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Abstract
Based on the mechanism of spring snowmelt flood occurrence in Xinjiang, three
evaluation factors—snow depth, elevation, and distance to the drainage network
—were selected. Combined with historical disaster data, a quantitative assess-
ment of spring snowmelt flood hazard in Xinjiang was conducted using the
highly objective information content model and GIS technology, yielding a haz-
ard zoning map for spring snowmelt floods in Xinjiang. By employing dynamic
hazard-inducing factors of daily positive accumulated temperature and daily pre-
cipitation to drive the static hazard zoning of spring snowmelt floods in Xinjiang,
a dynamic assessment system for spring snowmelt flood hazard was established,
enabling dynamic evaluation of spring snowmelt flood occurrence across the en-
tire Xinjiang region at a daily scale. The results indicate that: (1) High-hazard
zones for spring snowmelt floods in Xinjiang are primarily distributed in the
Ili River Valley, Bortala, northern slopes of the Central Tianshan Mountains,
northern Tacheng, and Altay Region in Northern Xinjiang. (2) Verification
through dynamic assessment of the snowmelt flood disaster in the Ili region of
Xinjiang during early to mid-March 2005 demonstrates that the dynamic as-
sessment results for snowmelt flood hazard exhibit relatively high accuracy and
can be applied to dynamic assessment of snowmelt floods throughout the en-
tire Xinjiang region. This study can provide support for spring snowmelt flood
prevention and control as well as water resources management in Xinjiang.
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Abstract

Based on the mechanisms of spring snowmelt flood formation in Xinjiang, this
study selected snow depth, elevation, and distance to water systems as evalu-
ation factors. Combined with historical disaster data, we conducted a quanti-
tative assessment of spring snowmelt flood risk using an objective information
model and GIS technology to obtain a risk zoning map for Xinjiang. By em-
ploying dynamic hazard factors—daily positive accumulated temperature and
daily precipitation—to drive the static spring snowmelt flood risk zoning, we es-
tablished a dynamic evaluation system that assesses flood risk across Xinjiang
at a daily temporal resolution. The results indicate that: (1) High-risk areas
for spring snowmelt floods are primarily distributed in the Ili River Valley, Bor-
tala Mongol Autonomous Prefecture, the northern slope of the central Tianshan
Mountains, northern Tacheng, and the Altay region of northern Xinjiang; (2)
Dynamic evaluation testing of the March 2005 snowmelt flood disaster in the
Ili region demonstrated high accuracy, suggesting that this approach can be
applied to dynamic snowmelt flood assessment across Xinjiang. This study pro-
vides scientific support for spring snowmelt flood prevention and water resource
management in Xinjiang.

Keywords: snowmelt flood; risk assessment; flood forecast; information model;
Xinjiang

1. Introduction

Snowmelt floods, defined as floods formed by rapid snowmelt, frequently occur in
northwestern China during spring, causing annual damage to transportation in-
frastructure, downstream reservoirs, irrigation channels, and threatening human
lives and property [?]. Under global warming, accelerated ice and snow melting
and earlier melt periods have advanced the timing of snowmelt flood seasons
and peak runoff [?], while the frequency and intensity of snowmelt floods have
increased significantly [?], leading to greater disaster losses. As one of China’
s three major snow-covered regions, Xinjiang experiences substantial snowmelt
flood hazards. Severe snowmelt flood disasters occurred in 2005 in Wusu, Manas,
Hutubi, and other areas of northern Xinjiang. For example, during mid-to-late
March in the Ili River Valley, rapid temperature increases combined with heavy
rainfall events caused rapid snowmelt, triggering frequent snowmelt flood disas-
ters that affected 468,000 people, inundated 32,670 hectares of crops, destroyed
7,960 hectares of farmland, and killed 1,500 head of livestock [?].

Risk assessment of snowmelt floods forms a critical foundation for disaster pre-
vention and response. With the development of GIS technology, multi-criteria
evaluation methods combining spatial analysis with statistical approaches such
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as Analytic Hierarchy Process, principal component analysis, fuzzy logic, and ex-
pert scoring have been widely applied to flood risk assessment [?]. For instance,
Tang et al. [?] used GIS-based spatial analysis with AHP to evaluate mountain
flood hazards in the Honghe River Basin of Yunnan; Jiao et al. [?] applied fuzzy
evaluation to assess flood risk in Laoshan District, Qingdao; Wang et al. [?]
used logistic regression to analyze correlations between evaluation indices and
flood occurrence for risk zoning in the Han River Basin of Hubei; Li et al. [?]
developed a national flood risk map for China using causal analysis and AHP
with factors including precipitation, climate zoning, slope, elevation, and river
buffer zones.

For snowmelt flood prediction and early warning, previous studies have primarily
used meteorological indicators or hydrological models. Tian et al. [?] identified
key predictors for Xinjiang snowmelt floods: average temperature transitioning
from negative to positive, maximum temperature exceeding 0°C, and signifi-
cant precipitation following warming periods. Wu et al. [?] determined that
temperature increases of 1.5–2.5°C・d−1 sustained for 3–6 days at mountain
pass stations, with average temperatures reaching 0–5°C, could serve as flood
warning indicators. Adamowski [?] used wavelet and cross-wavelet analysis of
runoff and meteorological time series to achieve stable 1–2 day advance forecasts.
Chen et al. [?] developed an ANFIS-based flood forecasting model for Taiwan’
s Zhuoshui River, while Ma et al. [?], Liu et al. [?], and Qiao et al. [?] applied
SRM snowmelt runoff models to various watersheds. Fang et al. [?] constructed
a distributed snowmelt runoff model in the Jungtang Lake Basin that coupled
atmospheric models to improve forecast lead times.

However, traditional methods like AHP and expert scoring are highly subjec-
tive, making regional-scale risk assessment difficult. Meteorological indicators
for snowmelt flood prediction show large threshold variations, limiting practi-
cal application. Hydrological models focus on long-term runoff simulation with
complex spatial parameterization, hindering large-scale dynamic risk evaluation.
This study addresses these limitations by selecting snow depth, elevation, and
water system distance as evaluation factors, combining historical disaster data
with an objective information model and GIS technology for quantitative risk
assessment. We further incorporate dynamic hazard factors (daily positive ac-
cumulated temperature and precipitation) to drive static risk zoning, enabling
daily-scale dynamic evaluation across Xinjiang.

2. Data and Methods

2.1 Data Sources 2.1.1 Disaster Data
Historical snowmelt flood disaster data for Xinjiang from 2001–2013 were com-
piled from flood control bulletins, hydrological newsletters, and meteorological
department records. Disaster occurrences were counted at the county level, with
each event in different counties or at different times counted separately. Data
from Ablimitjan et al. [?] were also integrated.
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2.1.2 Snow Depth Data
Snow depth data were obtained from the“China Long-Term Series Snow Depth
Dataset (1979–2019)”from the National Earth System Science Data Center
(http://www.geodata.cn/). This dataset, derived from passive microwave re-
mote sensing using the Chang algorithm adapted for China, provides snow
depth data in WGS84 geographic coordinates at 0.25° spatial resolution and
daily temporal resolution. The study utilized data from 2001–2013, defining
end-of-February maximum snow depth for each year.

2.1.3 Elevation Data
Digital Elevation Model (DEM) data were obtained from the SRTM DEM (V3)
dataset on Geospatial Data Cloud (http://www.gscloud.cn/), processed from
radar topography data collected by the Space Shuttle Endeavour. The data use
WGS84 coordinate system with 90 m spatial resolution.

2.1.4 Water System Data
River network data at 1:1,000,000 scale were obtained from the Resource and
Environmental Science Data Center (www.resdc.cn/). Using ArcGIS, buffer
zones of 3000 m, 6000 m, 9000 m, and 14000 m were created to calculate distance
to water systems.

2.1.5 Meteorological Data
Daily temperature and precipitation data from 102 meteorological stations in
Xinjiang and surrounding areas were obtained from the China Meteorologi-
cal Data Network (http://data.cma.cn/). The Gradient plus Inverse Distance
Squared (GIDS) interpolation algorithm [?] was used for spatial interpolation
at 3 km × 3 km resolution.

2.2 Methods 2.2.1 Selection of Risk Assessment Factors
Regional natural disaster risk assessment typically considers multiple factors
including disaster-forming environments and hazard-inducing factors. Previous
studies have identified key controls on snowmelt floods: stable winter snow ac-
cumulation provides the material basis [?]; maximum snow depth >25 cm serves
as a criterion for floods in the Ningjia River of the Tianshan Mountains [?]; snow
depth in early spring and thermal conditions affect flood formation [?]; snow
depth >10 cm by late February can trigger floods, with sustained or rapid warm-
ing and post-warming rainfall as critical forecast factors [?]; Xinjiang snowmelt
floods primarily occur in low mountain areas and piedmont plains below 1500 m
elevation in the Altay, Tacheng, Ili, and northern Tianshan regions, as well as
in mid-low mountain rivers [?]; areas near rivers show higher flood probability
[?].

Based on these findings, this study selected three static risk factors: end-of-
February maximum snow depth, elevation, and distance to water systems. Dy-
namic hazard factors (daily positive accumulated temperature and daily precipi-
tation) were incorporated to drive the static risk zoning for dynamic evaluation.

2.2.2 Information Model
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The information model, originally proposed by Yin [?], calculates information
content of disaster-related indices. This model offers advantages for cases with
numerous evaluation units [?]. In this study, snowmelt flood risk is influenced
by snow depth, elevation, and water system distance, with each factor playing
a different role. The information model quantitatively calculates each factor’
s contribution to snowmelt flood probability. The total information content,
obtained by superimposing individual contributions, serves as the quantitative
risk index.

The information value of each factor is calculated as:

𝐼(𝑋𝑖) = ln ( 𝑆𝑖/𝑆
𝑅𝑖/𝑅 )

where 𝐼(𝑋𝑖) is the information value of factor 𝑋𝑖, 𝑆 is the total study area, 𝑆𝑖
is the area containing factor 𝑋𝑖, 𝑅 is the total number of historical snowmelt
flood events, and 𝑅𝑖 is the number of events in areas containing factor 𝑋𝑖.

The total information value for each evaluation unit is:

𝑃 =
𝑛

∑
𝑖=1

𝐼(𝑋𝑖)

where 𝑃 is the total information content and 𝑛 is the number of factors. Higher
𝑃 values indicate higher snowmelt flood probability. Using 3 km × 3 km grid
cells as basic evaluation units, information values were calculated (Table 1) and
summed using map algebra in ArcGIS. Natural breaks classification was applied
to categorize risk levels: high, medium, low, and very low.

2.2.3 Dynamic Evaluation Index System
Static risk assessment reflects multi-year average distributions, while dynamic
evaluation better serves future flood prevention and water resource management.
This study introduces dynamic hazard factors—daily positive accumulated tem-
perature and daily precipitation—to drive the static risk zoning.

Drawing from snowmelt models using degree-day factors [?] and Wu et al.’s
[?] criteria (temperature increase of 1.5–2.5°C・d−1 sustained for 3–6 days, with
average temperatures of 0–5°C), we improved these indicators by using contin-
uous 3-day positive accumulated temperature to reflect temperature effects on
snowmelt. Rainfall significantly accelerates snowmelt, with 0.125 mm of rain ca-
pable of melting equivalent snow [?]. Spring rain-on-snow events have increased,
amplifying peak flows. Using Xinjiang Meteorological Bureau rainfall standards
and analyzing historical precipitation characteristics (2001–2013), we selected
light, moderate, and heavy rain as dynamic evaluation indicators (Table 3).

The dynamic evaluation system combines static risk zoning with dynamic factors
(Tables 2 and 3) to predict daily risk levels (Table 4).
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2.2.4 Spatialization of Daily Temperature and Precipitation
Accurate spatialization of daily positive accumulated temperature and precipi-
tation is crucial for dynamic evaluation. The GIDS algorithm performs multiple
linear regression of climate variables against geographic coordinates (longitude,
latitude, elevation) using nearby station data, with inverse distance squared
weighting. This approach effectively captures spatial variations in meteorologi-
cal elements:

𝑇 = ∑𝑛
𝑖=1 [𝑇𝑖 + 𝑇alt,𝑚(𝐸 − 𝐸𝑖) + 𝑇lat,𝑚(𝐿 − 𝐿𝑖) + 𝑇lon,𝑚(Lo − Lo𝑖)] /𝑑2

𝑖
∑𝑛

𝑖=1 1/𝑑2
𝑖

𝑃 = ∑𝑛
𝑖=1 [𝑃𝑖 + 𝑃alt,𝑚(𝐸 − 𝐸𝑖) + 𝑃lat,𝑚(𝐿 − 𝐿𝑖) + 𝑃lon,𝑚(Lo − Lo𝑖)] /𝑑2

𝑖
∑𝑛

𝑖=1 1/𝑑2
𝑖

where 𝑇 and 𝑃 are predicted daily temperature and precipitation at grid points;
𝑇𝑖 and 𝑃𝑖 are observed values at neighboring stations; 𝐸, 𝐿, and Lo are eleva-
tion, latitude, and longitude of prediction points; 𝐸𝑖, 𝐿𝑖, and Lo𝑖 are station
coordinates; 𝑑𝑖 is distance between station and prediction point; 𝑇alt,𝑚, 𝑇lat,𝑚,
𝑇lon,𝑚 and 𝑃alt,𝑚, 𝑃lat,𝑚, 𝑃lon,𝑚 are temperature and precipitation gradients; 𝑛
is number of neighboring stations (set to 8).

3. Results

3.1 Spatial Characteristics of Risk Factors Spatial analysis of risk factors
with historical disaster data (2001–2013) reveals that multi-year average end-of-
February maximum snow depth in Xinjiang ranges from 0–32.5 cm, showing
a pattern of greater depth in northern Xinjiang than southern Xinjiang, with
maximum depths in the Altay and Tianshan high-elevation areas. Flood fre-
quency generally increases with snow depth, with areas having >10 cm snow
depth accounting for 40% of disasters. Floods predominantly occur at elevations
of 500–1500 m, representing 70% of events. Xinjiang’s numerous rivers, mostly
originating in mountains, are more abundant in the west and north. Flood
probability increases near rivers, with 96% of disasters occurring within 14,000
m of rivers and the highest density within 3,000 m (Table 5).

3.2 Spring Snowmelt Flood Risk Zoning in Xinjiang The risk zoning
map (Figure 5) shows high-risk areas concentrated in: Habahe, Burqin, Altay
City, Qinghe, northern Fuhai and Fuyun counties in northern Altay; Tacheng
City, Yumin, and Emin counties in northern Tacheng; Bole, Wenquan, and
Jinghe counties in Bortala; Huocheng, Yining, Gongliu, Nikle, and Xinyuan
counties in the Ili River Valley; and Wusu, Kuitun, Shawan, Manas, Shihezi,
Hutubi, Jichang, and Urumqi cities on the northern Tianshan slope. These
areas are densely populated and economically developed, requiring prioritized
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prevention. High-risk zones are characterized by valley locations with dense
river networks, low elevation, gentle slopes, and substantial end-of-February
snow depth. Medium-risk areas occur adjacent to high-risk zones and in east-
ern Junggar Basin (with relatively large snow depth), as well as near rivers in
southern Tianshan and southern Xinjiang (Kashgar, Akto, Wuqia, and Hotan
counties). Low-risk areas are found in western Junggar Basin and parts of
southern Xinjiang, while very low-risk areas cover the Taklamakan Desert and
mountainous areas above 3500 m.

Validation using historical disaster data shows that 52.9% of events occurred
in high-risk areas (10.6% of total area), 30.9% in medium-risk areas (13.1% of
area), 6.2% in low-risk areas (23.4% of area), and no events in very low-risk
areas (52.9% of area), demonstrating that the zoning effectively reflects spatial
disaster patterns. However, static assessment alone cannot capture the risk
magnitude and probability of individual flood events.

3.3 Dynamic Evaluation Validation In March 2005, extensive snowmelt
floods caused major economic losses across Xinjiang. We selected this event for
validation. The flood process was characterized by: (1) Late February tempera-
tures 2–4°C below normal with snow depth 10–40% above normal; (2) March 11–
20 sustained warming of 0.7–3.2°C・d−1 across Ili, northern Tacheng, and north-
ern Tianshan slope; (3) Heavy precipitation on March 18–19 in Ili, accelerating
snowmelt and creating rain-on-snow floods with higher peak flows.

Dynamic evaluation results show: - March 11: Most of Xinjiang at very
low/low risk due to low temperatures. Small high-risk areas appeared in south-
ern Tianshan rivers, with medium risk emerging in Ili. - March 15: Contin-
uous warming created extensive very high-risk zones along the Ili River Valley
(Kokdala, Huocheng, Yining, Qapqal, Yining County, Gongliu), extending to
Tekes County. Large high-risk areas emerged in Tacheng City along the Emin
River, with very high-risk zones in Habahe County along the Irtysh River. -
March 18: Very high-risk zones in Ili River Valley persisted and expanded
eastward to Xinyuan County. Very high-risk areas in Wenquan County (Bor-
tala) and Baicheng County (southern Tianshan) began receding. - March 20:
Ili River Valley very high-risk zones started retreating, though local heavy rain
created new rain-on-snow very high-risk areas around Yining City. Wenquan
County’s very high-risk zone disappeared. - March 22: Continued warming
and March 21 heavy rain accelerated snowmelt. Snow depth data indicated
complete snowmelt in Ili, ending the flood risk. Small very high/high-risk areas
appeared in Wusu, Karamay, Shawan, and Manas.

The dynamic evaluation process aligns well with actual conditions, demonstrat-
ing the feasibility of daily-scale dynamic risk assessment across Xinjiang. Ili
River Valley showed the highest risk, followed by northern Tacheng and Wen-
quan County, with lower risk in southern Tianshan rivers.
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4. Discussion

This study combined historical disaster data with the objective information
model for dynamic snowmelt flood risk assessment in Xinjiang, yielding results
consistent with reality. However, uncertainties in parameterization schemes
for driving data (daily snow depth, temperature, precipitation) may introduce
bias. The dynamic evaluation index system also involves subjective compo-
nent selection, where different indicators could produce varying results. Fu-
ture research should test high-resolution meteorological products and integrate
snowmelt runoff models [?] with predicted high-risk areas for more accurate
flood process estimation.

This study focused primarily on warming-induced spring snowmelt floods, with
only preliminary treatment of rain-on-snow floods. The simple combination of
heavy rainfall and warming to define mixed floods requires further investiga-
tion of rain-on-snow mechanisms to develop more accurate risk classification
indicators.

5. Conclusions

By investigating spring snowmelt flood formation mechanisms in Xinjiang, we
developed a method that combines information model-based risk factor analysis
with dynamic evaluation indicators to generate a spring snowmelt flood risk
zoning map and achieve daily-scale dynamic assessment. Main conclusions are:

1) High-risk areas for spring snowmelt floods are mainly distributed in the
Ili River Valley, Bortala, northern slope of central Tianshan, northern
Tacheng, and Altay region of northern Xinjiang. These zones feature dense
river networks in valleys with low elevation, gentle slopes, and substan-
tial end-of-February snow depth. Medium-risk areas occur near high-risk
zones, in eastern Junggar Basin, and near rivers in southern Tianshan and
southern Xinjiang. Southern Xinjiang is predominantly low and very low
risk. The zoning objectively reflects spatial disaster patterns.

2) Using dynamic hazard factors (daily positive accumulated temperature
and precipitation) to drive static risk zoning, we validated the method
against the March 2005 flood event. The dynamic evaluation results
matched actual conditions, demonstrating that this approach can sup-
port refined snowmelt flood forecasting and water resource management
in Xinjiang.
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