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Abstract
Based on MOD10A2 snow cover products and MOD11A2 land surface temper-
ature data from 2001 to 2018, and employing fine-scale zonal statistics and
correlation analysis methods, this study investigated the vertical distribution
characteristics of snow cover and its response relationship with land surface
temperature (LST) at different altitudes in the Tianshan Mountains of China.
The results indicate that the snow cover percentage (SCP) in the Tianshan
Mountains of China exhibits four distinct seasonal variation patterns with al-
titude across spring, summer, autumn, and winter. Below 4200 m altitude,
SCP shows an increasing trend in autumn and winter and a decreasing trend in
spring and summer, while above 4200 m altitude, it shows a decreasing trend
in autumn and winter and an increasing trend in spring and summer. Except
for winter, SCP and LST in spring, summer, and autumn all exhibit significant
strong negative correlations.
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Abstract: Using MOD10A2 snow products and MOD11A2 land surface tem-
perature (LST) data from 2001–2018, this study employs fine zonal statistical
and correlation analysis methods to investigate the vertical distribution char-
acteristics of snow cover and its response to LST across different altitudes in
the Chinese Tianshan Mountains. Results indicate that snow cover percentage
(SCP) exhibits four distinct seasonal variation patterns with altitude in spring,
summer, autumn, and winter. Below 4200 m, SCP shows an increasing trend in
autumn and winter and a decreasing trend in spring and summer; above 4200 m,
the opposite pattern occurs. Except in winter, SCP shows a significant strong
negative correlation with LST in spring, summer, and autumn.

Keywords: snow cover percentage; land surface temperature; vertical distribu-
tion; Chinese Tianshan Mountains

1.2 Data Sources

Snow cover data were obtained from the MOD10A2 product provided by the
National Snow and Ice Data Center (NSIDC, http://nsidc.org/nasa/MODIS),
with a temporal resolution of 8 days and spatial resolution of 500 m. Previ-
ous studies have demonstrated that MOD10A2 achieves snow identification
accuracy of 87.5%–94.0% in Xinjiang and can effectively characterize spa-
tiotemporal snow distribution patterns in the Chinese Tianshan Mountains.
The study area comprises images from four tiles: h23v04, h23v05, h24v04,
and h24v05. The Digital Elevation Model (DEM) was acquired from the
Geospatial Data Cloud (http://www.gscloud.cn). Land surface temperature
data were obtained from the MOD11A2 product via NASA’s Earthdata portal
(https://earthdata.nasa.gov/), with a spatial resolution of 1 km. To match the
snow cover data, daytime and nighttime datasets were averaged and resampled
to 500 m resolution.

To validate the applicability of MOD11A2 LST data in the study area, daily
mean air temperature measurements from three meteorological stations (Bayin-
buluke, Baluntai, and Yiwu) were obtained from the China Meteorological Data
Service Center (http://cdc.cma.gov.cn) for the period 2001–2018. Regression
analysis between MOD11A2 LST and station-measured air temperature (365
data pairs per station) yielded correlation coefficients exceeding 0.9, confirming
that the MOD11A2 product meets the requirements of this study. Detailed
information on the meteorological stations is provided in Table 1 .

1.3 Research Methods

Snow Cover Percentage (SCP): SCP represents the percentage of snow-
covered area relative to the total study area, calculated as:

𝑆𝐶𝑃 = 𝑆𝑠𝑛𝑜𝑤
𝑆𝑡𝑜𝑡𝑎𝑙

× 100%
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where 𝑆𝑠𝑛𝑜𝑤 is the snow-covered area within the statistical region (km2) and
𝑆𝑡𝑜𝑡𝑎𝑙 is the total study area (km2).

Zonal Statistical Method: To investigate altitudinal differences in snow
cover, the Chinese Tianshan Mountains were divided into elevation zones at
200 m intervals based on topographic characteristics. Six distinct altitude parti-
tions were established for comparative analysis: $�$1000 m, 1000–2000 m, 2000–
3200 m, 3200–4200 m, 4200–5000 m, and $�$5000 m.

2.1.1 Vertical Distribution Patterns of Monthly SCP

Figure 2 [Figure 2: see original paper] illustrates the vertical distribution of
monthly mean SCP across different elevation bands from 2001–2018, with
monthly values calculated as weighted averages based on the temporal span of
snow cover observations.

Winter (January): SCP exhibits a distinct pattern, increasing from approxi-
mately 20% at low altitudes to 60–70% at 800–1200 m, then declining sharply
above 1200 m. This pattern persists through December, February, and March,
with SCP remaining at 60–70% in the 800–1200 m zone and showing minimal
variation.

Spring (April): SCP increases rapidly from low altitudes to approximately
60–70% at 800–1200 m, then decreases. From May to June, SCP rises steadily
across all zones, though the rate of increase diminishes with altitude. In June,
SCP shows a gradual upward trend, peaking at 4800–5000 m before declining.

Summer (July–August): SCP remains largely unchanged at low altitudes
but increases significantly above 2800 m, reaching maximum values at 4800–
5000 m. The ascending trend accelerates above 3200 m, with all zones showing
consistent patterns: rapid increase in the 3200–4200 m zone, decreasing ascent
rates in the 4200–5000 m zone, and subsequent decline above 5000 m.

Autumn (September–October): SCP shows an upward trend from 600–800
m, peaking at 800–1200 m, then declining to minimum values at 2000–3200 m
before rising again. The rate of increase accelerates above 3200 m, reaching
peaks at 4800–5000 m. Notably, the 4200–5000 m zone exhibits higher ascent
rates than the 3200–4200 m zone.

2.2 Spatiotemporal Variation Characteristics of LST in Chinese Tian-
shan Mountains

Figure 4 [Figure 4: see original paper] presents the vertical distribution of
monthly mean LST across elevation bands, derived from 8-day MODIS LST
data averaged for each month. In spring, LST curves show similar patterns,
gradually decreasing from high to low altitudes. A temperature inversion oc-
curs between 200–400 m, where LST initially decreases then increases. Summer
LST below 5000 m remains relatively stable, while winter LST shows a gradual
decline with altitude, reaching minimum values around –29°C.
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2.1.2 Intra-Annual Variation of SCP in Different Altitude Zones

Figure 3 [Figure 3: see original paper] displays intra-annual SCP variation across
altitude partitions from 2001–2018. Low-altitude zones (A and B) show SCP
gradually increasing from January to peak in mid-January (�40%), then declin-
ing sharply to minimum values by late May before stabilizing. Mid-altitude
zones (C and D) exhibit continuous SCP increase from January to late July,
reaching peaks exceeding 90%, followed by rapid ablation through August and
stabilization at minimum values.

High-altitude zones (E and F) maintain SCP above 60% from January to July,
with peaks exceeding 95% in late July. The vertical distribution patterns of
SCP and LST show strong correspondence, with inverse temporal trends: SCP
increases during LST decline (summer melt period) and decreases during LST
rise (winter accumulation period). This inverse relationship demonstrates alti-
tudinal heterogeneity in snow cover vertical distribution.

2.2.2 Intra-Annual Variation of LST in Different Altitude Zones

Figure 5 [Figure 5: see original paper] shows intra-annual LST variation across
altitude partitions. All zones share common characteristics: lowest LST occurs
in mid-to-late January (winter), while highest LST appears in July–August
(summer). As altitude increases, mean LST decreases correspondingly. The LST
variation pattern inversely matches SCP: rising LST corresponds to snowmelt,
while falling LST corresponds to snow accumulation.

Zones A and B show relatively high LST year-round, with minima around –16°C
and maxima near 20°C. Zones C and D exhibit greater seasonal amplitude, with
winter minima around –24°C and summer maxima of 8–12°C. Zones E and F
maintain the lowest temperatures, with winter minima below –29°C and summer
maxima below 8°C. The inverse correlation between SCP and LST is evident
across all zones, with correlation coefficients strengthening with altitude up to
4200 m, then weakening above this threshold.

2.3 Correlation Analysis Between SCP and LST

Correlation analysis reveals significant negative relationships between monthly
SCP and LST across the Chinese Tianshan Mountains (Table 3 ). Correlation
coefficients (r) range from –0.89 to –0.96 for most months, with the strongest
negative correlations occurring in autumn (r < –0.9). Winter shows weaker cor-
relations, likely due to abundant low-altitude snowfall, wind-blown snow effects,
and temperature inversion phenomena.

Table 4 presents correlation coefficients between SCP and LST for different al-
titude zones. All zones show significant strong negative correlations (r < –0.9),
with correlation strength first increasing then decreasing with altitude. The
greatest influence of LST on SCP occurs in the 3200–4200 m zone (Zone D),
where temperature is the primary control factor on snow distribution. Below

chinarxiv.org/items/chinaxiv-202206.00080 Machine Translation

https://chinarxiv.org/items/chinaxiv-202206.00080


1000 m and above 4200 m, LST exhibits no clear altitude gradient effect, result-
ing in weaker correlations.

3 Discussion
The vertical distribution of SCP in Chinese Tianshan Mountains shows dis-
tinct seasonal patterns, with peaks occurring at 4800–5000 m across all seasons.
This aligns with previous findings that SCP increases with altitude, particularly
in permanent snow zones above 4200 m. However, this study reveals altitu-
dinal heterogeneity: SCP variation patterns are inverse between high-altitude
zones (E and F) and mid-to-low altitude zones (A–D) from October to April.
Snow sublimation and wind-blown snow are critical factors reducing snow cover
in high-altitude regions. Despite low year-round temperatures satisfying snow
preservation conditions, precipitation becomes the decisive factor controlling
snow area at high altitudes. Winter precipitation in high mountains is less
than in summer, and prevailing westerly winds redistribute snow to valleys and
lower altitudes, while dry, windy conditions accelerate sublimation, causing the
inverse SCP pattern above 4200 m.

Except in winter, SCP demonstrates significant strong negative correlations
with LST in spring, summer, and autumn. Poor winter correlations may re-
late to greater low-altitude snowfall, wind-blown snow effects, and high-altitude
temperature inversion. The influence of LST on SCP varies by altitude: tem-
perature is the dominant control factor within the 3200–4200 m threshold, but
above this elevation, snow distribution becomes more complex due to wind redis-
tribution and precipitation patterns. Limited observational data in mountain-
ous regions pose challenges for identifying driving factors of high-altitude snow
changes, warranting further investigation. Additionally, the 18-year study pe-
riod is relatively short for robust interannual variability analysis; longer remote
sensing time series will enable more comprehensive future research.

4 Conclusions
This study employed MOD10A2 snow products and MOD11A2 LST data from
2001–2018, applying fine zonal statistics and correlation analysis to investigate
the heterogeneity of snow cover vertical distribution and its response to temper-
ature in the Chinese Tianshan Mountains. Key findings include:

1) SCP exhibits four distinct seasonal patterns with altitude. Winter SCP
varies dramatically, increasing below 800 m, decreasing between 800–1200
m, and rising significantly above 1200 m to peak at 4000–4200 m. Spring
and autumn show similar trends, with gentle increase followed by consis-
tent decrease. Summer SCP rises significantly above 2800 m, peaking at
4800–5000 m before declining rapidly. Each pattern shows unique charac-
teristics across altitude zones, with peaks at 4800–5000 m and significant
strong negative correlations between SCP and LST.

chinarxiv.org/items/chinaxiv-202206.00080 Machine Translation

https://chinarxiv.org/items/chinaxiv-202206.00080


2) High-altitude zones (E and F) show inverse SCP distribution patterns
compared to mid-to-low altitude zones (A–D), yet both exhibit altitude-
dependent sensitivity. SCP is most sensitive in zones C and D (2000–
4200 m) from May–September, while zones A, B, E, and F show minimal
change and low sensitivity during April–October.

3) Seasonally, SCP and LST show significant strong negative correlations in
spring, summer, and autumn (excluding winter). Spatially, the negative
correlation strengthens with altitude up to 3200–4200 m, then weakens
above 4200 m as LST influence diminishes.
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