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Productivity of the Zoigê Wetland Based on Grazing
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Abstract—Zoigê wetland is located in the southeastern edge of
the Qinghai–Tibet Plateau, in recent years, the wetland local area
grassland productivity decline, land sanding, and other serious
degradation phenomenon. Using remote sensing and hydrology
data combined with the basic principles of vegetation ecology, we
applied the Carnegie–Ames–Stanford Approach (CASA) model
and Boreal Ecosystem Productivity Simulator (BEPS) model to
invert the net primary productivity (NPP) of the Zoigê wetland
ecosystem and then identified the deficiencies of the two models.
In this article, we tested the factors that influence the light use
efficiency of vegetation and considered the effects of livestock
grazing on grassland ecosystems and wetland moisture content on
vegetation growth. A new grazing coupled remote sensing process
(GCRSP) model suitable for the productivity of the Zoigê wetland
was proposed. Field survey data were combined with the CASA
model, BEPS model, and Moderate Resolution Imaging Spectrora-
diometer (MODIS) NPP product, and the accuracy of the proposed
GCRSP model was analyzed at regional level. The results show that
after fitting the field measurements to the GCRSP model, the fitted
variance between the model and the measured data is 0.84, which
is larger than the variance between the other two methods and the
measured data. In addition, the variance of the linear fit between the
GCRSP model and the MODIS NPP product was 0.11, which was
relatively small, indicating that the regional-scale GCRSP model
was relatively accurate for the Zoigê wetland NPP. Therefore, this
model was suitable for the inversion of regional-scale NPP. The
results indicated that the average grassland NPP of the Zoigê
wetland was 487.57 gC/m2, and larger NPP values were distributed
near the rivers and wetland and smaller NPP values were dis-
tributed in the mountain glacier and desertified land areas. These
results were consistent with the regional characteristics. This article
provided technical and theoretical support for the desertification
management of the Zoigê grassland and a new method for studying
vegetation NPP, and the findings could help improve the accuracy
of regional-scale vegetation NPP estimates.
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I. INTRODUCTION

THE net primary productivity (NPP) of vegetation repre-
sents the remainder of the total amount of organic matter

accumulated by green plants through photosynthesis within a
unit area and unit time after deducting autotrophic respiration
(Ra) [1], [2]. NPP participates in the process of the surface
carbon cycle through photosynthesis [3]. The Zoigê wetland
is located along the upper reaches of the Yellow River and the
northeastern margin of the Tibetan Plateau [4]. In recent years,
rapid economic development and global climate change have
accelerated the process of grassland desertification of the Zoigê
wetland, and the grassland desertification area has increased by a
total of 3162.81 hm2 from 1990 to 2013 [5]. Studies on the NPP
of the grassland ecosystem of the Zoigê wetland can provide
insights toward the sustainable utilization of animal and plant
resources in this region and the proper distribution of regional
production [6].

At present, the methods of estimating the NPP of grassland
are mainly being classified into four model categories: statistical
[7], light use efficiency [8], [9], process [10], and coupling [8],
[11]. Statistical models rely on meteorological data and cannot
simulate a growing grassland environment and its biophysical
parameters; therefore, applications of these models are relatively
limited. The light energy utilization model was developed in the
1990s by Potter et al. [9] and it uses satellite remote sensing
data to invert production efficiency. Berberoglu [12] applied the
Carnegie–Ames–Stanford Approach (CASA) model to invert
the NPP of the mountains along the coast of the Turkish Mediter-
ranean Sea; however, this model cannot be used directly for the
regions of China, and the ecological mechanisms underlying the
revealed phenomena are difficult to be explained. Physiological
and ecological process models are derived by simulating the
physiological processes of plants [13]. Xiao et al. [14] adopted
the Boreal Ecosystem Productivity Simulator (BEPS) model to
simulate the monthly and daily NPP of the ecosystems in North
China; however, this model presented limitations associated with
complicated parameters, deficient corresponding parameters,
complicated physiological and ecological plant processes, and
a limited understandability [15]. Eisfelder et al. [16] evaluated
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and discussed the differences in the intermediate products, their
impact on the calculated NPP, and the output products for
the Moderate Resolution Imaging Spectroradiometer (MODIS)
product-based light use efficiency model RBM and the soil-
vegetation-atmosphere transport model BETHY/DLR, obtain-
ing the BETHY/DLR calculated NPP (average annual 2010 and
2011 NPP: 136.87 and 106.69) are higher than RBM (62.14 and
54.61) and show stronger interannual variability. Guan et al. [18]
studied the effect of altitude on the relationship between vegeta-
tion and climate in mountainous areas of Yunnan, China through
NPP, and the correlation between NPP and precipitation became
progressively more negative on an annual scale from positive to
negative with increasing altitude. This is completely opposite to
temperature. Along with the development of remote sensing and
geographic information system technology, the following new
method has been developed that uses remote sensing information
to estimate the NPP of grassland: the coupled remote sensing
process model. This model includes physiological processes and
increases the reflection of spatial heterogeneity [17].

In grassland ecosystems, the influence of grazing on the yield
is not negligible; therefore, in this article, we will couple the
CASA model under the regional grazing condition with the
BEPS model in order to develop a new grazing couple remote
sensing process (GCRSP) model to estimate the regional grass-
land NPP. This new model takes the advantages of a process
model and the light use efficiency model and fuses meteorolog-
ical data, soil data, and remote sensing data. The GCRSP model
has fewer complicated parameters compared with the BEPS
model and presents increased spatial heterogeneity. Moreover,
based on the CASA model, we will add grazing factors based
on the decomposition of mixed pixels and optimize the light
use efficiency data. Compared with other estimation methods
that use a single model, the accuracy of the GCRSP model
is higher and the algorithm is simpler. The proposed model
includes physiological processes and presents more accurate
regionalization capabilities.

The objectives of this article are 1) to improve the above
two factors by considering the influence of livestock grazing on
grassland and wetland moisture content on vegetation growth,
and to propose a new GCRSP model which is suitable for the
productivity of the Zoigê wetland; and 2) to analyze the area
by combining field survey data with the CASA model, BEPS
model, and MODIS NPP products. The accuracy of the coupled
remote sensing-process GCRSP model is compared and the fit
results are analyzed to determine the advantages of the GCRSP
model for such regional evaluations.

II. DATA AND METHOD

A. Study Area

The Zoigê grassland is located at the northeast margin of the
Tibetan Plateau, and it is under the administrative jurisdiction
of Gansu and Sichuan provinces. It covers Aba County, Zoigê
County, Hongyuan County of Sichuan Province, Maqu County,
and Luqu County of Gansu Province (Fig. 1). The total area is 44
758 km2. The elevation in the region is between 2392 and 5057
m, and the landform is a hilly plateau. The climate type of the

Fig. 1. Location of study area.

study area is continental plateau cold temperate monsoon cli-
mate. The annual average temperature is approximately 0–2°C,
and the annual average precipitation amount is approximately
600–700 mm. The vegetation types of Wakulgee wetland are
mainly marsh vegetation and alpine meadow. Meadow vegeta-
tion is the most widely distributed vegetation, which is found
in wide valleys, slopes, mountain plains, and hills. The bog
vegetation is more concentrated, mainly in the middle and lower
reaches of Heihe and Baihe rivers, which have poor drainage;
oxbow lakes, depressions in front of mountains and wide valleys
between hills and mountains.

The field survey was carried out from July to August 2015,
during the growing season of the grassland, which was largely
consistent with the selected remote sensing images in terms of
temporal phase. The samples were selected in areas with homo-
geneous and continuous vegetation types, obtained by harvesting
method, and arranged in patches along the Ruoerge Nature
Reserve. Based on the spatial distribution of grassland types,
we selected a total of 45 sample points. The sampling points
were one large sampling square (10 × 10 m) with four small
representative sampling squares, and three 0.2 m × 0.2 m sam-
pling squares were set up in the small representative areas, and
all aboveground parts in the sampling squares were harvested.
The weights of the preserved paper bags were determined, the
bags were numbered, and the fresh grass samples were brought
back to the laboratory, dried in an oven at 65°C for 48 h. The
dry weight of biomass of the aboveground parts was determined
using a 0.01 g sensing balance. The average dry weight of four
small representative sample squares was calculated [18], with
each 2.2 g of dry weight being approximately equal to 1 g of
carbon [19]. These data were used to estimate the net grassland
value of the sample plots.

Remote sensing data are Landsat8 images of 2015 down-
loaded from the official website of the United States Ge-
ological Survey.1 The spatial resolution of the images
is 30 m, and low cloud coverage is observed. Images
between July and August, when the growth condition of veg-
etation is good, were used.

1[Online]. Available: https://www.usgs.gov/

https://www.usgs.gov/
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Fig. 2. Flowchart of GCRSP model.

Meteorological data, including monthly average precipitation
(mm), monthly average temperature (°C), sunshine duration (h),
average humidity (%), average air pressure (hPa), and total
annual solar radiation (kWh/m2) for July and August 2015,
from the China National Meteorological Information Service.2

Using ArcGIS software, we performed spatial data interpolation
to process the aforementioned data to grid data with a spatial
resolution of 30 m.

The grazing data in this article were acquired from the Sta-
tistical Yearbook of Aba Prefecture and Gannan Prefecture; the
parameters in the photosynthesis model referred to [20], [21];
and the parameters of the Ra model referred to [22] (Fig. 1).

B. Method

The CASA model [23] is a process-based remote sensing
model coupling ecosystem productivity and soil carbon and
nitrogen fluxes, driven by gridded global climate, radiation,
soil, and remotely sensed vegetation index datasets that require
fewer parameters compared to other models. The BEPS model
is a process model that combines soil, meteorological, and
plant physiological parameters, and estimates vegetation NPP by
simulating photosynthetic processes, with the important feature
of using remotely sensed observations of leaf area index data as
the main input parameter to the model [24]. In this article, we
couple these two models to develop the GCRSP model (Fig. 2).

The GCRSP model simulates the gross primary productivity
of vegetation (GPP), the NPP, and the consumption of Ra. In
particular, NPP = GPP–Ra, and the calculation formula of Ra
refers to [22]. GPP is calculated as follows:

GPP = APAR× ε (1)

APAR(x, t) = Q (x, t)× η × FPAR(x, t) (2)

NPP(x, t) = GPP(x, t)− Ra. (3)

GPP(x, t) denotes the total primary productivity of vegeta-
tion in month t for the image element x. APAR(x, t) denotes the
photosynthetically active radiation absorbed by image element

2[Online]. Available: http://cdc.cma.gov.cn

x in month t (MJ/m2);Q(x, t) denotes the total solar radiation
in month t (MJ/m2);FPAR(x, t) indicates the proportion of
absorption of incident photosynthetically effective radiation by
vegetation canopy, which has a certain relationship with nor-
malized vegetation index and specific vegetation index; and η
is a constant, which indicates the proportion of solar effective
radiation (wavelength of 0.38–0.71 μm) that vegetation can
utilize to the total solar radiation, and is taken as 0.5.NPP(x, t)
denotes the NPP of vegetation in month t for like element x. Ra
indicates the amount of autotrophic respiration consumed.

The value of ε plays a decisive role in the process of esti-
mating vegetation NPP [25], [26]. In this article, we improve
the maximum light use efficiency and water stress factor, and
achieve the optimization of ε.

C. Maximum Light Use Efficiency ε∗
Vegetation under different environmental conditions presents

different light use efficiency [27], [28]. Livestock grazing on
grassland causes a loss of NPP to some extent. In the CASA
model, the maximum light use efficiency for all vegetation is
0.389 gC/MJ, and the vegetation type and vegetation coverage
are not differentiated, which could affect the accuracy of model
calculations. The spectral mixture analysis considers the spectral
characteristics of the pixel as a mixture of the spectral charac-
teristics of different pure ground objects [29]. We incorporated
a linear spectral mixture analysis into the estimation process
of grassland NPP. According to the different abundances of
vegetation in the pixel, we can obtain grassland NPP with
different spatial distributions, thereby ensuring the accuracy of
the results at the subpixel level and increasing the accuracy of
NPP estimations.

Grazing has a significant influence on grassland NPP [30].
Proper grazing promotes the growth of grassland by reducing
the density of grassland, which allows the vegetation to better
absorb solar radiation and acquire nutrients [30], [31]. How-
ever, overgrazing affects the growth of grasslands because the
compensatory growth of grasslands after grazing is less than
the consumption by livestock, resulting in a reduction in the
overall stock of grassland vegetation. Therefore, the influence
of grazing on grassland NPP is two-sided. Remote sensing
acquires imagery data after livestock grazing, and the grassland
NPP estimated from these data shows varying degrees of loss.
Based on the linear spectral mixture analysis, we take account
of the grazing factor, obtain the vegetation abundance data of
grassland prior to grazing and reduce the influence of grazing
on the grassland NPP. To conveniently calculate the influence of
grazing on grassland abundance, we define the stocking rate as
the number of livestock per unit area of grassland in a certain
period divided by the maximum carrying capacity of livestock
per unit area. Therefore, the expression of grassland abundance
before grazing is as follows:

{
fgv>0.75 ;Fgv= fgv/

S
S0

fgv<0.75 ;Fgv= fgv× S
S0

(4)

where fgv represents the vegetation abundance prior to the
grazing; fgv represents the vegetation abundance obtained by
the inversion of remote sensing data; S represents the number

http://cdc.cma.gov.cn
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Fig. 3. Change of vegetation abundance before and after grazing. (a) Veg-
etation abundance after grazing. (b) Vegetation abundance before grazing. (a)
Grazing Before. (b) Grazing After.

of livestock in the unit area; and S0 represents the maximum
carrying capacity of livestock in the unit area.

When fgv ≥ 0.75, the growth capacity of the grass is high, the
abundance of grass before grazing is greater than after grazing,
and NPP is higher than after grazing; and when fgv < 0.75,
the grassland abundance is affected by grazing. When S > S0,
namely, when the number of heads of livestock is higher than
the maximum carrying number of heads of livestock, i.e., over-
grazing occurs, grassland damage is serious, and the vegetation
abundance prior to grazing is greater than the current vegetation
abundance. When S < S0, namely, when the number of heads
of livestock is smaller than the maximum carrying number of
heads of livestock, i.e., conservative grazing occurs, which can
promote the growth of grassland and the vegetation abundance
prior to grazing is smaller than the current vegetation abundance.
Fig. 3 shows the change of vegetation abundance before and
after the grazing and indicates that vegetation abundance before
grazing is generally greater than the vegetation abundance after
grazing. Black circle indicates the area where the vegetation
abundance after grazing is smaller than the vegetation abundance
prior to grazing, and white circle indicates that the area where
vegetation abundance after grazing is higher than before grazing
(Fig. 3).

Finally, the calculation formula for maximum light use effi-
ciency ε∗ is as follows:

ε∗ = Fgv × εmax (5)

where fgv is the grassland abundance derived by the decom-
position of mixed pixels and εmax is the maximum light use
efficiency for grassland, and its value is 0.68 [32].

D. Water Stress Factor f(W)

Previous studies have indicated that calculation of the water
stress effect coefficient involves soil moisture content, atmo-
spheric precipitation amount, and stomatal conductance [32]–
[34]. In this article, we calculated precipitation stress factor, soil
moisture stress factor, and stomatal conductance stress factor
separately, and then selected the values of the effects on plant
growth stress.

Climate factors such as atmospheric precipitation and stom-
atal conductance were introduced into the model to establish

a simple statistical regression model between NPP and climate
factors [32], [33]. The effect of soil water stress on plant growth
was calculated by soil moisture content and field water capacity.
In this article, according to the calculation formula of King [35]
for the soil water content, we revised the calculation formula of
soil water stress factor as follows:

f(S) =
(
1− b× e(−c×SW)

)
/d (6)

SW =
W1 +W2

2×W0
(7)

where f(s) is the soil water stress factor, and its value is in the
range of 0–1; b=0.86; c=–1.26; d=0.7486 [36]; W1 represents
the moisture content in the upper layer of soil; W2 represents the
moisture content of the lower layer of soil; and W0 represents
the field moisture capacity.

Therefore, the soil water stress factor is expressed as follows:

f(W ) = min(f(P ), f(S), f(gs)). (8)

In summary, the optimized light use efficiency ε is expressed
as follows:

ε = ε∗ × f (T )× f (W ) (9)

where ε∗ represents the maximum light use efficiency for grass-
land; f(T) represents the temperature stress factor; and f(W)
represents the water stress factor.

III. RESULTS AND ANALYSIS

A. Model Validation

In previous articles, for example, Tuo et al. [37] utilized
remote sensing process modeling to global and regional scale
carbon cycle simulations, as well as forest productivity esti-
mation [38] and crop estimation [39]. It was also applied to
calculate the NPP of wetland grassland vegetation. In this article,
regression analysis was used to fit the NPP data obtained from
field sampling and the NPP results obtained from the GCRSP
model, CASA model, and BEPS model. MODIS NPP products
were then used to analyze the accuracy of the model.

After linearly fitting the measured NPP and the obtained NPP
(Fig. 4) we found that the fitting between the GCRSP model
and measured NPP was the best with R2 = 0.84. The correlation
coefficient between the CASA model and the measured NPP fit
was 0.61. Comparison results proved that the actual modeling
effect obtained using a single CASA model was not accurate,
as pointed out in the study by Jin et al. [33]. A more detailed
modification of the major species in the biological community
would help improve modeling accuracy. The BEPS model had
the worst fit to the measured NPP with R2 = 0.51, indicating that
the GCRSP model inversion was more accurate. The GCRSP
model was fitted to the MODIS NPP product with R2 = 0.11,
which was poorly correlated (Fig. 4).

B. Spatial Distribution of NPP in Zoigê Wetland and Analysis
of Model Calculation Results

A comparison of the grassland NPP obtained by the three
methods and the MODIS NPP products (Fig. 5) showed that the
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Fig. 4. Linear fittings between the measured NPP of the sample sites and
the obtained NPP. (a) Relationship between the NPP from the GCRSP model
and the measured NPP. (b) Relationship between the NPP from the CASA
model and the measured NPP. (c) Relationship between the NPP from the BEPS
process model and the measured NPP. (d) Relationship between the GCRSP
model and the MODIS NPP data. (a) GCRSP Model Simulated NPP(gc/m2). (b)
CASA Model Simulated NPP(gc/m2). (c) BEPS Model Simulated NPP(gc/m2).
(d) GCRSP Model Simulated NPP(gc/m2).

TABLE I
NPP RESULTS OF THE ZOIGÊ WETLAND OBTAINED BY THE THREE MODELS

spatial distribution was generally consistent at the macroscopic
level [40]. Grassland NPP was low in the range of 0–200 gC/m2

in the vicinity of alpine glaciers and around wetlands, where low
temperature and land desertification were the greatest dragging
factors. Grassland NPP values were greater along rivers and in
wetland vegetation growth areas, which is in agreement with
[41]. A spatial distribution pattern of NPP can be observed,
where the distribution of grasslands at 3400–3500 m elevation
accounted for 78% of the total grassland area and 58% of
the total grassland with slopes less than 1°. It showed that
the spatial distribution pattern of NPP was highly correlated
with topographic factors, and NPP was high in the Heihe River
mainstream terrace, an area with rich herbaceous peat swamp
soil and high NPP of grasslands.

The NPP values obtained by the three models exhibited
macroscopic similarities, although differences were observed

Fig. 5. NPP spatial distribution obtained by the three models. (a) Spatial
distribution of NPP obtained by the GCRSP model. (b) Spatial distribution of
NPP obtained by the traditional CASA model. (c) Spatial distribution of NPP
obtained by the BEPS process model. (d) MODIS NPP product.

in the distribution of values (Table I). The statistical results for
the entire research area indicated that the NPP values obtained
by the traditional CASA model were relatively small and had
a maximum of 1135 gC/m2 and mean of 487.57 gC/m2. NPP
values obtained by the BEPS process model were relatively large
and had a maximum of 1808 gC/m2 and mean of 620.95 gC/m2,
and these values are generally relatively scattered, thus showing
an obvious contrast. In contrast, the GCRSP model yielded
relatively uniform NPP values, with a maximum of 1401 gC/m2

and an average of 586.39 gC/m2, indicating that the results of
the GCRSP model were all within a reasonable range (Fig. 5).

The difference values between BESP and GCRSP models
were mainly concentrated between 0% and 27% with a mean
value of 17.48%. The difference values between CASA and
GCRSP models are mainly concentrated between 5% and 39%,
with a mean value of 24.74% (Fig. 6).

C. Relationship Between the Stocking Rate and Grassland
NPP

With reference to Hugejiletu Jin et al.’s study on NPP pre-
diction in the Mongolian plateau, changes in NPP in the plateau
can be affected by natural conditions such as grazing [30], and
the inclusion of factors such as regional grazing practices which
can increase the reliability of the model. Therefore, the analysis
of the relationship between grazing rate and NPP can provide
important value for the calculation of grassland NPP. In this
article, we took account of the differences in NPP before and



HE et al.: EVALUATION AND VALIDATION OF THE NET PRIMARY PRODUCTIVITY OF THE ZOIGÊ WETLAND 445

Fig. 6. NPP results comparison difference chart. (a) CASA and GCRSP
models. (b) BESP and GCRSP models.

Fig. 7. Relationship between grassland NPP and stocking rate before and after
the grazing.

after grazing in Jorge wetland (Fig. 7). When the grazing rate
was less than 1, the NPP after grazing was slightly larger than
before grazing; when the grazing rate was greater than 1, the NPP
after grazing was significantly smaller than before grazing; and
when the grazing rate was greater than 1.46, the rate of decline
of grassland NPP was faster.

D. Relationship Between the Grassland NPP and Relevant
Factors

Relationship between grassland NPP and temperature
[Fig. 8(a)]. In general, as the temperature increased, the NPP
value gradually increased. Within the range of 11°C –13.5°C,
NPP increased at a relatively fast rate with the increasing tem-
perature, whereas in the range of 13.5°C –17°C, temperature for
grassland growth reached its optimal value, and the NPP value
tended to be stable afterwards.

Relationship between grassland NPP and precipitation
[Fig. 8(b)]. As the precipitation increased, the NPP value for the
Zoigê wetland gradually increased. A relatively strong linear re-
lationship was observed between the precipitation and NPP. The
increased precipitation provided sufficient water for grassland

Fig. 8. Influence of meteorological factors on the grassland NPP of the
Zoigê wetland. (a) Relationship between the mean NPP and temperature.
(b) Relationship between the mean NPP and precipitation.

Fig. 9. Influence of topographical factors on the grassland NPP of the Zoigê
grassland. (a) Relationship between the mean NPP and elevation. (b) Relation-
ship between the mean NPP and azimuth angle. (c) Relationship between the
mean NPP and slope. (d) Relationship between the mean NPP and lithology.

growth, and the maximum NPP was reached at a precipitation
level of approximately 1200 ml.

Relationship between the grassland NPP and elevation
[Fig. 9(a)]. As the elevation increased, the NPP value initially
increased and then decreased. The solar radiation received by
vegetation is strengthened with increasing elevation, which leads
to increased NPP. At elevations in the range of 3300–3900 m,
the maximum grassland NPP is observed. With further increases
in elevation, both temperature and NPP value declined.

Relationship between grassland NPP and azimuth angle
[Fig. 9(b)]. The relationship between the grassland NPP and
azimuth angle was statistically analyzed in a clockwise direction
starting from the north. The grassland NPP was largest in the
northeast, east, southeast, and south. The study area was in the
north of the Tropic of Cancer, and sunlight irradiates from the
south. Grassland receives more solar radiation in this direction,
and the grassland NPP is relatively small in the other directions.

Relationship between grassland NPP and slope [Fig. 9(c)]. As
the slope increased, the grassland NPP initially increased and
then decreased, with the maximum value observed in the range
of 20°–30°. This range provides the optimal reception of solar
radiation by grassland, which is not only favorable for water
storage but also for drainage. This finding is consistent with
previous studies, such as Gao et al. [6], who studied grassland
NPP in northern Tibet and concluded that when the slope is in
the range of 20°–25°, the maximum NPP is observed; and Zhao
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[45], who performed a simulation study on the vegetation NPP of
Qinghai and concluded that the maximum NPP is reached when
the slope is in the range of 10°–15°. The results of the current
article are essentially consistent with these previous conclusions.

Relationship between grassland NPP and lithology
[Fig. 9(d)]. The NPP value varies for different lithologies.
Granite belongs to acidic magmatic rocks, and vegetation
cannot survive on these rocks; therefore, the grassland NPP
values for regions with a granite lithology are relatively low.
Slate is a metamorphic rock and thus it is fragile and prone
to be weathered. Vegetation can develop on these rocks, and
the grassland NPP values for regions with a slate lithology are
relatively high compared with regions with a granite lithology.
Dolomite, limestone, siltstone, sandstone, and mudstone are
sedimentary rocks, which contain organic matter and present
a relatively high number of pores and fissures, and thus they
are easy to be weathered. Vegetation can develop on these, and
the grassland NPP value is relatively high in regions with such
lithologies. The NPP of mudstone is the largest. Clay originates
from alluvium and diluvium in the Holocene, and it is rich in
organic matter and is suitable for plant growth. Thus, the NPP
value for regions with a clay lithology is relatively large.

IV. CONCLUSION

This article couples the CASA model with the BEPS model
based on regional grazing conditions, while integrating the
relationship between the concept of grazing rate and NPP to
provide an effective reference for the calculation of grassland
NPP, and the main conclusions are as follows.

Comparing the grassland NPP and MODIS NPP products
obtained from the three models, the spatial distribution of the
NPP is basically consistent at the macro level. Grassland NPP
is lower in the vicinity of alpine glaciers and wetlands, and the
low temperature and land desertification are the biggest dragging
factors in this area; the grassland NPP is larger along rivers
and wetland vegetation growth areas, where herbaceous peat
bog soils are abundant. From the statistical results of the whole
study area, the value of NPP obtained by the traditional CASA
model was small, with a mean value of 487.57 gC/m2, which
was more concentrated overall. The value of NPP obtained
by the BEPS process model was larger, with a mean value
of 620.95 gC/m2, which was more scattered overall and the
contrast was obvious. The NPP obtained by the GCRSP model
was more homogeneous, with a mean value of 586.39 gC/m2.
By comparing the suitability of the results, the GCRSP model
yielded more accurate results than the other two methods.

In this article, a new GCRSP model for estimating regional
grassland NPP was developed by coupling the CASA model
and BEPS model under grazing conditions. Remote sensing
process coupling model will be a major development direction
for wetland vegetation NPP estimation. In the analysis of the
actual linear fit relationship of the GCRSP model, it was found
that the GCRSP model had the best fit with the measured NPP,
R2 = 0.84; it integrated the advantages of both the process
model and the light energy utilization model. It not only realized
the compatibility of multisource data (including remote sensing
data, meteorological data, ground sampling data, etc.), but also

mechanistically explained the plant growth and development
mechanism, with clearer physical significance. A new tool for
estimating wetland vegetation NPP is provided.
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