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Abstract: Livestock grazing is one of primary way to use grasslands throughout the world, and the forage-livestock 
balance of grasslands is a core issue determining animal husbandry sustainability. However, there are few methods 
for assessing the forage-livestock balance and none of those consider the dynamics of external abiotic factors that 
influence forage yields. In this study, we combine long-term field observations with remote sensing data and me-
teorological records of temperature and precipitation to quantify the impacts of climate change and human activities 
on the forage-livestock balance of alpine grasslands on the northern Tibetan Plateau for the years 2000 to 2016. 
We developed two methods: one is statical method based on equilibrium theory and the other is dynamic method 
based on non-equilibrium theory. We also examined the uncertainties and shortcomings of using these two meth-
ods as a basis for formulating policies for sustainable grassland management. Our results from the statical method 
showed severe overgrazing in the grasslands of all counties observed except Nyima (including Shuanghu) for the 
entire period from 2000 to 2016. In contrast, the results from the dynamic method showed overgrazing in only eight 
years of the study period 2000–2016, while in the other nine years alpine grasslands throughout the northern Ti-
betan Plateau were less grazed and had forage surpluses. Additionally, the dynamic method found that the alpine 
grasslands of counties in the northeastern and southwestern areas of the northern Tibetan Plateau were over-
grazed, and that alpine grasslands in the central area of the plateau were less grazed with forage surpluses. The 
latter finding is consistent with field surveys. Therefore, we suggest that the dynamic method is more appropriate 
for assessment of forage-livestock management efforts in alpine grasslands on the northern Tibetan Plateau. 
However, the statical method is still recommended for assessments of alpine grasslands profoundly disturbed by 
irrational human activities. 

Key words: aboveground biomass; alpine grasslands; carrying capacity; forage-livestock balance; Northern  
Tibetan Plateau 

1  Introduction 
Grassland ecosystems that provide multiple ecosystem ser-
vices and have significant ecological and economic values 
to human beings are widely distributed in central Asia 

(Krausmann et al., 2013; Ebrahimi et al., 2016; Schirpke et 
al., 2017). Climate change and irrational human activities 
have caused severe grassland degradation with declining 
ecosystem functions (Gang et al., 2014; Cai et al., 2015). 
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Global warming and changes in precipitation fundamentally 
impact grassland ecosystems (Xu et al., 2016; Petrie et al., 
2018; Zhang et al., 2018). However, anthropogenic impacts 
are more direct and impact grassland ecosystems more rap-
idly (Li et al., 2009; Luo et al., 2018). Grassland degrada-
tion is likely due to overgrazing that exceeds forage yields 
with consentaneous declines in soil fertility and uncoverable 
changes in plant community assembly (Petz et al., 2014; 
Ren et al., 2016). Therefore, it is essential to assess the 
status of the forage-livestock balance for sustainable 
management of alpine grasslands (Fan et al., 2010; Zhang et 
al., 2014).  

Previous studies have generally based the assessment of 
forage-livestock balance on a statical method featuring the 
use of unified and unchanging parameters, for example, 
daily forage intake per standardized sheep unit. However, 
the parameters related to forage intake by livestock vary 
with climate features, livestock types, and forage quality 
(Jia, 2005; Xu et al., 2014). Field observations and model-
ling simulations are two methods for forage yield estimation 
that can determine stocking rates in a given pasture. Field 
observations are time-consuming and not feasible at a large 
scale in practice. Vegetation process models that include 
climate variables and vegetation properties as inputs, and 
empirical models based on the relationships between remote 
sensing data and field observations are more widely used for 
large scale grassland forage estimations (Lieth and 
Whittaker, 1975; Melillo et al., 1993; Potter et al., 1993). In 
order to facilitate comparison and evaluation, livestock of 
different types, sizes, and ages are converted into standard 
sheep units (SU). In China, an adult sheep of 45 kg is 
viewed as the SU, and the daily forage intake of a single SU 
is set at 1.8 kg dry hay per day (NY/T635-2015). However, 
due to natural conditions and grazing restrictions, the actual 
daily feed intake by livestock may be a bit more or less than 
the value set for per SU. The forage utilization rate is a cru-
cial parameter in calculating stocking capacity (Hunt, 2008; 
Scarnecchia, 1985). The statical method for evaluating the 
forage-livestock balance usually sets the forage utilization 
rate at 50%, meaning that half of the aboveground biomass 
of grassland can be taken in by livestock, while the other 
half should remain for forage regrowth (Holechek, 1988; Xu 
et al., 2014). A statical forage-livestock balance aims mainly 
to maintain the stability of grassland ecosystems, and does 
not take into consideration the adaptability of both forage 
plants and livestock animals to environmental changes 
(Holechek, 1999). The non-equilibrium theory emphasizes 
the effects of random abiotic drivers on the dynamics of 
forage yield and livestock quantity, and requires making 
adjustments to livestock population in semi-arid grasslands, 
based on the fluctuations of forage yield that are likely due 
to climate change and land-use change (Cao et al., 2019). 
Therefore, a dynamic assessment of the forage-livestock 
balance is required to keep in step with actual climate 

change at local scales. 
In China, alpine grasslands are distributed mainly on the 

Qinghai-Tibet Plateau (QTP). The unique geographical re-
gimes and harsh physical conditions of this plateau make its 
alpine grasslands vulnerable to climate change and human 
activities (Piao et al., 2013). Climate change and irrational 
human activities have caused degradation in nearly half of 
alpine grassland on the QTP (Harris, 2010). Against a back-
ground of significant warming and very low humidity on the 
QTP, the productivity of alpine grasslands has also changed 
(Chen et al., 2014; Li et al., 2018). Grazing is the primary 
way people utilize QTP grasslands. Compared with climate 
change, the impact of human activities on QTP alpine 
grasslands is more direct and occurs more rapidly (Luo et al., 
2018). Overgrazing has resulted in decreased grassland 
productivity and changes in physical and chemical soil 
properties (Harris, 2010; Fan et al., 2013). However, the 
implementation of fence enclosures, ecological projects, and 
eco-compensation policies on the QTP are likely to have 
positive effects on the restoration of degrad (Yu et al., 2016; 
Wu et al., 2017). The alpine grasslands of the QTP are re-
sponsible for regional animal husbandry development and 
are essential to the livelihoods of people who live in these 
alpine pastoral areas. Therefore, an appropriate method for 
assessing the forage-livestock balance can help policymak-
ers and stakeholders achieve sustainable management goals 
for both livestock and forage in alpine grasslands on the 
QTP. 

In this study, based on long-term field observations, both 
statical and dynamic methods were used to evaluate the 
forage-livestock balance. We aim to: 1) establish and vali-
date with actual field observations the relationship between 
climate data and the normalized difference vegetation index 
(NDVI), and to quantify the relative impact of climate 
change and human activities on aboveground biomass (for-
age) production in alpine grasslands on the northern Tibetan 
Plateau (NTP); 2) calculate the actual and proper carrying 
capacities of NTP alpine grasslands using both the statical 
and dynamic methods; 3) use forage yield estimates pro-
duced by the two methods to determine the stocking pres-
sure on the alpine grasslands, and to examine the status of 
the forage-livestock balance for alpine grasslands at the 
county level to determine whether they are overgrazed, 
less-grazed, or forage-livestock balanced; and 4) document 
the advantages and challenges of both statical and dynamic 
methods, providing a reference for the scientific evaluation 
of forage-livestock balance management in practice. 

2  Materials and methods 
2.1  Study area 
Locally, the NTP is known as “Changtang” and is located in 
the northwestern hinterland of the QTP, with an area of 
about 5.95 × 105 km2 (Fig. 1). The NTP has a typical plateau 
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continental climate with an mean temperature of <10 ℃ 
during the growing season (GSMT) in most areas. Total 
precipitation during the growing season (GSP) ranges from 
50 to 600 mm and shows a decreasing trend from southeast 
to northwest. There are evident seasonal variations in hy-
drothermal conditions. It is warm and rainy during the plant 
growing season from May to September, with 65% to 85% 
of annual precipitation falling during this period (Wu et al., 
2014). The spatial distribution of natural zonal grasslands 
and aboveground primary productivity is consistent with 
the general climate pattern, and especially with the amount 

the amount of precipitation (Zhong et al., 2010). Vegeta-
tion types are typical for alpine meadow dominated by 
Kobresia pygmaea, alpine steppe dominated by Stipa pur-
purea, and desert steppe dominated by Stipa glareosa and 
Ceratoides laten (Li et al., 2011). Grazing activities are the 
primary way local people use grassland resources and 
animal husbandry is the primary source of their income 
(Wu et al., 2012). Due to the relatively simple utilization 
modes for grassland, the NTP provides an ideal area for 
studying the relationship between forage production and 
livestock consumption of forage. 

 

 
 

Fig. 1  Basic information for the study area. Panel (a) shows the grassland types on the NTP and sampling sites used in this 
study. Panel (b) shows the spatial distribution of precipitation amounts and Panel (c) shows the change trend of total precipita-
tion during the growing season (GSP). Panel (d) shows the spatial distribution of average temperatures and Panel (e) shows 
the change trend of the average temperature during the growing season (GSMT). 
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2.2  Data 
In spring 2009, we set up a long-term transect platform from 
east to west covering the alpine meadow, steppe, and desert 
zones across the NTP. We conducted field surveys in late 
July or early August during each year from 2009 to 2016. 
These surveys took place when most plants were flowering 
or bearing fruit and had reached their maximum coverages. 
Thus, it makes sense to take aboveground biomass (AGB) 
as a proxy for aboveground net primary productivity (ANPP) 
(Wu et al., 2018). At each study site, a sample plot of 200 
m×200 m in a relatively flat area was selected. At each plot, 
five subplots (0.5 m×0.5 m) were placed at an average in-
terval of 20m along a randomly drawn sample line, and then 
biomass was harvested by species (Wu et al., 2012). Grazing 
and fenced sites were paired and community biomass was 
harvested from the pairs. All biomass samples were 
oven-dried at 65 ℃ for 48 h to constant mass. 

The study used meteorological data from 2000 to 2016 
downloaded from the China Meteorological Data Service 
Center (http://data.cma.cn/). The daily meteorological data 
were recalculated into monthly averages and then interpo-
lated into raster surfaces with a 1-km spatial resolution us-
ing ANUSPLIN 4.3 (Hutchinson and Xu, 2004). The quality 
of the grid climate surfaces matched up well with field ob-
servations (Tao et al., 2015). The plant growing season in the 
NTP is usually from May to September. We calculated the 
growing season average temperature (GSMT) and growing 
season total precipitation (GSP) and then extracted this cli-
matic information to each sample site in ArcGIS 10.2. 

The Normalized Difference Vegetation Index (NDVI) is 
widely used to estimate the biomass and NPP of terrestrial 
ecosystems (Zhang et al., 2016; Meng et al., 2017). In this 
study, the NDVI products (MOD13A3) in MODIS data 
from 2000 to 2016 were obtained from the U.S. National 
Aeronautics and Space Administration agency (http://daac. 
gsfc.nasa.gov/), with a time accuracy of one month and a 
1-km spatial resolution. The annual NDVImax was calculated 
using the maximum value composite (Holben, 1986). In 
order to eliminate the effects of areas with no or sparse 
vegetation, the areas with NDVImax < 0.1 were removed 
(Piao et al., 2006). 

Socio-economic data and county-level statistics for the 
types and numbers of livestock animals were taken from 
statistical yearbooks for the Tibet Autonomous Region. We 
obtained the number of livestock, the rate of slaughter and 
the available area of grasslands from 2000 to 2016 for the 
17 counties in the NTP. Different types of livestock animals 
were converted into standard sheep units (SU) and, based on 
commonly used conventions, we counted one sheep or one 
goat as equal to one SU, and large livestock such as a cow 
or horse as equal to four SU. 
2.3  Method 
The statical assessment method for forage-livestock balance 

holds that when actual carrying capacity is equal to proper 
carrying capacity, the grassland is in a state of for-
age-livestock balance.  

 a
FZ

A I D


              (1) 

 F Y U H G B                  (2) 
where aZ  is the proper carrying capacity of grassland (SU 
ha), F is the amount of standard hay available in a meadow 
(kg), A is the available grassland area (ha),  I  is the daily 
feed intake per SU (kg d-1),  D  is grazing days (d), Y is 
grassland yield (kg), U is the proportion of available 
grassland (%), H is the conversion coefficient of the stan-
dard hay, G  is the grassland utilization rate (%), and B  
is the proportion of edible forage (%). Based on relevant 
statistics and references, 84% of U, 61% of G, and 75.66% 
of B  were taken, and 1.33 kg d-1 and 365 days were taken 
for I  and D , respectively (NY/T635-2015; Yang and 
Yang, 2000; Qian et al., 2007; Zhang et al., 2018). 
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where, btZ is the actual carrying capacity of grasslands es-
timated using the statical forage-livestock balance method 
(SU ha), aN is the livestock inventory in a given year (SU), 
and Nb is the number of livestock slaughtered in a given year 
(SU). 
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where Ip is the grazing pressure index. When Ip > 1, the 
grassland is overgrazed; when Ip < 1, the grassland has sur-
pluses; when Ip = 1, the grassland is at a state of for-
age-livestock balance. 

For the dynamic forage-livestock balance method, we 
assumed that the AGB dynamics in fenced grasslands 
(AGBF) were driven only by climate variables, while the 
AGB dynamics in open grasslands grazed by livestock 
(AGBG) were driven by a combination of climate conditions 
and livestock grazing. Thus, it makes sense that the differ-
ence between AGBF and AGBG can be viewed as a hu-
man-induced change to AGB (AGBH) (Eq. 5).  

 H F GAGB AGB AGB            (5) 

We used the geographical coordinates of sampling points 
to obtain the corresponding GSP and GSMT and used 
these to establish the relationship with AGBF (Eq. 6, R2 = 
0.62, P < 0.001). NDVImax was used to establish the rela-
tionship with AGBG (Eq. 7, R2 = 0.69, P < 0.001). 

 
= exp(0.0053 0.0416
  0.0001 2.0708)

FAGB GSP GSMT
GSP GSMT
   

  
  (6) 

 max35.893 ln( ) 87.861GAGB NDVI    (7) 
The field data from 2011 to 2016 were used to build an 

empirical model, while the field observations from 2009 to  
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Fig. 2  The correlations between the model simulation and field observations of aboveground biomass (AGB). (a) is for 
aboveground biomass of fenced grasslands (AGBF) and (b) is for aboveground biomass of open grasslands under grazing 
(AGBG) 

 
2010 were used to validate this model. The validation process 
showed that the results of the simulations for both models 
reached highly significant levels (Fig. 2, P < 0.001). There-
fore, this empirical model can be used to identify and quantify 
the effects of climate change and human activity on forage 
production in alpine grasslands on the NTP. 

We assumed if there was no difference in the trends be-
tween AGBF and AGBH, then the AGBG were relatively sta-
ble, and the grasslands were at forage-livestock balance. By 
comparing the absolute slopes of AGBF and AGBH (sAGBF 
and sAGBH), we could infer the amount of AGBH and de-
termine whether the number of livestock that could be add-
ed or should be subtracted to reach the forage-livestock 
balance. 

 
1
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n

T F H G
i

AGB sAGB sAGB A
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where AGBT is the total AGBH that can be increased or 
should be decreased (g), n is the number of grids, i is the 
ordinal of the grid, AG is the area per grid (m2), sAGBF  and 
sAGBH are the absolute slope value for AGBF and AGBH (g 
m2 yr1), and CT is the amount of livestock that can be 
added or should be subtracted (SU). 

 
T
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where Zad is the carrying capacity of the grasslands (SU ha) 
estimated using the dynamic method. The dynamic method 
and the statical method use the same grazing pressure index. 
Since the dynamic method is calculated based on the rate of 
change, the results for the year 2000 are not available. To 
facilitate the comparison between the two methods, data for 
the year 2000 were not included in the carrying capacity 

estimate and grazing pressure index. 
Linear regression analysis is a reliable, straightforward 

method to analyze the trends of variables. It has been widely 
used in vegetation change analysis (Fensholt et al., 2009). In 
this study, the linear regression method was used to simulate 
the inter-annual variation of AGB. 
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where n is the year of study, xi is the value of the variable x 
in the i year, Slope is the rate of change, and is  is the av-
erage change trend of variable x over many years. 
3  Results 
3.1  Spatiotemporal distribution and variation of AGB 
From 2000 to 2016, there were evident fluctuations in both 
AGBF and AGBH (Fig. 3a and 3c). The highest values oc-
curred in 2008, with 70.85 g m2 for AGBF and 37.94 g m2 
for AGBH. The lowest values appeared in 2006, with only 
34.39 g m2 for AGBF and 2.71 g m-2 for AGBH. Both cli-
matic conditions and human activities had relatively weak 
effects on the inter-annual fluctuations of AGBG; these 
moved within a narrow range with a low of 30.73 g m2 in 
2015 and a high of 34.39 g m2 in 2011 (Fig. 3b). AGBF, 
AGBG and AGBH all showed slow and insignificant change 
trends. Among them, AGBF and AGBH both showed de-
creasing trends, with slopes of 0.24 g m2 yr1 and 0.25 
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g m-2 yr1, respectively. AGBH increased slowly, at a rate of 
0.01 g m2 yr1. 
 

 
 

Fig. 3  Inter-annual variations of aboveground biomass 
(AGB) in alpine grassland on the northern Tibetan Plateau.  
(a) is for aboveground biomass of fenced grasslands (AGBF), 
(b) is for aboveground biomass at open grasslands under 
grazing (AGBG), and (c) is for human-induced aboveground 
biomass (AGBH). 

 

With respect to spatial distribution (Fig. 4a, 4c, and 4e), 
AGBF , AGBG and AGBH all showed decreasing trends from 
southeast to northwest. Their values were generally low, 
with most areas less than 60 g m2. According to the varia-
tion trend (Fig. 4b), AGBF showed a decreasing trend in 
southeastern NTP. The closer to the southeast, the more 
AGBF declined. However, in the central and western regions, 
AGBF showed an increasing trend, and the increasing trend 
was significant in the northwestern NTP. During 2000–2016, 
AGBG decreased in most parts of NTP, especially in the 
southern and southeastern NTP. AGBH showed an increas-
ing trend in the northwestern and central NTP, but a de-
creasing trend in southeastern and southwestern of NTP. 

3.2  Spatiotemporal status of carrying capacity 
The actual carrying capacity can reveal the utilization of 
grassland forage. The actual carrying capacity on the NTP 
had a small inter-annual variation of 0.30.4 over time 
(Fig. 5). The year 2014 had the lowest actual carrying ca-
pacity of only 0.32 SU per ha of grassland, while 2006 had 
the highest actual carrying capacity of approximately 0.38 
SU per ha of grassland. The proper carrying capacity calcu-
lated with the statical method fluctuated greatly from year to 
year, with the value ranging from 0.1 to 0.3. The values for 
proper carrying capacity were all were lower than those for 
actual carrying capacity. The year 2015 had the lowest 

proper carrying capacity obtained with the statical method, 
with a value of only 0.14 SU per ha of grassland; the year 
2008 had the highest value of 0.30 SU ha of grassland. Use 
of the dynamic method to calculate inter-annual fluctuations 
of the proper carrying capacity also yield low values, which 
were close to the values of the actual carrying capacity. The 
proper carrying capacity exceeded the actual carrying ca-
pacity in eight of the study years 2000 to 2016. The year 
2015 had the lowest proper carrying capacity obtained with 
the dynamic method appeared in 2015, with a value of only 
0.30 SU per ha of grassland; 2008 had the highest value of 
0.38 SU per ha of grassland. 

The actual carrying capacity of counties in the southeast-
ern NTP were significantly higher than that of other coun-
ties in the western NTP (Fig. 6). Among those included in 
this study, the county with the highest actual carrying capac-
ity was Damxung, and the county with the lowest actual 
carrying capacity was Sog. The grassland type of the south-
eastern NTP is alpine meadow with relatively good climatic 
conditions. Therefore, whether the statical method or the 
dynamic method was applied, the proper carrying capacity 
of the counties in the southeastern NTP was higher than that 
in other counties. However, the difference between the 
proper and actual carrying capacity obtained by the statical 
method was more significant than that obtained by the dy-
namic method. According to the statical method, the county 
with the highest proper carrying capacity was Baqên, while 
the county with the lowest proper carrying capacity was Sog. 
The counties with the highest and lowest proper carrying 
capacity identified by the dynamic method were consistent 
with the actual carrying capacity. 

3.3  Grazing pressure and forage-livestock balance on 
the NTP 

Values for the actual and proper carrying capacity can be 
used to obtain the grazing pressure index and this index can 
be used, in turn, to evaluate the forage-livestock balance. 
The results obtained by the statical method showed that the 
grazing pressure index was more significant than one during 
every year from 2000 to 2016, indicating the alpine grass-
lands of the NTP were overgrazed (Fig. 7a). In ten of the 
study period years, the grazing pressure index exceeded 1.5, 
indicating that the level of overgrazing was relatively seri-
ous, approximately 50% greater than reasonable stocking 
levels. The worst year for overgrazing was 2006, which had 
a grazing pressure index 2.57, while the lowest grazing 
pressure index of 1.23 occurred in 2008. Results of dynamic 
method showed that the grazing pressure index was greater 
than one in eight of the study years, indicating overgrazing 
of these NTP grasslands during those years (Fig. 7b). While 
2015 was the year with the most serious overgrazing, the 
grazing pressure index was still only 1.10 in this year. In 
eight of the sixteen study years, the grazing pressure index 
was less than one, indicating a forage surplus in alpine 
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Fig. 4  Spatial distribution and change trends for aboveground biomass from 2000 and 2016 on the northern Tibetan Plateau. 
(a), (c) and (e) show the spatial distribution of aboveground biomass for fenced grasslands (AGBF), for open grasslands under 
grazing (AGBG) and for human-induced aboveground biomass (AGBH), respectively. (b), (d) and (f) show the change trends for 
aboveground biomass for fenced grasslands (AGBF), for open grasslands under grazing (AGBG) and for human-induced 
aboveground biomass (AGBH), respectively. 

 

 
 

Fig. 5  Inter-annual variations of carrying capacity of alpine 
grasslands on the northern Tibetan Plateau. 

 
grasslands of the NTP. The year with the greatest forage 
surplus was 2016, with a grazing pressure index of 0.92. 

The results obtained by the statical method showed all 

counties except Nyima (including Shuanghu) were over-
grazed (Fig. 8a). Damxun county had the most severe over-
grazing, with a grazing pressure index higher than four. 

 

 
 

Fig. 6  The carrying capacity of alpine grasslands from 2000 
and 2016 for each county of the northern Tibetan Plateau 
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Fig. 7  Inter-annual variations of the grazing pressure index 
on the northern Tibetan Plateau. (a) shows the grazing 
pressure index obtained by the statical method and (b) shows 
the grazing pressure index obtained by the dynamic method. 

The results of the dynamic method showed that four NTP 
counties, Rutog, Gê'gyai, Gêrzê and Nyima (including 
Shuanghu) had grazing pressure indexes less than one, in-
dicating their grasslands had forage surpluses (Fig. 8b). Ru-
tog county had the largest grassland surplus. The other 13 
counties in the study area all had grazing pressure indexes 
greater than one, indicating that the alpine grasslands in 
these counties were overgrazed.  

4  Discussion 
4.1  Comparison between the statical and dynamic 

methods 
The results of the statical method indicate there was severe 
overgrazing in all of the study years, and the grazing pres-
sure index was high in most of the counties studied. In order 
to reach the proper carrying capacity indicated by the stati-
cal method, the number of livestock animals would need to 
be significantly reduced. However, we found that the AGBG, 
which represents the residual AGB of grasslands in the NTP, 
showed an increasing trend (see Fig. 4d), meaning that the 

 

 
 
Fig. 8  The grazing pressure index in each county of the northern Tibetan Plateau between 2000 and 2016. (a) shows the 
grazing pressure index obtained by the statical method and (b) shows the grazing pressure index obtained by the dynamic 
method. 
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grasslands are developing in a good direction, and indicat-
ing that they still have the ability to self-regulate. When 
estimating the forage-livestock balance, the statical method 
generally assigns a fixed value to represent the daily forage 
intake of livestock (NY/T635–2015). This value represents 
the nutritional requirements of livestock. However, livestock 
adapt to climate change and changes in forage yields, and 
the weight of livestock is not necessarily consistent with the 
weight of standard sheep, meaning that the actual daily for-
age intake of livestock is not necessarily adequate to meet 
nutritional requirements (Currie, 1986; Chen et al., 2014). 
Because the results obtained by the statical method are 
based on a fixed value of daily forage intake, it may be 
problematic to use these results to estimate the overgrazing 
conditions of grasslands. Also worth noting, if the impact of 
reduced livestock numbers on the income of local herders, 
the amount of compensation that must be paid to herders to 
make reductions, and the willingness of herders to do so are 
taken into consideration, the feasibility of the statical 
method is relatively weak. However, the conservative graz-
ing strategy indicated by this method still has certain refer-
ence functions for local ecological protection efforts (Qian 
et al., 2007; Liu et al., 2010; Chang et al., 2012). The dy-
namic method is based on the dynamic monitoring of AGB 
in the NTP. A relatively small number of livestock can be 
adjusted to achieve a forage-livestock balance in the grass-
lands and ensure the full and reasonable utilization of grass-
land resources, based on the actual conditions of local 
grasslands, and including consideration of the influences of 
climactic conditions and the adaptability of livestock (Cao 
et al., 2019). The dynamic method provides a new way of 
thinking and can serve as a reference for the reasonable ar-
rangement of grazing activities and the development of 
harmonious local ecological protection efforts. However, the 
dynamic method also has limitations. It is more suitable for 
grasslands heavily influenced by climate change. If grazing 
pressure is too high and grassland degradation is severe, 
ecological protection efforts should be prioritized, and the 
relatively conservative statical method should be chosen to 
carry out assessments of the forage-livestock balance 
(Holechek, 1999).  

When carrying out the forage-livestock balance assess-
ment, we should fully consider the local situation and 
choose the appropriate assessment method to facilitate the 
rational arrangement of grazing activities (Campbell et al., 
2006; Lin et al., 2008). Due to the NTP’s unique geo-
graphical environment, its grasslands are very fragile, mak-
ing it essential to prioritize environmental protection needs. 
However, as far as the present situation of the NTP is con-
cerned, the dynamic method can be adopted to evaluate the 
forage-livestock balance. Grassland monitoring needs to 
become more conservative in areas where local conditions 
are steadily deteriorating. 

4.2  Regulation of future grazing activities 
In order to protect the grasslands of the NTP, a series of 
measures have been adopted, including fencing off of cer-
tain areas, implementation of the Grazing Withdrawal Pro-
gram (GWP) and ecological compensation payments, all of 
which have played a decisive role in restoring degraded 
grasslands (Gao et al., 2016; Xu et al., 2016). However, the 
results of both statical and dynamic methods show that 
overgrazing conditions still exist in some areas. The dy-
namic method indicates that we can use the change trends of 
AGBG as a guide for planning future grazing activities to 
alleviate stocking pressure (Fig. 4d). If the change trend of 
AGBG is greater than zero, the grassland tends to be devel-
oping in the right way. Available grassland resources are 
sufficient on 50.05% of the total area of the NTP, distributed 
mainly in the central and northwestern parts of the plateau. 
When planning for future grazing activities, attention should 
be paid to areas that have potential whenever possible. If the 
change trend of AGBG is a negative number, the pressure on 
the grassland is relatively high, and the area is in an over-
grazed state. Grazing in the future will be under pressure, 
and this is the case for 49.95% of the total area of the NTP, 
distributed mainly in the northern and southwestern of parts 
of the plateau. To the greatest extent possible, livestock ac-
tivities in the future should be arranged to avoid aggravating 
the burdens on grasslands in such areas. Future grazing 
plans should endeavor to avoid these areas to avoid burden-
ing the grassland. 
5  Conclusions 
This study combined large amounts of AGB data obtained 
from field survey measurements over a number of years 
with remote sensing data and climate data. This data was 
used to develop AGB models that identified and quantified 
the impact of human activities and climate change on the 
AGB of grasslands. On the basis of this AGB assessment, a 
statical method and a dynamic method were then used to 
calculate the carrying capacity and the carrying pressure 
index of grasslands in the study area to evaluate the for-
age-livestock balance. The results of the statical method 
indicated that the grasslands of the NTP were severely 
overgrazed, and in order to achieve a forage-livestock bal-
ance, the number of livestock animals would need to be 
significantly reduced. However, the dynamic method based 
on field monitoring of aboveground biomass indicated 
overgrazing only in some grasslands of the northern Tibetan 
Plateau during the study years. Only small adjustments in 
the number of livestock would be needed to maintain the 
stability of the grasslands. Statical methods are less feasible 
and relatively conservative, but their use is necessary in 
areas with severe grassland degradation. For grasslands with 
limited degradation that are greatly affected by climatic 
conditions, and still capable of self-recovery, the dynamic 
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method is of particular value. The actual method used to 
assess the forage-livestock balance in a given area needs to 
be determined based on the actual conditions of the grass-
lands in the evaluation area. 
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摘  要：放牧是世界各国利用草地的主要方式之一，其中草畜平衡又是畜牧业可持续发展的核心问题。然而，草畜平衡评

估方面的方法相对较少，而且往往忽略了非生物因素对牧草产量的动态影响。本研究将长期的野外数据与遥感数据以及温度和降

水的气候记录相结合，量化了 2000–2016 年期间气候变化和人类活动对藏北高原高寒草地草畜平衡的影响。我们采用了两种不同

的方法，分别是基于平衡理论的静态方法和基于非平衡理论的动态方法，同时还讨论了这两种方法在制定草地可持续管理潜在政

策时的不确定性和缺陷。静态算法的结果表明，2000–2016 年，除尼玛县(包括双湖县)外，所有县的草地都存在严重的过度放牧

现象。相比之下，动态方法结果显示，2000–2016 年仅有 8 年过度放牧，其余 9 年整个藏北高原高寒草地有盈余。此外，动态方

法还发现藏北高原东南和西南地区县域的高寒草地过度放牧，而中部地区县域的高寒草地放牧较少，草地有盈余，这与实地调查

结果一致。然而，对于受到人类不合理活动严重干扰的高寒草地，静态方法仍然值得推荐。 
 

关键词：地上生物量；高寒草地；载畜量；草畜平衡；藏北高原 

 


