plant system components would enable herders 
to manage their livestock closer to the target value. Grazing experiments can be analysed to 
determine the values of herbage mass where animal production/head was around the target value.
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Grazing experiments
A national program lead by Professor Zhang at China Agricultural University was established with 
many grazing experiments, in association with the program reported in this monograph. Much of 
that work is still being analysed and will be reported elsewhere. 

     
(Left) Professors Kemp and Hou F. (Lanzhou University) at the grazing experiment in eastern Gansu on the 
Loess soil. (Right) Dr Michalk and Dr Badgery at the grazing experiment on the meadow steppe at Hailar in 
IMAR. These experiments are part of wider national programs that collaborated with the ACIAR program.  
Photos: D.R. Kemp

The main three sites used for grazing management experiments in this program were in Siziwang, 
IMAR, on a degraded desert steppe site; Guyuan, Hebei, on representative typical steppe grassland, 
and Gannan, Gansu, on a well-used alpine meadow. This chapter highlights some of the effects 
that help develop the principles for interpreting grassland management studies and general 
considerations.

Desert steppe, Siziwang
The experiment at Siziwang (41°N, 111°E, elevation 1460 m) was established in 2004 to investigate 
the influence of grazing pressure on grassland composition and livestock production (Chapter 8). 
The site has an annual precipitation of 223 mm per year and mean annual temperature of 3.6 °C. 
Four grazing treatments were established over the growing season:

•	 nil 

•	 light (notionally 0.75 SU/ha)

•	 moderate (1.5 SU/ha)

•	 heavy (2.25 SU/ha).

Heavy grazing represented the average stocking rate in the district at the beginning of the 
experiment.

The dominant desert steppe plant species typically found are Stipa breviflora and Artemisia frigida. 
They both progressively increased throughout this experiment, dominating the experiment 
and indicating that the site was probably previously grazed at stocking rates above the highest 
stocking rate treatment. That suggestion is further supported by the increase in grassland growth 
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year by year throughout this study. In the desert steppe, the loss of palatable perennial grasses 
and increasing shrubs and semi-shrubs (Artemisia spp.) are a common sign of the first phase of 
degradation associated with overgrazing. With continued overgrazing, decreasing plant coverage, 
increasing bare ground and patch size occurs (Lin, Han et al. 2010; Lin, Hong et al. 2010). The 
edible semi-shrubs decline, leaving unpalatable grasses and other species. Soil erosion increases 
with these changes. As stocking rates are reduced, this process is somewhat reversed, though it is 
unlikely to return to an ideal state for livestock production. The desert steppe experiment, after 12 
years and best management, has still not returned to its probable original state.

The value of long-term studies has been clearly demonstrated with this experiment. Stipa breviflora 
increased on all treatments from 2004 to 2016, but there was no stocking rate effect on the 
biomass of this relatively unpalatable grass (Figure 8.5). The exception was in the winter of  
2004–05, when the whole site was inadvertently heavily grazed by many animals, which reduced 
the S. breviflora content. That heavy grazing period reduced the edible semi-shrub Artemisia 
frigida to a much greater extent than the grass. The content of A. frigida then increased on grazing 
treatments over time, mostly in the ungrazed control and least under the heavy grazing treatment. 
These results indicated that the sheep preferred to graze A. frigida and avoided S. breviflora, 
which was confirmed with observational studies (Wang ZW, unpublished). S. breviflora was eaten 
in October (autumn) when plant growth was frosted, but this had no effect on the subsequent 
botanical composition.

It took eight years of this desert steppe experiment before the relative proportions of S. breviflora 
and A. frigida started to differentiate (Figure 8.4). This was significantly longer than the normal 
five-year grazing bans used in IMAR to rehabilitate grasslands. After 12 years, S. krylovii, a more 
palatable grass, has started to increase within the nil and light grazing treatments, but not those 
with higher stocking rates. S. krylovii is a preferred species and in time it may become more 
important within this grassland. The mechanisms that allowed S. krylovii to become dominant 
need to be identified. Within the grassland, there were also some, generally minor, annual plant 
species and other forbs. However, the plant community has remained dominated by S. breviflora 
and A. frigida. While this combination may not be ideal for livestock production, animal growth 
rates have been reasonable on the light grazing treatment, where A. frigida was maintained in equal 
proportions to S. breviflora. In contrast, under heavy grazing (at the original district average stocking 
rates), the ratio of S. breviflora to A. frigida was 12:1 (Figure 8.4). This work clearly emphasises the 
need to work within the current state of the system, rather than trying to aim for an ideal. In the 
medium to long term, S. breviflora may be replaced by a more palatable grass, but that will require 
careful management to avoid overgrazing. It may be possible to use heavy grazing in winter (as 
occurred in 2004–05) every five years or so to reduce S. breviflora, but further research will be 
needed to identify better ways of using such techniques.

The desert steppe experiment found that the grassland growth in one year was more dependent 
upon growth in the previous summer (Figures 8.5 and 8.6) and less so on the current summer 
rainfall. This was a larger effect than could be discerned from rainfall alone. This effect seems to 
come from the condition of plants in early summer, possibly from the number of buds/tillers that 
survive the winter, which then influences growth in early summer that in turn influences the whole 
of summer growth in this dry environment.

Sheep liveweight gain data indicated that the optimum sustainable stocking rate was likely to be 
around 1 SE/ha over summer, slightly above the low stocking rate. This is the stocking rate over 
summer that averaged around 75% of the maximum per head production, around the point where 
net income per hectare is often maximised (Kemp et al. 2018). A stocking rate of 1 SE/ha is about 
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half the average stocking rate in the district when the experiment began, but is now close to the 
regional average (Chapter 2). At 1 SE/ha, the average herbage mass remained about 0.5 t DM/ha 
throughout the summer and livestock consumed 10% of the total herbage growth.

There was no clear evidence of changes to soil carbon with differences in grazing pressure (or no 
grazing) over a four- or six-year period at Siziwang (Lin, Hong et al. 2010; Liu, Zhang et al. 2012). 
However, heavy grazing reduced the size of vegetation patches, increased the homogeneity of 
the spatial distribution of plant biomass and soil carbon (Lin, Hong et al. 2010) and suggested 
there could be declining levels of soil carbon. The desert steppe soils at Siziwang have been 
demonstrated to be a small CH4 sink (Wang, Hao et al. 2011), and increasing grazing pressure 
decreased the proportion of CH4 uptake once stocking rates were higher than 0.75 SU/ha in 
this experiment (Wang et al. 2012). Soil erosion and deposition may also be a cause of SOC 
differences. A previous study in the desert steppe by Pei, Fu and Wan (2008) showed lower SOC 
with grazing compared to two- and six-year exclusions. This was due to increasing sand fractions 
(> 0.1 mm) and less fine-soil fractions (< 0.1 mm) in the grazed area than exclosures (Pei, Fu & 
Wan 2008), supporting erosion (or deposition) as a contributing factor. However, due to a lack of 
true replication in the design of that experiment, the differences may actually represent spatial 
variability in soil properties and vegetation patterns.

The desert steppe experiment has clearly supported the view that lower stocking rates are needed 
to optimise the existing botanical composition, maintain more profitable rates of animal growth 
and reduce adverse effects on soil carbon. These components were optimal when the average 
herbage mass over summer was above approximately 0.5 t DM/ha. The optimal consumption rate 
of forage by livestock averaged 10%. This was the first study with evidence that grazing in winter 
has adverse effects on grassland productivity, though more information on that interaction is 
needed. The interesting result that grassland productivity in one year directly relates to growth 
in the next summer shows there is a clear feed-forward effect that justifies lower stocking rates 
in order to rehabilitate the grassland. District stocking rates are now of the same order as this 
experiment showed (Chapter 2).

Typical steppe, Guyuan
The typical steppe (simply called steppe in Mongolia) grazing experiment was done at Guyuan, 
Hebei (41°N 115°E, elevation 1430 m). The area has an average annual precipitation of 430 mm, 
mostly occurring between July and September and the annual mean temperature is 1.4 °C. 
Leymus chinensis and Artemisia frigida were the main plant species, plus Carex duriuscula. The 
grassland condition prior to the experiment was considered desirable, due to the high proportion 
of L. chinensis. The treatments investigated selected combinations of rest (R), moderate (M) or 
heavy grazing (H) pressure through the summer growing season. Five grazing treatments were 
implemented (RMH, RHM, MMM, HHM and HHH) through early, mid and late summer. In 2013, 
after three years, the stocking rates on all grazed treatments were reduced by 25%. Because of the 
varying stocking rates and length of time plots were grazed, the grazing pressure was calculated 
as the number of SE grazing days over summer. Further details of the experiment can be found in 
Zhang et al. (2015) along with other research on managing the typical steppe (Chapter 9).

Grassland production was directly related to the SE grazing days/ha/yr (Figure 10.1). There were 
different relationships between years. Herbage mass was highest in 2010 but decreased in 
subsequent years. The slope of the log-linear relationship increased in 2013, due mostly to the 
lowest stocking rates having greater improvements in average levels of herbage mass. The other 
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data points had the same slope as the 2012 data. These changes in relative production between 
years were not a function of rainfall. These data indicate how in 2010 and 2011 the grassland was 
adjusting to the treatments and management of the experiment, reflecting the good grassland 
condition at the start of this study. By 2012–13, the combined data suggest an increased curvilinear, 
declining relationship (not shown) between total herbage mass and SE grazing days that reached 
a minimum similar to that found at the highest SE grazing days in the previous year. At 400 SE 
grazing days, the mean herbage mass (approximately 0.5 t DM/ha) in 2012–13 was about 60% of 
that achieved with the lowest SE grazing days in those years.
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Figure 10.1	 Relationship between average grazing season herbage mass and grazing days 
on a typical steppe, Guyuan, Hebei, 2010–13
Source: Zhang et al. (2015)

The composition of the grassland was closely related to biomass, with consistent relationships 
over treatments and years. There was an exponential decrease in the proportion of L. chinensis, 
declining below approximately 1 t DM/ha of herbage mass (Figure 10.2a) and below 70% when the 
herbage mass was < 0.5 t DM/ha. In contrast (Figure 10.2b,c), Artemisia spp. increased above 5% 
when the herbage mass was below approximately 0.5 t DM/ha and forbs increased above 10% at 
the same point. The change in grassland composition witnessed in this study shows the common 
pattern of species shift from overgrazing. This has been previously documented by Liang et al. 
(2009), who found that on a grazing gradient from no grazing to heavy grazing vegetation changed 
from the original dominant grass species L. chinensis to the semi-shrub species A. frigida. There is 
evidence that the species composition change in typical steppe is reasonably resilient, within the 
realms of this short-term experiment. When stocking rates were reduced in 2013, both L. chinensis 
and Artemisia spp. reversed treatment trends with reduced grazing pressure, but forbs were not 
reduced to a lower level. Rest treatments maintained similar, desirable proportions of plant species 
across all four years.
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Figure 10.2	Average proportion of (a) Leymus chinensis, (b) Artemisia spp. and (c) forbs on 
a typical steppe under different grazing treatments, Guyuan, Hebei, 2010–13
Note: The grazing treatments are combinations of H = heavy, M = moderate and R = rest/no grazing through the 
three months of summer.

Source: Zhang et al. (2015)

Because of the design used in the typical steppe experiment (Zhang et al. 2015), it was not 
reasonable to simply use the liveweight gains from each treatment to determine the optimum. 
Instead the SEw grazing days/ha/yr were calculated and productivity was related to that. The 
optimum SE days/ha/yr for grassland condition was approximately 400, which meant a stocking 
rate of 4 SE/ha over 100 days of grazing. At this stocking rate, the herbage mass averaged 
> 0.5 t DM/ha and animal growth rates were > 100 g/hd/day.
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Methane fluxes were estimated on all treatments. Heavily grazed treatments had significantly 
higher CH4 emissions from animals over the grazing season (22 kg/ha/yr), compared to moderately 
grazed (17 kg/ha/yr) and early-season rest treatments (approximately 14 kg/ha/yr). The moderately 
grazed treatment was a little above the optimum stocking rate of 400 SE days/ha/yr. This treatment 
also recorded a higher uptake of CH4 into the soil (3.7 mg/m2/day) compared to other treatments 
(approximately 1.5 mg/m2/day) (Wang et al. 2015; Zhang et al. 2015) and greater sequestration of 
SOC (1.2 Mg/ha/yr) than for treatments with an early summer rest (approximately 0.6 Mg/ha/yr) or 
high stocking rates (approximately 0.1 Mg/ha/yr). The higher SOC sequestration can be explained 
by greater root turnover (Chen et al. 2015). The main sources and sinks of GHGs were combined 
throughout the grazing season to estimate the systems level emissions. The moderately grazed 
treatment had the highest net sequestration of GHGs at 4 t CO2/ha/yr, while the high stocking rates 
actually emitted GHGs (Table 10.1). The largest sink in GHGs was due to increases in SOC, though 
the benefits are likely to decrease over time (He et al. 2008). Assuming all treatments reach an 
equilibrium soil carbon level at a similar time, moderate grazing pressure would still have lower 
GHG emissions than the high treatments.

Table 10.1	 Average GHG fluxes under different grazing treatments

 GHG fluxes HHH HHM MMM RHM RMH lsd

SOC sequestration (kg CO2-e/ha/yr) –164.7 -410.1 –4,343.0 –2,219.9 –2,072.2 1,156.7**

CH4 uptake (kg CO2-e/ha/yr) –36.6 –34.5 –103.0 –51.2 –39.4 28.0* 

CH4 sheep emissions (kg CO2-e/ha/yr) 651.6 597.8 470.7 424.2 380.7 43.9**

GHG flux (kg CO2-e/ha/yr) 384.4 92.9 –4014.7 –1,886.8 –1,767.4 1,164.9**

Notes: 

•	 GHG fluxes have been standardised as carbon dioxide equivalents (CO2-e). 
•	 Least significant differences are indicated as *= P < 0.01, ** = P < 0.001.

Source: Zhang et al. (2015)

The typical steppe experiment demonstrated that a moderate grazing pressure through summer 
of approximately 400 SE grazing days/ha (4 SE/ha over 100 days) maintained higher animal 
growth rates, an average herbage mass above 0.5 t DM/ha that kept the content of L. chinensis 
above 70% and A. frigida below 10% of the grassland and achieved the highest net level of 
carbon sequestration. In contrast with the desert steppe study, where A. frigida was the more 
desirable species for animal production in the grassland, management in this case can focus on 
minimising the amount of A. frigida and optimising the content of the desirable grass, L. chinensis. 
At 400 SE grazing days/ha, this meant that the consumption rate by sheep of the grassland was 
approximately 20%. Of interest was the result on the desert steppe that the sustainable stocking 
rate of 1 SE/ha over summer also resulted in an average herbage mass of 0.5 t DM/ha. However, 
considerable further work is required to determine what would be the critical values for herbage 
across other grassland types. The conclusions from this work are broadly supported by other 
research on the typical steppe (Chapter 9).
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Alpine meadow, Maqu
The alpine meadow grazing experiment was done in Maqu, Gansu, on the east of the Qinghai–
Tibetan Plateau (35°N, 101°E, elevation 3500 m). The average precipitation is 616 mm and annual 
temperature is 2.4 °C, with 270 frost days/yr over the past 13 years. This region has recorded 
significant changes in grassland cover over the last 25 years (Lu et al. 2016). The grazing experiment 
investigated continuous grazing (July–December) with a stocking rate of 4 sheep/ha vs short 
duration seasonal rotation (SDSR) treatments with 4 or 8 sheep/ha that were grazed through 
summer (July–September) in the growing-season pasture and then in autumn (October–December) 
in a separate autumn pasture when there is no plant growth and frosts occur. Within the SDSR 
treatments in summer, animals were grazed around three subplots, moving every 10 days. In 
autumn they were grazed around two subplots, moving every 15 days. The SDSR treatments also 
compared a heavy stocking rate in the growing season and light stocking rate in the cold season 
(SDSR-HL) with a light stocking rate in the growing season and heavy stocking rate in the cold 
season (SDSR-LH). Measurements of herbage mass were done before and after each graze period, 
or at monthly intervals (in the continuously grazed plots). Further details of the experiment can be 
found in Sun et al. (2015).

Within the main continuous grazing treatments, other smaller experiments were done using an 
open communal grazing design (Kemp & Dowling 2000) to test month-by-month effects of grazing 
or rests on grassland composition. This chapter only gives a summary of a couple of the main 
results that influence how best to graze alpine meadows. Detailed plant measurements of species 
were done in August each year, when plants could be readily identified. This meant that results 
in one year better reflected the medium-term effects of treatments in previous years than the 
current-year effects.

Within alpine meadows, there has been a concern that less-desirable (unpalatable/toxic) plants 
increase in proportion as overgrazing increases. However, the data from two years of the 
experiment across a range of treatments showed that the supposed less-desirable species were 
at higher levels in the treatments that were mostly rested (3.1 t DM/ha compared to 1.8 t DM/ha 
of desirable species) than in grazed treatments (2.3 t DM/ha compared to 2.2 t DM/ha of desirable 
species). This indicated that less-desirable species are grazed. In other years, the results suggested 
no consistent treatment differences in plant species proportions. This raised the question of what 
herders consider a less-desirable species. No detectable effects on animal health were found in 
this experiment, even though these species made up a high proportion of the grassland. It was 
not possible to clarify if the definition was confounded by translation from Tibetan to Chinese then 
English. The plants in this category may be those that are less productive, or that at other times 
are rejected by livestock. The interesting result is that control of this less-desirable plant group 
is arguably achieved by grazing. A grazing ban would then be inappropriate for managing these 
species. Tactical heavier grazing could prove to be an effective technique for improving grassland 
condition, as observed in the desert steppe experiment.



Sustainable Chinese Grasslands204

10  Devising sustainable grasslands grazing management practices for the future of Chinese grasslands

To
ta

l p
al

at
ab

le
 s

pe
ci

es
 (t

 D
M

/h
a)

0
0

1

2

3

1 2 3 4

Total unpalatable species (t DM/ha)

2012 rested
2012 grazed

y = –0.47x + 3.26
R2 = 0.53

Figure 10.3	Desirable and undesirable species during the 2013 growing season, Maqu, 
Gansu

In the main grazing experiment, seven-month-old Tibetan sheep were purchased in June, grazed 
on treatments until December, then sold. Under light stocking rates (4 sheep/ha) there was no 
difference in liveweight gain (LWG) per head between continuous stocking and SDSR treatments 
(Figure 10.4). Over the three years of this study, animals, on average, gained weight between 
July and September then lost weight from October through December, irrespective of grazing 
management treatment (Sun, Angerer & Hou 2015). The average daily LWG over three years in 
the main contrasting stocking rates showed a similar pattern of response to that found in other 
experiments (Figure 10.4). The average potential sheep growth rate was 127 g/hd/d, 75% of which 
is 95 g/hd/d, which is about the value where livestock production is more profitable (Kemp et al. 
2018). This was estimated to be at a stocking rate of 13–14 sheep/ha over summer. This result 
supports the view that, for this site, the average stocking rates are arguably sustainable and not 
overstocked. This result was further refined by considering the residual herbage mass after grazing, 
which averaged 1.6–2.3 t DM/ha. These values suggest that animal intake would not be greatly 
restricted (Badgery et al. 2017) though, at the higher stocking rates, the availability of green forage 
may have been marginally limiting (Figure 10.4). Sun, Angerer and Hou (2015) concluded that 
the sustainable stocking rate was a seasonal forage allowance of 310 SU d/t DM of peak herbage 
growth, which applied to the six months from July to December. As the average level of residual 
herbage mass across treatments was close to 2 t DM/ha, that suggests the sustainable carrying 
capacity could be approximately 600 SU grazing days/ha or only 3.3 SU/ha over the 180 days from 
July to December. This is a conservative result in comparison to the results shown in Figure 10.4. 
Setting stocking rates based on the peak forage allowance is problematic as animal numbers 
need to be determined a few months before peak growth. Hence, in this monograph, there is 
more emphasis on managing to average a critical level of herbage mass. Further work on alpine 
meadows is needed to identify what those critical levels are.
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When this experiment started, the higher stocking rate treatments were set at the district average 
stocking rates. The field site on the valley floor near the local village had been typically grazed 
throughout the year, as herders had regular access. After two years of the experiment, the 
herbage mass within the experiment, even on the highest stocking rate treatment, was two to four 
times greater than that of the surrounding areas. This is reflected in the experiment results. An 
investigation found that the effective stocking rate on farms on the valley floor was much greater 
than the district average suggested. This very high local stocking rate occurred because herders 
obtained permission to bring their animals into that area so they could sell them to traders. 
Overgrazing was then only occurring in part of the region. The overall livestock numbers could be 
sustained (as shown in the experiment) when evenly distributed. To reduce overgrazing on the 
valley floor, the local community needs to work out better ways for herders to sell their livestock 
without increasing pressure on the valley floor.

In general, alpine meadows have a higher carbon content than other soils and a shorter time of 
the year above freezing. The rate of CH4 uptake by the soil was lower than for other grasslands and 
best under moderate grazing (Liu, Sun et al. 2012). The highest soil carbon content was under no 
grazing (58 g C/kg soil; 0–15 cm), reducing to 37 g C/kg soil under heavy grazing (Sun 2012; Nie et al. 
2013). Further work is needed to refine how these effects relate to herbage mass.

The research on alpine meadows suggested that average stocking rates may not lead to 
overgrazing, but that local practices that affect distribution of animals are a problem. Stocking rates 
were more important than the patterns of grazing.
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Discussion
Grazing management research has a long history in the developed world, but less so for 
the grasslands of China. The challenge is to advance knowledge about what practices would 
improve the grasslands and the livelihoods of millions of herders who depend on them. Grazing 
management not only improves the sustainability of grasslands, but also sustains the millions of 
people who depend upon grasslands for their livelihoods, food, fibre and fuel. Those combined 
aims mean that grazing has multiple aims that need to be resolved in practical ways. Practical in 
this sense meaning deriving methods that can be understood and used by the herders directly 
engaged in managing grasslands and livestock.

Grazing management involves managing both animals and the grassland. Animals are the main 
tool used by herders. This tool involves varying the density of animals (stocking rate), the intensity 
and frequency with which they graze any given area of grassland, and the timing of when grazing 
starts and stops. These components need to be standardised in terms of impact, usually by 
expressing them as a standard sheep equivalent. The work done in China, summarised in this 
monograph, shows the main components of grazing management that are important are the 
stocking rate, the time when grazing starts in summer, and no grazing in winter. An important 
result from this work is that grazing practices need to focus on working with the current state of a 
grassland, rather than trying to restore it to some ideal state, which is unlikely to be feasible in the 
medium term. As argued by Westoby, Walker & Noy-Meir (1989), the rehabilitation pathway for a 
degraded grassland would rarely be the same as for the initial degradation, hence it cannot simply 
be reversed.

In the desert and typical steppe, reduced stocking rates are vital for sustaining the grasslands. 
In general, a 50% reduction in stocking rates from the high levels reached in the 1990s (Chapter 
2) is needed to improve or maintain a desired species composition and increase income from 
livestock. This has been promoted to officials in various meetings over the years. The exception 
found was in the alpine meadows, where overgrazing is a local problem in only parts of the 
landscape. Infrastructure changes (e.g. access roads, special stock routes, holding fields and market 
organisation) are likely to be important parts of solving the local overgrazing in valley floors. The 
data on livestock numbers (Chapter 2) for the alpine meadow area of Maqu showed there had 
been a smaller increase in animal numbers in recent decades than elsewhere in China.

While reduced stocking rates are clearly needed for most grassland types, setting an ideal stocking 
rate may not be the optimum strategy, as that only defines forage demand, not the supply. A better 
strategy, promoted through this monograph, is to focus on managing livestock to maintain 
grasslands above a critical level of herbage mass through the summer plant growth period. Standing 
herbage mass in a grassland is the net balance between consumption and growth. Both the desert 
and typical steppe experiments defined this level as above 0.5 t DM/ha. In practice, this would 
mean herders need to maintain an even higher value, as it would be difficult to be precise and 
achieve exactly 0.5 t DM/ha across all their grasslands. This critical value is related to optimising 
plant species composition, optimising soil carbon and CH4 uptake, reducing the soil erosion risk 
and achieving animal growth rates near the financially optimum level. Herbage mass can be 
monitored remotely by officials and others to determine the state of grasslands, and used to advise 
herders what to do and when. In poor seasons, livestock numbers would need to be less than the 
average optimal stocking rates to maintain critical values of herbage mass. Herders would get prior 
warning about when to sell livestock. In many instances, this would mean they receive a better 
price than if they had waited until all the grass was gone and the animals were in poor condition. 
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In China, markets need to be developed to accommodate this need. In a good season, it may not be 
possible to breed or acquire enough animals to reduce the herbage mass to the set critical value. 
However, that is a good problem as it provides the opportunity for grasslands to recover.

Delaying the start of grazing in summer has been shown to improve both summer growth and 
total production (Chen, Michalk & Millar 2002). This has now become a standard part of grassland 
regulations; especially where local government have implemented grassland balance strategies 
designed to allow grazing and continue livestock production while rehabilitating the degraded 
grasslands. The research presented in this monograph has helped to define the reduced stocking 
rates needed. The delay in grazing has, however, been set on calendar dates. The typical and desert 
steppe experiments have shown that grassland composition has improved when the herbage 
mass is maintained above 0.5 t DM/ha. That critical threshold could prove to be a better criterion 
for when to commence grazing than a calendar date, or at least could help set a better average 
calendar date in different regions.

One of the unresolved dilemmas is how best to manage the reportedly toxic plants in alpine 
meadows. The limited work done indicated that these plants are grazed, and they increase when 
not grazed. It may be that they are in a similar category to species in other grasslands, which are 
considered by herders to be less productive and/or less palatable and not necessarily always toxic. 
The data obtained so far suggests that these species can be managed by grazing. It may be possible 
to use heavy grazing at critical times in their development (e.g. when flowering is initiated in early-
mid summer or when any known toxins are minimal) to reduce their presence and achieve more 
productive, higher forage quality meadows. In Australia, as an example, undesirable Aristida ramosa 
grassland can be changed to one dominated by Rytidosperma linkii using targeted heavy grazing 
followed by rest (Lodge & Whalley 1985; Lodge et al. 1999).

Grazing through winter has always been problematic in China, as temperatures are very low. 
Modelling found that the energy costs of grazing in winter greatly exceeded the energy obtained 
from eating the dead plant material available (Takahashi, Kemp, Behrendt, unpublished). The one 
piece of evidence obtained was for the desert steppe (Chapter 8). This showed a considerable 
reduction in plant growth in the year following heavy grazing pressures in winter. More research 
is needed to clarify the effects of intensity of grazing through winter on the state of grasslands. It 
is clear, however, that low temperatures and limited feed supplies will mostly mean that animals 
will lose considerable weight through winter (Chapter 3). In effect, better design of warm sheds 
can partly offset the lack of food and achieve better outcomes for animals. The survival of animals 
through winter will be improved by not grazing, keeping them in better designed warm sheds 
and increasing the supply of quality food. This will be part of the progress of herders from being 
focused on simply managing animal survival to managing animals to optimise production and 
improve incomes.

In China, total grazing bans have been used since 2003 (Xiong et al. 2016) as a prime mechanism 
for rehabilitating degraded grasslands. However, the research presented here has not found that 
this always results in the best outcome. Reduced stocking rates have often achieved useful changes 
in plant species, stored more carbon and CH4 in soils, and maintained plant cover to reduce erosion 
risks just as effectively as grazing bans. Under reduced stocking rates, the net financial returns 
from livestock have increased (Chapter 6; eds Kemp & Michalk 2011) and the level of government 
payments to achieve reduced stocking rates are significantly less than for a total grazing ban. It 
is also arguable that when the right stocking rate is used and markets pay premiums for better-
quality livestock, as shown in the Siziwang farm demonstrations (Chapter 8), there is no need for 
a government payment. Furthermore, while these policies are targeted at improving grassland 
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composition, they may have unintended GHG outcomes by displacing production to other less-
sustainable areas or intensive feedlot production systems that may have a greater contribution 
to the production of GHGs (Plevin, Delucchi & Creutzig 2014). The evidence in these experiments 
(Chen et al. 2015; Zhang et al. 2015) and others (Liu, Zhang et al. 2012; Orgill et al. 2016) indicate 
that light or moderate grazing can store as much or more carbon than grazing bans due to 
increased root turnover (Chen et al. 2015). It is clear that grazing is not all bad for the environment. 
Grazing treatments had similar livestock production with reduced GHG emissions compared to 
ungrazed treatments (Zhang et al. 2015).
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The major imperative of the 21st century is food security and the growing demand for agricultural 
output while preserving essential ecosystem processes on which both long-term agricultural 
production and human wellbeing depend (Johnson et al. 2014). For China, the future food issue is 
essentially a livestock problem. Changing human diet resulting from rising incomes coupled with 
rapid urbanisation have increased demand for red meat and reduced consumption of staples. 
In response to these driving forces, supplying animal protein has become more important. 
Substantial support from government policies and subsidies aim to aid the transition to more 
efficient production systems (Bai et al. 2018). Traditional herders, officials and researchers have 
been poorly equipped to achieve more efficient livestock production in grassland regions, as their 
focus has been on survival. An important part of the program discussed in this monograph has 
been to build the skills needed to improve grassland management and herder incomes.
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By 2025, China’s red meat consumption is predicted to exceed 16.7 Mt (Mao et al. 2016). Unless 
domestic production efficiency and product quality improves significantly, this will require the 
import of 2.2 Mt by 2025 from global ruminant livestock markets (Table 11.1). At present, much 
of the increase in red meat output from China’s sustainable grassland-based cattle, sheep and 
goat industries has been achieved simply by increasing livestock numbers (Chapter 2) rather than 
by improving the production efficiency of existing animals (Chapters 8, 9 and 10). Two factors 
explain this lag in uptake of market-focused livestock farming practices to produce red meat more 
efficiently. First, approximately 75% of beef cattle and meat-producing sheep in western China 
are raised by small household farmers (Yang 2013) who have limited education, management 
skills and resources (Wang & Xiao 2016) and are reluctant to abandon their familiar traditional 
subsistence herding practices. Second, Chinese grasslands are complex agro-ecological systems 
that are in various stages of degradation due to overgrazing (Ren et al. 2001; Kemp et al. 2013). A 
better appreciation of how system components interact is needed to develop sustainable livestock 
production solutions (Han et al. 2013; Briske et al. 2015) that will help rehabilitate grasslands and 
improve herder household incomes at the same time (Kemp et al. 2013; Kemp et al. 2018).

Table 11.1	 Red meat production, imports and consumption, China, 2010, 2015 and  
(predicted) 2025

Year

Sheep and goat meat Beef and yak meat 

Domestic  
production

(t)
Imports

(t)
Consumption

(t)

Domestic  
production

(t)
Imports

(t)
Consumption

(t)

2010 3,990,000 56,869 4,046,869 6,530,000 25,000 6,555,000

2015 4,280,000 254,335 4,534,335 6,547,000 663,000 7,210,000

2025 5,873,350 450,000 6,323,350 8,653,250 1,746,750 10,400,000

Sources: Mao et al. (2016); FAO (2017)

China’s red meat industry is still operating at inherently low efficiency due to low-performance 
livestock and poor management practices (Wang & Xiao 2016; Li et al. 2018). However, there is clear 
evidence that efficiency can be improved (Zhou, Zhang & Xu 2012) by adopting new technologies 
and policies to drive red meat productivity and grassland resilience. Many of these advances in 
grassland and livestock science which have emerged from two decades of ACIAR-funded farming 
systems research on China’s grasslands (eds Kemp & Michalk 2011; Kemp 2011; Kemp 2018) deliver 
innovative on-farm practices so small households can significantly increase their income with fewer 
animals and reduce environmental impacts (Li et al. 2015). This success can be attributed to an 
integrated approach that identified system solutions, rather than the component approach used 
with limited success in previous programs that targeted the sustainable use of grasslands (Chapter 
1; Kemp et al. 2011).

However, while the farming systems approach hastened the pace of progress in identifying 
innovative on-farm practices, such research needed to involve overarching interdisciplinary and 
transdisciplinary studies to be successful (Chapter 1; Kemp et al. 2013). The team involved in 
this work included plant, animal and social scientists, farm and policy economists, modellers, 
advisory staff and influential livestock producers. Each participant gained an understanding of 
disciplines outside their own and contributed to the development of ideas based on their different 
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perspectives. Building this local capacity of skilled, creative, and motivated individuals, and 
fostering effective networks and teamwork across universities, institutes, government departments 
and grazing communities located in Gansu, IMAR and Beijing, formed the core responsibility of 
the capacity-building component of the sustainable livestock grazing systems program. Capacity 
building was part of all components in the program (Figure 1.3).

Capacity building is not a new concept; however, there is a new urgency and opportunity for 
capacity building to play a central role in sustainable development (Food Security Collaborative 
2012). Building local capacity by empowering individuals and strengthening local institutions has 
proved pivotal in underpinning economic growth and reducing poverty (Bryant 2006). ACIAR has 
always placed considerable emphasis on capacity building and training (Gordon & Chadwick 2007) 
to ensure a continued and replicable legacy of empowered scientists, farmers and policymakers to 
sustain and further develop food security and poverty alleviation initiatives.

This chapter reports the outputs, outcomes and impacts of the capacity-development program 
implemented in the 2009–18 program period designed to address three main objectives:

1.	 Advance the quality and focus of the science in the program’s livestock, grasslands and policy 
themes to underpin the farming systems work needed to identify opportunities to sustainably 
manage livestock–grassland ecosystems.

2.	 Create linkages to effectively use the increased capacity developed in researchers, extension 
agents, farmers and policymakers to craft this new knowledge into sustainable practices that 
small-scale sheep and cattle households can use to produce red meat more efficiently from 
Chinese grasslands.

3.	 Alert government officials of the potential to alleviate poverty and rehabilitate grasslands by 
developing policies to support adoption of the redesigned livestock production systems by 
small herder households.

A major aspect of this task is providing hard evidence of how the capacity built was used to 
generate economic, social and environmental benefits (i.e. impacts) rather than simply considering 
skills gained (Gordon & Chadwick 2007). Our aim is to identify and report on both formal and 
informal capacity development delivered within the program in a more systematic way (Mullen, 
Gray & de Meyer 2015). Using a simple capacity-building framework, we report here the capacity 
built to reduce poverty, improve grassland condition and enhance sustainable red meat production 
for each key stakeholder group (partner scientists and students, herders and government officials) 
in terms of outputs and outcomes. However, it is acknowledged that it is not feasible to delineate 
total program impacts (e.g. stocking rate reductions, change in lambing time) into discrete 
contributions for research and capacity-building activity.

Not all the capacity-building activities reported were planned at the program inception. Much 
additional value was contributed to the ACIAR program by participants using funds and resources 
provided by their home institutes or from various levels of the Chinese Government, particularly 
national programs, which opened other opportunities and expanded the influence of the project. 
The Chinese Government placed importance on the practical application of technologies developed 
by the program team as a means to improve outcomes for herders and contribute to the resolution 
of major environmental problems on China’s western temperate grasslands.
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Capacity building
Each year about a quarter of all international aid ($15–20 billion) is spent on capacity development 
(Denney 2017). This level of funding support indicates that individual and institutional capacity 
poses a major constraint to the development process in many countries (Otoo, Agapitova & 
Behrens 2009) and explains why capacity building is an essential component of most agricultural 
research for development (AR4D) activities (Gordon & Chadwick 2007). However, while there 
is general agreement that building local capacity to plan, manage and implement is critical for 
achieving development objectives, the impacts of capacity-building activities have too frequently 
fallen short of expectations (OECD 2005, 2006; World Bank 2007).

This gap between expectations and outcomes from capacity-development investments is 
explained in part by broad and inconsistent definitions of capacity and capacity development, 
poorly developed and diverse conceptual frameworks and limited understanding of the links 
between outcomes of capacity-development efforts and development goals. It is challenging to 
compare results across programs and identify good practices for replication (Otoo, Agapitova & 
Behrens 2009).

Definitions and concepts
Capacity, as we use the term here, is the ability of individuals, organisations and systems to use 
skills, knowledge, leadership, relationships and networks, values and attitudes to effectively, 
efficiently and sustainably perform and progress agricultural development (Morgan 1998; ACIAR 
2018). Based on this simple definition, capacity building (also referred to as capacity development) 
can be broadly defined as evidence-driven activities that build the understanding, skills and 
knowledge base of individuals, organisations and systems to sustainably improve current 
socioeconomic and environment conditions (Gordon & Chadwick 2007) and be empowered 
(especially at the local level) to continue development through effective adaptive problem-solving 
well beyond the program time frame (Bryant 2006).

For AR4D projects, capacity building is founded on crafting usable knowledge through research to 
create new, or modify existing, knowledge to solve problems. This means capacity development 
most often builds on the strengths and opportunities of pre-existing capacity of individuals 
(Laycock et al. 2011), identified through needs assessment processes (World Bank Institute 2006). 
Initially this effort was confined to individual training, but today capacity building includes the 
development of organisations and systems, making it a key pathway for the long-term success of 
agricultural development (ACIAR 2018). To be effective, all three levels (individual, organisation and 
system) must be included as part of an integrated capacity-building framework (Figure 11.1) rather 
than as discrete or loosely connected capacity levels (Bolger 2000).
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Figure 11.1	 Conceptual framework for effective capacity development
Adapted from CAPaBLE, capacity-development program of the Asia Pacific Network for Global Change Research

The individual level, developed through formal, and/or informal on-the-job-training, is fundamental 
because the benefits of capacity building flow first from trained individuals to other workers in an 
organisation, then to the organisation as a whole and finally to communities (Gordon & Chadwick 
2007; Templeton 2009). Targeted individuals or groups often have greater potential to bring about 
favourable change (Otoo, Agapitova & Behrens 2009) and were the focus of much of the efforts in 
the sustainable grasslands program.

Organisational capacity will influence an organisation’s performance (JICA 2004). The organisation’s 
capacity includes human resources (total capacities of all individuals), physical resources 
(facilities, equipment, materials), intellectual resources (organisation strategy, strategic planning, 
management, business know-how, production technology, program management, process 
management such as problem-solving skills, decision-making process, communications), inter-
institutional linkages (networks, partnerships, incentive and reward systems, organisational culture 
and leadership of managers (Matachi 2006). Neglecting the capacity building of organisations may 
not only limit the effectiveness of capacity building of individuals (and vice versa), but limit the host 
country’s capacity to handle the pivotal roles in leading, managing and coordinating agricultural 
development (Food Security Collaborative 2012). This is why many of our collaborators and the 
officials we worked with were leaders within their organisations.

Capacity at a system or enabling environment level considers the broad context within which 
development processes take place (Bolger 2000). This includes systems, frameworks and processes 
necessary for the formation and implementation of policies and strategies beyond an individual 
organisation, and includes administrative, legal, technological, political, economic, social and 
cultural constructs that determine the effectiveness and sustainability of capacity-building efforts 
(Matachi 2006). Unlike capacity building at the individual level, attempts to effect change at the 
enabling environment level generally take a considerable length of time. However, as Bolger (2000) 
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pointed out, ‘not all capacity development initiatives will seek to effect change in the enabling 
environment, but they do need to be sensitive to factors at this level which may have an impact 
(positive or negative) on initiatives which are focused primarily at the organisational or individual 
levels’. The challenge in designing and implementing an integrated capacity-building program is 
to ensure that funds and time are appropriately allocated between individual, organisation, and 
system levels to best deliver on the program objectives. In the sustainable grasslands program, 
we put less effort into system change, apart from discussing with leaders better ways of delivering 
information to herders.

Frameworks
The value of capacity building as a critical component of transforming transitional economies 
is uncontested, but there are ongoing challenges in setting up program-specific frameworks to 
assess capacity needs, design and sequence capacity building activities and determine impacts of 
outcomes (World Bank 2005) that may not be fully realised for several years (Bryant 2006). ACIAR 
has been an active contributor to the development of frameworks and pathways to strategically 
invest in capacity building activities, through formal training, or informally as learning by doing, 
across individual, organisation and system levels to achieve the best results. With a growing 
imperative to gain verifiable value for its $40 million/year capacity investment, ACIAR now 
requires clearer linking and, where possible, attributing of benefits such as increased agricultural 
productivity to specific capacity-building activities (Mullen, Gray & de Meyer 2015).

Gordon and Chadwick (2007) identified three main pathways through which human capital is 
transformed into economic benefit:

1.	 improved labour productivity of the individuals undertaking training, and the flow-on effects of 
the training to other individuals

2.	 capital productivity arising from the complementarity between human capital and physical 
capital as more-capable workers can better adapt to and utilise equipment, machinery and the 
latest technology. Higher returns to capital encourage greater investment and enable inward 
technology transfers

3.	 total factor productivity arising from better management, intra- and inter-organisational 
synergies and, over time, higher rates of innovation and improvements in the 
enabling environment.

Analytical frameworks are required to map these transformational pathways to define benefits 
and possible attribution (linking back to a specific activity such as a piece of research) to projects. 
In such frameworks, it is important to distinguish between inputs, activities, outputs, outcomes and 
impact as intermediary steps in the capacity-development process (Husbands-Fealing 2013) and to 
identify appropriate indicators to quantify each to substantiate the linkage between capacity built 
and used and the behavioural and economic changes achieved (Templeton 2009).
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Steps in capacity development
Inputs are factors used to implement the capacity-development activities. In broad terms, inputs 
include expertise, human resource (personnel), funding, facilities, equipment and land, all of which 
are usually specified for contributing partners at the project inception (Templeton 2009). This 
combination of inputs leads to planned and, more importantly, non-planned changes that cannot 
be easily measured.

Activities aim to deliver project goals such as research, mentoring and coaching, training (research 
workshops, farmer field days), cross visits, study tours and publication of policy briefs, among 
others (Stephen, Brien & Triraganon 2006). While all have a potentially transformational role, their 
impact differs with target individuals and groups (Otoo, Agapitova & Behrens 2009), especially for 
agricultural research for development (Mbabu & Hall 2012).

The capacity-building activities for research in this AR4D context must focus on developing 
the skills and expertise of local researchers to ensure that the scientific findings are presented 
in such a way that small households can use the outcomes to improve both their livelihoods 
and the environment (Leeuwis, Klerkx & Schut 2018). This typically requires considerable time 
commitments from experts to achieve successful and sustained outcomes (Dinesh et al. 2018).

From a survey across a wide range of livestock projects, Photakoun, Millar and Race (2009) 
identified training workshops and courses, on-the-job learning, staff meetings, mentoring and 
attending cross visits and study tours as the main capacity-building methods used to strengthen 
research and extension staff. Less common methods were on-site training, village learning 
activities, farmer field schools, formal study and information provided in writing or online. Of these, 
the methods most effective for capacity building in livestock extension were workshop training, on-
the-job learning, staff meetings, mentoring and field trips. All of these were used in the sustainable 
grasslands program. As expected, farmers place higher value on field-based activities to learn 
about the major aspects of livestock production and management rather than classroom tuition, in 
line with good adult education practice. Delivery of information to farmers is best done by project-
trained staff with foreign experts acting as catalysts, facilitators and brokers of knowledge and 
technique (Otoo, Agapitova & Behrens 2009).

Strong policy support is essential for sustainable grassland development to promote public 
awareness about sustainable development principles, reduce poverty and improve the 
environment. This means building the capacity of policymakers. Packaging research data into 
effective policy briefs and presenting these at evidence-to-policy workshops is an effective capacity 
enhancement initiative that helps policymakers frame and implement evidence-informed policy 
(Uneke et al. 2015). That was done at the end of the sustainable grasslands program. However, 
policymakers often assign less value to research findings than prevailing thought or opinion 
(Sutcliffe & Court 2005) and they have different priorities, agendas, timescales, language and 
reward systems than researchers (Nutley 2003). The onus is on researchers to ensure all evidence 
provided to policymakers is accurate, objective, credible, relevant and accessible. These problems 
increase in developing economies, where policy formulation is often centralised and less open.

Outputs are the first-level, direct, immediate results from a capacity-building activity. Outputs are 
measurable and include knowledge products (presentations and publications), policies, service 
delivery (workshops, on-the-job training) and enforcement of regulations (Gordon & Chadwick 
2007). Monitoring and recording outputs accurately is central to evaluating capacity-building 
impacts, because, as Thornton et al. (2017) note, these outputs contribute to behavioural changes 



Sustainable Chinese Grasslands218

11  Capacity building to deliver benefits for sustainable grasslands

and changes in knowledge, attitudes, skills and practices of a wide set of non-research next-users 
such as development practitioners, extension services, farmers and policymakers. A critical issue 
here is the need for effective team building across all stakeholder groups. Without ownership from 
the project inception, research activity outputs may have no impact among partners and intended 
next-users (Thornton et al. 2017).

Outcomes are the second-level results associated with a project and are the medium-term 
consequences of a project. Outcomes relate to the project goal, and are identifiable changes 
that arise from the capacity built in individuals, organisations and systems. In the sustainable 
grasslands program, one outcome was the reduction in stocking rates for Siziwang, IMAR, after all 
the background work had been done (Chapter 2). Some outcomes require a long time interval. For 
example, it took eight years for changes in plant species to become evident in the desert steppe 
grazing experiment (Chapter 8). This makes attribution a key challenge (Templeton 2009) as project 
timelines are often short.

Impacts are the long-term changes in producer and consumer economic, social wellbeing and/
or environmental conditions that the capacity-development intervention helped bring about 
(Templeton 2009). In practice, impacts are the long-term or indirect effects of outcomes (Fritz 2018) 
and they depend upon the quality and reliability of the outcomes (Penfield et al. 2014). Measures 
work best with quantitative rather than qualitative change (Templeton 2009). For example, a 
training program may eventually lead to a better quality of life for an individual, but that is difficult 
to measure (Fritz 2018).

Capacity building for the Chinese sustainable grassland program
The first steps for designing a capacity-development framework for the Chinese sustainable 
grassland program were to identified what capacity needed to be built, who was the target of the 
capacity building and what methods would best support a process of transition from subsistence to 
sustainable grasslands systems in western China.

Building on our previous work on the major grassland types in western China (Gao et al. 2003; 
Kemp & Michalk 2011), the objectives for our capacity-building program (Kemp 2018) were to:

1.	 impart new research methods and skills (in modelling, grassland ecology and livestock 
management) to improve the quality and focus of science being done by researchers and 
students, and develop a strong collaborative network across our five Chinese groups for 
advancing sustainable grassland development

2.	 empower small household herders and local agents with the knowledge, confidence, skills 
and business thinking to adopt new on-farm practices (in livestock systems) and market 
opportunities, to increase profitability from their grassland resources, with fewer, better-quality 
animals

3.	 provide evidence-based recommendations for better management of grassland–livestock 
systems (on alpine meadows, meadow, typical and desert steppe) to policymakers for the 
transition of households to more efficient, profitable and less resource-exploiting livelihood 
strategies.

These objectives meant we sought to establish contact with relevant people in each of the above 
categories.
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Researchers and students
The sustainable grasslands program involved a large group across six institutions (Table 11.2). The 
leaders were recognised nationally and internationally and each had a group of keen scientists and 
other specialists who had a continuous group of postgraduate students. The national roles held by 
each of the Chinese leaders meant that the skills they acquired were passed onto other staff. The 
Chinese leaders, despite their other roles, all made substantial time and other commitments to the 
program. The people listed in Table 11.2 are those who remained through most of the program. In 
addition, there were many staff who were engaged for a few years. At annual meetings, we usually 
had 30–40 people present and this led to much cross-discipline discussion.

While the quality of research in China has improved dramatically in recent years, due to better 
training, mentoring and incentives (Bryant 2006), there is still a significant ‘science-action gap’ 
in AR4D for Chinese grasslands. This reflects a lack of capacity to transform research findings 
into problem-solving practices and vice versa. We used farm demonstrations (Chapter 4), herder 
surveys (Chapter 5), modelling (Chapters 6 and 7) and grazing experiments (Chapters 8, 9 and 
10) as linked components (Chapter 1) to demonstrate how effective systems research and 
development can be done. In each area, we trained researchers and students in experiment 
design, methods, data collection, organisation, analyses and interpretation, through to publication 
(detailed later). Success was evident in the increasingly advanced questions asked by our Chinese 
colleagues as their experience in each area of research increased. The Australian team provided 
leadership and mentoring to the core teams at the five partner institutions. This included 
supporting applications for leadership short courses that resulted in the award of John Dillion 
Fellowships to four Chinese colleagues.

Table 11.2	 Key personnel and general roles within the six main project groups

People Australians1 China 
Agricultural 
University

Inner 
Mongolia 

Agricultural 
University

Institute of 
Grassland 
Research

Gansu 
Agricultural 
University

Lanzhou 
University

Leader 1 12 13 14 15 16

Scientist 2 3 3 3 3 3

Modeller 2 1 1 1

Extension 1.5 1 1

Technical 1

Students7 7 11 1 8 11

Affiliations and roles in national programs run by the Chinese Ministry of Agriculture:
1	 Graham Centre for Agricultural Innovation/Charles Sturt University/NSW Department of Primary Industries
2	 Head, Grassland Department, national leader of grassland management and forage production
3	 Dean, College of Grassland, Resources & Environment, national leader of sustainable grassland management & 

carbon sequestration
4	 Director-General IGR, national leader of forage production
5	 President, Gansu Academy of Agricultural Science, national leader for utilising stored fodder
6	 Dean, College of Pastoral Agricultural Science and Technology, national leader for forage improvement
7	 10 PhDs, 28 MScs
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Students from Charles Sturt University and Inner Mongolia Agricultural University discussing areas of common 
interest, Hohhot. Photo: D.R. Kemp

Herders and officials/extension/county agents
Herders have been directly responsible for managing grasslands in pastoral regions of China from 
around 1990 (Yin et al. 2018), since the responsibility and market-oriented system was introduced 
in grassland areas. However, adoption of better livestock and grassland practices by smallholders 
in China has been less than needed to improve incomes and rehabilitate grasslands. This reflects 
in part the ineffectiveness of the Chinese top-down extension approach in which farmers are not 
involved in planning or evaluation, but expected to simply implement what they are told by officials 
(Wu et al. 2011). Herders are also in transition from a subsistence, survival mode to one focused 
more on production (Kemp & Michalk 2011), but they do not have the skills to understand, change 
mindsets and adopt new changes (Wu et al. 2011; Michalk, Kemp et al. 2015; Chen et al. 2016). 
Low education levels, low income, limited resources (land, labour) and poor access to technical 
assistance, market information and credit all limit the capacity of most smallholder herders to 
adapt to climatic, economic and social changes (Vignola et al. 2015).

Local officials in the County Animal Husbandry Bureaux (part of the Provincial Ministries of 
Agriculture) are charged with managing the grassland, but mainly through regulation of stocking 
rates or schemes for fodder production. Officials have not acquired the skills for effective extension 
of improved practices.

While the sustainable grasslands program was primarily one of research, closer links had to be 
established with both herders and local officials to inform them of the program’s progress and to 
help their understanding of how to transition into production systems that improved household 
incomes and helped rehabilitate the grasslands.



Sustainable Chinese Grasslands 221

11  Capacity building to deliver benefits for sustainable grasslands

Grassland management training group in Hohhot, organised by the Institute of Grassland Research, for herders, 
officials, staff and students. Photo: Xu Zhu

No formal needs assessments of herders and local officials were done, though considerable time 
was spent from the early 2000s talking with herders and officials to understand how the livestock–
grassland system functioned in the various regions studied. This information was used to develop 
models (Chapter 6) and identify aspects of the system that could be changed. In addition, we 
developed close relationships with the Gansu-Xinjiang Pastoral Development Project funded by 
the World Bank (2004–10) (Soderstrom et al. 2003) and the Sustainable Agriculture Development 
Project (Phase II—2004–09) funded by the Canadian International Development Agency that 
operated in IMAR and Gansu, among other provinces. These large programs aided our insight 
into herder needs. From these activities, we built farm demonstrations that included training for 
herders in simple, basic changes they could make to improve their livelihoods (Chapters 3 and 
4) and start rehabilitating their grasslands. We included local agents in the training so they were 
aware of what we discussed with herders. This also showed we valued them. They could then 
replicate the training and a manual was prepared to help them. Training was often done by an 
Australian extension specialist, initially funded by the ACIAR program and then by the Chinese 
Government, who saw the value of the extension methods used. Over time, the requests for 
training from herders and local agents continued and the topics have become more appropriate 
for livestock production as distinct from survival. Herders often request a repeat of some topics 
(e.g. animal nutrition) to improve their understanding. The topics herders now wish to discuss 
have gone beyond the issues examined in the sustainable grassland program and have moved, for 
example, to more sophisticated livestock breeding practices.

Training programs were delivered by NSW Department of Primary Industry and consultants 
to Chinese delegations visiting Australia specifically to learn about sustainable production and 
marketing of livestock products, using this program’s results. Twenty-nine delegations were 
supported by the State Administration of Foreign Experts Affairs at no cost to the program. These 
groups came from 11 provinces (Shangdong, Gansu, IMAR, Tibet, Zhejiang, Beijing, Yunnan, Jiangxi, 
Guizhou, Henan and Shanxi) and comprised 75% government officials and department technical 
experts, 20% university staff and students and 5% agribusiness, herders or farmers. The delegation 
leaders were often the provincial animal husbandry departments’ directors-general or their 
deputies, which provided a good opportunity not just for training but also to discuss policy options.
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Rapid pasture assessment training in Orange for visiting Chinese colleagues. Mr Millar (canvas hat) is teaching 
the use of dry weight ranks to rapidly and non-destructively sample pastures. Mr Langford (straw hat) taught 
animal condition assessment. These techniques are widely used in Australia and are now increasingly used in 
China. Photo: D.R. Kemp

Policymakers
China’s developing grassland policy is central to the management of 400 Mha of grazing lands 
that sustain approximately 200 million people and produce 1 Mt of beef, 0.8 Mt mutton, 63% of 
China’s wool and most of its cashmere. Since the 1980s, the Chinese Government has put in place 
various policy interventions within Grassland Laws aimed at simultaneously balancing grassland 
rehabilitation and conservation with livestock production and sustainable livelihoods of rural 
families (Brown, Waldron & Longworth 2008). These policies, of which the grazing ban policy was 
part, established land user rights and constructed housing and livestock sheds in winter pastures to 
encourage nomads to settle and to reduce livestock grazing pressure in order to restore degraded 
rangeland (Gongbuzeren et al. 2015). These policies used different mechanisms to reduce the 
overgrazing identified as the prime cause of grassland degradation (State Council 2002), but, in 
practice, despite incentives and subsidies, none were universally successful in stopping increases in 
livestock numbers (Chapter 2; Michalk 2017a, 2017b; Kemp et al. 2018). Grassland degradation and 
rural poverty is ongoing in many pastoral areas (Hua & Squires 2015). The program presented in 
this monograph started in the early 2000s in response to these concerns.
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China is emerging from the central planning era, where policies are decided at the highest level 
(Waldron, Brown & Zhao 2011) and officials down the six layers of government implement them. 
Officials expected herders to implement what they were told, but it is evident that, in the modern 
Chinese market economy, compliance is far from ideal. For example, there is much night grazing 
in areas where total grazing bans have been applied (Gongbuzeren et al. 2015; Li et al. 2017). 
Today, policies need to consider what can be achieved with the available resources within a 
market economy, so that the desired outcomes are achieved. The sustainable grasslands project 
took the approach of seeing what could be done with existing resources in response to markets, 
before considering the role of government. We had regular discussions with officials involved in 
developing policy at the provincial and national levels to show them what herders could achieve 
and where policy changes might be needed. Our aim was not to dictate policy but to provide 
the background information that policymakers need to develop effective programs. Policy 
development takes place within a wider context than the large Chinese sustainable grasslands 
program. We also wanted to encourage more two-way dialogues between herders and officials.

Because there were grassland policies in place for China, and major policy changes only take place 
with each five-year plan, we did not need to find solutions quickly. We did have annual meetings 
with national, provincial and county officials in the ministries of agriculture, who are responsible for 
managing the grasslands. Some years, we met more than once, especially with local officials. Our 
objective was to keep the officials informed of what we were learning so they could incorporate 
better ideas into their policies. Initially, to rehabilitate degraded grasslands, a total grazing ban 
was imposed (often ignored by herders) or a delay in grazing was mandated at start in summer. 
The latter policy aimed to allow more growth on the grassland. However, during the course of our 
program, the balance strategy was introduced, where a delay in the start of grazing in summer 
was combined with lower stocking rates. This was in accord with our results, which showed that 
incomes could be maintained or increased with lower stocking rates (Chapter 4). As well as these 
policy changes, officials financially supported the research being done with farm demonstrations, 
grazing experiments and herder surveys. They appreciated the value of the results coming from 
this program. At the end of the sustainable grasslands program, a national workshop was held in 
Hohhot. Many officials were invited and policy briefs based on the work done were presented to 
them. The policy briefs provided evidence supporting current policy and identified changes that 
could be made. They also identified what was not known. Using evidence-based examples from 
the program research, our Chinese partners provided strong advocacy for national government 
agencies (Ministry of Science & Technology, Ministry of Agriculture) and institutes (universities and 
academies of agricultural science) to consider local rather than one-size-fits-all policies to address 
the needs of different grassland types.

Capacity building results
A range of measures for capacity building in AR4D projects (Photakoun, Millar & Race 2009) were 
used for researchers, students, herders and government officials and policymakers (Table 11.3). 
Indicators that quantify direct or indirect benefits derived from each capacity-building activity were 
used to assess whether or not capacity-building efforts were effective in achieving substantive 
changes, both in terms of implementing the program and providing a lasting legacy of skills and 
knowledge for future work.
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Evaluating capacity building
Capacity building was embedded in all our program activities (Chapter 1), though there is no clear 
way to differentiate research activities from capacity-building activities (Mullen, Gray & de Meyer 
2015). Some of the effects of capacity building are intangible (social and individual transformations) 
and are not easily accommodated in common evaluation methods. Given this, we first reported 
the outputs and outcomes for each capacity-building activity, and then provided an aggregated 
research/capacity-building impact summary. The general experience was that capacity building 
played a critical role in achieving outcomes for the program that would not have been achieved 
otherwise. Some of activities were not planned in any detail (e.g. national program linkages, 
training senior Chinese officials on study tours to Australia) but were built into the program as 
opportunities arose. This meant capacity building was often not simply a transfer mechanism of 
knowledge, but rather a process of forming strong partnerships in which we were providers and 
recipients. This was the best way to achieve scaling-up and scaling-out impacts on smallholders and 
national development targets.

Table 11.3	 Capacity-building activities, target groups and measures of benefits achieved

Capacity-building 
activities

Target group

Measures of benefitsResearchers Students Herders
Policy 

officials

Research projects
 

number of publications, reads, 
citations, journal impact

Conferences, 
workshops, meetings   

number of meetings, people

Higher degrees


number of degrees, 
universities 

New skills, technical 
training  

number of technical programs, 
people days

Mentoring
  

not recorded but continuous 
and probably the major activity

Leadership 
development   

number of fellowships, herders 
leading demonstrations

Herder training


number of training events and 
herder days of training

Farm demonstrations     number of farms and herders

National programs
 

number and value of national 
programs

Study tours to Australia
  

number of people, training 
days, origin of delegations
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Animal management training session with herders, led by Professor Han, Mr Langford, Ms Junk and Professor 
Kemp. Photo: D.R. Kemp

Dr Badgery (tall hat) explaining his innovative grazing experiment to Dr Horne (ACIAR, brimmed hat), Prof Zhang 
(writing), Academician Nan (next to Dr Badgery) and Mr Wang (ACIAR). Photo: D.R. Kemp
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Outputs, outcomes and impacts
Genuine capacity building results in a sustainable change in, people’s lives, organisation 
effectiveness and, or in their enabling environment (Simister 2015). This is assessed with various 
measures:

•	 capacity input includes the number and type of capacity building provided, number of 
attendees and the quality of the content and delivery of the activity or training

•	 capacity outputs (capacity built) are the tangible and intangible outputs of project activities

•	 capacity outcomes (capacity used) are the benefits from a program, measured by the increase 
in skills, knowledge and capabilities achieved (number of reads or citations reported for a 
published paper)

•	 impacts (change in behaviour or economic status) are higher-level strategic results such as 
herders making more income with fewer animals which, in turn, improves grassland condition; 
indicators are a practice change at the individual, organisational or community levels.

These measures were evaluated against the seven key questions posed for the sustainable 
grasslands program (Chapter 1). Because of the overlap between the original questions posed 
(Table 11.4, notes), the following sections are grouped into three themes: 

•	 identifying the best enterprise/animal management strategies
•	 management
•	 contribution to policy development.

Research communications
Communicating the findings from the last nine years of research has been the major 
communication task (see eds Kemp & Michalk 2011 for earlier work in this program). Refereed 
journals dominate this output as they are still the most important way to create a public record of 
original peer reviewed contributions to knowledge and claim intellectual credit for the new ideas 
they contain (CRABS 2003). Between 2009 and 2018, the program produced 376 publications (Table 
11.4), Of these, 273 were refereed papers published in international (186) and Chinese domestic 
(87) journals. Domestic and international conferences, workshops, significant meetings and book 
chapters accounted for the balance (103). This research output, of approximately 38 publications 
per year during the program, has positioned the team as a formidable research consortium with 
a substantial foundation for farming systems research on which new scientific discoveries and 
inventions will inevitably be built.
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Table 11.4	 Research publications grouped by key themes and questions

Key research themes and questions Type Number

Identifying improved enterprises and animal management strategies (1, 2, 3, 5)
Journal 109 (40%)

Conference 40 (39%)

Grazing management (4)
Journal 142 (52%)

Conference 41 (40%)

Contributions to finance and policy (6)
Journal 22 (8%)

Conference 22 (21%)

Key questions:

1.	 Enterprise choice: Which livestock enterprises are the most beneficial for net income and grassland 
sustainability?

2.	 Animal management: What changes are needed in the type, numbers and management of animals to 
achieve this?

3.	 Animal nutrition: What changes are needed in animal feeding strategies throughout the year?
4.	 Grassland management: How will these new livestock production systems improve the sustainability of the 

grassland?
5.	 Infrastructure: How will changes affect farm infrastructure and management?
6.	 Finance and policies: What are the additional strategies/policies that could be implemented to achieve 

greater household incomes and rehabilitate grasslands?

Publications were grouped on topic and content to assess how the three consolidated key research 
themes were addressed by research activities. Question 7 in the project plan (Driving change: What 
are the drivers of practice change that will bring about the changes identified?) is addressed in this 
chapter. These data show that equal emphasis was given to publications addressing livestock and 
grassland themes, but significantly fewer publications dealing with policy issues, as the latter are 
more a summary of where the program had got to, rather than research detail.

While number of publications represents a strong, impressive and theme-balanced research 
output, quantity does not necessary reflect quality. Assessment of the value of information 
published requires indicators such as reads, citations and the impact factor of the journals 
publishing our research findings. Citations by other researchers and authors are a partial measure, 
as this requires other authors to publish in journals listed in the Science Citation Index (Callaham, 
Weber & Wears 2001). ResearchGate (a social networking site for scientists and researchers to 
share papers) accumulates statistics on weekly reads as well as citations for members’ (currently 
15 million) shared papers. This arguably gives a better indication of how information is being used 
and who is looking at a paper. ResearchGate metrics were used as indicators of research quality. 
Journal impact factors, which indicate how frequently a journal’s recent papers are cited in other 
journals, were also determined for the 83 rated journals in which the program team published, 
using the 2016 journal citation report (Sharma 2017). A total of 186 papers were published in these 
impact-rated journals, and a further 87 papers were published in 29 unrated journals, mostly 
Chinese. While some of the unrated Chinese journals (Pratacultural Science, Chinese Journal of 
Grassland, Acta Prataculturae Sinica and Acta Agrestia Sinica) do record reads and citations, most do 
not. This limits quantitative assessment of these papers.
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Chinese scholars often prefer to publish in English-language journals as this gives better 
recognition, prestige and citation tracking for career development (Shen 2017), but others see 
the important role Chinese agricultural journals play in the bottom-up process of equipping 
local agents and smallholders with the knowledge that helps them improve their farm system. 
For example, an analysis of the 109 papers published on aspects of the livestock theme showed 
that the 51 papers (47%) published in Chinese-language journals focused on practical issues 
including livestock management and feeding—16 papers; grazing management and stocking 
rate—15 papers; recommendations from modelling on different grassland types and livestock 
enterprises—7 papers. Many of these papers were authored by young researchers and graduate 
students. Often this was their first paper; publishing in their native language was a less threatening 
experience than writing in English.

For the international publications, the indicators provide a positive picture of the high quality and 
influence of the published research. There were a total of 12,748 reads and 1,060 citations tracked 
between 2009 and 2018 (Figure 11.2), averaging 69 and 5.7 respectively per journal paper. The 
means were skewed, as 62 of the 186 international papers were not cited, generally because they 
were only recently published (late 2016 onwards). However, in contrast, 42 of these apparently 
uncited papers were recorded in ResearchGate as being read between 1 and 374 times, depending 
on date since first published. Only 16 internationally published papers (< 9%) were neither not cited 
nor read, as far as we could determine.

Journal impact factors (JIF), which ranged from 12.12 (Nature Communications) to 0.20 (Chinese 
Journal of Ecology) did influence reads and citation rates. For example, the top seven cited papers 
(Figure 11.2) that were published in Nature Communications, PNAS, Global Environmental Change, 
Ecological Monographs, Global Change Biology and Land Degradation & Development (JIFs of 12.12, 
9.66, 9.05, 8.76, 8.44 and 7.19 respectively) accounted for 17% of all reads (2,164) and citations (174) 
and represented < 4% of the papers published. The next 23 papers (12% of published papers) 
published in 13 journals with JIFs of 3.5–7 accounted for another 18% total reads and 27% citations. 
Chinese researchers senior-authored all but five of these papers and 114 of the journal papers in 
total. Papers published in journals with JIFs < 3.5 were generally read and cited less or not at all, 
though some were read as much as those in higher-ranking journals. This highlights that care must 
be taken in journal selection to maximum the dissemination of knowledge to the right people, 
enhance the reputation and career advancement of authors, and improve resource allocations to 
home organisations.



Sustainable Chinese Grasslands 229

11  Capacity building to deliver benefits for sustainable grasslands

25
(a) (b)

20

15

10

5

0
0 2 4 6 8 0 12 14 0 2 4 6 8 10 12 14

900
800
700
600
500
400
300
200
100

0

Pa
pe

rs
 p

ub
lis

he
d/

jo
ur

na
l

To
ta

l p
ap

er
 r

ea
ds

/j
ou

rn
al

(d)

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

0 2 4 6 8 10 12 14

900
800
700
600
500
400
300
200
100

0

M
ea

n 
re

ad
s/

pa
pe

r/
jo

ur
na

l

Journal impact factor (JIF) Journal impact factor (JIF) Journal impact factor (JIF)

Journal impact factor (JIF) Journal impact factor (JIF)

JIF >7
JIF <7;>3.5
JIF <3.5

(c)

0

100
90
80
70
60
50
40
30
20
10

0To
ta

l p
ap

er
 c

it
at

io
ns

/j
ou

rn
al

(e)

100
90
80
70
60
50
40
30
20
10

0M
ea

n 
ci

ta
ti

on
s/

pa
pe

r/
jo

ur
na

l

Figure 11.2	 Relationship between JIF and (a) the number of papers published/journal, 
(b) total number of total reads/journal, (c) total number of citations/journal, 
(d) mean reads/paper/journal and (e) mean citations/paper/journal for 
186 program papers published in JIF-rated journals, 2009–18

Contrary to growing scepticism about the usefulness of JIFs as an indicator of research excellence 
and the value of high-impact journals for attracting attention (Bohannon 2016), we believe that 
encouraging publication in high-profile journals (i.e. JIFs > 3.5) was a good tactic. It built interest in 
and visibility for farming system science as a new approach to poverty and grassland degradation 
(particularly Kemp et al. 2013). The whole publication process also provided important capacity-
building opportunities for younger scientists to develop their skills and reputations by publishing 
in highly-rated journals (e.g. Scientific Reports—5 papers, JIF 4.26) than may have been the case 
without the program.

A major challenge of the research and capacity-building activities was to allocate and manage the 
program resources (especially time) across the three themes, which required different inputs and 
approaches. This is reflected in the time log (2009–18) for publications, citations and reads (Figure 
11.3). There was considerable activity in the livestock and grassland themes, as these helped frame 
policy advice. For the livestock theme, initial emphasis was placed on developing skills and practical 
management solutions for extension workers and herders. These were published primarily in 
more accessible Chinese. Many of these precision management practices were based on those 
used in Australia and elsewhere, and were relevant to Chinese journals where such knowledge was 
limited. At the start of the program, a number of grazing experiments commenced. These results 
were published in international journals, as they have wider application as similar grasslands occur 
through Central Asia to eastern Europe. The grassland theme did a lot of research to understand 
the complex interactions between climate change, grassland condition and livestock grazing. 
Graduate students did much of that work and they had to publish in international journals as part 
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of their requirement to graduate. The spike in publications in Chinese journals near the end of the 
program (Figure 11.3) was of more practical papers on various aspects of grassland management 
to deliver program outcomes. Most of the policy theme focused on clarifying the attitudes of 
herders to grassland policy and climate change, where capacity was built in developing, analysing 
and interpreting surveys. During this program, in general, there were an increasing number of 
Chinese papers appearing in international journals, reflecting the improving quality of Chinese 
research and development.

Livestock theme 

International Chinese 

Journal publications (papers/year) by themes 

Journal citations (total/year) by themes 

Journal reads (total/year) by themes 
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Figure 11.3	 Time log showing publications, citations and reads by theme, 2009–18

The grassland theme papers were read and cited more than livestock theme papers, due to the 
number of international papers. For both themes, locally published papers had low citations and 
reads, possibly because tracking these metrics is not yet well developed for Chinese publications 
within the grassland/livestock discipline. Almost all of the policy theme papers were published in 
overseas journals (The Rangeland Journal, Plos ONE, PNAS) and there is now established capacity to 
support bottom-up policy development with evidence-based advice on socioeconomic impacts on 
smallholder herders. Though fewer, policy papers such as Kemp et al. (2013), Briske et al. (2015) 
and Kemp et al. (2018), which had 5, 8 and 10 Chinese co-authors respectively, were highly read 
and cited (294 reads, 51 citations; 403 reads, 27 citations; 60 reads, 2 citations).

In parallel with the Chinese work, studies were done in Australia investigating grazing principles 
(special issue of Animal Production Science, Michalk, Badgery & Kemp 2017) and modelling 
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frameworks (Behrendt et al. 2016; Amidy, Behrendt & Badgery 2017; Broadfoot, Badgery & Millar 
2017), which complemented the research in China. These were important in continuing to build 
the skills, capacity and knowledge of the Australian team and their colleagues at Charles Sturt 
University and NSW DPI. This identified directions for future grassland, livestock research that could 
then be applied in China.

Conferences, workshops, meetings, book chapters
International and domestic conferences, national workshops, significant meetings (APEC; One 
Belt One Road conferences) and book chapters accounted for 35% (103 papers) of the program’s 
total publication output (376 papers). These contributions were distributed among the livestock, 
grassland and policy themes in a 40:40:20 ratio respectively, compared to a 40:52:8 ratio for 
journal publications (Table 11.4). These high-level meetings were attended by policymakers and 
provided a good opportunity to discuss the program’s focus on poverty alleviation and grassland 
rehabilitation.

International and national conferences, workshops and seminars were used to build 
communication skills and confidence in delivering presentations to large audiences, establish and 
nurture networks, test new ideas, promote findings among peers as a pre-publication exercise 
and meet and seek advice from world experts. Central to the reasons for attending conferences 
are learning and building relationships. During this program’s implementation period, two 
International Grassland Congresses (IGC Sydney, Australia—2013; ICG New Delhi, India—2015) 
and two International Rangelands Congresses (IRC Rosario, Argentina—2011; IRC Saskatoon, 
Canada—2016) were used as key capacity-building opportunities for our program staff to listen 
to different points of view, learn new ideas, grow from feedback from experts’ comments on 
their research and initiate scientific cooperation by meeting and connecting with researchers 
from different disciplines, institutes and countries. About 2,300 delegates attended these four 
international conferences

Of the 43 papers presented at these pivotal grassland conferences by program researchers, 
27 were senior-authored by our Chinese researchers and postgraduate students. Another 27 
presentations were made to a wide range of international conferences and research forums 
including the Silk Road Economic Belt ‘One Belt One Road’, Cultural Roundtable Conference held 
in 2014 in Gansu (Kemp, Nan & Wu 2014) and the APEC Cooperation on Food Security and Climate 
Change Forum held in Hanoi in 2017 (Michalk 2017a, 2017b). The program team organised the 
inaugural meeting of the China-Australian Network for Grassland Farming Systems held in Xinjiang, 
China in 2011, with help from the China Agricultural University, to foster bilateral collaboration. This 
network will be further used to foster collaboration between Australian and Chinese grassland–
livestock scientists.

The Sydney IGC (800 delegates, 700 papers) provided a tremendous opportunity to add skills and 
capacity to the whole program team from multiple perspectives. Four of the Australian program 
team (DR Kemp, DL Michalk, WB Badgery and K Behrendt) were on the organising committee. 
Chinese site leaders presented papers, including a major plenary address (Zhang et al. 2013), 
chaired sessions and refereed papers. A major objective of the Sydney IGC was to give presentation 
opportunities to emerging scientists, which included seven papers from the program’s young 
researchers. Through the program team, ACIAR became the largest sponsor of the Sydney IGC. The 
team used this capacity to help organise the program for the 2015 New Delhi IGC 2015, where we 
gave the opening plenary (Michalk, Wu et al. 2015) and several keynote papers.



Sustainable Chinese Grasslands232

11  Capacity building to deliver benefits for sustainable grasslands

The national and regional conferences, workshops and meetings (26 presentations) served as 
a conduit for information updates, designed to provide alternative perspectives of grassland 
issues for key officials and policymakers from Beijing, provincial departments and county offices. 
Programs for major workshops on sustainable grasslands held in Lanzhou (2011, 2013), Hohhot 
(2012, 2016) and selected counties in Gansu (2014, 2015) provided bottom-up understanding 
about the causes of grassland degradation and possible solutions through alternative livestock 
management. Over 1500 people from government, research institutes and agribusiness attended 
these workshops. The wide exposure of the program in China has led to many invitations to meet 
and talk with officials, other researchers and students from groups not affiliated with the program, 
including Chinese Grassland Society Annual conferences.

Meetings have been held regularly throughout the course of this program with officials and herders 
in Beijing, Gansu and IMAR to present program results and provide briefings to help develop 
government policies. At a workshop held at the Saskatoon IRC (2016), program outcomes were 
endorsed by a wide representation of the world’s most eminent grassland scientists. Their helpful 
comments were included in the final program report formally presented to Chinese Government 
and ACIAR representatives in April 2017 at a national workshop sponsored by the Ministry of 
Science and Technology. This included policy briefs on topics that we believe will be of value in 
guiding the next steps in policy development for China’s grasslands. The policy briefs were also 
presented to the Ministry of Agriculture in Beijing.

Postgraduate students
Postgraduate programs that integrate industry needs with professional development offer a cost-
effective and empowering alternative to traditional research training (Packham & Sriskandarajah 
2005; Harman 2010). This was the approach used to embed postgraduate students into the ACIAR 
program to advance the quality and focus of grassland science, as done in Australian industry-based 
cooperative research centres (Harman 2010). Across the four universities involved in this program, 
38 higher degrees were awarded to students working on aspects of this program (Table 11.5).

Table 11.5	 Higher degrees and research publications grouped by key themes and questions 

Key research themes Number Papers published

Identifying improved enterprises and animal 
management strategies

18 (6 PhD, 12 MSc) (47%) 42 (64%)

Grazing management 15 (4 PhD, 11 MSc) (40%) 20 (30%)

Contributions to finance and policy 5 (5 MSc) (13%) 4 (6%)

Notes: Lanzhou University – 4 PhD, 8 MSc; China Agricultural University – 3 PhD, 4 MSc; Gansu Agricultural University – 2 PhD, 5 
MSc; Inner Mongolia Agricultural University – 1 PhD, 10 MSc.

China follows the US system of coursework requirements for postgraduate degrees (Figure 11.4), 
which meant research was limited to a small project which connected with other small projects 
within larger studies. The Australian group provided considerable assistance in experiment design, 
methods, data analyses, interpretation and writing. In the Chinese system, PhDs are not awarded 
until a paper is published in a refereed journal. Considerable time was devoted to preparing 
manuscripts, as Chinese students need significant support in scientific writing (Zhang & Zhu 2016). 
The 38 students published 18 papers in JIF-rated journals, 25 in unrated Chinese journals and seven 
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in the International Grassland and Rangeland Congresses. Capacity-building activities were across 
the three program themes but with slightly more emphasis on livestock and less on finance and 
policy, in both the degrees award and publications (Table 11.5). In cases where work was designed 
and implemented without help from the team, had design faults or missing information, this 
required considerably more input to devise ways to resolve issues of logic and missing data. This 
was a hard task for supervisors and the Australian team, but the outcomes were arguably better 
research experiences for the students. The next generation of grassland scientists in China have 
now had considerable exposure to international scientists, which should be reflected in the quality 
of their future work. An important part of these activities has been the introduction of systems 
research and thinking into Chinese universities. Prior to this program, we could find no instance 
of systems thinking being taught in Chinese agricultural courses. The main frustration with the 
postgraduate program was that students acquired skills, but the staff did not. The students then 
left and the Australian team taught the new students. This took some time to improve, but staff can 
now train the coming groups of students.
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Figure 11.4	 Higher degrees awarded to students working on program research, 2009–17

New skills and technical training
Farming systems modelling was the main tool used in this program to identify and test the 
financial returns of alternative management options relative to those currently practiced by small 
herder households using farm level socioeconomic and biophysical data. However, the reliable 
and representative data needed to parameterise the biophysical, farming system and household 
characteristics within the models developed was not available, especially for some grassland types 
(alpine meadows in Gannan). To address the issues of generating reliable data for the models, skills 
and technical training were targeted in three main areas: model use, farm surveys and better data 
collection methods.
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Model-use training
Skills to use and further develop the models were limited but were addressed by dedicated training 
sessions for training the trainers (in China and Australia) and ongoing one-on-one meetings 
and email tuition with model users. Specialist modellers (Liu Haibo, Yuan Qing, Qiao Jiang) have 
emerged from this capacity-building process and now provide competency to use the StageONE, 
StageTWO and the complex StageTHREE SGM (Chapter 6). A yak submodel was developed by Liu 
(2017) for the Qinghai–Tibetan Plateau site at Maqu, Gannan, for his PhD. The models are being 
incorporated into a common framework, ‘optimised management models for household pasture 
livestock farm production’, built by Yuan Qing (Kemp 2018) so that they can share a common 
dataset.

Survey training
Household surveys have been done regularly in China, but they had not previously collected 
biophysical data that could be used to understand how farms functioned. Often the surveyor 
simply asked local officials for the required data. We trained staff and students in interview 
techniques for regular, repeat surveys of herders to obtain biophysical and financial data on 
how herder households functioned. Initially, staff and students returned to households to clarify 
the responses previously obtained. That data was then analysed to assess the main drivers of 
productivity (Chapter 4) and calibrate the models (Chapter 6 and 7) used to investigate alternative 
management strategies. Putting the data into models often quickly showed staff and students 
where the data were inconsistent and had to be checked. Additional surveys have been done on 
herder attitudes to policy (Chapter 5). The data now being obtained is reliable and provides much 
useful information on herders.

Data collection training
Better-quality grassland data are needed to improve model calibrations, analyse field experiments 
and for on-farm monitoring. In China, grassland biomass and composition are usually measured 
by cutting a few randomly placed 1 m2 quadrats. This sampling method is time-consuming and 
inadequate due to the small sample size and, because of its destructive nature, cannot be used 
for repeated measurements over time. Dry weight ranking techniques, first developed in the 
1960s (Hargreaves & Kerr 1992), are well-established as non-destructive procedures for sampling 
grasslands efficiently. Workshops were run with program partners and a highly skilled Australian 
technician in 2012 and 2014 to train staff and students in these techniques. Pilot training in 2012 
at Lanzhou University (12 participants, 72-person days training) was used to develop a course 
which was then delivered at three workshops (28 participants, 112-person days training) in 2014. 
Field testing was done in 2014, monitoring grasslands on farms in Siziwang (10 participants, 
50-person days training) and assessing biomass and composition at the Hebei grazing experiment 
(12 participants, 48-person days training). In 2013, workshops were held in Sunan and Maqu 
(200-person days). These workshops dealt with various technical issues raised by participants 
and initiated wider use of these techniques. Subsequently, two independent studies were done 
by workshop participants, assessing biomass and composition of alpine meadows (Li et al. 2015) 
and typical steppe (Yin et al. 2015). These showed the accuracy, reliability and efficiency of these 
techniques, relative to traditional methods.
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Mentoring and coaching
Mentoring and coaching were used to bridge the gap between the mentee’s (researchers, students, 
herders and policymakers) current skills and knowledge and what was required to produce 
quality outputs, outcomes and impacts as part of a dynamic, multidisciplinary, multi-institutional 
development process (Panzer 2016). The Australian team worked closely with staff and students 
throughout the program. Mentoring and coaching were part of all the interactions, particularly as 
this became less threatening, especially to students. This often meant that questions arose that 
probably would not have come up in more formal situations. We emphasised seeing problems and 
issues within a systems context, as that was more useful for finding workable solutions.

Leadership development
The Australian team comprised senior and junior staff, as did each of the Chinese institutes. We 
were all conscious of the need to develop the next generation of scientists who could continue 
the work started in this program. The junior Australian and Chinese staff in 2009 are now leading 
projects and delivering good results. Four of the program team (Prof Zhang Yingjun, Prof Hu 
Fujiang, Dr Ren Weibo and Dr Li Ping) were selected for the ACIAR John Dillon Fellowship Program, 
which includes a formal research management training course and a program of visits to a range 
of best-practice organisations. Junior staff and students were given the responsibility of managing 
their project areas and making sure it was done well. Over time they built the confidence to ask 
how best to solve problems. The benefits are evident in the funds now being obtained and in the 
number and quality of papers being produced.

Herder training and empowerment
Prior to this program, herders’ (and officials’) strategy to increase incomes was to increase animal 
numbers (Chapter 2), which has led to overstocking and ongoing grassland degradation (Kemp et 
al. 2018). Farm demonstrations were used to show how major improvements could be made in the 
livestock system, without reducing incomes (Chapter 4). The farm demonstrations were coupled 
with ongoing herder training, so herders had better knowledge of animal management and could 
make the transition from a survival to production state (Kemp & Michalk 2011). Total farmer 
training (with local government officials at some locations) totalled 20,520 person days, of which 
half (10,280 person days) were delivered by program partners at GAU (23 events), IMAU (16 events) 
and CAU (8 events), and half by Chinese-funded national programs (10,240 person days, 64 events). 
In Siziwang, Professor Han Guodong worked with the village leader, Buhechaolu, to train herders 
in better grassland and livestock management. Various local structures were used. The main one 
was a farmer association that provided better-quality sheep for breeding, and training in feeding 
animals and marketing. There are now approximately 2,000 households that have reduced their 
livestock numbers and are making more money. Other examples are presented in Chapter 3.

Australian livestock grazing extension specialist Colin Langford delivered nine specialised farmer 
schools on genetics, reproduction, nutrition and grazing management based on the program’s 
Livestock Production Training Manual, launched in 2013 (Figure 11.5). This manual was patterned 
on PROGRAZE©, one of Australia’s most successful technology transfers for pasture and livestock 
management (Bell & Allan 2000). One concept that has been taught, allied to this training, is 
the need for researchers and herders to have a common language so that knowledge can be 
transferred more efficiently. That means researchers need to measure plants and animals in terms 
that are also used by herders. Unfortunately, much research in grassland ecology is not in terms 
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that herders understand (e.g. plant frequency), but herders do understand biomass. Similarly, 
herders can be taught to measure an animal’s condition score (fat to thin), which should also be 
done in experiments. An animal’s condition score is a direct measure of its status. It relates to its 
liveweight (but is easier to measure) and is a common tool for managing animals and monitoring 
their nutrition (White & Holst 2006; van Burgel et al. 2011). More staff and students can now 
measure condition scores.

Figure 11.5	 Livestock Production Training Manual (2013) published in Chinese, 
Mongolian and English

The effectiveness of herder training was assessed by considering two questions: 

1.	 How did herder training address the program’s three themes? 

2.	 Which themes were of most interest to herders? 

In the Gansu training program, 70% of the training sessions focused on the livestock theme 
(improved enterprises and animal management strategies) and 30% on the grassland theme. There 
were no sessions on the policy theme (Table 11.6). When herders were asked which themes were 
of most interest to them, 86% nominated the livestock theme. This arguably reflects a growing 
perception by herders that optimal solutions are more likely to be found in improving production 
efficiency by focusing on the number of animals and animal product per hectare (Kemp et al. 2013). 
The impact of herder training is evident in changes in on-farm practices such as enterprise change, 
livestock management change and grassland management change (Chapter 4).

Table 11.6	 Herder training and preferences for the program’s key themes (Gansu Agricultural 
University workshops)

Key research themes How did herder training address 
the program’s key themes?

Which themes were of most 
interest to herders?

Training events Person training days

Identifying improved enterprises 
and animal management strategies

16 (70%) 4,420 (86%)

Grazing management 7 (30%) 740 (14%)

Contributions to finance and policy 0 (0%) 0 (0%)
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Farm demonstrations
Farm demonstrations of new practices are one of the most effective teaching tools to achieve 
on-farm change, as herders can see practices in context. The use of paired farm comparisons with 
controls was pioneered in the first phase of the sustainable grassland program at four villages 
in IMAR and Gansu (Kemp et al. 2011; Wang et al. 2013; Kemp et al. 2011, Chapter 4). Previously, 
in China, no demonstration farms had been established in grassland regions. Monitoring at 
demonstration farms in Sunan (Chapter 3) has continued throughout the program. The number of 
demonstration farms was increased to include 14 villages located in all six of the main grassland 
provinces in northern and western China (Chapter 4) as part of a national program run by staff 
at IMAU. Each village had six demonstration farms (three households contracted to test new 
management practices and three to act as controls) operated by the owners to show what 
results could be obtained by herders under normal conditions. As discussed in Chapter 4, these 
demonstrations have all shown financial benefits from reduced stocking and other changes.

The demonstration farms and training significantly prepared herders for the transition from 
subsistence to business thinking. Training covered various topics each year in nine central 
locations, delivered to groups averaging 40 officials and 120 farmers. Overall, 3,360 and 10,240 
person training days were delivered at Siziwang and the other national program locations 
respectively. Officials now have a greater awareness of how to alleviate poverty and improve 
grasslands across China, and herders have a greater understanding of how they can increase 
household income with fewer animals.

The use of demonstration farms introduced the need for ethical practices of researchers 
commencing this work. Specifically, it was not deemed reasonable for control farms to be 
constrained over time. We allowed them to change their practices as they observed what the 
demonstration farms were benefiting from. Over time, the control farms also participated in 
training workshops. This meant that improvements in the performance of demonstration farms did 
not show as large a gap with the control farms as might have been the case. Staff were trained to 
compare demonstration farms as much with their past performance as with the controls.

National programs
Since the sustainable grasslands program started in China, there has been a growing recognition by 
central agencies of the value of the work done and its importance for improving policy. Advocacy 
by the program and partners has led to the funding of seven national and six provincial projects 
(totalling approximately ¥272 million or $A54 million). In addition, leaders have all taken on major 
roles that aim to improve different aspects of the grassland–livestock system (Table 11.2). The 
program team are now the leading group of grassland scientists in China.

Study tours
Bilateral engagement built linkages between Australian agricultural providers (government, tertiary 
institutions, agribusiness and farmers) and their Chinese counterparts. These links facilitate the 
exchange of ideas, research collaboration and technology transfer, which all provide valuable 
insights into the current state of agricultural industries in Australia and China. Short-term study 
tours are one important way to achieve these objectives. They also promote personal growth 
through the experience of a different culture, which challenges perspectives and stimulates ideas 
about what can be applied at home.
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Between 2009 and 2016, 26 short (1–5 days) training programs (307 people, 911 person training 
days) were delivered in Australia by NSW DPI and consultants, using this program’s results 
but at no cost to the program. The delegations came from Beijing (6 groups) and 10 provinces 
(Shangdong (3), Gansu (2), IMAR (5), Tibet (1), Zhejiang (2), Yunnan (1), Jiangxi (1), Guizhou (3), Henan 
(1), Shanxi (1)). Three of these delegations, all from IMAR, were directly linked with the program. 
The rest either contacted NSW DPI directly or used a training company approved by the State 
Administration of Foreign Experts. Most groups were led by officials with director-general or deputy 
director-general status. Delegation members comprised 75% officials and technical experts from 
government departments, 20% university staff and students and 5% farmers/herders.

David Michalk arranged the training for all these groups, which included a combination of lectures 
and site visits showing various aspects of Australia’s livestock industries tailored to the interests 
of each delegation (Table 11.7). Government officials were most interested in policies and 
government roles in developing market systems, food quality with safety protocols and traceback 
systems, and funding sources for agricultural research and development. Irrespective of the main 
focus of individual training programs, the concluding lecture for all groups was based on Kemp 
et al. (2011) and Michalk et al. (2011) and focused on problems, dilemmas, finding solutions, 
redesigning livestock strategies to reduce stocking rates and to improve incomes on western 
China’s grasslands. The clear message was that the principles of precision management technology 
used in Australian livestock systems are being used to change on-farm practices in western China’s 
grasslands. The ongoing requests for repeat visits indicates the value of this program.

Table 11.7	 Themes addressed by study tour participants visiting Australia from China

Key research themes Training events

Identifying improved enterprises and animal management strategies 9 (35%)

Grazing management 6 (23%)

Contributions to finance and policy 11 (42%)

Program impacts
All capacity-building activities produced positive outputs and outcomes, summarised in Table 
11.8. Researchers and students received training and gained new skills and knowledge, new 
approaches to solving serious livelihood and grassland problems were introduced, evidence-
based solutions were tested on farms and practical evidence-based management options were 
developed and adopted by empowered and trained herders. The skills and knowledge of individual 
researchers and postgraduate students grew significantly as shown by the number and quality of 
journal papers, participation in international forums and actively and respectful engagement with 
smallholders. Organisations improved their collaboration in research and research administration 
(there was little before this program) and developed capacity to work effectively with herders and 
talk to policymakers. Policymakers’ perspectives of the grassland issues were challenged through 
conferences, workshops, meetings and study tours, with alternatives summarised in a series of 
policy briefs (Chapter 12).

The capacity of researchers and herders to improve livestock management and grassland condition 
was greatly strengthened, delivering considerable financial benefits to smallholders (Chapter 4; Li 
et al. 2015; Yin et al. 2018) and the Chinese economy. It was not possible, though, to estimate the 
cost-effectiveness of capacity strengthening, as all the capacity-building activities reported here were 
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integrated with research and demonstrations, making it difficult to differentiate between causality 
and attribution. This is a common challenge for AR4D programs (Templeton 2009). In this program, 
our capacity-strengthening activities acted as catalysts for outcomes and impacts achieved through 
other program activities (e.g. research) as evident in our outcomes (Table 11.8). The collective 
results went well beyond the original program proposals. Of great significance in this was the 
developed confidence among Chinese partners, who obtained several large projects that greatly 
extended the work done. Conservatively, more than 8,400 people have been directly influenced by 
the program outcomes through attending conferences of various types (41%), participating in 
technical workshops (18%), training programs (2%) and joining herder training sessions, 
demonstration farm visits (39%) plus another 13,292 reading and 1,124 citing program publications. 
Capacity-building activities range from a better understanding of doing systems research, through 
to specific tasks necessary for research, development, extension, training and communications.

While it is not possible to specify impacts for individual capacity activities beyond the outcomes 
identified, it is possible to report on economic impacts from aggregated activities that specifically 
address herders’ immediate problems of degrading grassland caused by too many animals 
and resulting in low household profit. Chapter 4 and Li et al. (2015) provide a good example 
of how capacity built in research, demonstrations and training has contributed to identifying 
sustainable management strategies to improved herder income for the desert steppes in IMAR. 
The lead researcher, Li Zhiguo, a student then lecturer at IMAU and a long-term contributor to 
the ACIAR Chinese sustainable grassland program, has participated in many of the program’s 
capacity-building activities, such as StageONE and StageTWO models (Takahashi, Jones & Kemp 
2011), survey methodology (Kemp et al 2011, Chapter 4), demonstration farms (Kemp et al. 2011), 
communicating with herders (Wu et al. 2011) and mentoring as a PhD candidate (Li 2015). He now 
successfully manages the large national project of demonstration farms. The core group in that 
project are the 2,000 members of the Siziwang Herder Association, who collectively manage about 
1.1 Mha of desert steppe in Siziwang. Conservative estimates of additional income for association 
members generated by adopting new practices indicates their combined net income has increased 
by ¥43 million/year ($A8.8 million/year). The present value of benefits, calculated over 15 years 
($A121 million), is well in excess of the program costs ($A10.8 million of Australian and Chinese 
funds) giving a benefit–cost ratio for the programs of approximately 11:1. This highlights the 
value of capacity building for economic outcomes, as they could not do this without a clearer 
understanding of how the system works. In addition, there was an environmental impact from 
a 34% reduction in CH4 emissions under the new strategy (Li et al. 2015) that is yet to be costed. 
There are examples in the technical chapters of this monograph that demonstrate the same 
pattern of capacity building from the program.

The Chinese sustainable grassland program began with the recognition that smallholder herders 
were neither profitable nor sustainable, but it had the vision that these small smallholders can play 
a central role in improving household incomes, rehabilitating their grasslands and closing China’s 
red meat supply gap when empowered with skills, knowledge and market incentives (eds Kemp & 
Michalk 2011; Michalk, Wu et al. 2015). Ways of achieving this have been demonstrated in practice, 
based on a much better understanding of the grassland–livestock system. People from herders to 
national officials now have that better understanding of how the system functions, what can be 
changed and what are the most effective pathways to follow to achieve profitable and sustainable 
livestock enterprises. Across China, approximately 23,000 people are estimated to have had some 
contact with the program. This enhanced knowledge now lies with the Chinese personnel involved, 
though they still express a desire for continued collaboration with the Australian scientists to help 
them to continually develop their skills and knowledge to improve the livelihoods of smallholder 
herders and the grasslands on which they depend.
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Table 11.8	 Outputs and outcomes from capacity-building activities implemented between 
2009 and 2018
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Research 
projects

  Total publications 376 
including: Journals 273 
(186 international JIF-rated, 
87 Chinese unrated); 
Conferences 103 (see 
below).

Students publications: 50 
(included in totals).

Journal impact factor range 
12.12 to 0.20; 30 papers 
published in journals with 
JIF>3.5.

Published with influence: 
12,748 reads and 1060 
citations tracked (2009 and 
2017) in 83 JIF rated journals; 
Only 16 papers not cited 
internationally. 

Chinese papers promote on-
farm practices (bottom-up 
influence). 

Stage 3 Sustainability Model 
developed and calibrated.

Enhanced reputations of 
individuals and partner 
institutes. Improved the core 
production relationships 
used in the models.

Conferences, 
workshops and 
meetings

   Total conferences, 
workshops, significant 
meetings, book chapter 
103. 43 papers in IGC & 
IRC congresses (27 senior 
authored by Chinese); 
27 papers in other 
international conferences; 
26 papers at Chinese 
conferences, workshops 
and meetings; 7 book 
chapters published. 
Sydney IGC (800 delegates, 
700 papers) success 
dependent on project 
team for organisation, 
program and proceedings 
production. Keynote 
papers at 6 major national 
workshops attended 
by ~1500 government, 
researchers and 
agribusiness people.

Effectively promoted project 
approach and results to 
eminent scientists at major 
grassland conferences 
(2011-2015). Informed policy 
makers through high level 
meetings (APEC and ‘One 
Belt One Road’ conferences) 
and national workshops of 
evidence-based alternative 
solutions to rural poverty 
and grassland degradation. 

Developed and nurtured 
international networks with 
leading scientists. Built skills 
in staging an international 
conferences and confidence 
in younger researchers in 
presentation delivery to 
large audiences.
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Capacity 
building 
activities

Targets of capacity building
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Higher degrees  38 higher degrees (10 
PhD, 28 Masters) awarded. 
Partner universities shared 
contribution: LU – 4 PhD, 8 
MSc; CAU – 3 PhD, 4 MSc; 
GAU – 2 PhD, 5 MSc; and 
IMAU – 1 PhD, 10 MSc. 

Development of yak 
sub-model to facilitate 
modelling in alpine 
grasslands.

Expertise development 
in key areas to support 
farming systems research 
including training modelling 
specialists. Industry‐ready 
graduates with a broader 
educational experience 
linked to the needs of 
research users. 

Use of models has identified 
better on-farm practices.

New skills 
and technical 
training

  Capacity built to use all 
models developed by 
project.

Survey methodology 
developed and used 
with ~1400 households. 
Training in new methods 
to analyse and graph 
survey results.

DWR training (40 
participants, 184 person 
days training) and field 
testing (22 participants, 
98 person days) 
demonstrated value of 
DWR. 

Competency to use all 
models in desert steppe 
and alpine meadow and 
to calibrate sustainability 
model for other grassland 
types.

Statistically reliable data 
generated by household 
survey methodology 
to identify sustainable 
and profitable farm 
management strategies. 

Independent studies 
confirm DWR an accurate 
and cost effective alternative 
method to monitor biomass 
and botanical composition 
in Chinese grasslands. DWR 
now used in grassland 
research.

Mentoring and 
coaching

   Researchers and 
students bridged gap 
between existing skills 
and knowledge and that 
required for system 
research. Herders changed 
mindset and built skills to 
implement new on-farm 
practices. 

Researchers and students 
built competency (skills 
and knowledge) to 
continue producing good 
science. Some herders 
now at lead their districts 
by demonstrating better 
grassland and livestock 
management practices to 
others.
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Capacity 
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Leadership 
development

   Four project team 
members completed 
ACIAR John Dillon 
Fellowship Program. 
Demonstration household 
herders transitioned into 
effective group leaders 

Established strong bilateral 
collaboration networks, e.g. 
China-Australian Network 
for Grassland Farming 
Systems. Formation of 
Herder Associations; 
Siziwang Herder Association, 
now 2000 members with 
own training programs, 
elite ram breeding facilities, 
branded product and 
marketing in eastern China 
cities.

Herder training  20,520 person days 
delivered by project 
(10,280 person days, 56 
events) and National 
Programs (10,240 person 
days, 63 events). 
Herder Training Manual 
published 2013. Herders 
trained in Fat Scoring 
Method for monitoring 
livestock performance.

Many herders transitioned 
from subsistence to 
market-oriented livestock 
production. Precision 
livestock production 
identified by herders as 
key to maintaining farm 
product output with less 
livestock. Achieved on-farm 
practice change (enterprise, 
management) that reduced 
stocking rate, increase 
household profitability and 
improved grassland. 

Farm 
demonstrations

    Project demonstration 
farms (102) in paired 
farm comparisons with 
‘controls’ monitored in 21 
villages in Gansu & IMAR. 
National Demonstration 
Farms Program monitored 
another 84 farms in 
14 villages located in 
grassland provinces. 
Core target for farms: 
1110 herders & 380 
government officers visited 
demonstration farms 
and training each year. 
Demonstration households 
surveyed to monitored 
benefits of practices tested 
using methodology and 
analyses developed by 
project.

Use of project survey 
and demonstration farm 
methodologies validated by 
publication in high impact 
journals. Demonstration 
farms convinced herders 
that lower stocking 
rates resulted in higher 
nett incomes. Value of 
demonstrations farms 
confirmed as a key driver 
of on-farm change and 
justify their inclusion in 
AR4D projects focuses on 
alleviating smallholder 
poverty and grassland 
degradation.
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National 
programs

  Substantial capacity 
building and technical 
support provided to 13 
national and provincial 
funded projects (total 
$A54 million). National 
Grazing Management 
Program used project’s 
experimental layout, data 
collection methods and 
analyses to investigate 
sustainable stocking 
rates in 14 experiments 
across northern and 
western China. National 
Demonstration Farms 
Program used project’s 
survey methodology 
and demonstration farm 
design. 

National Programs scaled 
up the evaluation of the 
outcomes of core project 
research to grassland 
provinces beyond the 
project footprint. Project 
senior scientists entrusted 
with the responsibility to 
implement these National 
Programs. Substantial co-
investment in knowledge 
and capacity building 
demonstrated clear ‘win-win’ 
outcome in ACIAR-China 
partnership.

Study tours to 
Australia

   Study tours delivered in 
Australia – 26 short (1 to 
5 days) training programs 
(307 people, 911-person 
training days) from Beijing 
and 10 provinces. 3 directly 
linked with project, others 
indirect. Most groups 
included 75% government 
officials and technicians 
and led by senior officials 
(DG or DDG level) with 
strong interest in policies 
and government roles. 

Key senior leaders (230 
people) responsible 
for grassland issues 
but outside the project 
footprint provided with 
clear demonstration (using 
project outcomes) that 
principles of precision 
management used in 
Australian livestock systems 
are being used to change 
on-farm practices in 
western and norther China’s 
grasslands. 
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12	Future-proof sustainable 
Chinese grasslands

David Kemp, Han Guodong, Hou Fujiang, Hou Xiangyang,  
Wu Jianping, Zhang Yingjun, Karl Behrendt

The scale of China’s degraded grasslands and the number of people who depend upon them and 
their low incomes is one of the world’s largest socioenvironmental problems. These problems 
are widespread, as the issues discussed in this monograph are common throughout large areas 
of China, Mongolia, Russia, Central Asia, India, Pakistan and Africa. Grassland/grazing lands are 
40% of the world’s land area and there is common concern about the state of these lands and 
the need to find sustainable solutions that maintain these lands in a resilient, stable state, while 
sustaining the livelihoods of the millions of people who depend upon them. What are the options 
and pathways whereby the vast natural resource of grasslands can be utilised sustainably by future 
generations? In this monograph, we have focused on the grasslands of northern and western 
China, and devised a range of options and pathways for rehabilitating degraded grasslands and 
improving the livelihoods of herders. In this chapter, the aim is to first review the lessons learned 
from working for herders, assess the impact of this program and provide conclusions and general 
policy recommendations. We outline the lessons learned that, if maintained, will help future-proof 
the development of sustainable grassland livestock industries across China.
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The program’s aim has been to rehabilitate the vast grasslands of China and improve herder incomes. Methods 
to achieve this are detailed through this monograph. Photo: D.R. Kemp

Working for herders
What are the general lessons from this large program that has been in place for 15 years? A lot 
of detail has emerged and is ongoing that helps to understand how the livestock-grazing system 
functions in these tough environments. The work can be distilled into general issues that help focus 
this and other similar research. 

Use common language
To understand a system, researchers often use measurements, techniques and terminology that 
are inaccessible to farmers and herders. A common problem is that ecologists measure terms like 
frequency or basal cover, yet livestock eat biomass, not frequency, and the primary competition 
among grassland plants is best understood through biomass interactions. It is difficult to make 
much practical use of a lot of the ecological work. This does not mean that scientists should not use 
specialised techniques, rather that they should always include measures that are directly relevant 
to the herders and their advisers. Similarly, the relationship between an animal’s liveweight and 
condition score can be well understood, yet grazing experiments have not always measured 
the grazing animals. In the Chinese literature, there are grazing studies that did not monitor the 
animals in a useful way that could then provide direct information of relevance to grassland 
management, so those studies could not be used. For grassland management, the common 
measure that directly related to several aspects of grassland and animal productivity is grassland 
herbage mass (Chapter 10). This can also be monitored by governments through remote sensing 
techniques. Throughout this program, we have sought to use techniques that directly help quantify 
and understand grassland and livestock interactions.
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Work within system limits
Work with what you have. The grasslands are vast and it would never be feasible to completely 
replant them to achieve a more productive state, as has been proposed in various publications and 
forums. Seed is not available for most of the useful species, vegetative propagation is not feasible 
and past practices mean that the botanical composition of most grasslands has changed from 
what would be considered a preferable state. Similarly, it is not feasible or even beneficial to simply 
replace all the animals with another breed. Thus, the current task in most areas is to work with 
the current system components and aim to optimise them. The work on managing the desert and 
typical steppe (Chapters 8 and 9) showed how different objectives had to be set. The analyses of 
options for livestock production (Chapter 3) showed that, within existing flocks, culling of the least-
productive animals could quickly result in more animal product and higher household incomes 
from fewer animals. This then created the opportunity for grassland recovery.

Minimise management criteria
Decision-making becomes increasingly problematic as the number of criteria that need to be 
optimised increases. In biological systems, it is effectively impossible to optimise several criteria at 
once. Grassland livestock managers may focus on a few items that may or may not help improve 
the system. A typical problem is focusing on improving animal genetics without improving the 
feed supply. Research needs to identify criteria that will relate directly to grassland condition and 
improved incomes from livestock. That process applied throughout the work discussed in this 
monograph and was distilled to a primary focus on herbage mass. This was the measure that 
researchers could use to analyse system performance and herders could learn to identify (Chapter 
10). Herders do not need to be perfect at estimating all possible values of herbage mass, just critical 
values like minimum values (Chapters 8 and 9) below which grasslands should not be grazed. This 
approach is central in the models, where the objective is to test different management strategies 
and understand the risks of different options (Chapters 6 and 7).

Work at all levels of government
In many countries, including China, land management depends upon both government policies, 
laws, regulations and programs, and herder practices. Good grassland management requires the 
development of practices that everyone agrees on and that research has shown will deliver the 
desired social and economic outcomes. It is essential to communicate with all relevant authorities, 
as well as herders, to understand how the system functions, devise investigations that aim to 
identify sustainable solutions and work through how solutions can be implemented in practice by 
all those involved. In the program discussed in this monograph, our aim was to maintain regular 
contact across the six layers of government in China, as well as with herder groups in the study 
villages. We met regularly with these groups to discuss our findings and plan the work (Chapter 
11). With government officials, our aim was to keep them informed of key results so that, as they 
developed policies, there would be more chance of compliance to deliver the desired benefits. 
When this program started, the solution to grassland degradation was to ban grazing for five years. 
This did not always result in grasslands returning to a desirable state (Chapter 5) and carried with 
it a large socioeconomic cost. The experiments showed that reduced stocking rates could achieve 
similar results to a grazing ban, while also improving the profitability of livestock production 
(Chapters 3, 6, 7, 8, 9 and 10). Current policies allow for a reduced stocking rate option instead of a 
grazing ban, which results in higher herder household incomes. This program helped to establish 
the policy of achieving a balance in feed supply and demand.
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Develop markets
Where major grassland improvements and household incomes occurred (Chapters 2, 3, 4 and 8), 
we used a combination of surveys, experiments and farm demonstrations to show the benefits 
from reducing animal numbers and improving the genetics of the retained animals. However, 
we want to acknowledge that the impetus for these changes often came as much from markets 
increasing payments for better-quality, more-productive animals. Where markets shift to paying 
for animal products, rather than a common price per animal, there is the incentive to optimise 
the amount of meat, milk, fibre etc. produced per animal. This leads to reducing stocking rates 
on grasslands (Chapter 1). While this program was not involved with detailed work on improving 
markets, program members at Siziwang and Sunan worked with local herders to enable price 
premiums for better-quality animals. Herders are unlikely to change practices that would improve 
grasslands unless those changes also improve their incomes. The value of improving market 
efficiencies in developing economies cannot be understated.

     
Farmers need to focus more on consumer wants. These examples are from a feedlot producer and processor 
who is selling to the middle class with (left) special packages and (right) well-marbled meat. The meat is now 
exported to Japan. Photos: D.R. Kemp

Use farm demonstrations
One of the program successes was the introduction of demonstration farms to grassland regions, 
a program that expanded significantly over the years (Chapters 3 and 4). In these demonstrations, 
we were conscious of the need to trial practice changes that were within the capabilities of 
herders. This included culling unproductive animals and improved feeding in winter, typically with 
local fodder or grain. We did not use expensive alternative animals or fodder. The efficiencies of 
these changes were often lower than theoretically possible. However, even with these limitations, 
financial benefits were clear (Chapter 4). Herders were then in a position to see the benefits, learn 
from the experience and work out how to continue to make further improvements.

Use a range of investigative techniques
Research work often involves analysing a problem and then devising studies designed to identify 
solutions. However, when that is done in isolation, the solutions devised may not be feasible, nor 
applied. For this reason, we first surveyed herder households to understand how the grassland–
livestock system worked, then used that information to construct simple models of how livestock 
production functioned (Chapter 6; eds Kemp & Michalk 2011). That process helped identify the 
main issue of reorganising livestock production as the pathway to grassland improvement. In 
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contrast, there had been ecological research in China to identify a range of practices that could 
rehabilitate grasslands, although the practices recommended may not have been relevant to 
herders. The grassland research done in this program was designed to provide information that 
was directly related to herder incomes. In addition, farms demonstrations were used to test the 
model predictions. The combination of farm surveys, field experiments and farm demonstrations 
built confidence that the conclusions drawn would be real and achievable for herders, making 
them more likely to be adopted.

Consider the systems context
As emphasised through this monograph, it is important to do research for development work in 
context (Chapter 1). The original plans for this program were to do some field experiments, backed 
by modelling. But the more that was initially learned, the more we needed a greater understanding 
of the grassland–livestock system. Some modelling was needed to bring the information together 
with field experiments that tested ideas for improving grasslands and herder incomes. Modelling 
was the tool that helped check various data sources to see if they made sense in a systems context. 
Often individual pieces of information (e.g. animal weights) made no sense when lined up against 
grassland measures, which indicated very low quantities and quality of forage, well below animal 
maintenance levels. The data required was then remeasured. Systems modelling also suggested 
that lambing times could be changed from mid winter to late spring or early summer, a prediction 
that was then substantiated in farm demonstrations (Chapters 3 and 4). StageONE, StageTWO and 
StageTHREE models (Chapter 6; eds Kemp & Michalk 2011), based on the energy feed balance of 
livestock, all indicated reduced stocking rates should improve the grasslands, incomes and system 
resilience. The PhaseONE model (Chapter 3; eds Kemp & Michalk 2011) took a completely different 
precision livestock management approach of estimating the gross margin for each individual 
animal, but came up with the same conclusion that reduced stocking rates would improve 
household incomes. Analysing different parts of the system using different tools, and comparing 
results at a whole-system level, built confidence in the program outcomes.

Build capacity of all
To create effective, long-lasting change requires not only devising sustainable grassland–livestock 
management techniques, but also lasting changes in the knowledge and skill base of all the 
personnel involved in finding sustainable solutions. Throughout this program, we were conscious 
of the need to build the capacity of all the people involved (Chapter 11). That commitment paid 
significant dividends in the capacity of the people involved to research system problems, in herders 
to take on and devise better practices and in officials to modify policies so that better outcomes 
resulted. The impressive list of papers produced by this program (Appendix 2) gives some insight 
into how the capacity of everyone involved in this program developed.
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Dr Horne (ACIAR), Dr 
Austin (CEO, ACIAR) 
and Professor Kemp 
at a meeting with local 
officials and project 
members in China to 
discuss progress in the 
program. Photo: Han G.D.

Impacts

Scientific
This research has introduced a new approach to solving problems that is now accepted and is in 
use among the Chinese groups involved, and others who followed the work. Much of the work 
done has been published (Appendix 2). The sequence of studies involved:

1.	 surveying herders to understand how their grassland–livestock system works

2.	 modelling choices to identify improved tactics and strategies

3.	 evaluating better choices in farm demonstrations and on-farm experiments

4.	 undertaking further surveys to identify benefits on demonstration farms vs controls

5.	 running experiments in parallel to the above studies to resolve the details that cannot be done 
on farms

6.	 modelling aspects of the system that cannot easily be tested on farms or in experiments

7.	 building theoretical knowledge about how the system works and using that to enhance the 
predictability of the results obtained.

This systems analysis sequence has considerably increased the skills toolkit of Chinese grassland 
and grazing livestock researchers. Each of the seven components require different knowledge and 
skills, but all those engaged in this work should now have a better idea of what others are doing 
and why. Our Chinese colleagues had very few of these diverse skills when the program started. 
They are now confident about collaborating in multidisciplinary teams and using these techniques 
effectively. Typically, in China, collaboration among groups has been very limited. Collectively, the 
groups involved in this program are viewed as the leading grassland scientists in China. The success 
of this work means that they will continue a systems approach into the future.

The ability to do systems research means that more appropriate solutions to real problems are 
likely to be found. In this program, considerable knowledge was advanced about the intensity 
of grazing and how that related to grassland condition and animal production, through surveys, 
experiments and modelling. From that knowledge, management rules were developed about the 
level of herbage mass and other criteria that could be used to determine sustainable stocking rates. 
But, as shown in the farm surveys, to achieve the benefits of reduced stocking rates for households 
and for grasslands, it was important to ensure that markets were developed to properly reflect the 
quantities and qualities of livestock products that consumers wanted, and for herders to receive 
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training in better management practices. When all system components are in place, stocking rates 
were significantly reduced and herder incomes increased.

This program has shown that stocking rates across the grasslands of northern and western China 
can be reduced by up to 50% while maintaining or increasing herder household incomes. This 
has real benefits for maintaining a desirable botanical composition and reducing the risk of soil 
erosion. A 50% reduction in stocking rates was further justified by an analysis of historical livestock 
numbers from farm surveys and farm demonstrations.

A key concept coming from this work is the benefit of focusing on livestock productivity per head 
rather than on livestock productivity per hectare. These two criteria are linked, but as shown in the 
farm data, they were not linked in practice to stocking rates (Chapter 4). In many countries, land 
is a more limiting resource and therefore productivity per hectare is commonly used to evaluate 
practice changes. However, herders have not traditionally thought of land as a constraint, nor 
about optimising stocking rates, though they have been conscious of productivity per head and 
can be trained to relate condition scoring to animal growth. We have shown how the optimum 
productivity per head and per hectare are linked. When productivity per head is about 75% of 
the potential possible for a grassland system, it will be close to maximising net incomes from 
livestock on the available land. Experiments and demonstrations need to be done in many regions 
to identify when animals over summer are about that optimum point. Around that point, the 
grassland herbage mass has to be higher than normally applies to enable high animal growth 
rates. This leads to better management of the grassland and reduced erosion risks, as the ground 
cover is higher. In addition, rather than using stocking rates to define the sustainable position, 
the analyses show that criteria can be set for the minimum average herbage mass that needs to 
be maintained over summer (e.g. > 0.5 t DM/ha for both the desert and typical steppes). Animals 
need to be moved before all the herbage is eaten. This is an easier criterion for herders to use. 
Managing optimum stocking rates is more difficult, as these continue to be a moving target within 
and between seasons, and this has not been traditionally done. In addition, a start has been made 
on defining sustainable levels of grassland consumption by livestock. The sustainable consumption 
level was 10% for the desert steppe and 20% for the typical steppe. Defining those limits enables 
researchers and officials to better estimate the sustainable stocking rates. Current methods used 
for those calculations result in overgrazing. These low values for consumption rates are different to 
what is often called utilisation, as that is determined by a different technique. All these criteria need 
to be defined for the major grasslands of China.

The methods devised to analyse the datasets obtained and identify optimal management practices 
are new and not common in the literature (e.g. decision trees to classify farms from survey data 
and various graphical methods to show interactions clearly). Wider use of these techniques makes 
it easier to understand how the system functions. The list of publications in Appendix 2 details the 
many studies done.

Environmental
A central focus of this program has been to rehabilitate grasslands to reduce adverse 
environmental impacts. Dust storms across northern China, Korea and Japan are common in spring 
and their frequency is much higher than in previous centuries. Beijing and many other large cities 
are affected by these dust storms. Dust storms cannot be completely eliminated, as the grassland 
areas include the Gobi and other deserts where annual precipitation is only 50 mm and areas 
such as the desert steppe can never achieve 100% ground cover. However, by reducing grazing 
pressures and allowing the grasslands to regrow, the frequency and intensity of dust storms can 
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be reduced, as shown with the modelling (Chapter 6). Our research has shown that the average 
herbage mass on the grasslands needs to be higher to improve animal production, maintain a 
desirable species composition and reduce the risk of soil erosion (Chapter 10). Associated benefits 
with extensive application of the practices developed in this program would also mean that silt in 
the Yellow River would be reduced. The Yellow River is the mother river of China. Civilisation and 
the first development of agriculture is considered to have occurred along its course, initially in 
Gansu. The Yellow River starts on the Qinghai–Tibetan Plateau and nearly half the water in the river 
comes from the Gannan in Gansu, where we have been working with the Tibetan communities to 
better manage the grasslands.

Economic
The changes in practice that have come out of this program are enabling improved incomes for 
herder households. Most herders are interested in meat production. Net incomes increase as 
stocking rates decline through higher growth rates of individual animals, faster turn-off to markets 
and nil or limited carryover of livestock destined for meat markets between years. As productivity 
per animal increases, there is less wastage and a higher price paid by traders. In Siziwang, herders 
have established a very effective system where lambs are better fed, weaned early and go to 
feedlots then to abattoirs and hot-pot restaurants in Beijing, resulting in higher incomes (Chapter 
4). Previously, there were many traders in the system and no one made much money. In Siziwang, 
herders with 200 sheep have better incomes than those in neighbouring areas or in nearby 
Mongolia, where practices are still traditional, prices are less and herders believe they need 800 
sheep to be viable.

An indication of the financial benefits from the work reported in this monograph can be estimated 
from a 2010 survey of approximately 1,200 herder households across the six main grassland types 
(Chapter 5). Decision trees were used to classify the households within each grassland type, using 
net income/SE as the dependent variable. An average of five groups were formed in each case. The 
median group had an average net income from livestock of approximately A$5,000 per household 
(A$2.74 per capita per day). The next highest group were starting to employ the recommended 
practices of lower stocking rates, better selection of animals, better feeding practices, more warm 
sheds, better marketing etc., and their net income more than doubled to approximately A$11,400 
per household (A$6.24 per capita per day). There are 16 million herders across China who are 
dependent upon grasslands. If 1 million of them (6%) achieved this increased income, the total net 
benefit would be A$1,277,500,000 (2010 prices). Given recent market developments, we would 
anticipate returns and higher adoption rates.

Community
In 2004, when this program formally started after three years of planning, the concern was that 
herders could no longer exist on the grassland as their incomes were too low, the grasslands were 
in a degraded state and their children saw no future in the grasslands. With the changes in practice 
that have come out of our program, along with the additional details resolved by herders, officials, 
researchers and others involved in the value-chain for livestock, we have shown that herder 
household incomes can be improved while restoring the grasslands and that the next generation 
of herders will have a future. Older herders are now retiring and renting their land to others, 
which results in more viable farms. We showed there is a strong relationship between farm size 
and stocking rate, so as farms get larger the stocking rate is likely to naturally decline, in line with 
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national goals. Those herders who are now getting higher incomes are able to ensure their children 
get a better education.

Across the various study villages, the largest impact has been at Siziwang on the desert steppe in 
IMAR. In this village, some 2,000 households have reduced their flock numbers to 40% of previous 
levels (Chapter 2) are now focused on production. They have changed the way animals are 
produced, use feedlots to finish lambs and have a more efficient market system where they now 
obtain much higher prices than those in neighbouring districts. The local grasslands are also now in 
better condition and household incomes have increased. These results arose from a combination 
of a willingness to try new ideas, many discussions about options, backed by modelled results of 
those options and farm scale demonstrations of benefits, and visits to Australia by herders and 
local officials to better understand the ideas we talked about. A dynamic village leader, keen local 
officials, energetic university staff and a commercial company evolved system improvements 
including targeted government funds, feedlots and streamlined higher-value markets so that 
benefits could be delivered. System studies are the best approach for solving these problems.

Capacity building
Our ‘learning while doing’ capacity building and training had three objectives: 

•	 advance the quality and focus of grassland science done by researchers and students

•	 achieve adoption of improved management practices by small herder households

•	 show officials better methods of managing grasslands while improving herder household 
incomes.

Across the five Chinese groups involved in this program, we have had a major impact on the way 
grassland research is done in China. Previously, most grassland scientists worked within a narrow 
field, as did animal scientists, ecologists, economists and policy advisers. They mainly aimed to 
describe their results, not evaluate principles or mechanisms. This created many problems, as 
data was often incompatible between disciplines (e.g. ecologists collected detailed data on species 
frequency and not on biomass, which is what animals eat). Similar problems occur in Australia. We 
have taken a systems approach, as outlined earlier, and helped various groups to appreciate how 
components interact. Each of our university partners now incorporate systems thinking into their 
teaching. This integrated approach meant that collaborators were more successful at convincing 
authorities to fund programs (China has provided A$54 million for 13 projects associated with this 
program). There is now a clearer understanding of pathways for improving grasslands by reducing 
livestock numbers while improving household incomes.

Many Chinese staff members involved in this project have continually sought our assistance 
in design, developing methodologies, analyses and writing their research. That has meant we 
improved the results from their research, got more data of value for understanding the grassland–
livestock system, developed the functions needed for the models and published more papers in 
international journals (Appendix 2).

We planned to work closely with Chinese postgraduate students and that has happened to a 
reasonable extent. China follows the US system of coursework and a small research project for a 
PhD program. The Australian group has been involved in student programs. In China, PhDs are 
not awarded until a paper is published in a refereed journal and this is where students realised 
how much help they required. Unfortunately, in several cases, the research was designed or 
implemented locally, without help from the team. This meant much of the work done was helping 
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the students find the useful pieces of information in their data and writing papers that would 
be accepted by journals. That is a harder task, but the outcome is arguably better research 
experiences for the student. The next generation of grassland scientists in China have now had 
considerable exposure to international scientists and the quality of their future work should be 
better. Details of the work done with students and their publications are presented in Chapter 11.

In the case study villages in Gansu and IMAR, we aimed to help herders shift from their traditional 
survival practices to a mode of production. More households were involved in this work in IMAR, 
where we held regular training sessions on animal nutrition during winter, use of warm sheds and 
monitoring animal condition, which they implemented on their farms. We have produced a ‘train 
the trainer’ manual on livestock management for use by officials. Farm surveys are showing that 
herder incomes have risen considerably above what they were a decade ago, indicating that these 
training sessions have helped. A lot of the training included presenting results from this program to 
herders and local officials (Chapter 11). There are now more herders thinking about livestock as a 
production business than when this program started.

Social
The herders on the grassland are among the poorest groups in China. As a result of this program 
and the related activities, they consider they have a future. The Chinese Government puts A$2 billion 
a year into their grassland programs, much of which is concerned with poverty alleviation. This 
includes some of the funds that support projects associated with this program. Previously some 
officials considered the only solution might be to abandon all grazing. There is now an appreciation 
that better management of the grassland–livestock system can achieve improved household 
incomes and improve the grasslands. Instead of grazing bans, we have shown that reduced 
stocking rates can sustain incomes and help rehabilitate the grasslands. The government is 
spending significant funds in grassland areas on improving roads, communications and services, 
indicating that they see these regions have a future. Where we have been working, the local 
communities are more viable. Some herders now rent their land to others, which improves the 
efficiency of livestock production. They stay in their houses and earn rent alongside other income, 
and remain part of the community. However, it is likely that the rural-based populations on 
grasslands will decline over time if alternative employment opportunities do not evolve.

Policy
Through this project we have maintained contact with officials across the six layers of government 
in China, aiming to keep them informed of our results. During 2017, we made formal presentations 
to the national, Gansu and IMAR governments on the major outcomes from our work. We know 
from the earlier project that they have incorporated some early general ideas into their policies 
and programs, notably the emphasis on maintaining a balance between feed supply and animal 
demand. We have been discussing the results that show that grazing bans do not always work. 
Grazing bans are a central part of their grassland program and compensation is paid. Grazing bans 
can be a complete ban for five years or a partial ban in early summer, designed to increase early 
pasture growth and total growth over summer. We have found that on the desert steppe (250 mm 
precipitation), light grazing achieves as good an outcome for the grassland plant community as a 
grazing ban, but it takes eight years before useful effects appear. The typical grazing bans of five 
years, achieved little of value. In addition, heavy grazing in winter may be needed once every five 
years to pressure the less-desirable species and give more desirable plants a chance to become 
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dominant. Current policies need some reconsideration. A series of policy briefs (Appendix 1) were 
prepared and presented to national, provincial and county officials at national workshops and 
meetings in IMAR and Beijing in 2017 and in Tibet in 2018.

Summary
Key outcomes from the program reported in this monograph are the need for a stronger focus on 
livestock production per head as the primary criteria for managing livestock, using critical values 
for the herbage mass to manage grasslands, and identifying targets for production that align with 
better environmental and financial outcomes, using modelling tools that are simpler to calibrate to 
investigate contrasting management options. 

Main conclusions and policy recommendations 
There is a clear need to redefine and reorganise the livestock enterprises within each district to 
identify the sustainable stocking rates that improve and then maintain the grasslands. A 50% 
reduction in stocking rates from the levels of the early 2000s is realistic in many of the regions 
studied. Even lower reductions could be more profitable, as shown by modelling. Precision 
livestock management should be used to select and retain the better animals and improve their 
productivity, instead of allowing traders to take the best animals. This is the preferable way to 
reduce stocking rates, as the remaining livestock will be more productive and the sale of culled 
livestock provides cash to finance fodder purchases and better livestock genetics. To achieve 
the full benefits of stock reductions, there is a need to improve the fodder supply for livestock, 
especially through winter, to make better use of warm sheds and improve the genetics of livestock. 
The new StageTHREE model enables much better evaluation of the options available to herders and 
better defines the outcomes for grasslands.

Grazing of grasslands is best restricted to summer, as severe damage can be done by grazing in 
winter, affecting growth in the next year and accentuating weight loss from animals. Emphasis 
needs to be on monitoring, and improving the efficiency of livestock production per head rather 
than per hectare, as herders more readily understand the former. Over summer, aiming for 
production per head levels around 75% of the potential will get close to the economic optimum and 
increase herder household incomes, while also enabling higher levels of herbage mass and lower 
grassland consumption rates. Ongoing work is needed to define sustainable consumption rates 
for the grasslands as well as the average minimum critical values for herbage mass that should 
apply to each grassland type. Stocking rates derived from these perspectives are better defined as 
SE grazing days over summer, as that enables more flexibility in management. Current methods 
of calculating stocking rates overestimate what is sustainable and are more relevant to livestock 
survival than production.

Livestock lose less weight over winter if they are kept in sheds. A program of continuing 
improvement in shed design and management is needed. Typical feeding regimes in winter 
mean that animals start to lose weight at temperatures below 5 °C, higher than would apply to 
well-fed livestock. Weight loss in sheds is less than occurs when animals are taken out to graze 
through winter.

Critical for the success of reorganised livestock systems is the need to develop markets where 
herders receive prices that better reflect demand from the end consumer. Marketing chains can be 
very long, with many traders involved. Farmer associations are one mechanism being promoted by 
the government that can improve marketing and prices.
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Herders are very skilful at managing survival of their animals through very tough seasons, but their 
skills in production are less well developed. As a consequence, they receive low prices for animals 
and their products. Training programs need to focus on how best to move from survival to 
production, and how to develop a business approach to their livestock enterprise. Training should 
include ways of financing change. At present, herders rely annually on bank loans, which means they 
are in perpetual debt. Culling unproductive animals can provide cash for improving productivity.

Farm surveys showed large differences between herders in all regions, in terms of the profitability 
of their livestock. This was a clear indication that within the present livestock production system 
there are opportunities for herders to improve their incomes. This supports the argument that 
the existing system can be reorganised, rather than requiring a set of completely new conditions. 
Net profit per head from livestock was not related to stocking rates, supporting the view that 
productivity per head should be the focus of management.

Models were developed that enable a staged analysis of options for improving grasslands and 
livestock, then for investigating longer-term sustainability issues. Calibrated models have been 
confirmed by comparisons with data from experiments and farm surveys. The sustainable stocking 
rates estimated by models confirm the benefits of a 50% reduction, which was confirmed in farm 
demonstrations.

Government reforms of agriculture and grasslands are continuing. There are clear needs to revise 
land tenure arrangements, as the evidence from surveys is that land rented from neighbours is 
used for summer grazing and is overgrazed. Herders do reduce stocking rates if they have more 
land, but they need incentives to manage rented land better.

Payments to herders for short-term or complete grazing bans are not working as desired. Grazing 
experiments showed that grazing at sustainable stocking rates helps manage the botanical 
composition and herbage mass just as well as no grazing, while sustaining net incomes. Light 
grazing is a better strategy.
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Professor Kemp being congratulated 
on receiving the Friendship Award by 
Chinese Premier Li Keqiang in the Great 
Hall of the People in Beijing. This award 
is the highest given to foreign experts 
working in China. The award was for the 
program’s contribution to development 
in pastoral areas and followed other 
awards in IMAR and Gansu. 

International workshop held in Hohhot to bring together the people working on the problems of the Mongolian 
Plateau. This workshop is now an annual event, carrying on much of the work started in the ACIAR Chinese 
Sustainable Grasslands Program. Photo: Han G.D.
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Policy Advisory Brief: ACIAR Sustainable Chinese Grasslands Program

Sustainable Chinese Grasslands Program
ACIAR has funded a program with other Australian and Chinese agencies since 2004 to investigate 
ways of improving the degraded grasslands of northern and western China and improving herder 
household incomes. ACIAR projects have had the core roles of system analysis, modelling and 
connecting other work being done by Chinese collaborators. The Chinese governments, at national 
and provincial levels, have funded an extensive series of national and local research projects 
designed to investigate various aspects of grassland improvement and herder livelihoods.

This document brings together in convenient summaries, information and the key outcomes of this 
large program that we consider are relevant to policymakers as they develop their plans, with 
recommendations for system improvements. In these topics, we have summarised the current state 
of knowledge. The main understanding and recommendations are highlighted in boxed text. Because 
there have been regular discussions with officials and herders, many of the recommendations in 
these policy briefs are already being adopted in some districts, while others still work in traditional 
ways. There are many other results from this program that have vastly improved our 
understanding of grassland livestock farming systems. Those results can be found in the many 
publications our team members have produced, many of which are listed in a separate document.

The policy advisory briefs presented in this document are part of an integrated package. The policy 
briefs need to be considered as a group, and then strategies developed to deliver them in ways 
that maximise benefits to herders, the grasslands and China.

The broad policy goal is to:

Improve and maintain the grassland environment while improving herder livelihoods to deliver 
the best social outcomes.

The policy briefs to deliver this goal outline the key issues to:

•	 better define sustainable stocking rates to rehabilitate degraded grasslands, improve incomes 
and improve environmental outcomes

•	 use precision livestock management to improve herder household incomes and reduce 
stocking rates

•	 train herders to move from a survival to a production focus and to benefit from the 
market economy.
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For further information, please contact the key personnel listed in this document.

David Kemp 
Project Leader 
June 2018

Project personnel
If you require more detailed information, please contact the leaders listed below.

China

The leaders for each of the Chinese groups are:

•	 Professor Zhang Yingjun, China Agricultural University <zhangyj@cau.edu.cn>

•	 Professor Wu Jianping, Gansu Academy of Agricultural Science <wujp@gsagr.ac.cn>

•	 Professor Hou Xiangyang, Institute for Grassland Research (CAAS) <houxy16@126.com>

•	 Professor Hou Fujiang, CPAST, Lanzhou University <cyhoufj@lzu.edu.cn>

•	 Professor Han Guodong, Inner Mongolia Agricultural University <hanguodong@imau.edu.cn>

Australia

•	 Professor David Kemp, Charles Sturt University, Graham Centre for Agricultural Innovation, 
Orange, NSW, Australia 2800 <dkemp@csu.edu.au>

•	 Dr Warwick Badgery, NSW Department of Primary Industries/Charles Sturt University, 
Graham Centre for Agricultural Innovation, Orange, NSW, Australia 2800  
<warwick.badgery@dpi.nsw.gov.au>

•	 Professor Karl Behrendt, Charles Sturt University, Graham Centre for Agricultural Innovation, 
Orange, NSW, Australia 2800; Harper Adams University, UK, <kbehrendt@csu.edu.au>

•	 Mr Col Langford, Charles Sturt University, Graham Centre for Agricultural Innovation, Orange, 
NSW, Australia 2800 <clangford@csu.edu.au>

•	 Dr David Michalk, Charles Sturt University, Graham Centre for Agricultural Innovation, Orange, 
NSW, Australia 2800 <d.michalk@hotmail.com>

•	 Dr Taro Takahashi, Rothamsted Research/University of Bristol and Charles Sturt University, 
Graham Centre for Agricultural Innovation, Orange, NSW, Australia 2800  
<ttakahashi@csu.edu.au>
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Policy Advisory Brief: ACIAR Sustainable Chinese Grasslands Program

Sustainable stocking rates for grasslands and incomes

*	 This policy advisory brief was produced by the Sustainable Chinese Grasslands Program team. The views expressed 
are their own and are based on their research and knowledge at the time. Please discuss this further with them and 
acknowledge their work.

Livestock numbers across China have increased fourfold since 1950 and are widely 
acknowledged by authorities to be the main cause of grassland degradation.

•	 Sustainable stocking rates (SSRs) are often half that currently used by herders in China. 
SSRs are more profitable than current stocking rates, do not reduce animal production or 
household incomes and can maintain grasslands as well as a grazing ban.

	– Calculations using estimated utilisation rates can seriously overestimate SSR.

	– SSRs, managed flexibly, rehabilitate grasslands as effectively as grazing bans.

•	 Best grassland management is not to graze below the critical amounts of herbage mass that 
retain desirable species and ground cover.

	– ASRs can be flexible when managing to the critical herbage mass.

	– Herbage mass can be monitored by herders, officials and remote sensing.

•	 Best practice is to only graze grasslands in summer, when they are green.

	– Winter grazing can reduce grassland growth by 50% in the next summer.

	– Animal production is better in winter when animals are in a warm shed and not grazed.

	– Desirable species benefit from grazing rests.

	– Less-desirable species are suppressed by heavier grazing.

•	 It will not be possible to restore the best plant species to all grasslands. In most cases, 
herders need to work with what they have got and optimise those species.
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Chinese livestock numbers
Total livestock numbers in China grazing grasslands have risen dramatically since 1950  
(Figure A1.1).
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Figure A1.1	 Cumulative SE and standardised stocking rate (SE/ha), China, 1950–2014
Source: FAOSTAT

The average stocking rate has risen fourfold from 0.6 SE/ha in 1950 to 2.4 SE/ha in 2014. China now 
has about 1 billion SE.

These changes had four general phases. From 1950 to 1957, there was a steep increase as the 
country recovered, then a slower rate of change from 1958 to 1984, followed by a rapid increase 
when the responsibility system was introduced. Since 2008, there has been a slight decrease in 
numbers. In some regions the increase in SE has been sixfold. Opinions often consider the period 
1958–84 as being sustainable, suggesting that current stocking rates are on average twice what is 
the long-term capacity of the grasslands.

Herders will typically consider their ideal number of animals to be the maximum they can manage 
and keep alive through winter. This is rarely the number of animals that produce the highest 
household net income. The period after 1984, when herders started to be allocated individual areas 
of grassland and believed they could manage more animals, led to the current level of overgrazing.

Animal production and stocking rates
Animal growth rates (meat, fibre, milk) often have a linear decline with increasing stocking rates 
(Figure A1.2). This linear decline was evident over summer in grazing experiments done in IMAR 
and Gansu. Animal production per hectare is calculated from production per head and this shows 
a curved relationship. Typically, in China, many flocks and herds are around point B, but economic 
analyses show that maximum net income per hectare would apply at point A. Point B has the same 
animal production per hectare as point A, but the stocking rate is three times larger and the growth 
rate per head is one third that of point A. The consequence of this slower animal production is that 
lambs and calves would take three times longer to reach marketable weights, resulting in more 
animals on the grassland for much longer.
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These curves are relative to the current seasonal conditions, but the general patterns remain the 
same. The general rule that emerges is that if animal production per head is about 75% of the 
maximum that could be expected for the grassland at that time, the stocking rate is close to the 
economic optimum.

Farm demonstrations in IMAR showed that reduced stocking rates on farms that then fed the 
animals better resulted in higher net incomes (Figure A1.3). Only when the stocking rate reductions 
of demonstration farms declined to 50% of the control farms were the net incomes per farm 
similar. When ecological considerations indicate a 50% reduction is needed, this can be done within 
the present systems in ways that do not affect herder incomes.
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Stocking rate impacts are affected by the livestock enterprise. Breeding animals require more food 
than non-breeding and the effect of this on grasslands depends upon breeding cycles. In some 
districts, the effective stocking rate can be reduced by changing the type of livestock enterprise, the 
annual livestock management calendar and how young animals are managed.

Herbage mass
Animal production growth rates around 75% of the potential requires green grassland with 
herbage mass above 1 t DM/ha. If the grassland is short, animal growth rates are much lower.

The first sign of grassland degradation is a shift in species to less-desirable species. Reducing 
grazing pressure gives desirable species a chance of recovering within the grassland.

The herbage mass of the grassland is correlated with the plant species composition. In a grazing 
experiment on the typical steppe in Hebei, the herbage mass had to be maintained above  
0.5 t DM/ha to maintain a high proportion of the desirable grass (Leymus chinensis) and a low 
proportion of the less-desirable shrub (Artemisia frigida). On the degraded grassland of the desert 
steppe in IMAR, a herbage mass above 0.5 t DM/ha maintained a balance between the more-
desirable shrub (Artemisia frigida) and the less-desirable grass (Stipa breviflora). For the higher 
rainfall meadow steppe, it is proposed that the minimum herbage mass that should be maintained 
over summer is 1.5 t DM/ha.

The level of herbage mass that sustains a desirable grassland condition, and cover to reduce soil 
erosion, is similar to that required to optimise animal production and herder incomes. Defining 
critical values for herbage mass over summer gives herders a better management guideline than 
a rigid stocking rate. Herbage mass measures the balance between grassland supply and animal 
demand. Stocking rates can be flexible using this approach. Herders can be trained to estimate the 
critical herbage mass values.

Flexible stocking rates can be defined in ways that help herders adjust to changing circumstances. 
SE grazing days/ha over summer gives a better measure than SE/ha. Experiments on the desert 
steppe found that the sustainable SE grazing days/ha was 100, while on the typical steppe the 
critical level was 400. Experiments showed that grasslands managed with a sustainable stocking 
rate had a similar plant composition to those where a grazing ban had applied. However, the 
grazed plots did provide an income for herders.

Critical herbage mass values can also be used to define when grazing can commence in summer. 
At present this is defined by a calendar date, but that does not work in dry years.

Livestock consumption estimates
Grazing experiments are the best way to define SSRs, though these have also been estimated using 
a common formula that requires an estimate of the percentage of grassland that animals can 
sustainably utilise.

An analysis of this formula found that using the standard rates of grassland utilisation resulted 
in stocking rates that were up to twice that which experiments found sustainable. Utilisation 
rates are typically derived from a comparison of grazed and ungrazed areas in a field, when 
often 50% of that difference is due to losses not due to livestock consumption. Better results are 
obtained if utilisation is defined as the actual direct consumption rates of forage by livestock at the 
experimentally derived sustainable stocking rate. This can be estimated from models.
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Experiments found that, on the desert steppe, the sustainable summer consumption rate was 10% 
of the forage grown over summer. On the typical steppe the rate was 20% and estimates for the 
meadow steppe were 30%.

Winter grazing
In winter, animals typically lose 20–30% of their liveweight, with an increasing linear decline as 
stocking rates increase. An analysis of a grazing experiment in eastern Gansu found that the 
grassland herbage mass in autumn was, at best, only half of that required for animals to maintain 
their liveweight. Heavy stocking rates in winter on the desert steppe in IMAR reduced grassland 
growth in the next summer by more than 50%. Animal lose less weight if they are kept in sheds 
through winter.

In an experiment in IMAR, ewes fed a better ration than normal lost weight when the temperatures 
declined below 5 °C. Weight loss increased as temperatures declined further. Growth rates in 
lambs reduced as the weight loss in their mothers increased. Warm sheds reduced weight loss 
compared to traditional sheds.

Herders should aim to minimise the number of animals they have to manage in winter, keep their 
animals in well-designed warm sheds and provide better-quality fodder.
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Policy Advisory Brief: ACIAR Sustainable Chinese Grasslands Program

Precision livestock management for incomes 
and grasslands

*	 This policy advisory brief was produced by the Sustainable Chinese Grasslands Program team. The views expressed 
are their own and are based on their research and knowledge at the time. Please discuss this further with them and 
acknowledge their work.

•	 Selection and improved management of the better animals on a farm will increase herder 
incomes while reducing the number of animals on grasslands:

	– select which animals to keep based on net income for each animal

	– sell the least-profitable animals (reducing stocking rates) and use the money obtained 
to purchase better-quality animals and higher-quality fodder to feed all animals in 
winter.

•	 Herders need training in precision livestock management:

	– use objective measurement, not appearance, to improve birth rates and meat, milk and 
fibre production

	– manage and feed all animals better through winter

	– design, build, modify and manage warm sheds to maintain warmth and minimise 
disease

	– improve feeding practices and understand the energy value of fodder.

Select better animals
Surveys of herder flocks have found some animals with no teeth and no functioning udders. 
Traders buy the best animals and, over time, the productivity of the remaining animals declines. 
Lambing and calving rates are well below what is possible, as are the growth rates of all livestock. 
Flocks and herds are only renewed after disasters such as a snow emergency. These patterns are 
similar to wild animal populations, rather than well-managed flocks. Increasing animal numbers 
is not the best way to improve herder incomes. The focus should be on improving the net income 
from animal products.

A model was developed using age, body, teeth and udder condition as well as liveweight to predict 
the productivity (as net income) of each animal. All animals were ranked from best to worst net 
income against the cumulative net income from livestock (Figure A1.4). The total net income from 
livestock on the farm is shown at point A.
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The decline in net income from livestock over the 50 or so least-productive animals is clearly 
evident. These low-performing animals cost more than they earn in income. Point B has the same 
net income from livestock as the whole farm, but this is achieved with fewer animals.
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Figure A1.4	Ranking of net income (gross margin) per sheep on a demonstration fine-wool 
sheep farm, Gansu

The animals between points A and B are the first group to cull. Fewer animals means more 
grassland and more fodder per head for the remaining animals. The dashed line estimates the 
effect of that extra food on animal productivity. Point C generates the same net income as points A 
and B, so the animals below point C are the main group to keep. Between points B and C is a group 
of animals that may or may not be kept, depending upon their age and condition.

These relationships show another mechanism whereby animal numbers can be reduced without 
affecting herder net incomes that would add further benefits to those obtained by reducing 
stocking rates (see policy advisory note on SSRs).

This modelling is based on an analysis of typical flocks, or herds, but additional gains could be 
made by more objective selection of animals for meat, fibre or milk production, introduction of 
better genetics and improved feeding practices. The aim is to produce more of the quality animal 
products wanted by markets.

Herders have a limited number of animals that they can physically manage, so it is important that 
they maximise the net income from those animals. They need training in the skills required to 
achieve this, including business skills.

Manage animals better
Herders have great skills for surviving in a difficult climate. Their animals survive through long 
periods with limited food and very low temperatures. But to obtain the income they need for 
education, health care, household goods, vehicles, etc., herders need to learn the skills of managing 
animals for production within a business framework. There are many aspects of animal production 
that need improvement.
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The primary issue is to select for and control the breeding of better-quality animals, as discussed 
above. Those animals then need to be better fed and managed to minimise weight loss. Herders 
often have a poor understanding of the relative merits of quantity and quality of alternative 
supplementary food sources. None are used to calculating the cost per unit of energy.

Research is needed to develop the relationships between the condition score for animals and other 
measures of animal performance. While the international literature has useful information for 
sheep and cattle, there is no information for fat-tailed sheep, yaks or camels in China.

Animals can lose 5–10% of their body weight without that being obvious visually. This loss can only 
be identified by regular weighing of animals or monitoring of their condition score. Any weight loss 
means extra time to regain condition before animals can be marketed, and there are additional 
consequences for lambs and calves.

Traditional management calendars (when to mate, lamb, calve, market, etc.) have evolved over 
centuries as solutions to survival, within the limits of climate and other natural constraints. To 
improve the efficiencies of production where supplementary fodder, sheds, transport and more 
regular markets are available, traditional practices can change. Research is needed to assess those 
practices that can be usefully changed.

One example is lambing time, which in northern China has often been in mid winter. Modelling 
showed that lambing closer to the start of summer would better align the feed demand from 
animals with the feed supply. Farm demonstrations have shown that it is beneficial to change 
lambing times.

There is a clear need to focus on productivity per head, rather than assuming that maximising 
animal numbers will maximise net income. Modelling has shown that when animal production is 
around 75% of the maximum possible for the system at the time, net income per hectare and per 
farm is also maximised.

Warm sheds
Across northern and western China there is no grassland growth for 8–9 months and winter 
temperatures are severe. The impact of winter temperatures is often poorly understood. Herders 
often think that sheep, goats and cattle do not suffer. Herders are focused on the survival of 
animals, rather than production. Much work has been done over recent years on improving the 
shelters used for livestock in winter, but many herders still need training in how to build, modify 
and use sheds effectively.

Common problems with sheds are having too many animals with poor ventilation, making 
respiratory diseases common. Sheds are not adequately insulated to create a warmer environment 
and where supplementary heating is available, that is not used until temperatures are significantly 
below zero.

Animals that are very well fed and in a well-designed greenhouse or warm shed are less affected 
by the cold, but those practices are rare. More commonly, a modified old shed is used. One 
experiment compared a conventional shed with one modified to be warmer (Figure A1.5). The 
results showed that ewe and lamb growth rates started to decline when temperatures were below 
about 5 °C. In this experiment, the animals were fed a ration that provided more energy and 
protein than normal, but not enough to stop weight loss. The shed modifications did not improve 
ventilation and respiratory problems were common. The overlap of points between the warm and 
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traditional sheds show the warm shed only had small benefits. Increasing weight loss by the ewes 
then resulted in reduced lamb growth rates.

Herders often argue that animals want to go outside. There is no evidence that this results in better 
animal production.
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Source: Kemp et al. (2018)
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Policy Advisory Brief: ACIAR Sustainable Chinese Grasslands Program

Herders from survival to production and benefiting 
from the market economy

*	 This policy advisory brief was produced by the Sustainable Chinese Grasslands Program team. The views expressed 
are their own and are based on their research and knowledge at the time. Please discuss this further with them and 
acknowledge their work.

•	 Herders need training to:

	– manage their farms as a business

	– use markets more effectively

	– change from managing their animals for survival to being efficient producers.

•	 Grassland improvements can occur when herders improve net income per head, 
rather than increasing animal numbers. Increased production per head requires lower 
stocking rates.

•	 Government assistance is required to improve markets by:

	– increasing market power of herders

	– streamlining the value-chain from herder to consumer

	– improving transparency in prices

	– ensuring that payments reflect both the quantity and quality of animal products.

•	 Finance to herders needs to be suitable for livestock production:

	– Loans should be structured to be paid back over the life of an animal, not within a year.

	– Loans should aim to increase livestock incomes, not be mainly for household survival.

	– Herders can initially self-finance some livestock improvements by selling 
unproductive animals.

•	 Land user rights need to be transferable to other herders for longer periods, not just rented 
annually. Herders should be responsible for managing the extra land sustainably. Land user 
rights should be an asset to help herders finance their livestock business.
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Herder development pathway
Traditional Chinese herders have an impressive amount of knowledge about how to survive in 
their tough environment. However, they are mostly in the early stages of a common development 
pathway (Figure A1.6).

USER: hunter/gatherer

KEEPER: herder

manage for meat, milk, fibrePRODUCER: 

BREEDER: animal selection, market focus

Figure A1.6	Herder development pathway

Traditional herders are keepers. Their management of livestock is minimal, supplementary feeding 
is usually only for animals that are not well and only a small surplus is sold each year. Animals are 
the household’s ‘bank’ (assets) and the main measure of their status.

Today, many herders are becoming producers. They are engaging more in the developing markets 
of China and wish to increase their household incomes so they can acquire goods and services (e.g. 
education, health, phones, vehicles). To do this they need new skills.

Markets are developing in China that pay premiums for the quantity and quality of animal 
products. Animals are no longer all worth a similar price. Unfortunately, many herders are still 
price-takers, rather than price-makers.

To satisfy Chinese markets, herders need to learn more about optimising the quantities and 
qualities of what they produce with their animal. Simply increasing animal numbers on limited land 
is unlikely to increase net household incomes.

Herders need to be better trained in feed management, including the conservation and use of crop 
residues, the use of feedlots and the need to take advantage of government policies to improve 
sheds so they can deliver the quantity and quality of products that markets want.

A production focus is better for the grasslands. Optimising production of meat, milk, and fibre 
requires larger amounts of better-quality forage through the growing season and over the life of 
the animal. This is not possible with overgrazing.

Stocking rates can often be reduced by half across the degraded grasslands of China without 
reducing net household incomes. The system is feed-limited. Any reduction in stocking rates means 
more food per animal, leading to increased production per head.
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There is a need to identify optimal systems (considering natural, social, human, production and 
financial factors) that improve outcomes for grasslands, herders and industries within different 
regions of China’s grasslands and integrate them into modern markets. Herders will need to 
specialise more, producing what is best for them and their region (e.g. wool, cashmere, meat, milk, 
breeding young livestock, or specialised finishing). More herders will then become breeders.

Markets for grassland improvement
Markets are part of the grassland–livestock system, but traditional practices mean the markets 
have encouraged overgrazing and kept herder incomes low. What is a better strategy to 
rehabilitate degraded grasslands?

Much research has investigated the ecology of grasslands and provided recommendations for 
improvement, but those recommendations do not always consider costs, the likelihood that 
herders will accept them, or the benefits for animal production.

Markets need to be efficient and regular—but not daily. There should be fewer traders between 
herders and the ultimate consumers, improved transport systems, and payments need to account 
for the differences in quality and quantity of livestock and their products. Prices do not yet always 
reflect these aims.

Efficient markets that pay a premium for the quantity and quality of livestock products encourage 
herders to improve productivity per head and sell products that consumers want. Traditional 
practices encourage maximising the number of animals per hectare, producing low quality product 
and selling when the market is oversupplied.

Research has shown that an emphasis on production per head means that stocking rates need 
to be reduced to achieve improvements. This starts the process of grassland rehabilitation by 
enabling better growth of the grassland and reduced pressure on desirable species.

Efficient markets occur where many buyers and sellers meet and prices are known to all. This 
enables the best prices to be determined.

Market information services need to be improved so that herders can know the specifications for 
different animal products, and the time of the year and market locations where they will get the 
best prices.

Well-constructed farmer’s associations, which local governments are encouraging, can train and 
empower herders in trading and marketing skills and develop recognisable branding in city markets.

Tourism markets can also play a part in grassland rehabilitation. Most tourists want to see 
extensive areas of grassland, rather than shrubs or bare ground. This can only be achieved by 
reducing stocking rates.

When urban residents know that dust storms can be reduced by lower stocking rates, they 
can be encouraged to pay premiums for livestock products from certified areas where district 
management plans are in place. Promotion of eco-labelling can help educate consumers.

Enabling markets to help support the process of grassland rehabilitation means that government 
payments can be better targeted to areas where problems are more severe, and herders can 
achieve the same or higher incomes while grassland improvement occurs.
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Financing change
Herders on the grasslands of China are among the poorest people in China and they have very 
limited resources to improve their situation. The Chinese Government has several programs to 
help support the herders. These programs are evolving to develop sustainable outcomes.

Many herders borrow money from banks to support their households, but the terms of these loans 
rarely consider the economics or timeframes of livestock production. Loans are short-term (less 
than one year) and have high interest rates.

Loans for herders are similar to those for crops, where it is easier to repay the loan once the crop 
is harvested and sold. In contrast, the timeline for redesigning livestock production systems and 
obtaining a profit is several years, as the cost of an animal is not easily repaid within a year.

Grassland recovery can take 5–20 years depending upon the state of the grassland and the district. 
The full benefits of reduced stocking rates and improved animal production per head cannot be 
achieved within the term of normal bank loans.

Herders now appear to be perpetually in debt, having to borrow money each year to survive. 
Many are unable to develop their livestock enterprise and improve their household incomes. 
Finance needs to be for a business plan over the medium to longer-term with the ultimate goal of 
improving grasslands and household incomes.

Surveys indicate there are broadly two main groups of herders: those who wish to leave herding 
and move into a town or city, and those who would like to remain in herding and improve their 
household incomes. Herders who leave often rent their land to other herders, which provides 
some income. The herders who remain can use the principles outlined in these briefs to improve 
both their incomes and their grasslands.

In addition to more appropriate terms for loans for improving livestock production, there are 
opportunities for some self-financing of the changes needed.

Research has shown that when all the unproductive animals are sold (this is often half the flock 
or herd), the production from the remaining animals (mostly females) increases substantially and 
household incomes remain the same or increase. The variability of herder household incomes 
declines, increasing household security and resilience.

The money received from selling the least-productive animals can be used to purchase better-quality 
rams, bucks, bulls etc., and/or better-quality fodder for winter. This reduces the need to borrow 
money, improves production from the remaining animals, and increases household incomes.

Land tenure
The land in China is owned by the people, but various regulations and user rights have been 
developed so that herders are able to improve their livelihoods.

Herders have been moving from traditional survival practices based around providing food and 
shelter for their families where only a small amount of their livestock products were traded or 
sold, to being producers who manage their livestock enterprise as a business and increase the 
proportion of animal products for sale.

Some herders now prefer to rent their land to neighbours and seek work in cities or towns. In some 
districts, up to half of herders have done this, particularly where local authorities have assisted with 
housing and small areas of land to grow vegetables.
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Herders who rent land from others typically use the rented land for summer grazing, but there is 
evidence that these lands tend to be overgrazed. Summer is the time of maximum animal numbers 
and the land is not theirs. Herders graze their own land more in winter, which aids grassland recovery. 
The incentive to manage rented land better is low as rent agreements are often only for a year.

Surveys are showing that as farm size increases, average stocking rate decreases (Figure A1.7). 
There is now less labour on farms and as farm size increases it is not as easy to utilise all the land 
as intensively as on a small farm. Lower stocking rates are important for grassland rehabilitation.
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These surveys may indicate that herders have the goal of owning an ideal number of animals more 
than having access to an ideal area of land. The ideal number of animals reflects their current 
needs to improve household incomes and the number of animals they consider they can manage 
effectively. Herders are defining stocking rates as the number of animals they would like to have, 
not as a stock density.

However, experience around the world shows that as herders become more efficient their ideal 
number of animals will increase (this also depends on the prices they receive for animal products). 
Policies need to allow for a continuing increase in farm size.

These trends all show that policies need to be developed so that herders who wish to remain in 
livestock production can expand their livestock enterprises in ways that are both profitable and 
sustainable. Initially this means that the herders who remain in livestock production need more land.

Changes in land use arrangements also need to allow herders to use that land as an asset to 
guarantee loans. The asset value could be the guaranteed rental value of the land. This would 
build the confidence of herders to improve their livestock enterprise, but not at the expense of 
the grassland.
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