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ABSTRACT

Promoting sustainability of ecosystems and economic development is a dual national objective in China, as well
as one of the sustainable development goals (SDGs) of the United Nations. The Three-River Headwaters Region,
where a National Park initiative has been initiated in the pastoral region of the Qinghai-Tibetan Plateau, is one of
the key pilot projects in China with sustainability targets for 2025 and 2035. This paper assesses the possibility of
achieving established targets for the proportion of cultivated to available grassland. These targets consider both
ecosystem protection and herders’ livelihoods. An income simulation model was first developed to estimate the
percentage of cultivated grassland area necessary from the natural grasslands to achieve the target income. The
model was developed using income and livestock data from the annual yearbook for 2018, then applied to es-
timate conditions for three counties in the eastern region. Presently the rangelands are seriously overgrazed with
income just reaching above the poverty level. If livestock were decreased to a theoretical carrying capacity level,
income would decrease to lower than the poverty level, even considering a livestock feeding system to achieve
higher production levels. Under these circumstances, in order to reach income targets in 2025, one option
centered on income production from livestock requires 5% of grasslands to be cultivated to produce forage for
livestock. However, achieving income targets in 2035 will become very difficult because the needed proportion
was estimated to increase to 14%. An alternative was to transport extra forage from the agriculture region of
eastern Qinghai province. The local government should consider these two options to improve herders’ income
along with maintaining the traditional nomadic culture and sustainable ecosystems. The approach used to
develop and apply this model could be applied to predict income changes accompanying future climate scenarios
and to propose policies aimed at sustainability of ecosystems and economies for grasslands worldwide.

1. Introduction

grasslands, eco-compensation, and cultivated grass-based livestock
husbandry (Zhao et al., 2018). The policy of eco-compensation has
contributed great positive effects to improve livelihoods in the

A win-win goal of enhancing livelihoods and conserving pastoral
lands has great challenges and involves very complex and multiple di-
mensions in law and policy, land use rights, ecosystem management,
and cultural conventions (Hua and Squires, 2015; Gongbuzeren et al.,
2018; Kemp, 2020). From the view of ecosystem management, sus-
tainability can mean protection and restoration programs for degraded

short-term (Liu et al., 2019; Yin et al., 2019; NFGA, 2020), but benefits
have been highly debated and may not be considered sustainable due to
dependence on external policies and input (Huang et al., 2018; Zhao
et al., 2018; Yin et al., 2019).

Sustainable livestock husbandry is often dependent upon develop-
ment of cultivated grassland, a topic which has been substantially
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Nomenclature

Cultivated grassland Where oats, peas and other crops are
planted for achieving higher forage yield.

N% Is the proportion of cultivated grassland area to
available grassland area.

GLOPEM-CEVSA Is a remote sensing coupling ecosystem process
model and applied to estimate net primary production
(NPP).

GLCV-Income Is an income model based on GLOPEM-CEVSA,

which estimates N% from the NPP simulated by the

GLOPEM-CEVSA under the given economic target for

pastoralists’ income.

Is Subsidy and Incentive System for Grassland

Conservation. As a policy, it encourages herdsmen to

protect the ecological environment and reduce animal

husbandry production by giving good seed subsidies,

forbidding grazing subsidies, and balancing incentives

for grass and livestock.

Grass-based Livestock Husbandry, is a kind of

husbandry that developed ecologically-sound

approaches to producing grass-fed livestock with

utilization of only a small land area for cultivation of

forage crops to protect the vast but fragile grassland

(Fang et al., 2018).

SISGC

GLiH

researched (Ren, 2013; Fang et al., 2018; Zhao et al., 2018; Kemp,
2020). Ren et al. (2016), for instance, advocated the concept of
grassland-agriculture to fully utilize non-food outputs from agriculture
to support animal husbandry. Fang et al. (2018) advocated the concept
of “Grass-based Livestock Husbandry” based on research on temperate
steppe locations, which is a relatively resource-rich grassland, to
develop ecologically-sound approaches to producing grass-fed livestock
with utilization of only a small land area for cultivation of forage crops
to protect the vast but fragile grassland. However, on Qinghai-Tibetan
Plateau, with its more fragile grasslands, ecological security and pas-
toralists’ livelihoods might be evaluated through a regional coupling
model, proposed for optimal utilization of grass-livestock resources to
determine proportion targets, termed the “N% concept”, i.e., the mini-
mum conservation area to protect biodiversity and ecosystem services
and the optimal area for local pastoralists’ livelihoods, on the regional
scale (Zhao et al., 2018; Li et al., 2019). Some studies found that by
stocking rate reductions of as much as 50%, large swaths of grasslands
could be rehabilitated and herder incomes from livestock could be
improved (Behrendt et al., 2020; D. Kemp, 2020; D.R. Kemp et al.,
2020).

Livestock carrying capacity, the maximum number of animals that an
area of land can support on a sustainable basis, has been used widely as a
tool in grassland management (Xu, 2014; Zhang et al., 2014; Meshesha
et al., 2019; Lee, 2020). Though carrying capacity is highly variable
across years due to high interannual variability of rainfall and grazing
management (Golluscio et al., 2015; Cheng et al., 2017; Meshesha et al.,
2019), long-term average carrying capacity may be roughly estimated to
match stocking rates with forage supply and maximizes long-term
profitability (O'Reagain et al., 2014; Cheng et al., 2017). Within this
conceptual framework, though the carrying capacity-based method has
been questioned (Hruska et al., 2017b; Gongbuzeren et al., 2018; Guo
et al., 2020; Kemp, 2020), stocking rates have been estimated from
long-term average measurements and widely applied (Zhang et al.,
2015; Bryan et al., 2018; Du et al., 2019). Past applications suggest that
impacts on income in the future may be estimated by incorporating
other uncertainties as well, such as those related to climate change ef-
fects, or new agrohusbandry techniques.
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The Three-River Headwaters (TRH), located in the hinterland of the
Qinghai-Tibetan plateau, also known as the ‘Water Tower of Asia’, is the
source of the Yellow River, Yangtze River, and Lantsang River (Chen
et al., 2020; Kemp, 2020). Its grasslands provide crucial ecosystem
services for humans from local to global (Dong, 2020; Ouyang et al.,
2020b). However, it has been estimated that from about 35-50% of its
area has been seriously degraded (Li et al., 2014b), and though the trend
has been reduced somewhat, it is still far from an optimal condition
(Shao et al., 2017). Meanwhile, the livelihoods of nearly 6 million Ti-
betan people are almost completely dependent on natural
grassland-based husbandry. Therefore, this region needs great changes
to improve livelihoods and protect and restore its threatened natural
grasslands, for potential applications in other grassland ecosystems
worldwide (Bilgen and Sarikaya, 2015; Sun et al., 2020).

Three-River-Source National Park was included as part of a national
pilot project in 2016, aimed at achievement of a system of IUCN Cate-
gory 2 Protected Areas in China (Tian and Fang, 2017; Ouyang et al.,
2020a). However, there is available grassland for use of about 74,300
km? in a total area of 123,100 km?, or about 31.71% of the TRH in 22
counties (Fig. 1), and an area of 54.37% is in the moderate or severe
degraded condition. Meanwhile, in the park, there is a population of 64,
000 with the per capita net income of RMB 5876 (NDRC, 2018).
Therefore, overall targets were planned to restore degraded ecosystem
services and improve biodiversity, with net income per capita expected
to arrive at RMB 14,000 in 2025 and 25,000 in 2035, respectively
(NDRC, 2018). The income projections have included government
ecological subsidies and wages as conservation protectors or part-time
workers for the Park. However, questions remain about whether the
livelihoods will be sustainable if policy-based subsidies cannot be
continued. Realizing overall income goals is of concern to not only the
local government but also to international society facing the same
problems of sustainable grasslands development, for the income (and
thus, quality of life) of herders is considered a fundamental factor in
protection of grasslands (Zhao et al., 2014; Hruska et al., 2017a; Zang
et al., 2020).

The “N% concept,” commonly used to project conservation and in-
come sustainability targets, was revised to be the proportion of culti-
vated grassland to total grassland in this study. Therefore, the “N%
concept” was applied to address the following questions: (1) what is the
proportion of production land necessary to maintain the present liveli-
hood and (2) how much would the proportion need to change to achieve
future income targets, such as those projected for 2025 and 2035?

2. Study area

Considering the relatively favorable climatic conditions, higher
yielding grasslands, and relatively developed livestock industry, three
counties in the eastern Three-River Headwaters region, Qinghai Prov-
ince, China, were selected as the study area (Fig. 1). Located about
100 km from the nearest national park in the region, the study area
embraces approximately 4048 km? of nature reserves, representing
22.6% of the study area. As Table 1 shows, the area has an alpine climate
with the annual mean temperature of 0.4-14.6 °C and annual total
precipitation of 440-615 mm. The vegetation mainly is alpine meadow
with the dominant species of Kobresia pygmaea, Kobresia humilis and
Stipa purpurea Griseb (Sun et al., 2011). Tongde, with an average alti-
tude of 3660 m, is considered one of the primary areas of barley pro-
duction. Since 2013, its forage seed varieties have improved more than
80%, based on higher yield, and its livestock breeds have improved over
65% on their meat and milk production. Henan, with most areas above
3600 m (the highest altitude is 4539 m), is a pure pastoral county. Zeku,
mostly above 3500 m, is a developing and lower-income county, where
animal husbandry is the main industry. The three counties have ach-
ieved previously set poverty alleviation goals in recent years (Table 1).
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Fig. 1. Three counties with livestock in the eastern Three-River Headwaters region (TRH), Qinghai Province, China, were as selected as the study area. The area has a
distance of about 100 km from the nearest part of the National park and overlays with some natural conserved areas.

Table 1

The natural conditions and socio-economic statistics of the study area of Tongde,
Henan, and Zeku Counties, in the eastern Three-River Headwaters region,
Qinghai Province, China. The data for the National Park located 100 km west of
the study area are also given as a reference.

Status Tongde Zeku Henan National
Park#
Average Elevation 3655 3763 3736 4715
(m)
>0°C 1432 1163 1265 655
Accumulated
Temperature (°C)
Annual total 504 567 610 384
Precipitation
(mm)
Population 54,595 73,534 34,327 64,600
GDP in 2018
(M. CNY) Primary 825 823 747 1687
Industry
Secondary 215 351 452 459
Industry
Service 337 453 438 565
Sector
Total 1377 1627 1637 2711
Net Income
(CNY/Rural Current Net 10,976 7325 10,725 8050
person) Income
Operating 6611 4457 - -
Income
Target” in 14,000 14,000 14,000 14,000
2025
Target” in 25,000 25,000 25,000 25,000
2035

# The GDP and net income data of the national parks are based on the sta-
tistical yearbook data of the administrative counties in which they are located,
and there are large deviations due to the imperfect spatial coverage of the two,
thus these data are only used as a reference and not the actual data of the na-
tional parks.

" The net income target in 2025 and 2035 were based on the master plan for
Three-River-Source National Park (NDRC, 2018).

3. Data and methods
3.1. Data sources

The actual forage yield was estimated through a net primary pro-
duction (NPP) dataset (Wang, 2021) produced from a remote
sensing-based model. The intent of the model used is to decrease un-
certainties by considering the spatial heterogeneity in the same vege-
tation classification and simulating the ecosystem process, such as
photosynthesis, autotrophic respiration, and evapotranspiration, etc.

and quantifying impacts from climate changes (Wang et al., 2009,
2011a; Yang et al., 2019). Specifically, the NPP estimates were derived
from a “light use efficient model” and used to estimate the grassland
yield and theoretical livestock numbers and income in 2018 for the
study area of the Three-River Headwaters Region. The model’s main
inputs include remotely sensed Fraction of Photosynthetically Active
Radiation (FPAR) and interpolated climate data. The FPAR was esti-
mated from the surface reflectance products (MOD09Q1) of the Mod-
erate Resolution Imaging Spectroradiometer (MODIS) at a spatial
resolution of 250 m and a time step of eight days (Liu et al., 2007). To
match the resolution of the remote sensing data, the climatic data were
interpolated to the same spatial and temporal resolution from the ob-
servations on the meteorological stations, and included air temperature,
precipitation, wind speed, sunlit hours and air relative humidity. Forage
yield-based livestock rates were used to estimate herders’ income by
considering spatial heterogeneity through the FPAR data. The model has
been applied in this region in previous studies (Fan et al., 2010; Shao
and Fan, 2018; Zhang et al., 2018a, 2018Db).

The land use and land cover (LUCC) data in 2015 were derived using
Landsat 8 remote sensing imagery at a resolution of 30 m (http://www.
resdc.cn) (Xu et al.,, 2018). The LUCC data were classified using a
three-level classification system, and grassland data were extracted and
further analyzed in this study (Liu et al., 2003, 2005, 2010a).

The year-end stock, per capita income, and other socio-economic
data were drawn from the Agricultural and Livestock Statistics Year-
book for 2017, Henan County Statistical Yearbook for 2018, Zeku
County Statistical Yearbook for 2018, and Tongde County Statistical
Yearbook for 2018.

The population within the pastoral area was predicted by using a
Logistic model (Wang et al., 2014). The results are mainly predicted
from the existing population size, resources and environment, and will
tend to be flat in later stages of projections. The rise of ecological
migration in China began in the early 1980 s, mainly moving the pop-
ulation located in ecologically fragile areas or important ecological
functional areas and areas with poor natural environment conditions to
other areas. However, such movement efforts were not included in
projections and the future pastoral population is not expected to be
greatly reduced in the three counties of the study area.

3.2. Methods

The concept of N% was revised as the percent of land area used for
cultivation to total grasslands and analyzed to project income goals in
2025 and 2035 at the township scale through a livestock-based income
model, GLCV-Income. The GLCV-Income model was adapted from a
previously developed model, GLOPEM-CEVSA, which estimates net
primary productivity (NPP) with the inputs of remotely sensed FPAR
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and interpolated climate data (Wang et al., 2009, 2011a). The new
GLCV-Income model extended its sub-modules to calculate grass yield,
the theoretical and actual carrying capacity, and the theoretical per
capita income (Fig. 2), which are described in detail in the following
paragraphs. The model needed aboveground biomass measures from the
field, and livestock-related and actual per capita income data for model
validation.

3.2.1. Grazing pressure index

The grazing pressure index (Ip), defined as the ratio of the actual to
the theoretical livestock carrying capacities (Fan et al., 2011), was used
to evaluate the status of grazing productivity and utilization of the
grasslands and was calculated by the following:

Ip = Cs/Cl (@)

oy Cnx (1+Ch) @
Ar

The Cs is the actual livestock carrying capacity; Cn is the year-end
livestock numbers, Ch is the livestock slaughter rate; Ar is the avail-
able grassland area. The slaughter rates were calculated from the sold
numbers of livestock in a year and the number of stock at the beginning
of the year. Taking Zeku as an example, in 2018, the sold sheep and yaks
were 316,600 and 60,600 respectively, and their numbers at the
beginning of the year were 358,000 sheep and 181,700 yak. Therefore,
the slaughter rates were 88% (sheep) and 33% (yak). Similarly, the
slaughter rates in Tongde were 46% (sheep), 28% (yak), whereas those
in Henan were 64% (sheep), 51% (yak) in 2018. The standard sheep unit
was used from national standards, defined as one mature sheep with a
net weight of 50 kg and a lamb up to half a year old. One yak is
equivalent to four sheep units (Zhou, 2001; MOA, 2015). The ratio of
sheep to yak were calculated according to the statistic year-book data
converted to sheep units as the 1:2 for Zeku, which were used to estimate
the number of sheep and yaks from the theoretical livestock carrying
capacity.

The Cl was calculated for each township according to Fan et al.
(2010):

Ym x Ut x Co x Ha
Cl=——m——F— 3
Sf x Gt &)

where Cl is the theoretical livestock carrying capacity expressed in sheep

units (SU/hm?) (Rees, 1996), Ym is the grassland yield (kg/hmz), Ut is

the utilization rate of herbage, Co is the proportion of the area available

for pasture, Ha is the rate of edible grazing grass, Sf is the daily required

/ ( N
FPAR Weather data Ground
Ie Target
sampl
‘ L ) Surveyed data net
income
GLOPEM-CEVSA
‘ s A P
v ! v v
e N A
NPP Bi Actual Actual per Total
v i carrying capita income
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Grassland yield capacity income (le)
X " J \ 8
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[ N% Artificial grassland ]

pressure

Fig. 2. Flowchart of the simulation analysis of scenarios of pastoralist income
based on N% theory.
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amount of edible hay per SU, and Gt is the grazing time. Here, the Ut, Co
and Ha were given the values of 70%, 92% and 80% according to Fan
et al. (2011). Meanwhile the Sf is 1.8 kg based on the Agricultural in-
dustry standards NY/T 635-2015. Because the grasslands are used
during both warm and cold seasons, the total grassland was assumed to
be grazed the whole year, that is, Gt = 365.

The grassland yield (Ym) was calculated from the net primary pro-
ductivity (NPP) and the ratio of belowground to aboveground NPP was
estimated from aboveground and belowground biomass sample data
(Fan et al., 2011). In order to reduce the impact of climate fluctuations
on grassland yield in future scenarios, the mean NPP from 2000 to 2018
was used to calculate long-term carrying capacity for each township.

Ym = NPP/(1 4 BNPP/ANPP) 4
BNPP = BGB x (liveBGB/BGB) x Turnover 5)
Turnover = 0.0009(g/m*) x ANPP +0.25 (6)

where NPP (gC/m?a, convert to dry matter weight by the carbon content
of 50%) is calculated using the fraction of photosynthetically active
radiation absorbed by vegetation (FPAR) and light use efficiency (Wang
et al., 2011a). The BNPP is the belowground NPP of the vegetation, the
ANPP is its above-ground NPP assuming it is equal to aboveground
biomass (AGB) for grassland, and BGB is the belowground biomass. The
live BGB/BGB was set to 0.79 (Liu et al., 2010b), and Turnover (1/a) is
the turnover time of the roots.

3.2.2. Income using crop straw and chaff

The crop straw and chaff from agricultural fields can be used in
husbandry as extra feed to increase annual income per capita. The ratio
of crop straw to grain was used to estimate straw production from the
crop grain yield according to data in the yearbooks consulted, using the
equation below:

WS = WP x SG @
IF:WSxCthp @)
Sf x Gt x P

where WS is straw production (kg/hm?); WP is the crop grain yield (kg/
hmz); SG is the ratio of grain to crop in terms of biomass; and I is the per
capita income that can be improved by straw feeding (Table 2). Local
crops included wheat, barley, legume, potatoes, maize, and oilseed rape.
SG for each crop was calculated according to the literature (Bi et al.,
2009; Li et al., 2014a; Peng et al., 2014). WP was taken from the county
statistical yearbooks, and the Qinghai Province Grass and Livestock
Balance Monitoring and Evaluation (Cai et al., 2018).

3.2.3. The N% cultivated grassland demands for income goals in the future
Livestock carrying capacity and income were calculated for N% of
cultivated grass using the equation below:

Yt —Ym
Yc—Ym

N% = (©)]
where Ytis the grassland yield demanded to achieve the target income in
2020, 2025 and 2035; and Yc is the yield of cultivated grassland, which
is the average of the field experimental data, 13,000 kg/hm?. The field
experiment of cultivation revealed that the mixture of oats and peas had
a forage yield of 12752kg/hm? that increased 3645 kg/hm? if
comparing with the yield of an oat monoculture experiment (Yan,
2010). An experiment at Yushu showed that cultivated grass yield can
reach as high as 15,000 kg/hm2 (Li et al., 2018). Therefore, the value
close to the two averages was set as an operational yield of cultivated
grassland. The N% of cultivated grassland was estimated according to
the target income in the future (Table 2).
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Target N% and annual per capita net income for pastoralism under different scenarios.

Counties Townships Actual income (USD$/year) Theoretical income (USD$/year) IF (USD$/year) Cultivated grassland (%)
2025 2035
Tongde Gabasongduo 1193.52 448.35 5.40 2217
Tanggu 1130.10 469.92 5.38 24.14
Bagou 598.70 150.00 23.51 52.60
Hebei 2950.99 740.59 0.00 9.94
Xiuma 2836.03 764.49 0.00 8.44
Total 1584.19 491.55 324.03 3.97 19.76
Zeku Zequ 796.73 953.70 2.83 14.47
Ningxiu 1096.74 899.78 4.11 17.26
Heri 1114.06 916.71 3.43 15.21
Dohemao 1751.15 1360.21 0.00 6.13
Maixiu 961.28 912.69 2.92 12.77
Wangjia 1320.62 1021.89 1.43 10.59
Xibusa 1022.79 729.98 9.07 26.18
Total 1116.89 948.18 14.87 2.84 14.20
Henan Youganing 1914.29 692.11 10.64 39.61
Ningmute 1030.05 912.18 6.34 29.67
Toyema 1310.71 641.76 10.55 37.63
Saierlong 2251.11 1977.54 0.00 11.57
Kesheng 2768.58 2074.65 0.00 9.14
Duosong 2219.98 1207.69 2.73 21.88
Total 1698.52 1051.35 4.50 25.85
LN x Sf x Gt
Yt=—————— (10) 3000 -
Ar x Ut x Co x Ha
2800
where LN is the total livestock numbers needed to achieve the target net g 2600 4
income; Sf, Gt, Ar, Ut, Co, Ha are the same as in Eqs.(1,3). 2 54004
Ie x P % 22001
N = 11 2 i
Sp x Ch £ 2000
1800 B
where Ic is the target income per capita; P is the predicted population of £ 1600 Y =0.5X+ 801
the pastoral area in 2025 and 2035, according to the Logistic model 2 1400 R>=0.79 , P<0.01
(Wang et al., 2014); The sale price of sheep unit (Sp) was USD$ 149.3 in § -
. . = 1200
both Tongde and Zeku counties, and USD$ 119.4 in Henan. The ex- LS
change rate between USD$ and CNY is 6.7.; Ch is the same as in Eq.(2). 1000 ¢
800 +—— T T T T T T T T T 1

IC=INXxOXL+IE—IF (12)

where Iy is net income; O is operating income of herders (60%); and L is
proportion of income from animal husbandry by county (Tongde 78%,
Zeku 88%, Henan 97%); The data were from the Statistical Yearbook; I
is productive expenditure; Ir is the per capita income that can be
improved by straw feeding; According to the plan for the development of
Three-River-Source National Park, the per capita net income (Iy) targets
for 2020, 2025, and 2035 were USD$ 1567, USD$ 2090, and USD$ 3731,
respectively. Regardless of wages income, transfer net income, or
property net income, operating income is projected at about USD$ 940,
USD$ 1254, and USD$ 2239 in 2020, 2025 and 2035 respectively.

4. Results
4.1. Present status of income and livestock grazing

The present income is almost completely from livestock grazing,
exerting great pressure on grasslands, as shown by the livestock grazing
pressure index. The estimated net incomes were USD$ 1584, USD$
1117, and USD$ 1699, for the three counties of Tongde, Zeku and
Henan, respectively, according to actual livestock data in 2018, while
their corresponding actual incomes were USD$ 1638, USD$ 1094, and
USD$ 1601 according to the statistic yearbook (Fig. 3). Meanwhile, we
found that the study region experienced severe overgrazing, from 2.35
to 4.37 times the theoretical carrying capacity (Fig. 4). Although the
actual grassland yields were 1459 + 384 kg/hm?, 1581 + 371 kg/hm?>
and 1819 & 325 kg/hrn2 for the three counties Tongde, Zeku, and
Henan, respectively, in the period from 2000 to 2018, their

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Income estimated from actual livestock (USDS)

Fig. 3. The estimated income from livestock rate can well capture the income
from year-book for each township in Henan County.

corresponding theoretical stocking rate were only 1.14 SU/hm?, 1.24
SU/hm?, and 1.43 SU/hm?, but the actual stocking rate were 4.98 SU/
hmz, 3.80 SU/hmz, and 3.36 SU/hm> according to the yearbooks,
therefore, the livestock grazing pressure index (Ip) were 437%, 306%,
and 235% for the three counties.

The theoretical stocking rate is generally suggested as a measure to
manage grassland-based husbandry to prevent grasslands degradation.
However, if the livestock would be reduced to the theoretical stocking
rate from the present actual level in 2018, the income (It) would be
significantly decreased and the herders would return to poverty. Spe-
cifically, under the theoretical stocking rate, the It would decrease to
USD$ 492, USD$ 948, and USD$ 1051 for Tongde, Zeku, and Henan
respectively, which would be lower by 69%, 40%, and 33% for the three
counties than the income target of USD$ 1567 in 2020 (Table 2, Fig. 5b).

The present livestock-based incomes cannot reach the goals for 2025
or 2035. Deficits would be in the range of from 18.7% to 46.6%,
compared to the 2025 goal (USD$ 2090), and from 54.5% to 70.1%,
compared to the 2035 goal (USD$ 3731) at the township scale for the
study area, which will meet great challenges for the two goals. The re-
sults suggest it is impossible to realize income goals in 2025 and 2035 if
they are only dependent on the natural grassland and worse if those
grasslands are managed within their capacity.
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4.2. Possible income increases from extra feeding

Income increases will be very limited even if additional crop straw
feeding is used in livestock husbandry. The income increases will be only
USD$ 324 and USD$ 15 respectively for Tongde and Zeku, and will be
not applicable for Henan without crop cultivation (Table 2).

4.3. Potential income for the N% cultivated grassland

From the perspective of protecting the local ecological environment,

an appropriate stocking capacity is required, but from the perspective of
improving the lives of local residents, it is not possible to rely on theo-
retical livestock grazing only. It is necessary to increase the theoretical
livestock carrying capacity with cultivated grassland. Developing arti-
ficial grassland-based livestock husbandry would be necessary if other
industries are unavailable.

The revised N%, the area ratio of cultivated to natural grasslands,
was estimated from the forage yields of cultivated grasslands for live-
stock demands to satisfy the income goals in 2025 and 2035 at the
Township level (Fig. 6). For the goal in 2025, the N% will be 3.97%,
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Fig. 6. N% of cultivated grassland required to meet net per capita in-
come targets.

2.84%, and 4.50% for Henan, Zeku, and Tongde, respectively. This
means the local herders can realize their income goal of USD$ 2090 in
2025 if about 5% of grasslands is cultivated (Table 2, Fig. 6). Even some
Townships, for example, Saierlong, Kesheng, Xiuma, Hebei, Duohemao,
can easily realize their goals without developing the cultivated grass-
lands because those Townships have appropriate climatic conditions,
lower population, and higher grass yields, while some Townships will
have great difficulties because up to 24% of grasslands is needed for
cultivation to meet the targets in 2025.

However, local herders will face great challenges to realize the tar-
gets in 2035, because cultivated grasslands proportion above 14% will
be demanded. Specifically, the N% will be 19.76%, 14.20%, and 25.85%
in Henan, Zeku and Tongde, respectively, on the county scale and will
vary greatly from 6% to 53% on the Township scale.

5. Discussion
5.1. Income sources

This study has many implications for realizing sustainable develop-
ment goals on the Qinghai-Tibetan Plateau, though the various concepts
and models were proposed for a win-win goal of rehabilitating grassland
while improving livelihoods (Fang et al., 2018; Zhao et al., 2018; Kemp,
2020). The grasslands were seriously overgrazed, from 2.35 to 4.37
times the theoretical carrying capacity in those areas (Fig. 4), which was
reported previously (Harris et al., 2016; Shao and Fan, 2018; Kemp
et al., 2020). However, the net income averaged only $1444 in 2018,
which is lower than the national rural average ($2182) and the province
rural average ($1551) according to Yearbook of Qinghai Province. Of
the herdsmen’s net income, operating income accounted for 60%, on a
regional means basis. Livestock grazing income, however, is almost 97%
of operating income in Henan (Table 1). Maybe, there are other income
sources that are not accounted for here. For example, Tibetan medicine
(22.4%), subsidies (22.3%), and others sources of income (17.7%) along
with livestock income of 36.2% are noted in the near counties of Maduo,
Magin and Jiuzhi in the Three-River Headwaters region (Sheng et al.,
2019). This means the dominant income source is almost completely
attributed to the natural grassland-based livestock husbandry, though
other income contributed substantially to decreasing income pressure.
Local herders need to meet great challenges in order to accomplish in-
come goals set for 2025 and 2035. Therefore, utilizing the N% approach
for proposing natural grasslands and cropland proportions seems to be a
viable option for sustainability planning.
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5.2. Feasibility of techniques, economic and ecologic costs

This approach is feasible on techniques, economic and ecologic costs
to aid decision-making for cultivated grassland-based livestock hus-
bandry. Technically, cultivated grassland has been widely considered in
the ecological restoration of the Qinghai-Tibetan plateau (Zhao, 2011;
Dong et al., 2020), though it is in a very fragile environmental condition
(Shao and Fan, 2018). Through a recent investigation using remote
sensing methods in the eastern Three-River Headwaters Region, the land
cultivated for fodder crop was determined to be less than 1% of the
grasslands area (Ge Li et al., in review). Considering the income targets
for 2035, we suggested to use 19.76%, 14.20%, and 25.85% of grassland
or cropland in Henan, Zeku and Tongde to develop fodder cultivation,
which was feasible for those regions considering their climatic condi-
tions with temperature ranges and enough annual accumulative pre-
cipitation (Table 1). The forage from the cultivated grassland, such as
Gramineae, Leguminosae, or their mixes, has higher quality and higher
yield and the yield can reach 2.7-12.1 times than natural grassland (Li
et al., 2016; Shen et al., 2016; Gao et al., 2019).

The ecologic cost is another concern for development decisions that
include cultivated grasslands. Cultivation of grasslands, as land cover
and land use changes (LUCC), generally results in increasing soil
erosion, decreasing biodiversity, even returning to degradation (Klein
et al., 2013; Fatichi et al., 2014), which can be quantified through its
ecosystem services. According to Jiang et al. (2020), the ecologic value
of a meadow was estimated at 5751.57 $/ha, while the cropland was
only 2017.82 $/ha. While data are largely unavailable for cultivated
grassland, the ecologic value of cropland was assumed for cultivated
grassland. The total ecologic value will be decreased 12.83%, 9.22% and
16.78% if the cultivated grassland would be developed on the meadow
grassland of 19.76%, 14.20% and 25.85% and only considering local
grassland resources and including Subsidy and Incentive System (SISGC)
(Table 2). This analysis indicated there is inevitable trade-offs between
economic and ecologic value, but on the global scale, some appropriate
ecosystem management techniques may avoid trade-offs and convert
this relationship to synergies (Wu et al., 2017; Bengtsson et al., 2019; Xu
et al., 2019).

But the negative effects, on the other hand, only happen on an area
no more than one quartile of the total grasslands. In other words, more
than 3/4 of grasslands could be conserved and could be positively
improved in this way. It may be described as “conserve big area while
utilizing small grasslands,” that is, take advantage of small areas with
good hydrothermal conditions to increase income, and of large areas of
grassland for conservation, (Wei, 2010; Fang et al., 2018). This approach
has recently been implemented in parts of Mongolia (Liu et al., 2018; Wu
et al., 2019; Zhao et al., 2019; Hugq et al., 2020).

5.3. Disturbances from climate change

Climate change and its impact on husbandry is expected to exert
profound impacts on biodiversity and ecosystem services (Gherardi and
Sala, 2015; Hruska et al., 2017a), which imperils sustainability of
grassland husbandry. Although grassland livestock carrying capacity
fluctuates due to climatic influences (Wang et al., 2011b; Gherardi and
Sala, 2015; Behrendt et al., 2016, 2020; Hruska et al., 2017a), cultivated
grassland needs to maintain a relatively stable area in order to imple-
ment management measures consistently over time to maintain grass
production (Li et al., 2016); therefore, we used static livestock carrying
capacity as the basis for income calculation in this study as did Hu et al.
(2019). On the other hand, the approach proposed in this paper is one
strategy that may be explored by scientists and governments to
contribute to climate change adaptation planning to realize sustainable
development goals.
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5.4. The policy implications

Based on these findings, it is suggested that the government consider
developing a GLiH pilot project under the premise of “ecological pri-
ority” (Ma et al., 2016; Xu et al., 2020; Zhang et al., 2020). Specifically,
industry should be facilitated to intensively solve the shortage of
high-quality forage by a standardized and large-scale forage production
system. When the policy is extended to the whole Qinghai-Tibet Plateau
region in the future, the principle of ecological priority should still be
followed, with no production activities in protected areas, and the
forage industry can only be built in the surrounding areas by considering
suitable accumulated temperature, total precipitation, and soil fertility,
which avoids conflicts due to water resource risks under global climate
change projections.

Animal husbandry cooperatives should be promoted to develop
GLiH. Traditional animal husbandry still is a kind of smallholders’
economy with decentralized management, which leads to a lower de-
gree of mechanization, lower animal production efficiency, and lower
capability to mitigate and adapt to climate change, especially extreme
climate events. The cooperative economy could solve those problems as
an organized company of some herder families utilize grassland together
with less labor inputs. And this is considered being suitable for the re-
form of land use rights (Zhang, 2014; Bao and Shi, 2020; Dong, 2020).
These cooperative companies, however, should be managed by local
governments because these companies should be not for-profit, but
rather public benefit companies that aim to enhance the livelihoods of
local pastoralists, though external companies and investments are
encouraged.

The implementation of N% needs to consider many factors. Spatial
heterogeneity of grassland vegetation distribution, and inter-annual
variability in climate changes may affect N% and its implementation.
Some specific detailed factors such as current artificial grassland
development status, specific livestock numbers and grazing methods
(winter and summer pasture rotation time and grazing numbers, etc.)
need to be further considered in practice. Artificial grassland can be
identified by satellite remote sensing (Yang et al., 2021), but the
quantification of rotation time and grazing quantity etc. is more diffi-
cult, and further ground survey is needed for analysis. In addition, there
are many technical details to be considered for the establishment of
artificial grassland, such as climate, soil, and seeding methods, which
need to be carefully considered based upon “Technical specifications for
artificial grass planting “(DB63/T 391-2018)(Qinghai Provincial Market
Supervision Administration, 2018), but need to be adjusted and
improved according to local conditions.

The introduction of new policies yet may affect N%. Recently, the
Chinese government suggested to implement the valuation of ecological
products (Xinhua News Agency, 2021). It accounts for the value of
ecological products and then returns them to herders in the form of
ecological compensation, then the net transfer income will further in-
crease, which can reduce the proportion of operating income and reduce
the proportion of income that herders rely on grazing, which will further
reduce N%. However, as a deeper consideration beyond the study of this
paper, after the herders’ livelihoods are completely solved through the
series of transfer payments, if herders no longer need to graze their
livestock, the traditional pastoral culture becomes a concept without
physical support. Therefore, exogenous subsidies are only supplemen-
tary, but the key is to enhance the development capacity of herders
themselves, develop artificial grassland based on N%, and maintain the
traditional grazing culture, so that herders can improve their income
and protects the sustainability of the ecological environment.

6. Conclusions
A win-win approach is being explored worldwide to accomplish

poverty alleviation and ecosystem function protection. We suggest to
develop cultivated grassland-based livestock husbandry through
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utilizing 5-14% of grassland or cropland in order to realize the goals of
natural grasslands rehabilitation, realizing the income targets for pas-
toralists in 2035 in the study area, which is part of the development plan
for Three-River-Source National Park in the Qinghai-Tibetan plateau,
China. However, many factors, such as the organization of a cooperative
organization, investments from local or external sources, land policies
on rent, and their impacts on herders’ income, need further investigation
and planning in detail as it is applied in practice in the future. This study
provided a top-down method to quantify the amount of cultivated
grassland demanded to realize these win-win goals. Methodologically, it
can be applied to predict and analyze income changes under different
climate scenarios in the future. And it also can be applied now to make
informed policies to increase probability of sustainable development
aimed to protect the ecological and economic values of grasslands
worldwide.
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