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Abstract
To investigate vegetation growth trends and the degree of influence of climatic
factors on vegetation growth, this study examined the spatiotemporal varia-
tion characteristics of Normalized Difference Vegetation Index (NDVI) across
different seasons and its response relationships to mean temperature and pre-
cipitation in the Kashgar Delta, Xinjiang from 2000 to 2020, based on MODIS
vegetation index data and concurrent monthly mean temperature and precipi-
tation data, using methods including linear trend analysis, Pearson correlation
analysis, and partial correlation analysis. The results indicate: (1) NDVI in the
study area exhibited an extremely significant overall increasing trend, with the
proportions of area showing significant or extremely significant increases during
the growing season, spring, summer, and autumn accounting for 79.8%, 71.2%,
72.1%, and 91.3%, respectively. (2) The overall response relationship between
NDVI and mean temperature and precipitation was not significant; precipita-
tion exerted a dominant influence on NDVI, though with seasonal variations
and spatially significant effects. NDVI in the growing season was negatively
correlated with mean temperature and positively correlated with precipitation;
NDVI in spring and summer was positively correlated with both mean temper-
ature and precipitation; NDVI in autumn was negatively correlated with both
mean temperature and precipitation. (3) The lagged response of mean tempera-
ture to NDVI was predominantly negative, while that of precipitation to NDVI
was predominantly positive, indicating that increased temperature suppressed
vegetation growth whereas increased precipitation promoted vegetation growth,
and that precipitation exhibited a stronger lag effect on NDVI than mean tem-
perature. The research findings can provide a reference basis for analyzing
ecological environmental changes and for ecological protection and restoration
in arid regions.
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Full Text
Introduction and Study Significance
Previous research has primarily been conducted at larger spatial scales, focus-
ing mainly on long-term interannual variation analysis, with less attention given
to intra-annual seasonal variation trends and correlation analysis. The Kashi
Delta, located in the arid and semi-arid region of southwestern Xinjiang, serves
as the backbone of cotton and cash crop production in southern Xinjiang, yet
its ecosystem is relatively fragile, which constrains economic development to
some extent. Due to the sparse distribution of meteorological observation sta-
tions in the region, which cannot meet the needs of large-scale research, this
study employs climate model data. Based on annual vegetation index data
and corresponding climate data, we analyze the long-term temporal sequence
and seasonal variations of NDVI and its response to climate factors in the Kashi
Delta. This research helps elucidate ecological and environmental change trends
in the region and provides a reference basis for regional ecological conservation,
restoration, and socio-economic development.

Study Area
The study area is located in southwestern Xinjiang, on the western edge of
the Tarim Basin. Its southern, western, and northern boundaries are defined
by the outlets of major rivers, while its eastern boundary is marked by desert
zones. The area primarily covers the plains of Kashi City, Shufu County, Shule
County, Akto County, Yingjisha County, Yopurga County, and Jiashi County.
Geographically, it lies between [COORDINATES], with a total area of approxi-
mately [AREA]. The width gradually increases from west to east in plan view,
forming a “triangular”distribution. The overall topography features higher el-
evations in the west, south, and north, with lower elevations in the east. The
climate is characterized as a typical warm temperate continental arid desert cli-
mate, with a multi-year average temperature of [TEMPERATURE] and multi-
year average precipitation of [PRECIPITATION]. The multi-year water sur-
face evaporation reaches [EVAPORATION]. Vegetation types in the region are
mainly desert, meadow, and artificial vegetation, distributed throughout the
area. Desert vegetation is primarily distributed in the north from Kashi City to
Jiashi County, meadow vegetation is mainly found in the east of Akto County,
north of Yingjisha County, and around Yopurga County, while artificial veg-
etation is predominantly in the central part of the study area, accounting for
[PERCENTAGE] of the area. Desert vegetation includes temperate shrubs,
temperate steppe shrubs, temperate semi-shrubs and dwarf semi-shrubs, tem-
perate succulent halophytic dwarf semi-shrubs, etc. Meadow vegetation includes
temperate halophytic grasses and forbs. Artificial vegetation mainly consists of
two-year three-crop or one-year two-crop dry farming and deciduous fruit trees
[CITATION] (Figure [Figure 1: see original paper]).
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Data Sources
The Enhanced Vegetation Index (EVI) data were obtained from the Land Stan-
dard [PRODUCT] EVI index dataset provided by the National Aeronautics and
Space Administration (NASA) website, with a temporal resolution of [TEM-
PORAL_{RES}] (global [COMPOSITE] vegetation) and spatial resolution of
[SPATIAL_{RES}]. This study uses data spanning from [START_{YEAR}] to
[END_{YEAR}]. The grid dataset was processed using [SOFTWARE] spatial
analysis tools to calculate annual and seasonal means. Since the original dataset
was multiplied by [FACTOR], the data were divided by [FACTOR] to obtain
the true EVI values.

Temperature and precipitation data were sourced from the China monthly av-
erage temperature and monthly precipitation dataset from the National Earth
System Science Data Center ([CENTER_{NAME}]), with a spatial resolution
of [RESOLUTION] (approximately [DEGREE]). This dataset was generated
through spatial downscaling of global climate data released by the University of
East Anglia’s Climate Research Unit (CRU) and global high-resolution climate
data released by the [PLATFORM_{NAME}] platform, using a spatial down-
scaling scheme for China, and validated with [NUMBER] independent meteoro-
logical observation points. The validation results are reliable [CITATION]. Tem-
perature units are [UNIT] and precipitation units are [UNIT]. This study uses
data from [START_{YEAR}] to [END_{YEAR}], employing [SOFTWARE]
for format conversion, band extraction, and mean calculation. Seasons were de-
fined as: growing season [MONTHS], spring [MONTHS], summer [MONTHS],
and autumn [MONTHS] [CITATION].

Methods
Descriptive Statistics

Based on the climate season characteristics and length variations in the study
area, seasonal periods were defined as: growing season [MONTHS], spring
[MONTHS], summer [MONTHS], and autumn [MONTHS] [CITATION]. Using
monthly vegetation index, average temperature, and precipitation data from
[YEARS], [SOFTWARE] tools were used to output annual and seasonal (grow-
ing season, spring, summer, autumn) averages of NDVI, average temperature,
and precipitation. [SOFTWARE] was used to calculate the changing character-
istics of NDVI, average temperature, and precipitation at different time scales,
generating clear and intuitive line charts. [SOFTWARE] was used to input time
series values of NDVI, average temperature, and precipitation at the [SCALE]
scale for correlation analysis.

Linear Trend Analysis

To investigate the spatial variation patterns of NDVI and precipitation, this
study employs a univariate linear regression method to calculate the changing

chinarxiv.org/items/chinaxiv-202502.00315 Machine Translation

https://chinarxiv.org/items/chinaxiv-202502.00315


characteristics of [NUMBER] factors [CITATION]. The specific calculation for-
mula is as follows:

slope = 𝑛 ∑𝑛
𝑖=1 𝑖 ⋅ NDVI𝑖 − ∑𝑛

𝑖=1 𝑖 ∑𝑛
𝑖=1 NDVI𝑖

𝑛 ∑𝑛
𝑖=1 𝑖2 − (∑𝑛

𝑖=1 𝑖)2

Where: slope is the trend line slope; when slope > 0, it indicates an increasing
trend in NDVI; when slope < 0, it indicates a decreasing trend; when slope = 0,
it indicates no significant change. n is the number of time series years; i is the
year sequence number, defined as [DEFINITION] in this study; NDVI_i is the
NDVI value in year i; N̂DVI𝑖 is the linear regression value; NDVI is the average
NDVI value.

The significance test for trend changes uses the F-test method [CITATION].
The calculation is completed as follows:

𝐹 = 𝑈/𝑚
𝑄/(𝑛 − 𝑚 − 1)

Where: U is the error sum of squares; Q is the regression sum of squares; the
regression degrees of freedom is [DF]; m is the number of variables; NDVI_i is
the NDVI value in year i; NDVI is the average NDVI value.

Based on the F-test results compared with critical values, NDVI trends are di-
vided into [NUMBER] levels: extremely significant decrease (P < [VALUE]),
significant decrease (P < [VALUE]), insignificant decrease (P ≥ [VALUE]), in-
significant increase (P ≥ [VALUE]), significant increase (P < [VALUE]), and
extremely significant increase (P < [VALUE]).

Correlation Analysis

To analyze the relationship between NDVI and average temperature and pre-
cipitation, correlation analysis was conducted [CITATION]. The correlation be-
tween NDVI and climate factors in different seasons of the Kashi Delta was
calculated using the following formula:

𝑟 = ∑𝑛
𝑖=1(𝑥𝑖 − ̄𝑥)(𝑦𝑖 − ̄𝑦)

√∑𝑛
𝑖=1(𝑥𝑖 − ̄𝑥)2 ∑𝑛

𝑖=1(𝑦𝑖 − ̄𝑦)2

Where: r is the correlation coefficient between variable x and climate factor y;
y_i is precipitation in year i; ̄𝑦 is average precipitation; the range of r is [-1,
1]. When r > 0, it indicates positive correlation between variables; when r < 0,
it indicates negative correlation; when r = 0, it indicates no correlation. The
closer |r| is to 1, the stronger the correlation. The correlation analysis results
are compared with r critical values to determine significance.
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The correlation coefficient between x and y is calculated as:

𝑟 = ∑𝑛
𝑖=1(𝑥𝑖 − ̄𝑥)(𝑦𝑖 − ̄𝑦)

√∑𝑛
𝑖=1(𝑥𝑖 − ̄𝑥)2 ∑𝑛

𝑖=1(𝑦𝑖 − ̄𝑦)2

Where: x_i is average temperature in year i; ̄𝑥 is average temperature.

Partial Correlation Analysis

In complex ecosystems composed of multiple elements, changes in any element
affect the entire system [CITATION]. To analyze the degree of climate influence
on NDVI, partial correlation analysis is used to calculate partial correlation
coefficients between NDVI and climate factors at the pixel scale [CITATION].
The calculation formula is:

𝑟𝑥𝑦⋅𝑧 = 𝑟𝑥𝑦 − 𝑟𝑥𝑧𝑟𝑦𝑧

√(1 − 𝑟2𝑥𝑧)(1 − 𝑟2𝑦𝑧)

Where: r_{xy}, r_{xz}, r_{yz} are the correlation coefficients between ele-
ments x and y, x and z, and y and z, respectively; r_{xy}・z is the partial
correlation coefficient between variables x and y after controlling for z.

For partial correlation coefficient significance, the t-test is used [CITATION]. t
is calculated as:

𝑡 = 𝑟
√

𝑛 − 𝑚 − 1√
1 − 𝑟2

Where: t is the significance test result for the correlation coefficient. Comparing
t-test results with critical values, significance levels are divided into [NUMBER]
levels: not significant (t ≤ [VALUE]), significant (t > [VALUE]), and extremely
significant (t > [VALUE]).

Results
NDVI Interannual Variation in Different Seasons

As shown in Figure [Figure 2: see original paper], the growing season NDVI in
the Kashi Delta shows an extremely significant increasing trend during [YEARS]
(R = [VALUE], P < [VALUE]), but the interannual variation exhibits fluctuat-
ing growth rather than continuous increase. The highest growing season NDVI
values occurred in [YEARS], with significant decreases compared to the previous
year. From a year-over-year change perspective, [YEARS] showed an increas-
ing trend, with [YEAR] showing positive growth compared to [YEAR]. Spring
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NDVI [DESCRIPTION]. Summer NDVI [DESCRIPTION]. Autumn NDVI [DE-
SCRIPTION].

Note: NDVI is the Normalized Difference Vegetation Index. The same below.

NDVI Trend Analysis and Significance Testing

A trend analysis and significance test were conducted for NDVI in different
seasons of the Kashi Delta from 2000-2020 (Figure [Figure 3: see original pa-
per]). The area change proportions are shown in Table . Overall, the growing
season NDVI shows an increasing trend, with [PERCENTAGE] of the total
area exhibiting increasing trends and localized degradation. Different seasons
show varying spatial patterns of NDVI change. The growing season NDVI
increase trend is [SLOPE] (P < [VALUE]). Insignificant degradation areas are
distributed throughout the region, accounting for [PERCENTAGE], mainly con-
centrated in areas with frequent human activities. Significant degradation areas
account for only [PERCENTAGE], scattered throughout the study area. Ex-
tremely significant degradation areas account for [PERCENTAGE], mainly dis-
tributed around urban areas of Kashi City, Shule County, Shufu County, and
Jiashi County, with sporadic distribution in plain areas. Insignificant increase
areas account for [PERCENTAGE], scattered in central, southern, and western
parts of the study area. Significant increase areas are distributed in regions with
concentrated human activities, accounting for [PERCENTAGE]. Extremely sig-
nificant increase areas are widely distributed throughout the delta, accounting
for approximately [PERCENTAGE], except in areas with frequent urban devel-
opment and engineering activities (Figure [Figure 3: see original paper]).

Spring NDVI increase trend is weaker (slope = [VALUE], P < [VALUE]), with
insignificant change areas accounting for [PERCENTAGE], mainly in plain ar-
eas far from cities. Degradation trend areas are small, concentrated in urban
areas of Kashi City and Shule County. Most areas show significant to extremely
significant increasing trends, accounting for about [PERCENTAGE], widely dis-
tributed in plains outside urban areas (Figure [Figure 3: see original paper]).

Summer NDVI shows the most obvious increasing trend among the four seasons
(slope = [VALUE], P < [VALUE]). The area of insignificant change is smaller
than in spring, accounting for [PERCENTAGE], mainly in relatively fixed agri-
cultural areas. Degradation trend areas account for [PERCENTAGE], with
obvious degradation in urban development concentration areas of Kashi City,
Shule County, Jiashi County, Yingjisha County, and Shufu County. Extremely
significant degradation areas are distributed at urban-rural junctions and in the
southern piedmont plain of Yingjisha County. Significant increase areas account
for only [PERCENTAGE] (Figure [Figure 3: see original paper]).

Autumn NDVI change trends differ significantly from other seasons (slope =
[VALUE], P < [VALUE]), dominated by extremely significant degradation and
extremely significant increase. Extremely significant degradation areas account
for [PERCENTAGE], distributed north-south along the Kashi City to Yingjisha
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corridor. Extremely significant increase areas account for [PERCENTAGE],
mainly distributed in the delta region east of Kashi City (Figure [Figure 3: see
original paper]).

Interannual Variation of Climate Factors in Different Seasons

Figure [Figure 4: see original paper] shows that precipitation in the Kashi Delta
exhibits an increasing trend during 2000-2020, but with obvious seasonal differ-
ences. Growing season precipitation is concentrated between [VALUES] mm,
with an average of [VALUE] mm, showing fluctuating increase with maximum
variation of [VALUE] mm (Figure [Figure 4: see original paper]). Spring pre-
cipitation fluctuates between [VALUES] mm, showing a weak increasing trend
with variation intensity of [VALUE] and maximum variation of [VALUE] mm.
Summer precipitation between [VALUES] mm shows a decreasing trend with
variation intensity of [VALUE] and maximum variation of [VALUE] mm (Figure
[Figure 4: see original paper]). Autumn precipitation is concentrated between
[VALUES] mm, with an average of [VALUE] mm, showing a fluctuating de-
creasing trend with maximum variation of [VALUE] mm (Figure [Figure 4: see
original paper]).

Average temperature in the growing season is between [VALUES]°C, with an
average of [VALUE]°C, showing no obvious trend (R = [VALUE]) but uneven
seasonal distribution with large temperature differences (Figure [Figure 4: see
original paper]). Spring temperature shows a fluctuating decreasing trend with
maximum variation of [VALUE]°C. Summer temperature shows a fluctuating
increasing trend between [VALUES]°C. Autumn temperature shows a floating
decreasing trend between [VALUES]°C with small changes, though variation
exceeds [VALUE]°C in other years (Figure [Figure 4: see original paper]).

NDVI Response to Average Temperature and Precipitation

Correlation analysis between NDVI and average temperature and precipitation
in different seasons of the Kashi Delta from 2000-2020 is shown in Table . Grow-
ing season NDVI shows insignificant negative correlation with precipitation,
while other seasons show insignificant positive correlation with temperature and
precipitation, indicating that the response relationship between NDVI and cli-
mate factors is not significant across seasons. Considering NDVI fluctuation
characteristics and its lagged response to climate factors, based on NDVI fluc-
tuation curves, statistical analysis was conducted for [NUMBER] time periods
from [YEARS] to analyze correlations with previous season temperature and
precipitation. The results show [NUMBER] groups of correlations: [NUMBER]
groups show significant negative correlation, [NUMBER] groups show insignifi-
cant negative correlation, [NUMBER] groups show insignificant positive correla-
tion, and [NUMBER] groups show significant positive correlation. NDVI shows
mainly negative lagged response to temperature and positive lagged response to
precipitation.
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Spatial correlation analysis shows that temperature and precipitation effects on
NDVI vary across seasons and space. Average temperature shows insignificant
correlation with NDVI over [PERCENTAGE] of the area during the growing
season. Significant to extremely significant positive correlation areas account
for less than [PERCENTAGE], mainly in the central-western delta region, de-
creasing southeastward, with the rest showing insignificant correlation (Figure
[Figure 5: see original paper]). Spring temperature correlation areas are dis-
tributed in the northeastern delta, decreasing from north to south, with signifi-
cant positive correlation accounting for [PERCENTAGE] and extremely signif-
icant positive correlation accounting for only [PERCENTAGE] (Figure [Figure
5: see original paper]). Summer temperature correlation areas are mainly in
the central-western delta, with significant to extremely significant positive cor-
relation accounting for [PERCENTAGE] (Figure [Figure 5: see original paper]).
Autumn temperature and NDVI show significant to extremely significant pos-
itive correlation areas mainly in the western delta, with small amounts in the
southern piedmont plain, accounting for [PERCENTAGE] (Figure [Figure 5:
see original paper]).

Precipitation effects on NDVI show overall positive correlation, accounting for
[PERCENTAGE] of the area, with insignificant positive correlation accounting
for [PERCENTAGE] and significant to extremely significant positive correla-
tion accounting for [PERCENTAGE]. Negative correlation areas are very small
(Figure [Figure 5: see original paper]). Growing season precipitation effects
on NDVI [DESCRIPTION]. Spring precipitation correlation areas [DESCRIP-
TION]. Summer precipitation correlation areas [DESCRIPTION]. Autumn pre-
cipitation correlation areas [DESCRIPTION].

Note: [LEGEND DESCRIPTIONS FOR CORRELATION SIGNIFICANCE
LEVELS]

Spatial Correlation Patterns
Figure 5 [Figure 5: see original paper] illustrates the seasonal correlation pat-
terns between NDVI and precipitation/temperature in the Kashi Delta from
2000–2020. Significant positive correlations were predominantly located in the
southern piedmont plain of Yingjisha County, accounting for a substantial por-
tion of the study area. Additional positive correlation zones appeared in the
southwestern piedmont plain and southeastern desert regions, decreasing from
south to north and covering relatively small areas. During spring, precipita-
tion showed significant positive correlations primarily in the central-northern
delta, while spatial correlations were less pronounced in autumn. Summer pre-
cipitation exhibited the strongest influence on NDVI, with significant positive
correlations concentrated in the central-northern delta region.
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Temporal Trends and Driving Mechanisms
Our analysis of seasonal NDVI trends in the Kashi Delta from 2000–2020 re-
vealed fluctuating but consistently increasing patterns across all seasons. The
growth season, spring, summer, and autumn exhibited increase rates of 0.018,
0.022, 0.018, and 0.018, respectively (P < 0.05). Areas showing significant or
extremely significant increases were primarily distributed across the extensive
delta region outside urban centers, with trend magnitudes gradually intensify-
ing from west to east and accounting for 79.8%, 71.2%, 72.1%, and 91.3% of
the total area, respectively. Small-scale degradation patches were mainly con-
centrated in the peripheries of urban areas within the delta counties and cities.

The pronounced NDVI increase can be attributed to several factors. First, eco-
logical protection and restoration projects implemented in the Kashi region in
recent years have substantially improved the regional ecological environment.
Second, the Kashgar River basin relies primarily on snow and ice melt for water
replenishment, and global climate warming has enhanced river runoff, provid-
ing reliable water resources for vegetation growth. Third, short-term human
activities have directly altered land use structures. While farmland vegetation
cover in plain areas has increased significantly, urban expansion across various
counties and cities has caused localized degradation, and the large-scale conver-
sion of natural grassland to cultivated land has also contributed to vegetation
decline in some areas.

Seasonal Climate Response Variations
The relationship between NDVI and climate factors exhibited notable seasonal
and spatial heterogeneity. Overall, correlations with precipitation were gen-
erally stronger than those with temperature, though both relationships varied
significantly across seasons and space. During the growing season, NDVI showed
negative correlations with mean temperature but positive correlations with pre-
cipitation. In spring and summer, NDVI was positively correlated with both
temperature and precipitation. In contrast, autumn NDVI displayed negative
correlations with both climate variables. The spatial extent of significant cli-
mate influence also varied seasonally, with temperature effects concentrated in
the central-western delta during the growing season, while precipitation effects
were most pronounced in the southern piedmont plains during spring and sum-
mer.

Time-Lag Effects of Climate Factors
Considering the time-lag response of NDVI to climatic fluctuations, we exam-
ined correlations between NDVI and both concurrent and previous-season tem-
perature and precipitation. Results demonstrated that precipitation exhibited
a stronger lag effect than temperature. The time-lag response of temperature
to NDVI was predominantly negative, whereas precipitation showed a mainly
positive lag effect. This suggests that rising temperatures tend to inhibit vegeta-
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tion growth, while increased precipitation promotes it, with precipitation effects
persisting longer than temperature effects.

Conclusions
Based on our comprehensive analysis of NDVI-climate relationships in the Kashi
Delta from 2000–2020, we draw the following conclusions:

1. NDVI Trends: The study area exhibited a highly significant upward
NDVI trend, with significant increases occurring in 79.8% of the growing
season area, 71.2% in spring, 72.1% in summer, and 91.3% in autumn.

2. Climate Influence: While overall NDVI response to mean temperature
and precipitation was not statistically significant, precipitation emerged
as the dominant influencing factor. Substantial seasonal and spatial vari-
ations were observed, with growing-season NDVI negatively correlated to
temperature but positively correlated to precipitation; spring and summer
NDVI positively correlated to both factors; and autumn NDVI negatively
correlated to both.

3. Time-Lag Responses: Temperature showed primarily negative time-
lag effects on NDVI, while precipitation demonstrated mainly positive lag
effects, indicating that precipitation has a stronger and more persistent
influence on vegetation dynamics than temperature.

These findings provide valuable insights for understanding ecological evolution
in arid regions and can inform future ecological protection and restoration strate-
gies.
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Abstract: The impact of climatic factors on vegetation growth was examined
using MODIS vegetation index data, monthly average temperature, and precipi-
tation data for the period 2000–2020. Linear trend analysis, Pearson correlation
analysis, and partial correlation analysis were applied to study the temporal and
spatial variations in normalized difference vegetation index (NDVI) across differ-
ent seasons and its response to mean temperature and precipitation in the Kashi
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Delta of Xinjiang, China. The findings revealed the following trends: (1) NDVI
in the study area showed a highly significant upward trend, with significant
increases in the affected area during the growing season, spring, summer, and
autumn, at 79.8%, 71.2%, 72.1%, and 91.3%, respectively. (2) Overall, NDVI
showed no significant response to mean temperature and precipitation, though
precipitation had a dominant influence on NDVI. Seasonal and spatial variations
were observed. During the growing season, NDVI was negatively correlated with
temperature and positively correlated with precipitation. In spring and summer,
NDVI was positively correlated with both temperature and precipitation, while
in autumn, it was negatively correlated with both. (3) The time-lag response
of temperature to NDVI was mainly negative, whereas precipitation showed a
mainly positive lag effect on NDVI. This suggests that increasing temperatures
inhibit vegetation growth, while increased precipitation promotes it. Precipita-
tion has a stronger lag effect on NDVI than temperature. These findings provide
valuable insights for future analysis of ecological evolution in arid regions and
can guide ecological protection and restoration efforts.

Keywords: NDVI; spatiotemporal variation; climate factors; Kashi Delta

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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