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Abstract
Studies on regional vegetation dynamics constitute one of the important ap-
proaches for assessing ecological and environmental benefits in national na-
ture reserves. Based on the Google Earth Engine (GEE) cloud platform, this
study extracted annual growing-season Normalized Difference Vegetation Index
(NDVI) datasets from Landsat remote sensing imagery for the Daqingshan Na-
tional Nature Reserve in Inner Mongolia during 1995–2020, and analyzed the spa-
tiotemporal variation characteristics of NDVI and its influencing factors before
and after the establishment of the reserve using methods including Pearson cor-
relation, residual analysis, and the Lindeman-Merenda-Gold (LMG) model. The
results indicate that: (1) The areal proportion of regions exhibiting declining
NDVI trends from 1995 to 2008 was 69.04%, whereas the proportion of regions
with increasing NDVI trends from 2008 to 2020 reached 94.98%, demonstrating
significant vegetation improvement following the designation of the study area
as a national nature reserve. (2) Negative human activities and the warming-
drying climate trend contributed to the reduction of vegetation NDVI in the
experimental zone during 1995–2008, with the warming-drying climate trend
serving as the dominant factor. (3) Increased precipitation and positive human
activities drove the increase of vegetation NDVI in the experimental zone during
2008–2020. Among these, positive human activities, represented by ecological
environmental protection projects, constituted the primary cause of vegetation
recovery during this period. The research findings can provide a scientific ba-
sis for environmental governance and ecological engineering construction in the
Daqingshan National Nature Reserve.
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Abstract

Examining vegetation dynamics represents an important approach for assess-
ing the ecological benefits of national nature reserves. Based on the Google
Earth Engine (GEE) cloud platform, this study uses Landsat remote sensing
imagery to extract annual growing-season Normalized Difference Vegetation In-
dex (NDVI) datasets for the Daqingshan National Nature Reserve in Inner
Mongolia from 1995 to 2020. The spatiotemporal variation characteristics of
NDVI and their influencing factors before and after the reserve’s establishment
were analyzed using Pearson correlation, residual analysis, and the Lindeman-
Merenda-Gold (LMG) model. The results indicate that during the 1995–2008
period, 69.04% of the study area exhibited a decreasing NDVI trend, whereas
during the 2008–2020 period, 94.98% of the area showed an increasing trend,
demonstrating significant vegetation improvement following the reserve’s des-
ignation as a national nature reserve. During the 1995–2008 period, negative
human activities combined with climatic warming and drying trends caused
NDVI reductions, with climate warming identified as the dominant factor. Dur-
ing the 2008–2020 period, increased precipitation and positive human activities
drove NDVI increases, with positive human impacts—represented by ecological
and environmental protection engineering—serving as the primary cause of veg-
etation recovery. These findings provide scientific evidence for environmental
governance and ecological engineering construction in the Daqingshan National
Nature Reserve.

Keywords: Google Earth Engine; NDVI; climate change; human activities;
National Nature Reserve
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1. Study Area Overview

The Daqingshan National Nature Reserve in Inner Mongolia is located in Ho-
hhot City, Baotou City, and Ulanqab City on the northern Tumochuan Plain,
extending from 109°47� to 112°17�E and 40°34� to 41°14�N. The reserve covers
approximately 3888.70 km2, with an east-west length of 217 km and an aver-
age north-south width of 18 km. The area features medium-low mountainous
terrain with elevations ranging from 1012 to 2319 m, characterized by gentle
northern slopes and steep southern slopes [Figure 1: see original paper]. The
region experiences a temperate semi-arid continental monsoon climate with an
average annual temperature of 3–4 °C and annual precipitation of approximately
500 mm. The northern slopes are influenced by dry air currents from the Mon-
golian Plateau, resulting in cold, dry conditions, while the southern slopes are
warmer and more humid due to orographic blocking. The reserve serves as a
comprehensive mountain forest reserve primarily for water source conservation,
comprising mountain forests, shrublands, mountain grasslands, and important
water source areas.

2. Data and Methods

2.1 Data Sources The remote sensing data used in this study consist of
Landsat-5 TM, Landsat-7 ETM+, and Landsat-8 OLI imagery. Annual growing-
season images from July to August with cloud cover below 10% were selected for
the period 1995–2020. The GEE platform was used for data format conversion,
mosaicking, and clipping, followed by NDVI calculation using maximum value
compositing. To ensure comparability across the Landsat sensors, reflectance
values from Landsat-5 and Landsat-7 were adjusted using intercepts and off-
sets provided by Roy et al. [18] to match Landsat-8 data, yielding a spatial
resolution of 30 m. Meteorological data were obtained from the China Meteo-
rological Administration’s daily gridded temperature and precipitation dataset
(0.5° × 0.5°). Data from pixels covering the study area during the July–August
growing season were extracted and interpolated using inverse distance weight-
ing in Python to generate annual temperature and precipitation datasets at 1
km spatial resolution. Land use data were derived from the 30 m annual land
cover dataset for China developed by Yang and Huang [20] from Landsat im-
agery, which was used to extract forest and grassland areas for assessing the
effectiveness of ecological engineering implementation.

2.2 Methods 2.2.1 Sen’s Slope and Mann-Kendall Non-parametric
Test

Sen’s slope estimator, a non-parametric algorithm for linear trend estimation,
was used to calculate NDVI trends for two time periods. The formula is:
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𝛽 = Median (𝑥𝑗 − 𝑥𝑖
𝑗 − 𝑖 ) , for 𝑖 < 𝑗

where 𝛽 represents the trend magnitude, and 𝑥𝑖 and 𝑥𝑗 are NDVI values for a
given pixel in years 𝑖 and 𝑗, respectively. The Mann-Kendall test was applied
to assess the significance of these trends at the 95% confidence level.

2.2.2 Correlation Analysis

Pearson correlation coefficients were calculated to determine the relationship be-
tween NDVI and climatic factors (temperature and precipitation). The formula
is:

𝑟𝑥𝑦 = ∑𝑛
𝑖=1(𝑥𝑖 − ̄𝑥)(𝑦𝑖 − ̄𝑦)

√∑𝑛
𝑖=1(𝑥𝑖 − ̄𝑥)2 ∑𝑛

𝑖=1(𝑦𝑖 − ̄𝑦)2

where 𝑟𝑥𝑦 is the correlation coefficient, 𝑛 is the number of years, 𝑥 and 𝑦 are
the two variables, and ̄𝑥 and ̄𝑦 are their respective means. Significance was
tested at the 95% confidence level. The relative importance of different factors
was quantified using the relaimpo package in R, which partitions the explained
variance in multiple linear regression. Climate factors included temperature and
precipitation, while human activities were represented by forest and grassland
areas.

2.2.3 Residual Analysis

Assuming NDVI is influenced only by human activities and climate conditions,
residual analysis was used to evaluate the impact of human activities. The
calculation formula is:

NDVIpredicted = 𝑎 + 𝑏 × temperature + 𝑐 × precipitation

𝜎 = NDVIactual − NDVIpredicted

where 𝑎, 𝑏, and 𝑐 are regression coefficients, and 𝜎 represents the residual value.
A positive residual trend indicates that human activities promote NDVI increase,
while a negative trend indicates inhibition.

2.2.4 Lindeman-Merenda-Gold Model

While correlation and residual analysis can reflect the impacts of climate factors
and human activities on NDVI, they cannot quantify the contribution rates of
these factors to NDVI change. Therefore, this study used variance decomposi-
tion in multiple linear regression to quantify the relative importance of different
factors through the LMG model. The model calculates the contribution of tem-
perature, precipitation, forest area, and grassland area to NDVI change.
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3. Results

3.1 NDVI Variation Characteristics 3.1.1 Interannual Variation

As shown in [Figure 3: see original paper], NDVI values exhibited a non-
significant decreasing trend from 1995 to 2008 at a rate of -0.002 per year (Z =
-1). However, from 2008 to 2020, NDVI showed a significant increasing trend
at a rate of 0.011 per year (Z = 4.98), indicating that vegetation improved
significantly after the reserve’s establishment as a national nature reserve.

3.1.2 Spatial Variation

During the 1995–2008 period, decreasing NDVI trends occupied 69.04% of the to-
tal area, with significantly decreasing areas accounting for 7.78% and primarily
distributed north of the east-west mountain range. Increasing NDVI trends oc-
cupied 19.90% of the area, with significantly increasing areas comprising 1.55%
and mainly distributed along the southern margin of the reserve. This pat-
tern demonstrates that before the reserve’s establishment, NDVI change was
dominated by non-significant decreases, exhibiting a spatial characteristic of“de-
crease in the north, increase in the south.”In terms of functional zones, the core,
buffer, and experimental zones showed similar patterns, with non-significant de-
creasing areas accounting for 60.26%, 64.97%, and 60.29%, respectively, and
significant decreasing areas comprising 8.14%, 6.64%, and 8.04% [FIGURE:4,
TABLE:1].

During the 2008–2020 period, decreasing NDVI areas occupied only 2.26% of
the total area, while increasing areas accounted for 94.98%, with significantly in-
creasing areas comprising 38.47%. The increasing areas were mainly distributed
in the eastern and western parts of the reserve, with the central zone also
showing improvement. This indicates that after the reserve’s establishment,
vegetation NDVI exhibited an overall improving trend. The core, buffer, and
experimental zones showed significantly increasing areas of 36.19%, 43.88%, and
30.35%, respectively, with the experimental zone demonstrating the highest re-
covery rate.

3.2 Climate Factor Variation 3.2.1 Interannual Variation of Climate
Factors

From 1995 to 2008, precipitation decreased at a rate of -4.737 mm・a−1, while
temperature increased at 0.053 °C・a−1, indicating a warming and drying trend
that was unfavorable for vegetation growth [Figure 5: see original paper]. From
2008 to 2020, precipitation increased at 3.059 mm・a−1 while temperature in-
creased at a slower rate of 0.019 °C・a−1, suggesting that the warming-drying
trend moderated. The increase in precipitation provided favorable conditions
for vegetation growth and recovery.

3.2.2 Correlation Between Climate Factors and NDVI

chinarxiv.org/items/chinaxiv-202309.00164 Machine Translation

https://chinarxiv.org/items/chinaxiv-202309.00164


The correlation between precipitation and NDVI differed between the two pe-
riods. During 1995–2008, positive correlations dominated, with non-significant
positive correlations accounting for 79.06% and significant positive correlations
comprising 18.54% of the study area, primarily in the western and northeast-
ern regions [FIGURE:6, TABLE:2]. After the reserve’s establishment, non-
significant positive correlations occupied 72.08% of the area, while significant
positive correlations increased to 24.57%, mainly concentrated in the western
part and along the southern margin. This expansion indicates that precipitation’
s influence on NDVI increased.

Temperature correlations showed different patterns. During 1995–2008, negative
correlations dominated, with non-significant negative correlations accounting
for 41.75% and significant negative correlations comprising 56.17% of the area,
distributed across the northeastern, central, and western regions [FIGURE:7,
TABLE:3]. After 2008, non-significant positive correlations became dominant
(84.46%), with significant positive correlations at only 1.58%, indicating that
temperature’s negative impact on NDVI weakened significantly.

3.3 Human Activity Impacts on NDVI According to national regulations,
human activities are prohibited in the core and buffer zones. Therefore, this
study assessed human activity impacts using the experimental zone as an exam-
ple. During 1995–2008, residual trends indicating inhibition occupied 84.46% of
the experimental zone area, primarily along the northern margin where NDVI
was decreasing or significantly decreasing, indicating that unreasonable human
activities caused NDVI decline [FIGURE:8, TABLE:4].

After the reserve’s establishment (2008–2020), residual trends indicating in-
hibition accounted for only 2.79% of the experimental zone, while promotion
trends occupied 94.62%, covering most of the experimental zone and overlap-
ping substantially with areas showing NDVI increase [Figure 8: see original
paper]. This demonstrates that positive human activities became the dominant
influence driving vegetation recovery in the experimental zone.

3.4 Contribution Rates of Climate Factors and Human Activities to
NDVI Change To further quantify the impacts and identify dominant fac-
tors before and after the reserve’s establishment, the LMG model calculated
contribution rates of temperature, precipitation, forest area, and grassland area
to NDVI change in the experimental zone. During 1995–2008, precipitation con-
tributed 32.00% and temperature contributed 58.42%, while forest and grass-
land areas contributed less than 10% combined [Figure 9: see original paper].
This confirms that the warming-drying climate trend was the primary cause of
NDVI decrease.

During 2008–2020, forest area contributed 43.93% and grassland area con-
tributed 34.28%, while precipitation and temperature contributed 19.02% and
2.78%, respectively. This indicates that after the reserve’s establishment,
positive human activities became the dominant factor influencing NDVI change,
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demonstrating the significant benefits of ecological protection engineering
implemented in the experimental zone.

4. Discussion

This study utilized Landsat imagery and the GEE platform to monitor long-term
vegetation dynamics in the Daqingshan National Nature Reserve, revealing that
94.98% of the area exhibited increasing NDVI trends after the reserve’s estab-
lishment, representing substantial vegetation improvement. These results align
with findings from Hu Ercha et al. [21] and Wang Jiaxin et al. [33]. The use of
Landsat imagery and GEE’s integrated computing environment enabled acqui-
sition of long time-series vegetation monitoring data at relatively high spatial
resolution, providing more accurate characterization of NDVI spatiotemporal
evolution and enriching technical approaches for long-term, small-scale vegeta-
tion monitoring.

The results indicate that climate warming and drying caused NDVI decreases
before the reserve’s establishment, consistent with Chen Shujun et al. [7]. Rising
temperatures and decreasing precipitation can lead to meteorological drought,
intensifying water deficits and drought stress that inhibit vegetation growth
[32]. After the reserve’s establishment, positive human activities became the
dominant factor influencing NDVI change in the experimental zone. Accord-
ing to incomplete statistics, the reserve has completed artificial afforestation
on 1.32$×10^{6}$ hm2 and closed forest management on 6.45$×10^{6}$ hm2,
substantially increasing forest coverage [33]. Previous studies often used land
use transition areas (e.g., conversion from cropland to forest or grassland) to
represent ecological engineering effectiveness [34]. This study directly used for-
est and grassland areas because cropland constitutes a small proportion of the
study area [35], and cropland conversion alone cannot fully represent ecological
engineering outcomes.

This research focused on the positive effects of national nature reserve establish-
ment, demonstrating vegetation improvement following ecological project imple-
mentation. However, limitations exist due to the lack of spatiotemporal data
on negative human activities such as grazing intensity and tree cutting, which
prevented their inclusion in the LMG model. Additionally, without precise in-
formation on the timing and location of ecological engineering implementation,
deeper investigation of human activity driving mechanisms was not possible.
Furthermore, this study only considered temperature and precipitation, while
vegetation responses in this semi-arid region involve complex processes influ-
enced by additional climatic factors such as potential evapotranspiration [36].
Future research should incorporate multiple climate factors to assess their com-
bined effects on vegetation change.
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5. Conclusions

Based on the analysis of NDVI changes and influencing factors in the Daqing-
shan National Nature Reserve from 1995 to 2020, the following conclusions are
drawn:

Before the reserve’s establishment (1995–2008), vegetation NDVI decreased
at a rate of -0.002 a−1, with decreasing areas occupying 69.04% of the total
study area. After the reserve’s establishment (2008–2020), NDVI increased at
a rate of 0.011 a−1, with increasing areas accounting for 94.98% of the total
area, demonstrating that the reserve’s establishment significantly promoted
vegetation improvement.

During 1995–2008, the study area experienced a warming and drying climate
trend. Areas showing significant negative correlation between NDVI and tem-
perature accounted for 41.75% of the total area, while areas with significant
positive correlation between NDVI and precipitation comprised 18.54%. During
2008–2020, NDVI was predominantly positively correlated with both precipita-
tion and temperature, with significant positive correlation areas of 24.57% and
1.58%, respectively, indicating that precipitation’s influence on NDVI increased
while temperature’s influence weakened significantly.

During 1995–2008, precipitation and temperature contributed 32.00% and
58.42%, respectively, to NDVI change in the experimental zone, confirming
that climate factors were the primary drivers of NDVI decrease. During
2008–2020, forest area and grassland area contributed 43.93% and 34.28%,
respectively, while precipitation and temperature contributed only 19.02% and
2.78%, demonstrating that positive human activities became the dominant
factor driving vegetation recovery.
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