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Abstract: Economic development and trade activities are some of the main driving forces leading
to land use and land cover changes (LUCC) with impacts on ecosystem services (ESs) functions.
As the origin of the Belt and Road Initiative (BRI) initiated by China, Central Asia nations (CANs)
provide a prism to examine the impact of LUCC and ESs changes brought by the BRI. The impacts of
LUCC and ecological influences were evaluated. The land use transfer matrix and dynamic index, the
Vector Autoregressive (VAR) model, the Integrated Valuation of Ecosystem Services and Tradeoffs
(InVEST), the Carnegie Ames–Stanford Approach (CASA) model, and the Revised Wind Erosion
Equation (RWEQ) model were used to evaluate the impact of export trade from the CANs to China
(ETCC) on LUCC and ESs in the CANs before and after the BRI. Results showed that before and
after BRI (2001–2020), agricultural land and construction land increased by 59,120 km2 and 7617 km2,
respectively, while ecological land decreased by 66,737 km2. The annual growth rate of agricultural
land and the annual reduction rate of ecological land after the BRI were higher than that before the
BRI, while the annual growth rate of construction slowed down. Among the ecological land, the
forestland increased by 5828 km2 continuously, while the grassland increased by 12,719 km2 and
then decreased of 13,132 km2. The trends for LUCC spatial variation were similar. The development
of ETCC positively affected the changes in agricultural and construction land in the CANs and
negatively affected the changes in ecological land. The average contribution rates of the ETCC to
changes in agriculture, construction, and ecological lands after the BRI were higher than those before
the BRI. They increased by 5.01%, 3.33% and 5.01%, respectively. The ESs after the BRI improved
compared with those before the BRI, indicating that, during short-term implementation of the BRI,
ETCC growth also ensures the ecological protection of CANs. This study provides a reference for
dealing with trade, land management and environmental protection relations between member
countries of international economic alliances worldwide.

Keywords: LUCC; economic trade; ecosystem services; Central Asia nations; Belt and Road Initiative

1. Introduction

China announced the plan for the construction of the Silk Road Economic Belt and
the 21st Century Maritime Silk Road (known as the Belt and Road Initiative, BRI) in 2013,
which immediately attracted attention worldwide [1–4]. The BRI associates Central and
West Asia with the Persian Gulf and the Mediterranean, connecting Asia, Africa, and
Europe [5]. The main aim of the BRI is to stimulate economic development of countries
along the route [2]. However, with the implementation of the BRI, intense human economic
activities may cause substantial disturbance to regional ecology and the environment of the
BRI [6]. Research interest in the BRI regional economy and the ecological environment has
increased [7–9]. Economic trade may lead to a decline in environmental quality [3,10,11]
and the loss of ecosystem services (ESs) [12]. The environmental footprints of the BRI
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will likely continue to increase with economic growth and trade [13–16]. These reflect the
increasing impact of international trade on the environmental sustainability of the BRI.

The influence of human economic activities on the regional ecosystems of the BRI is
often accompanied by land use and land cover changes (LUCC) [9,17–19]. For example,
with economic development, urban areas tend to expand rapidly and agricultural and
ecological land is occupied [20]. Regional economic development needs the support of
land, and LUCC has a strong influence on economic development. The needs of regional
economic development and frequent trade activities are one of the main driving forces
of LUCC [9,21]. In the terrestrial ecosystem assessment, land ESs are the most important
element affecting the ecosystem quality [5]. ESs for assessing environmental change have
usually been carried out based on LUCC [9]. Trade-driven LUCC significantly affect
regional ecosystem structure and function, leading to landscape fragmentation and thus
reduced ecosystem functions [22–25]. There is a need, therefore, to study LUCC driven by
trade and their impacts on ecosystems in the BRI areas.

The Central Asia nations (CANs) are in a critical area of the Eurasian land bridge and
form the strategic core region of the BRI [26,27]. The CANs are the main location for China
to open up to the West [27]. The implementation of BRI projects has made China the core
of the regional economy and the major trading partner with the CANs, comprising 25%
of trade [28–30]. However, the CANs have a fragile ecological environment due to low
levels of precipitation and a dry climate. They have also become known as “ecological hot
spots” [31,32]. With the increase in regional land development intensity due to the trade
activities of the BRI projects, the contradiction between human activity and natural ecology
in the CANs has become increasingly prominent [33]. Hence, it is crucial for the CANs to
ensure a sustainable ecological environment along with socioeconomic development [31].

Since the implementation of the BRI, most LUCC-based studies have focused on
specific countries or smaller research areas [34]. There is still a lack of research on LUCC
that encompasses multiple countries, especially trade-driven LUCC before and after the
BRI. As the initiator of the BRI, China is the most important trading partner with the CANs.
It is vital to study the changes in the export trade from the CANs to China (ETCC) and
the resultant LUCC and changes in ESs. The objectives of this study were to examine
(a) the impact of ETCC on LUCC in the CANs based on a Vector Autoregressive (VAR)
model before and after the BRI and (b) to assess the ecological influences from changes in
ESs induced by LUCC in the CANs before and after the BRI. This research can provide a
baseline reference for land use decision-makers in countries along the BRI to formulate
effective land use development and optimization policies, ensuring sustainable land use
development and protecting the ecological environment.

2. Materials and Methods
2.1. Study Area

The CANs include the five republics of Kazakhstan (KAZ), Tajikistan (TJK), Uzbekistan
(UZB), Turkmenistan (TKM), and Kyrgyzstan (KGZ) (Figure 1). The CANs are an important
geographic center of the BRI and the birthplace of the BRI. The geographic position is
between 35◦ N–55◦ N and 50◦ E–85◦ E with an area of approximately 400.8 × 104 km2 with
a population of 65 million [35,36]. The CANs are the world’s largest arid and semi-arid
region. There is a typical continental climate, with low levels of precipitation and a high
diurnal temperature range. Regional water resources mainly comprise melting water from
ice and snow on the mountains [31]. Distribution of water resources among the CANs
countries is highly uneven. The oasis economy is the main development mode of the CANs,
with agriculture playing a substantial role in the national economy. Agriculture in the
region is based on plant production and animal husbandry [31]. Agricultural, construction,
and ecological lands accounted for 21.07%, 0.21%, and 78.72%, respectively, of the land area
in the CANs in 2013. The bilateral trade volume increased from US$460 million in 1992 to
US$50.3 billion in 2013 [37].
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Figure 1. Geographical locations of the CANs.

2.2. Data Sources and Pre-Processing

In the present study, LUCC data and trade data were used to analyze the impact of
ETCC on LUCC in the CANs based on the VAR model. LUCC data for the CANs areas with
a resolution of 300 m was obtained from CCI-LC products in the European Space Agency
(ESA) (https://www.esa-landcover-cci.org/, accessed on 26 October 2021) (Table 1). The
LUCC data were divided into three categories, namely agricultural land (agriculture),
construction land (settlement), and ecological land (forest, grassland, wetlands, and other
land). The trade data between the CANs and China were obtained from the China Statistical
Yearbook (http://www.stats.gov.cn/, accessed on 15 April 2021) (Table 1). The LUCC,
climate, vegetation, terrain, and soil data were used to estimate the ecological consequences
induced by LUCC in the CANs. Major ESs changes, including soil conservation, carbon
sequestration, water yield, and wind erosion in the CANs, were assessed using multiple
models for 2001, 2013, and 2020. Climate data including monthly average temperature and
precipitation were obtained from Climatic Research Unit (CRU) (https://crudata.uea.ac.
uk/cru/data/, accessed on 16 January 2021). The potential evapotranspiration and surface
solar radiation were obtained from National Qinghai–Tibet Plateau Scientific Data Center
(http://data.tpdc.ac.cn/, accessed on 30 March 2021). Daily climate data for the study area
including temperature, precipitation, snow depth, and wind speed were collected from the
global surface daily data summary of the National Centers for Environmental Information
(https://www.ncdc.noaa.gov/, accessed on 4 November 2021). Spatial distribution maps
of the daily climate data were obtained through Kriging interpolation. The digital elevation
model (DEM) of the terrain data with a 1-km resolution was obtained from National
Oceanic and Atmospheric Administration (NOAA) (https://www.ngdc.noaa.gov, accessed
on 3 February 2021). The normalized difference vegetation index (NDVI) for the vegetation
data was obtained from National Aeronautics and Space Administration (NASA) (https:
//search.earthdata.nasa.gov/, accessed on 15 May 2021). The soil data were obtained from
the Harmonized World Soil Database (HWSD) v1.2 (http://www.fao.org/, accessed on
8 February 2021). All datasets were reprojected into the Albers coordinate system with a
pixel size of 1 km × 1 km.

https://www.esa-landcover-cci.org/
http://www.stats.gov.cn/
https://crudata.uea.ac.uk/cru/data/
https://crudata.uea.ac.uk/cru/data/
http://data.tpdc.ac.cn/
https://www.ncdc.noaa.gov/
https://www.ngdc.noaa.gov
https://search.earthdata.nasa.gov/
https://search.earthdata.nasa.gov/
http://www.fao.org/
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Table 1. Data sources.

Category Data Year Resolution Data Resource

LUCC LUCC data 2001–2020 300 m ESA (https://www.esa-landcover-cci.org/,
accessed on 26 October 2021)

Climate
(monthly)

Temperature
Precipitation

Potential
evapotranspiration

Surface solar radiation

1999–2001,
2011–2013,
2018–2020

50 km
10 km

CRU (https://crudata.uea.ac.uk/cru/data/,
accessed on 16 January 2021)

National Qinghai-Tibet Plateau Scientific Data
Center (http://data.tpdc.ac.cn/, accessed on

30 March 2021)

Climate
(daily)

Temperature
precipitation
snow depth
wind speed

2001, 2013, 2020 1 km

Global surface summary of daily data of the
National Centers for Environmental

Information
(https://www.ncdc.noaa.gov/, accessed on

4 November 2021)

Terrain DEM 2010 1 km NOAA (https://www.ngdc.noaa.gov/,
accessed on 3 February 2021)

Vegetation NDVI 2001, 2013, 2020 1 km NASA (https://search.earthdata.nasa.gov/,
accessed on 15 May 2021)

Soil Soil data 2008 1 km HWSD v1.2 (http://www.fao.org/, accessed on
8 February 2021)

Trade data
Total value of China

customs goods import and
export trade

2001–2020
China Statistical Yearbook

(http://www.stats.gov.cn/, accessed on
15 April 2021).

Agricultural land, construction land, and ecological land were represented by AGR,
CON, and ECO, respectively. To avoid substantial fluctuations in the time series data, the
heteroscedasticity of the time series was eliminated to a certain extent by performing a
natural logarithm (ln) transformation on the original data.

2.3. LUCC Transfer Matrix and Dynamic Index

The LUCC transfer matrix was used to present the conversion area from different
LUCC types before and after the BRI, as follows [38]:

X =


X11 X12 · · · X1j
X21 X21 · · · X2j

...
...

. . .
...

Xi1 Xi2 · · · Xij

 (1)

where Xij is the land area of transition from land use type i to j.
The formula for calculating the dynamic index of the land use type is as follows [39]:

K =
Ub − Ua

Ua
× 1

T
× 100% (2)

where Ua and Ub are the area of the land use type from the start time to the end time,
respectively; T is the length of the period, measured in years; the K value represents the
annual rate of change of a certain land use type during the study period.

2.4. VAR Model

The VAR model was proposed by Christopher Sims in 1980 and is currently the
dominant economic research model [40]. It is one of the most successful, flexible and
easy-to-use models for analyzing multivariate time series. It is a natural extension of
univariate autoregressive models to dynamic multivariate time series. The model has
proven particularly useful for describing the dynamic behavior of economic time series.
One of the most important advantages of the model over general regression analysis its
the avoidance of correlation and multicollinearity [40]. Currently, VAR models are mainly

https://www.esa-landcover-cci.org/
https://crudata.uea.ac.uk/cru/data/
http://data.tpdc.ac.cn/
https://www.ncdc.noaa.gov/
https://www.ngdc.noaa.gov/
https://search.earthdata.nasa.gov/
http://www.fao.org/
http://www.stats.gov.cn/
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applied in terms of economic and financial fields [41–43]. There is a lack of research on the
relationship between economy and land use. Therefore, to overcome the shortcomings of
traditional methods, this study developed a VAR model that calculates the effect of ETCC
on LUCC in the CANs (Figure 2). All operations of the model were implemented using
EViews 10 software. The model is as follows [40]:

Yt = A1Yt−1 + A2Yt−2 + · · ·+ ApYt−p + εt (3)

where Yt is the variable to be tested, denoting lnETCC, lnAGR, lnCON, and lnECO; εt is
the random error term; p is the lag order; and A1, A2, · · · , Ap are the coefficient matrix to
be tested.

Figure 2. VAR model flow chart.

2.4.1. Unit Root Test (Stationarity Tests)

The standard method for checking the stationarity of a variable time series is to judge
whether the unit root is stationary. In this study, the Augmented Dickey-Fuller (ADF)
test method was used, which controls for higher-order serial correlation by adding the
lagged differential term of the dependent variable Yt to the right-hand side of the regression
equation. This is done to test the stationarity of the lnETCC, lnAGR, lnCON, and lnECO [44].
The core expression is as follows:

∆Yt = α0 + α1Yt−1 + α2t +
p

∑
i=1

γi∆Yt−i + εt (4)

where αi (i = 0, 1 and 2) represents the constant term; γi (i = 1, 2, ... , n) are the constant
coefficients; t is the time variable; and p is the lag period, using the “t-sig” approach [45].

2.4.2. Impulse Response Function (IRF)

The IRF provided by the VAR model was used to identify the impact of ETCC on the
LUCC and can generate time paths of LUCC due to trade shocks in the VAR model [46].
The function form is as follows [44]:

Yt =
p

∑
i=1

α1iYt−i +
p

∑
i=1

γ1iXt−i + ε1t (5)

Yt =
p

∑
i=1

α1iYt−i +
p

∑
i=1

γ1iXt−i + ε1t (6)

where ε1t, ε2t represents innovation, which is a random disturbance term. If ε1t changes,
the value of Yt will change with the change of ε1t at this time, and the current value of
Yt will affect the future values of Xt and Yt. It can be observed how each variable in the
system responds to change and other endogenous variables.
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2.4.3. Variance Decomposition

The variance is used to measure the contribution of ETCC to LUCC, which is an
acknowledged method used to study the relationship between the ETCC, AGR, CON,
and ECO. This study performed the Variance Decomposition (VDM) analysis among the
lnETCC, lnAGR, lnCON, and lnECO to determine the contribution of ETCC to LUCC.
This could provide the relative degrees of the influence of various interference factors on
the endogenous variables in the VAR model. An analysis of the VDM was undertaken
according to a previous research method [47].

2.4.4. VAR Model Specification Tests

Beginning with the determination of the lag length, the optimal lag length was determined
using three standard tests, namely the minimum Akaike information criterion, the Bayesian
information criterion, and the Hannan–Quinn information criterion [46]. According to all three
tests, the optimal lag order was 1. The existence of the co-integrating vectors was tested. If the
ADF test and Johansen co-integration test confirm that the data are co-integrated at the level, it
means that the specific VAR model is representative at this level.

2.5. Ecosystem Services Assessment

The CANs are located in an arid and semi-arid area with a little precipitation. The main
habitat types are grassland and desert, and the ecological environment is fragile [47]. In recent
years, research that assesses ESs in arid areas has gradually increased. These studies mainly
seek to quantify ESs, such as soil conservation, wind erosion intensity, water yield, and carbon
sequestration, in arid areas [48–50]. Water resources are the most critical limiting factor in
arid regions, and water-related ESs should be considered. Therefore, four important sub-ESs,
namely soil conservation (SC), carbon sequestration (CS), water yield (WY), and wind erosion
(WE), were selected as the basis for ecosystem quality evaluation in this study. An Integrated
Valuation of Ecosystem Services and Tradeoffs (InVEST), a Carnegie Ames–Stanford Approach
(CASA), and a Revised Wind Erosion Equation (RWEQ) models were used to calculate the
four sub-ESs. The ESs assessment methods are presented in Table 2.

Table 2. Ecosystem service assessment methods.

ESs Type Model Formula and Description Reference

Soil conservation Soil conservation
module in InVEST

SR = RKLS − USLE (7)
[51]USLE = R × K × LS × C × P (8)

RKLS = R × K × LS (9)
SR is the soil conservation amount (t·hm−2); USLE is sediment retention
(t·hm−2); RKLS is the potential soil erosion (t·hm−2); R is the rainfall erosivity
(MJ·mm·hm−2·h−1); K in is the soil erodible factor
(t·hm2·h·hm−2·MJ−1·mm−1); LS, C and P represent the slope length gradient,
vegetation coverage and erosion management, respectively (dimensionless).

Carbon
sequestration CASA model NPP(x, t) = APAR(x, t)× ε(x, t) (10) [52]

NPP(x,t) is the net primary production (gC·m−2); APAR(x,t) is the absorbed
photosynthetically active radiation (gC·m−2·month−1);
ε(x,t) is actual light energy utilization (gC·MJ−1); x and t represent the spatial
location and time, respectively.

Water yield Water yield module
in InVEST

Yx = (1 − AETx/Px)× Px (11) [51]Yx is the water yield of grid x (mm). Px is the annual average precipitation of
grid x (mm). AETx is the annual average actual evapotranspiration of
grid x (mm).

Wind erosion
intensity RWEQ model

SL = 2x
S2 Qmax · e−(x/s)2 (12)

[53]Qmax = 109.8(WF × EF × SCF × K × COG) (13)
S = 150.71((WF × EF × SCF × K × COG)−0.3711 (14)

SL is the amount of soil loss (kg· m–2); x is the distance from non-erodible
boundary (m); S is the critical field length (m); Qmax is the maximum
transportation capacity (kg·m–1); WF is the climate factor (kg·m–1); EF is the
soil erosion fraction (dimensionless); SCF is the soil crusting factor
(dimensionless); K0 is the soil roughness factor (dimensionless); COG is the
comprehensive crop factor (dimensionless).
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3. Results
3.1. The Development of Trade in the CANs with China Based on the BRI

From 2001 to 2020, the trade surplus in the CANs was maintained with China in
2001–2002 and 2011–2013, while the trend represented a trade deficit in 2003–2010 and
2014–2020 (Figure 3). Before the BRI, the total trade volume between the CANs and China
grew rapidly, and the total import and export volume almost doubled after the BRI (Table 3,
Figure 3). This trade balance gradually stabilized after the implementation of the BRI
(Figure 3).

 

Figure 3. Changes in trade with China in the CANs from 2001 to 2020. 

 
 

Figure 3. Changes in trade with China in the CANs from 2001 to 2020.

Table 3. CANs trade imports and exports from 2001 to 2020 (US$100 million).

Period Total Export Volume Import Volume Trade Balance

Before BRI 211.34 116.38 95.06 21.32
After BRI 386.03 215.34 170.69 44.65

3.2. Spatiotemporal Patterns of LUCC in CANs Based on BRI

From the LUCC conversion matrix (Table 4), the area of change before the BRI
(2001–2013) was 139,721 km2. This accounts for 3.49% of the total land, with an annual
rate of change of 0.27%. The conversion between ecological land and agricultural land
was the main change type, accounting for 22.65% of the total change. Agricultural land
increased by 31,694 km2, while ecological land decreased by 36,445 km2 (Tables 4 and 6).
Construction land increased by 4751 km2, of which 3737 km2 was from agriculture land
and 1014 km2 was from ecological land. Among the ecological land, there was an extensive
conversion between grassland and other land. Since the BRI was implemented in 2013,
the conversion matrix (Table 5) showed that 69,198 km2 of the land underwent changes,
which was far lower than that before the BRI. The conversion between ecological land and
agricultural land were still the main change type, accounting for 39.63% of the total change.
A total of 32,813 km2 of ecological land was converted into agriculture land, while only
5387 km2 of the agriculture land was converted into ecological land. A total of 2866 km2

was converted into construction land, most of which had resulted from agriculture land
conversion (64.62%). Among the ecological land, there was still extensive conversion
between grassland and other land.
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Table 4. LUCC conversion matrix in the CANs from 2001 to 2013 (unit: km2).

2001
2013

2013 Total
Agriculture Forest Grassland Wetland Settlement Other

Agriculture 953 10,248 74 3737 353 15,365
Forest 498 644 256 43 5 1446

Grassland 43,446 1989 163 850 2473 48,921
Wetland 674 785 1405 6 18671 21,541

Settlement 0
Other land 2441 13 49,343 536 115 52,448
2001 Total 47,059 3740 61,640 1029 4751 21,502 139,721

Table 5. LUCC conversion matrix in the CANs from 2013 to 2020 (unit: km2).

2013
2020

2020 Total
Agriculture Forest Grassland Wetland Settlement Other

Agriculture 1682 1527 303 1852 23 5387
Forest 158 338 57 27 4 584

Grassland 31,715 2022 445 808 1199 36,189
Wetland 176 388 232 1 1051 1848

Settlement 0
Other land 764 26 20,960 3262 178 25,190
2013 Total 32,813 4118 23,057 4067 2866 2277 69,198

In terms of the LUCC dynamic degree, the annual growth rate of agricultural land
before and after the BRI was 0.32% and 0.46%, respectively. The annual growth rate
of construction land before the BRI was 10.85%. However, the annual rate of change
for construction land after the BRI was 4.87%, which was substantially slower (Table 6).
Ecological land decreased by 0.10% and 0.14% before and after the BRI, respectively. After
implementation of the BRI, the annual growth rate of forest is 0.14%, while that of grassland
is 0.11% (Table 6).

Table 6. Dynamic changes of LUCC in the CANs from 2001 to 2020 (km2).

LUCC Type 2001 2013 2020 Annual Rate of Change K (%)
(km2) (km2) (km2) 2001–2013 2013–2020

Agricultural land 812,746 844,440 871,866 0.32% 0.46%
Construction land 3648 8399 11,265 10.85% 4.87%

Ecological land 3,192,079 3,155,634 3,125,342 −0.10% −0.14%
Forest 355,091 357,385 360,919 0.06% 0.14%

Grassland 1,685,995 1,698,714 1,685,582 0.01% −0.11%
Wetland 140,098 119,586 121,805 −1.22% 0.27%

Other 1,010,895 979,949 957,036 −0.26% −0.33%

In terms of spatial distribution, the spatial analysis showed that the trends for LUCC
were similar before and after implantation of the BRI (Figure 4). Before the BRI, the most
pronounced changes occurred in the north and south parts of KAZ, and in the southeast
part of UZB, as well as in the northwest part of KGZ, western part of TJK, and southern part
of TKM. After the BRI, LUCC was less extensive compared with that before the BRI. When
comparing before with after the BRI (Table 6), the extent of agricultural land increased
rapidly, while ecological land rapidly decreased, with construction land increasing slowly
in 2013–2020. Overall, from 2001 to 2020, the spatial change trend of LUCC was consistent
with that before and after the BRI.
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Figure 4. Spatial distribution of LUCC in the CANs from 2001 to 2013 (a), 2013–2020 (b) and 2001–2020 (c).

3.3. Response of LUCC to ETCC Based on BRI

There was evidence that the development of the ETCC slightly positively affected the
changes in agriculture land and construction land in the CANs (Figure 5a,b). Agriculture
land showed an increased response trend to ETCC before 2008, prior to a decreased response
trend until the impact shock led to a convergent state after the BRI. Construction land
showed a trend of increasing response to the ETCC before 2003 and then decreased rapidly
until the response converged after the BRI. However, the ETCC slightly negatively affected
the change in ecological land in the CANs (Figure 5c). Ecological land showed a decreasing
response trend to the ETCC before 2008, prior to an increasing trend until the response
reached a convergent state after the BRI.

Figure 5. Response of LUCC to ETCC. (a) Response of lnAGR to lnETCC; (b) Response of lnCON
to lnETCC; (c) Response of lnECO to lnETCC. Impulse: The ETCC expressed in 100 million
US $ (±2 STD). Response: LUCC. The horizontal axis represents the tracking period of the IRF
(unit: year) and the vertical axis represents the response degree of LUCC to ETCC. The solid blue line
represents the IRF, that is, the trend of the variable after it has been affected. The dashed red line is
the plus or minus twice the standard error of the trend.

With respect to the contribution of the ETCC to the LUCC (Table 7), the average
contribution rates of ETCC to the changes in agriculture, construction, and ecological lands
before the BRI were 7.21%, 6.95%, and 7.28%, respectively. The average contribution rates
of ETCC to changes in agriculture, construction, and ecological lands after BRI increased to
12.22%, 10.28%, and 12.29%, respectively.
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Table 7. Variance decomposition results of lnTRA, lnAGR, lnCON, and lnECO.

Variance Decomposition of lnAGR Variance Decomposition of lnCON

Period S.E. lnETCC lnAGR lnCON lnECO S.E. lnETCC lnAGR lnCON lnECO
Average before BRI 0.01 7.21 80.47 0.54 11.78 0.18 6.95 71.15 15.99 5.91
Average after BRI 0.02 12.22 70.98 2.42 14.39 0.21 10.28 67.38 15.69 6.66

Variance Decomposition of lnECO

Period S.E. lnETCC lnAGR lnCON lnECO
Average before BRI 0.005 7.28 79.91 0.71 12.11
Average after BRI 0.01 12.29 70.63 2.51 14.58

3.4. Spatio-Temporal Patterns of Ecosystem Services

From 2001 to 2020, the spatial patterns of the four main ESs showed different trends
in the CANs. SC exhibited an increasing spatial pattern in the CANs from northwest to
southeast, while WE exhibited a decreasing trend from northwest to southeast. CS and WY
exhibited an increasing trend from southwest to northeast (Figure 6).

 

Figure 6. Spatial distribution of ESs in the CANs in 2001, 2013, and 2020. 
(a) SC; (b) CS; (c) WY; (d) WE. (SC, CS, WY, and WE refer to soil 
conservation, carbon sequestration, water yield, and wind erosion, 
respectively. The unit of SC and CS is t·hm−2, of WE is kg·m–2, and of 
WY is mm). 

Figure 7. Spatial change in the ESs before BRI (2001−2013), after BRI 
(2013−2020) and 2001−2020. (a) SC change; (b) CS change; (c) WY 
change; (d) WE change. (SC, CS, WY, and WE refer to soil conservation, 
carbon sequestration, water yield, and wind erosion, respectively. The 
unit of SC and CS is t·hm−2, of WE is kg·m–2, and of WY is mm). 

 

 
  

Figure 6. Spatial distribution of ESs in the CANs in 2001, 2013, and 2020. (a) SC; (b) CS; (c) WY;
(d) WE. (SC, CS, WY, and WE refer to soil conservation, carbon sequestration, water yield, and wind
erosion, respectively. The unit of SC and CS is t·hm−2, of WE is kg·m−2, and of WY is mm).
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Comparing ESs before and after the BRI, before the BRI (2001–2013), SC exhibited a
downward trend in most areas, and only a small part of the area exhibited an increasing
trend, such as northwestern TJK and eastern KGZ (Figure 7). CS exhibited a stable or
slightly decreasing trend in most regions and an increase in other regions, such as eastern
and northern KAZ and most of KGZ. WY exhibited an increasing trend in most regions,
and the remaining small regions exhibited a decreasing trend, such as in northern KAZ and
most of TKM. WE exhibited an increasing trend in most areas, and the remaining small
areas exhibited a decreasing trend, mainly in northwest KAZ. Since the implementation of
the BRI (2013–2020), SC remained stable in most areas, with increases in a few areas, such
as northern TJK and western KGZ, and decreases in some small areas, such as eastern TJK,
eastern KGZ, and eastern KAZ (Figure 7). CS increased in most regions and decreased in
only a few regions including western, southern, and eastern KGZ. WY showed an opposite
trend to that before the BRI and decreased in most areas with an increase in other small
areas. WE showed an opposite trend to that before the BRI, decreasing in most areas and
increasing in other small areas that are mainly in KAZ (Figure 7). From 2001 to 2020, SC
and CS showed similar trends to those before BRI. SC exhibited a downward trend in most
areas, such as northwestern TJK. CS exhibited a stable or slightly decreasing trend in most
regions. WY exhibited an increasing trend in some regions. It was mainly concentrated in
the areas of TKM and UZB, as well as the central part of KAZ and the northwest part of
TJK, and the remaining regions exhibited a decreasing trend. WE showed a similar change
trend after BRI (Figure 7).

Figure 7. Spatial change in the ESs before BRI (2001–2013), after BRI (2013–2020) and 2001–2020.
(a) SC change; (b) CS change; (c) WY change; (d) WE change. (SC, CS, WY, and WE refer to soil
conservation, carbon sequestration, water yield, and wind erosion, respectively. The unit of SC and
CS is t·hm−2, of WE is kg·m−2, and of WY is mm).
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4. Discussion
4.1. Effect of ETCC on LUCC in the CANs

LUCC is usually constrained by population change, the urbanization level, and eco-
nomic growth [54]. Population growth and economic expansion have always been key
factors influencing LUCC [9], especially in developing countries such as the CANs. In the
present study, findings showed that the increase in ETCC led to a continuous increase in
the agriculture and construction land area and a continuous decrease in the ecological land
area in the short term (Figure 5, Table 6). This suggested that ETCC was the main driver of
LUCC in the CANs. This is in line with LUCC patterns of countries (such as CANs) that
are driven by the demand for commodities from a country (such as China) with a strong
economy and purchasing power [55]. This may be because international trade would affect
the commodity supply and market price and thereby affect LUCC [56]. Trade has a long-
term impact on the degradation of natural resources and changes in LUCC patterns [57].
When a country imports/exports goods, the land use may change, with the land used
to be traded to produce these goods [58]. Variance decomposition results demonstrated
that the contribution of the ETCC to LUCC after the BRI were higher than those before
the BRI (Table 7), indicating that increased trade volumes have facilitated LUCC since
the implementation of the BRI. Comparing the top 10 bulk commodities exported from
the CANs to China before and after the BRI (Table 8), it was found that cereals, oil seeds,
and oleaginous fruits were the fastest growing commodity in export trade besides mineral
resources. Cereals are land intensive commodities [58]. The substantial increase in cereal
exports from the CANs to China after the BRI had also directly resulted in a significant
increase in agricultural land in the CANs.

Table 8. Comparison of the top 10 bulk commodities exported from the CANs to China before (2010)
and after (2019) the BRI.

Commodity Name Netweight (104 ton)
2010 2019 Changes

Mineral fuels, mineral oils and products of their distillation 1027.26 1145.05 117.79
Ores, slag and ash 668.05 262.37 −405.67
Iron and steel 69.88 103.31 33.44
Cereals 4.57 46.16 41.59
Oil seeds and oleaginous fruits 0.32 33.32 32.99
Copper and articles thereof 19.74 28.87 9.13
Salt; sulfur; earths and stone; plastering materials 138.24 19.79 −118.45
Residues and waste from the food industries 0.90 17.63 16.73
Zinc and articles thereof 6.71 14.17 7.46
Inorganic chemicals 1.38 12.16 10.78

Notes: Data was obtained from UN Comtrade Database (https://comtrade.un.org/data/, accessed on 25 March 2022).

The expansion of construction land before and after the BRI were indirectly affected
by the ETCC because trade growth can directly promote the construction of logistics
transportation corridors and population agglomeration. The increased construction land
occupied agricultural land and ecological land, including towns, roads, and railways linking
the agricultural areas, energy resources, and urban centers and towns in the CANs with
China (Tables 4 and 5, Figure 4). Urban centers connected by transit corridors experienced
significant expansion in the CANs after the BRI [30]. Urban areas increased by 32% via
BRI road connections and 33% via BRI rail connections in KAZ [30]. Coupled with the
reduction in rural populations from the transfer of the rural labor force to the cities and the
rapid urbanization of the CANs due to the occupation of agricultural land by construction
land, population agglomeration in urban and town areas further intensifies the expansion
of construction land [30,59].

https://comtrade.un.org/data/
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4.2. Impact of LUCC on ESs

LUCC driven by ETCC brought by the BRI has had a series of ecological influences
on the CANs. In the present study, ecological land has decreased before and after the BRI
due to the occupation of agricultural and construction lands. The annual reduction rate of
ecological land after the BRI was higher than that before the BRI (Table 6). For the annual
change rates of various types of ecological land before and after the BRI, forest showed
a continuous increasing trend, while other land (mainly bare land) showed a continuous
decreasing trend. Grassland increased and then decreased, whereas wetland decreased
and then increased (Table 6). The substantial increase of forest before and after the BRI was
consistent with the increasing trend of forest resources worldwide, as demonstrated by
a range of studies [60,61]. However, this was likely related to the forest inventory from
2003 to 2013 and the forest management policies of the CANs [62]. Since the end of the last
century, KAZ has acceded to the United Nations Convention to Combat Desertification,
proposed a series of laws and regulations and adopted the concept of transition from forest
management to sustainable development. As a result, the forest area expanded during
the period 2005–2015 [3]. LUCC changed drastically from 2001 to 2020, and its evolution
process had a certain impact on ESs in 2001, 2013 and 2020. In the areas where the LUCC
changed, there were certain changes in ESs (Figure 7).

Changes in ecological land inevitably lead to changes in the ESs of the CANs. By
comparing the changes of four main ESs in the CANs before and after BRI, it could be
found that SC, CS, and WY in most areas before the BRI exhibited a downward trend, while
the WE exhibited an upward trend. After the BRI, except the SC, which remained stable
in most areas, the CS, WY, and WE in most areas were opposite to those before the BRI
(Figure 7). The effects of LUCC on changes in ESs in the CANs before and after BRI are
described in Table 9.

Table 9. Comparison of effect of LUCC on changes in ESs of the CANs before and after the BRI.

ES
Before BRI After BRI

Trend Explanation Trend Explanation

SC

Weak
decline in
most
regions.
Only a few
regions
exhibited an
increasing
trend

The conversion of agricultural land to
grassland caused the weak decline in SC in
most regions. Although the total area of
grassland increased, the increased grassland
was mainly in areas with low cover (<15%),
while the reduced grassland was mainly in
areas with high cover (Figure 4a) [51]. Only
a few regions exhibited an increasing trend
in SC, which was due to the decline in
rainfall erosivity caused by the decrease of
precipitation in these regions. The
conversion from grassland to forest and
other land (bare land) to grassland resulted
in an increase in SC in mountainous
regions [51]

Remained
stable in
most areas

The increase in SC in a few mountainous
regions with higher altitude (such as the
north of TJK and the west of KGZ) were
related to the increase in small areas of
forest. These results are in line with the
results of Fu et al. [63] and Lu et al. [64].
There were also some higher altitude areas
(such as eastern TJK, eastern KGZ, and
eastern KAZ) where the decrease in SC was
related to the increase in soil loss caused by
the increase in precipitation.

CS
Weak
decline in
most
regions

Consistent with the trends for SC
Upward
trend in
most areas

CS increased in the KGZ region. Forest has
the most substantial impact on the
functioning of the CS service [65]. We
therefore conclude that the increase in CS in
this region is because of the increase in
forest land.

WY
Downward
trend in
most areas

The decline in WY in most areas was due to
the increase in grassland, which mainly
resulted from the conversion of agricultural
land, wetland, and other land (bare land).
When agricultural land was converted into
grassland, the WY of the soil typically
showed a downward trend [66]. Grassland
decreased in regions with increased WY.

Upward
trend in
most areas

Grassland substantially decreased in most
regions with increased WY, and forest in
regions with reduced WY increased. The
conversion from bare land to grassland and
farmland has greatly reduced WY [51].
Changes in the ecosystem from low to high
vegetation cover lead to an increase in
evapotranspiration and a decrease in WY
[51,67–70].
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Table 9. Cont.

ES
Before BRI After BRI

Trend Explanation Trend Explanation

WE Upward
trend

The increase in WE in most regions was
related to low grassland coverage (<15%).
Even though the grassland area
substantially increased, it did not play an
important role in the change in WE [71].
Changes in other factors such as wind
speed may have a more substantial impact
on WE [72,73].

Downward
trend in
most areas

WE decreased in most regions, which was
related to the increase in high coverage
grassland. The spatial distribution pattern
of the WE was consistent with the
temperature variation pattern, and the WE
increased with increasing temperature [73].

4.3. Implications for Land Use Management in CANs

Effective development planning is crucial for future land management and ESs im-
provement in the CANs. It is necessary to adjust the spatial distribution of agricultural and
ecological lands according to local conditions, limit unplanned expansion of agricultural
land, and ensure the integrity of ecological land and the supply of ESs. As an important
corridor of the BRI [30], the CANs have moderately increased construction land while
expanding transportation and logistics nodes, maintaining the service function of the eco-
logical land. To formulate economic and trade development strategies, land planning and
environmental protection policies in the future, the CANs should follow the principle of
sustainable land development, which is often combined with the principle of the reason-
able use of land resources [74]. Grasping the opportunities from the BRI, the CANs can
implement protective projects for sustainable land management and improve awareness
of comprehensive land resource management. This can provide policy makers with an
important reference for environment protection and sustainable development in the CANs.

5. Conclusions

In this research, the CANs were chosen as the case study, and the impact of ETCC on
LUCC in the CANs was quantified based on the VAR model before and after the BRI. The
ecological influences from changes in ESs induced by LUCC in the CANs were assessed
before and after the BRI. The main conclusions are as follows:

1. Before and after the BRI, agricultural and construction lands in the CANs increased
to varying degrees, while ecological land decreased. The agricultural land increased
by occupying the ecological land, while construction land increased by occupying
agricultural land and ecological land. The annual growth rate of the agricultural land
and the annual reduction rate in ecological land after the BRI were higher than that
before the BRI. Meanwhile, the annual growth rate of construction land tended to
slow down. On the ecological land, forest cover continuously increased, while the
grassland increased and then decreased. The trends in LUCC spatial variation before
and after the BRI were similar.

2. The development of ETCC had a weak positive impact on changes in agricultural and
construction lands in the CANs and a weak negative impact on changes of ecological
land in the CANs. The average contribution rates of the trade to the changes in
agricultural, construction, and ecological lands in the CANs after the BRI were higher
than those before the BRI.

3. SC, CS and WY in most areas of the CANs before the BRI exhibited a downward
trend, while WE exhibited an upward trend. After the BRI, with the exception of SC
in most areas, remained stable, CS, WY, and WE in most areas were opposite to those
before the BRI. The ESs in the CANs after the BRI were improved compared with
that before the BRI, indicating that during the short-term implementation of the BRI,
ETCC growth also ensures the ecological protection of CANs.

This study provides a reference for dealing with trade, land management and en-
vironmental protection relations between member countries of international economic
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alliances worldwide, such as the European Union and the Association of Southeast Asian
Nations. However, in this research, owing to the short implementation period of the BRI,
the short-term impact of trade on the LUCC was relatively limited, and the long-term effect
was uncertain. With the continuous promotion of the BRI, future studies should focus on
the long-term impact of trade on the LUCC and ESs. The data on LUCC were from CCI-LC
products in the ESA, and the spatial resolution was relatively low. The identification of
the LUCC type area was not accurate enough, especially for the construction land, and the
result was still uncertain. Higher resolution images should be used to improve the accuracy
of the results in future research.
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