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Abstract

Central Asian grasslands are extensively used for pastoral livestock grazing. This traditional land use is nowadays characterized
by intensifying grasslands into more productive pastures. This change affects biodiversity and diminishes grasslands’ ecological
role. Biodiversity impacts are probably also exacerbated by climate change. These changes in biodiversity are poorly studied in
Central Asia. Here, we estimated potential biodiversity changes in the Central Asian grasslands using the latest shared socio-
economic pathways and the representative concentration pathways (i.e., SSP-RCP scenario framework). We selected scenarios
with contrasting socio-economic and climate conditions (i.e., SSP1-RCP4.5, SSP3-RCP8.5, SSP4-RCP4.5, and SSP5-RCP8.5)
and further detailed the land-use scenarios for the region using stakeholders’ input. We indicated future biodiversity by the mean
species abundance indicator. The contrasting scenario combinations showed that grasslands’ biodiversity will decline under each
scenario. The strongest impact on biodiversity is expected in SSPS-RCP8.5, where half of the grasslands are likely to lose most of
their local originally occurring species by 2100. The lowest impact is expected in SSP4-RCP4.5. Our study stresses the potential
vulnerability of this region to increasing land-use intensity and climate change. These impact projections can help regional
decision makers to develop and implement better biodiversity-conservation and sustainable management policies for these

grasslands.
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Introduction

Grasslands are among the world’s most impacted ecosystems,
largely because changes in land use and climate have mainly
decrease biodiversity (Newbold et al. 2016; Newbold 2018).
The grasslands of Central Asia, considered the most extensive
grassland region in the world, are no exception as they are
nowadays transformed by climate and land-use changes
(Suleimenov 2014; Zhang et al. 2018a). These changes dimin-
ish these grasslands’ ecological and socio-economical roles
and this ultimately leads to biodiversity loss (Chen et al.
2019).

The Central Asian grasslands provide important habitats
for many species that are of global and regional conserva-
tion concern (IUCN 2019), including steppe birds (Kamp
et al. 2009; Kamp et al. 2011), large ungulates such as the
Saiga tatarica (Mallon and Zhigang 2009), and diverse
plant communities (Kamp et al. 2016). These grasslands
also provide livelihoods for pastoral and agro-pastoral
communities that lived in this region for centuries
(Mirzabaev 2013; Mirzabaev et al. 2015).
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Traditionally, the Central Asian grasslands were used for
extensive livestock production with high livestock mobility
(FAO 2007), which was a key element to sustainably manage
grasslands (Robinson et al. 2003; Robinson et al. 2016). After
the collapse of the Soviet Union in 1991, large-scale land
abandonment of agricultural areas designated for wheat culti-
vation leads to lower intensity of land use throughout the
region, which may positively affect biodiversity (Kamp et al.
2012). Recently, however, land abandonment trends are
slowing and the traditional mobile pastoralism is being re-
placed by collective and sedentary grazing systems. This in-
tensified grazing leads to substantial changes in the vegetation
structure and composition of these grasslands. Slight intensi-
fication could be beneficial for biodiversity particularly in
relation to decreasing occurrence of wildfires, but in general,
biodiversity is negatively affected (e.g., habitat degradation)
(Mallon and Zhigang 2009; Singh et al. 2010; Kamp et al.
2016), especially in areas near settlements (Suleimenov
2014; de Beurs et al. 2015; Mirzabaev et al. 2015). These
unique challenges related to biodiversity have been explored
through species-specific responses for different taxonomic
groups (Kamp et al. 2012; Brinkert et al. 2016).

Land-use change has been accompanied by a decadal tem-
perature increase of 0.4 °C since 1970 (Chen et al. 2009; Hu
et al. 2014). This temperature increase already substantially
decreased grassland extent in the neighboring Xinjiang prov-
ince in China since the start of this century (Zhang et al.
2018a). Climate change is expected to further exacerbate the
land-use change impacts as the temperature in the region is
projected to increase between 3 and 5 °C by 2080, relative to
the average temperature over the period from 1961 to 1990
(Lioubimtseva and Henebry 2009).

Future changes in land use likely pose considerable addi-
tional threats to Central Asia’s biodiversity. These changes
stem, for example, from the governmental support to enhance
the livestock industry (Suleimenov 2014) or from an increas-
ing future demand for livestock products (Herrero et al. 2009;
Thornton 2010; Alkemade et al. 2013). Both factors are driven
by population growth, economic development, and politics
(Popp et al. 2017).

Central Asia been challenged socially, economically, and
politically since the collapse of the Soviet Union in 1991 (Yu
et al. 2019), and neighboring countries such as Russia and
China have much at stake in Central Asia in terms of security
and access to natural resources. The future outlook of, e.g.,
transboundary water governance, fossil fuel exploitation, and
(regional) food security is complex and uncertain and of im-
portance beyond the region itself. These issues are closely
intertwined with land use and thus with biodiversity.

Central Asia is a region with large information gaps of past
and current biodiversity trends, including habitat extent and
intactness and species conservation status (Hamidov et al.
2016; IPBES 2018). These knowledge gaps exist mainly
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because available assessments poorly represent this extensive
grassland area. Global assessments inadequately depict the
more subtle changes in grasslands, such as increasing land-
use intensities (that are driven by socio-economic factors).
Furthermore, these assessments generally ignore interaction
mechanisms between land-use and climate effects, and conse-
quently fail to accurately project biodiversity change. Thus, a
new approach that fills in these knowledge gaps and improves
future projections is clearly needed.

Our study aimed to estimate potential change of biodiver-
sity in the Central Asian grasslands as a result of the impacts
of socio-economic trends and the consequent projections of
land use and climate change. Our approach included the use of
scenarios that are based on the shared socio-economic path-
ways (SSPs: O’Neill et al. 2014) and the representative con-
centration pathways (RCPs: van Vuuren et al. 2011), to quan-
tify the possible range of future biodiversity changes.
Scenarios have been widely used to assess global biodiversity
change (e.g., Thomas et al. 2004; Malcolm et al. 2006; Pereira
et al. 2010; IPBES 2018). They describe plausible futures
based on a coherent and internally consistent set of assump-
tions about the drivers of change (MA 2005). These drivers
are input to models that quantify and simulate projections of
biodiversity change (IPBES 2016). We used the relative mean
species abundance (MSA) of original species as compared to
their original abundance to indicate biodiversity change (c.f.
Alkemade et al. 2009). The projected continuous decline in
biodiversity has consequences for current and future grassland
management and conservation.

Methodology
Study area

The study area covered the grasslands of Central Asia. These
grasslands are located in a large land-locked region compris-
ing five post-Soviet independent republics of Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan. This
region extends over an area of 4 million km” and grasslands
occupy nearly 65% of this extent, covering considerable areas
of Kazakhstan, Tajikistan, and Kyrgyzstan (Fig. 1). The cur-
rent total population of Central Asia is 71.3 million (World
Bank 2019). Uzbekistan is the most populous country, follow-
ed by Tajikistan, Kyrgyzstan, Turkmenistan, and Kazakhstan
(see Section S1 in Supplementary material). Currently,
Kazakhstan holds the largest GDP in the region (179.3 billion
current US$ and per capita 9812.6 current US$ in 2018) and
Tajikistan the lowest (7.5 billion current US$ and per capita
826.6 current US$ in 2018) (World Bank 2019).

Most grasslands are arid and semiarid (Gintzburger et al.
2005; FAO 2007) and are suited to extensive livestock pro-
duction. Livestock production in Central Asia mainly consists
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Fig. 1 Map of Central Asia and main land-cover classes (adapted from GLC2000, Global Land Cover Network)

of cattle and sheep, and to a lesser extent chicken, pigs and
goats (FAO 2007). Crop production in the region includes
irrigated and rainfed cropland. Irrigated agriculture is domi-
nated by the production of cotton in Turkmenistan,
Uzbekistan, and Tajikistan, and wheat mainly in
Kazakhstan. Saline soils are common across the semiarid
and arid areas of Central Asia (ZEN 2011).

Currently, more than 20% of the natural grasslands of
Tajikistan, Turkmenistan, and Uzbekistan are under moderate
to high grazing intensity, while the vast majority of grasslands
of Kazakhstan and Kyrgyzstan are nearly pristine natural
grasslands with low grazing intensity (estimated from Petz
et al. 2014). Grasslands in Kazakhstan, the largest country in
the region, have possibilities to increase livestock production
due to available biomass resources, especially in the east and
the northwest (Hankerson et al. 2019).

Study approach

In order to assess biodiversity change in grasslands, we devel-
oped a stepwise approach to combine data sources on land-use
change and climate change (Fig. 2). First, we developed qual-
itative land-use scenarios for the region based on scenario
approach. Then, we projected grazing intensity for different
scenarios and analyzed grazing patterns with a spatial

modeling approach. Finally, we assessed the potential impacts
on biodiversity using the GLOBIO approach. Below, we de-
scribe these steps and data sources in more detail.

Step 1. Developing land-use scenarios for Central Asia

We developed a set of four land-use scenarios based on the
Central Asian socio-economic narratives from the European
FP7 project IMPRESSIONS (Harrison et al. 2019). These
socio-economic narratives are plausible ‘high-end’ qualitative
stories, which contain additional, more detailed information
about regional socio-economic drivers of change (i.e., popu-
lation and gross domestic product: GDP) for 2010 to 2100.
The land-use scenarios were developed following socio-
economic narratives that resulted from two stakeholder work-
shops held in Central Asia. The first workshop was held in
Almaty in 2015 with the contribution of 23 regional stake-
holders and the second one in Baku in 2016 with the contri-
bution of 26 regional stakeholders (Kok and Pedde 2016). The
participatory stakeholder involvement process aimed at better
representing regional perspectives on plausible future
developments.

The scenario selection made within the IMPRESSIONS
project was based on the most recent global climate scenarios
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Fig. 2 Schematic illustration of
the study approach to assess
biodiversity change in grasslands
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including both socio-economic future outlooks (shared socio-
economic pathways, or SSPs: O’Neill et al. 2014) and climatic
change projections (representative concentration pathways, or
RCPs: van Vuuren et al. 2011). Four SSPs were developed for
Central Asia, including SSP1 (sustainability) and SSP4 (game
of elites) combined with RCP4.5, and SSP3 (regional rivalry)
and SSPS (fossil-fuelled development) combined with
RCP8.5 (Fig. 3). SSP1 represented low and constant popula-
tion growth and moderate economic growth. SSP4 represent-
ed low population growth and economic stagnation. Climate
change was moderate in both SSP1 and SSP4. SSP3 and SSP5
scenarios represented high population growth, with economic
stagnation and high economic growth, respectively. Both
SSP3 and SSP5 were challenged by high climate change.

Our land-use scenarios described the impact of socio-
economic drivers and model assumptions (i.e., technological
agricultural development) on grasslands. Technological agri-
cultural development was denoted by the management factor
which is derived from the IMAGE model (Stehfest et al.
2014). The model assumptions indicate that technological ag-
ricultural development improves agricultural practices that
lead to better yields, and hence to a higher management factor.
This factor slightly improved in SSP1 and remained constant
in SSP3, whereas in SSP4, it declined, and in SSP5, it only
improved in the second half of the century.

Land-use change was indicated by the extent and intensity
of grassland use (i.e., grazing intensity). Grazing intensity
results from an increase of the relative stocking rate of live-
stock, the carrying capacity of the ecosystems, and additional
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management of the land (Alkemade et al. 2013). In this study,
we used grazing intensity derived by Petz et al. (2014). They
calculated grazing intensity as the ratio between biomass
grazed by different livestock types (i.e., cattle, buftalo, sheep,
and goat) and biomass available (net primary production) for
grazing. The grazed biomass is the plant biomass consumed
by livestock and depends on livestock density. The available
biomass depends on net primary production and on the bi-
ome’s edibility. The dataset on spatial distribution of manage-
ment intensity represents the current use of these grasslands
(Petz et al. 2014). The management intensity ranges from 0 in
areas with a low grazing intensity to 1 in areas with a high
grazing intensity.

Step 2. Quantifying grazing intensity projections

We quantified changes in grazing intensity at a grid cell
level in ArcGIS 10.5 for each SSP for three periods (i.e.,
2010-2040, 20402070, and 2070-2100) as follows:

Grazint;, = Grazint;o-APop, sAGDP; AMF;, (1)

where Grazlnt;, is the grazing intensity in grid cell i at time t,
Grazlnt; ¢ is the current grazing intensity in grid i, APop;; and
AGDP;; are the relative increases of population and GDP per
capita in grid cell i at time t, and the relative increase change in
the management factor (AMF;,) in grid cell i at time t. We
assumed a multiplicative relationship between these four fac-
tors and grazing intensity. We classified the resulting grazing
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Fig. 3 SSP-RCP scenario matrix and the characteristics of major socio-economic drivers

intensity as low, moderate, high, and converted land.
Following Petz et al. (2014) and Alkemade et al. (2013), low
grazing intensity (i.e., 0.0 to 0.4) corresponds to nearly pristine
natural grassland grazed by wildlife or domestic animals at
rates similar to those of free-roaming wildlife. Livestock pro-
duction in low grazed areas is far below the natural production
capacity. Moderate grazing intensity (i.e., 0.4 to 0.6) corre-
sponds to natural grassland with grazing-based production sys-
tem; grazing has different seasonal patterns or vegetation struc-
ture is different compared with natural grassland. Livestock
production is slightly below the natural production capacity.
High grazing intensity (i.e., 0.6 to 1.0) means intensively used
and (partly) modified natural rangelands with mixed produc-
tion system; management heavily depends on external inputs
and high resource extractions from the original ecosystems.
Livestock production approaches or exceeds the natural pro-
duction capacity and grazing is supplemented with feed appli-
cation. And last, converted land corresponds to grasslands that
exceed their grazing capacity (i.e., Grazlnt > 1.0).

Step 3. Analyzing potential biodiversity changes

We quantified grazing and climate change effects on bio-
diversity using the GLOBIO model. The core of the GLOBIO
model consists of a set of quantitative relationships that assess
the impacts of anthropogenic pressures on biodiversity,

including climate change and land use (Alkemade et al.
2009; Schipper et al. 2019). Impacts are quantified based on
the mean species abundance (MSA) metric, which is an indic-
ative of local biodiversity intactness or naturalness. Thus,
grazing and climate change effects were indicated by the
MSA. The MSA metric is quantified based on data that de-
scribe the changes in community composition in relation to
particular pressures and ranges between 0 in areas where orig-
inal biodiversity has completely disappeared and 1 in areas
where species composition and abundance are fully original.
An overall MSA value is calculated by multiplying the MSA
values corresponding with the individual pressures 1 to m, as
indicated in Eq. 2 (Schipper et al. 2019):

MSAs,i = HﬁzrlnMSAxsz (2)

where MSA,; is the overall MSA for species group s in grid
cell i and MSA,  ; is the MSA corresponding with pressure x
on species group s in grid cell i. Increases in individual species
abundance from reference to impacted situation are truncated
to avoid the indicator being inflated by opportunistic or gen-
eralist species that benefit from habitat disturbance (Schipper
etal. 2019).

MSA values for different grazing intensities are derived
from data from an extensive literature review (Alkemade
et al. 2009; Alkemade et al. 2013). This literature review
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included data-sets of species abundances from grazing land
compared to surrounding natural grasslands (Wang et al.
2002; Sanchez-Zapata et al. 2003). Ratios of the abundance
of single species found in disturbed and undisturbed grass-
lands with different grazing intensity were the basis on which
to calculate mean species abundance (MSA) by calculating
the arithmetic mean over all species present in the natural or
reference situation. Ratios were truncating to 1, if population
size on grazed lands exceeds these from the natural grassland
(Alkemade et al. 2013). A random-effects meta-analysis de-
rived a pooled effect size for the different grazing intensities.
MSA is conceptually similar to the biodiversity intactness
index (Scholes and Biggs 2005).

We quantified potential biodiversity change from changes
in grazing intensity (i.e., MSA y) based on the relationship
between biodiversity intactness and grazing intensity
(Alkemade et al. 2013; Petz et al. 2014). Such changes in
grazing intensity result in, for instance, changing plant-
species composition, soil compaction by trampling,
outcompeting and hunting of wildlife, homogenization of
landscapes, and habitat destruction. Typically, biodiversity de-
clines due to the impacts of anthropogenic pressures.
However, an increase in biodiversity is possible if for instance
land use becomes less intensive by means of a decrease of
livestock densities.

The climate change effect on biodiversity (i.e., MSAcc)
was estimated using the relationship between global mean
temperature increase and the fraction of remaining species
(FRS), which is derived from a meta-analysis of almost 100
studies that projected species shifts in different species-
envelope models (Nunez et al. 2019). This relationship is use-
ful to assess relative adverse effects of different climate
change scenarios and the magnitude of expected changes of
biodiversity. We related the projected global mean tempera-
ture increase for RCP4.5 and RCPS.5 for three periods and the
FRS estimate for grasslands (FRS =—0.032, 95% confidence
interval: —0.048 to —0.017). This relationship determined
changes of species richness in grasslands compared to the
original biodiversity state.

Following the GLOBIO model, the overall potential of
biodiversity change (MSA[ y.cc) was estimated by multiply-
ing the individual effects of land-use (MSA|y) and climate
change (MSAc(c) in ArcGIS 10.5. We visually compared the
spatial patterns of biodiversity change in grasslands. We ana-
lyzed these patterns by calculating the grassland proportion
under each MSA category for each scenario for three periods
to indicate the resulting biodiversity change.

Data sources
In this study, we used various datasets (qualitative and

gridded) to explore land-use and climate change effects on
the biodiversity of grasslands. We describe these sources
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below (see Section S2 in Supplementary material for more
detail).

Population and GDP projections were quantified within the
IMPRESSIONS project. Population projections are gridded
datasets of 0.125 x 0.125° resolution (Jones and O’Neill
2013). GDP projections are datasets for each country derived
from The World Bank DataBank (2016).

Technological development was based on the management
factor from the IMAGE model. This management factor de-
scribed the actual yield per crop group (i.e., grass) for Central
Asia region as a proportion of the maximum potential yield
and depends on the regional GDP (Stehfest et al. 2014).

Projected global mean temperature increases for the late
twenty-first century relative to the 1986-2005 period for
RCP4.5 (1.8 °C) and RCP8.5 (3.7 °C) were used to indicate
climate change (IPCC 2013). Projected temperatures for the
years 2040 and 2070 were derived from Table AII.7.5 (Annex
IT; IPCC 2013). The IPCC 5th Assessment Report used 1850—
1900 as a historical baseline and estimated the warming from
then to 19862005 at 0.6 °C.

The land cover database GCL2000 (Bartholomé and
Belward 2005) and the terrestrial biomes database (Olson
et al. 2001) were used to delineate grasslands and other
land-use classes in the region.

Results

Our land-use scenarios showed that grazing intensification
will potentially trigger large biodiversity changes in the region
over the course of this century. SSP1 and SSP5 depicted the
larger increases in grazing intensity by 2100, while the other
two scenarios featured moderate changes. These changes in
grazing intensity translate into a decrease in the MSA| y
(Fig. 4). The MSA ‘high’ corresponded to nearly pristine
grasslands where the proportion of originally occurring spe-
cies was projected to be 70—-100% after land-use change,
‘moderate’ to grasslands areas that lost between 30 and 50%
of the originally occurring species, ‘low’ to areas that lost
more than half of their originally occurring species, and “crit-
ical’ indicated that areas lost almost entirely their local origi-
nally occurring species.

In SSP1, Central Asian countries followed a path of sus-
tainable development with steady economic growth (see land-
use scenarios in Section S3 in Supplementary material).
However, the extent of natural grasslands that contain the
highest biodiversity (i.c., low-intensity grazed) decreased by
8% between 2010 and 2100 (Table 1). Between 2040 and
2070, 10% of the total grasslands likely converted, for exam-
ple, into pastures, due to irrigation efficiency improvements.
In SSP5, the highly intensively grazed areas increased by 6%
between 2010 and 2100 and the moderate grazing areas by 9%
(Table 1). By 2100, the extent of natural grasslands was highly
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Fig. 4 Estimated changes in mean species abundance (MSA[ ) in the grasslands of Central Asia between 2010 and 2100 for different futures

reduced and possibly converted into other categories. Changes
resulted from high economic and population growth. By the
end of the century, the total population in Central Asia in-
creased from 63.0 million in 2010 to 74.5 million and the
annual GDP was over 20 times higher than in 2010. SSP3
was characterized by both an exclusive economic development

and limited cooperation between countries that limit the eco-
nomic growth in the region. Between 2040 and 2070, popula-
tion dynamics powered a moderate grazing intensification that
decreased low-intensity grazed areas by 4% (Table 1). In 2100,
however, grazing intensification decreased due to a limited
economic growth and out-migration from the region. By then,
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Table 1 Changes in grazing intensity (%) for all scenarios for 2040, 2070, and 2100
Grazing intensity 2010 SSP1 SSP3 SSP4 SSP5

2040 2070 2100 2040 2070 2100 2040 2070 2100 2040 2070 2100
Low 94.4 85.0 84.9 86.3 91.1 90.1 94.5 97.3 97.9 98.1 83.1 71.0 59.3
Moderate 22 2.8 23 24 2.6 22 22 1.6 1.4 3.6 82 11.6
High 34 3.6 32 2.7 2.8 2.5 0.5 04 04 3.0 6.0 9.8
Converted 0.0 8.5 9.6 8.7 35 0.8 0.0 0.1 0.2 10.3 14.7 19.3

the population size in SSP3 was the lowest among all scenar-
ios. In SSP4, Central Asia was a highly unequal heterogeneous
region with an agricultural sector that focused on realizing the
food demand by local populations. Grazing intensity only in-
creased slightly as a result of low population and economic
growth, and therefore did not show substantial impacts on
the MSA;y. On the contrary, the high intensity grasslands
slightly decreased. This reduced the pressure on grasslands
and slightly increased the MSA| ;. Here, livestock production
probably expanded into other areas (e.g., croplands or forest).
The grazing intensity in grid cells without population was as-
sumed to remain constant (i.e., no changes in GDP per capita
and the management factor).

RCP4.5 projected a global mean temperature increase of
2.4 °C relative to pre-industrial. This increase resulted in the
MSAc in grasslands decreasing from 2010 to 2100 by 16%
(95% confidence interval: 9-23%). For RCP8.5, the global
mean temperature increase was 4.3 °C relative to pre-
industrial and the MSA ¢ was projected to decrease by 27%
(95% confidence interval: 16-38%). We estimated that the
MSA| y.cc in grasslands decreased dramatically between
2010 and 2100 (Fig. 5). In 2100, only half of the natural
grasslands of Central Asia was projected to remain undis-
turbed by land-use and climate changes for all SSPs.

The largest decrease in biodiversity occurred in SSP5-
RCP8.5. By 2100, half of the grasslands were likely to lose
more than 70% of their local originally occurring species. This
scenario projected the largest grassland conversion (i.e., 19%)
that implied a strong decline of more than 90% in the local
originally occurring species (Fig. 6 and Table 2). In SSP3-
RCP8.5, biodiversity change occurred already in the first half
of the century. This was mainly driven by population growth
and food demand peaking in 2040. The high climate change
impact exacerbated biodiversity loss in these two scenarios.
Moderate changes in biodiversity in SSP1-RC4.5 were mostly
driven by the increasing population and economic develop-
ment. Last, the scenario SSP4-RCP4.5 projected the smallest
decrease in biodiversity by the end of the century. In this
scenario, most grasslands (98%) retained more than half of
their original occurring species, while less than 1% fell into
a critical category. SSP1 and SSP4 were influenced by a less
stringent climate change impact on grasslands.
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Discussion and conclusions

Our analysis showed that biodiversity in the Central Asian
grasslands has a high potential to change in all scenarios.
The strongest impact on biodiversity was expected in SSP5-
RCPS8.5. This was a high-end climate change scenario with
high economic growth that intensively develops the agricul-
tural sector. This finding is consistent with the recent IPBES
report (IPBES 2019) that projects land-use and climate change
impacts on biodiversity. This IPBES report indicates that spe-
cies richness more strongly decreases in all SSPs-RCPs sce-
narios (with SSP5-RCP8.5 the strongest) for Central Asia in
comparison to most other regions. Our results showed that the
lowest impact will occur in Central Asia in SSP4-RCP4.5.

SSP1-RCP4.5 depicted a remarkably large biodiversity
loss driven by the moderate economic and high demographic
growth that lead to rapid grazing intensification. This result,
however, contrasts the IPBES projections and its intuitive as-
sumption that this scenario will protect biodiversity. Here,
SSP1 showed that a world with high affluence and population
growth will continue to put pressure on biodiversity, regard-
less of the efforts to pursue sustainability.

The extent of (nearly) pristine natural grasslands that con-
tain the highest biodiversity was projected to be halved in all
scenarios, already by 2040. In terms of impacts on biodiver-
sity, this means that the abundance of original occurring spe-
cies decreases to less than 70% in half of the total grassland
area. The remaining proportion of natural grasslands was
projected to slightly change over the course of the century,
with consequent implications in ecosystem functioning. This
is consistent with previous studies (Christensen et al. 2004;
Zhang et al. 2018b) that showed that small temperature in-
crease (i.e., 1-2 °C) and moderate grazing level in steppe will
affect native grasses (e.g., bunch-grass steppe) and result in
decreasing above ground net primary production.

Previous studies (Scholes and Biggs 2005; Kamp et al.
2012; Newbold et al. 2015; Brinkert et al. 2016) showed that
agricultural intensification and degradation of grasslands neg-
atively affected biodiversity in the past, with substantial re-
ductions in the total abundance of species compared to prima-
ry vegetation. However, the long-term conservation of biodi-
versity is likely to require the maintenance of ecologically and
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Fig. 5 Estimated changes in mean species abundance (MSAyy.cc) in the grasslands of Central Asia between 2010 and 2100 for different futures

socially sustainable grazing systems, especially because of
progressive abandonment of intensive agriculture in Central
Asia (Sanchez-Zapata et al. 2003).

Abandoned arable fields are slowly recovering after aban-
donment during the collapse of the Soviet Union, and effects

on long-term biodiversity change are unknown (Brinkert et al.
2016). Previous assessments of past and future land use in the
region suggest that a slight intensification of free-ranging
grazing systems would be beneficial to restore near-natural
steppe communities across most of the study area (Kamp
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et al. 2009; Dara et al. 2019). This would be beneficial for
specific steppe species (e.g., Sociable Lapwig) as well. While
determining an intensification threshold is out of the scope of
this analysis, we show that slight changes in climate and land
use would not have substantial impacts on the overall species
abundance in this region.

Critical levels of biodiversity loss were mainly projected
around population settlements. This is because land-use
change is increasingly dynamic in response to population
growth (Verburg et al. 2015) and economic development, in-
fluenced by people’s preferences for agricultural production
and technological development (Kok et al. 2018). Thus, spa-
tial patterns of the relative change in land use that drive great
losses of biodiversity occurred mainly around urban areas. For
example, scenarios with steep technological developments
(i.e., SSP1 and SSP5) showed an increasing management in-
tensity of grasslands, with possibly habitat conversion and
eventually land degradation (Popp et al. 2017). In other words,
natural grasslands that decreased will likely convert into mod-
erate or even high intensively used grasslands, and these even-
tually into other land use (e.g., permanent pastures). This will
typically cause a decrease of biodiversity (Alkemade et al.
2013; Hamidov et al. 2016). In contrast, scenarios that as-
sumed gentle technological developments (i.e., SSP4) will
likely result in less pressure on the habitats of species.

A gradual change in management of natural grasslands into
high intensively used grasslands and eventually into perma-
nent pastures might occur differently across the five republics
as they will experience different socio-economic develop-
ments. Moreover, such conversion would need large irrigation

schemes that would cause immediate salinization, and ulti-
mately land degradation (Lioubimtseva and Henebry 2009).
These physical limitations are, however, beyond the scope of
the GLOBIO model.

The extreme climate impact from RCP8.5 projected an in-
creased biodiversity loss in the region. This associated impact
is in line with recent studies that reported the negative effect of
temperature increase on arid and semi-arid grasslands worldwide
(Warren et al. 2011; Dangal et al. 2016). SSP5-RCP8.5 projected
continuously increasing greenhouse-gas emissions over the en-
tire century (Riahi et al. 2011) and a global mean temperature that
likely exceeded 2 °C (IPCC 2013). In the absence of climate
policy, this scenario is very unlikely to limit the global mean
temperature increase to well below 2 °C above pre-industrial
levels (i.e., Paris Agreement; UNFCCC 2015). Hence, the bio-
diversity losses in SSP3-RCPS8.5 and SSP5-RCP8.5 that result
from climate change are an urgent call to limit greenhouse-gas
emissions worldwide to the lowest possible level.

Our study relied highly on qualitative assumptions from inte-
grated assessment models and socio-economic scenarios to ex-
plore the future implications of land-use and climate changes on
extensively used grasslands, which are part of one of the most
common land-use classes in the world. Socio-economic scenar-
ios in our analysis were based on detailed insights from regional
stakeholders. Stakeholders’ input results in more realistic region-
al scenario elements than the assumption based on global scenar-
io studies. This likely catered for a more robust analysis.

When studying the ‘meso scale’, it is always challenging to
strike a balance between local expert knowledge, detailed da-
ta, and process-based information, and area-covering data and

Table 2  Changes in mean species abundance for all scenarios for 2040, 2070, and 2100
Mean species abundance 2010  SSP1 SSP3 SSP4 SSPS

2040 2070 2100 2040 2070 2100 2040 2070 2100 2040 2070 2100
High 94.4 49.4 48.9 49.6 54.0 532 55.6 56.9 573 57.4 49.0 41.0 34.0
Moderate 22 37.6 375 38 38.5 0.1 0.1 41.6 41.4 41.4 36.8 35.0 333
Low 34 45 10.9 3.7 4.0 40.9 42.1 1.5 1.2 1.0 4.2 9.0 13.7
Critical 0.0 8.5 2.6 8.7 3.5 5.8 2.1 0.0 0.1 0.2 10.3 14.7 19.3
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generally applicable rules consistent with the model architec-
ture. Inherently, applying a global model at regional scale will
have more difficulties to include all regionally important pro-
cesses. Yet, our results do indicate potential for biodiversity
loss, certainly relative to other regions in the world. Other
studies that used the GLOBIO model have indicated the im-
portance of such applications (Trisurat et al. 2010; PBL 2012;
CBD 2014; Kok et al. 2018).

Previous studies that assessed global land-use change in the
SSPs (Popp etal. 2017; Riahi et al. 2017; Doelman et al. 2018)
included additional socio-economic elements, such as land
allocation of grassland or cropland expansion, consumer pref-
erences, and food price sensitivities. Their results, however,
showed similar trends in losses of natural land. This means
that the main elements that are selected in our study, drive the
larger changes in the land-use system. While the SSPs are not
specifically designed to explore grassland systems, our rela-
tively simple approach allowed to explore changes in this
system. Other assumptions on land-use intensification or the
effects of GDP growth could derive different biodiversity
trends. Thus, the underlying assumptions and scenarios are
crucial to assess consequences in grassland systems.

Previous studies that reported the effects of land-use
change (Alkemade et al. 2013; Petz et al. 2014; Newbold
et al. 2015) and climate change (Alkemade et al. 2009;
Biitof et al. 2012; White et al. 2014) in other grassland regions
concluded that biodiversity is projected to decline. Our study
supports this notion but also hints at the potentially large bio-
diversity losses in the Central Asian grasslands across all sce-
narios. These grasslands seem more vulnerable.

While our results translate relevant information of socio-
economic and climate change drivers, more research is urgent-
ly needed to translate our findings into better management
strategies for Central Asia’s grasslands. We estimated biodi-
versity change in the Central Asian grasslands using a simple
biodiversity model that assumed a linear relationship between
socio-economic drivers and grazing intensification. The
resulting trends clearly demonstrate the need for better land-
use and biodiversity-conservation planning.
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