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Abstract
This study takes Tibetan Sheep in high-altitude fragile ecological environments
as the research object, utilizing daily meteorological data from 1961—2017,
vulnerability of the hazard-affected body, sensitivity of the disaster-forming en-
vironment, and socio-economic conditions as factors, combined with disaster
theory models and ArcGIS spatial analysis tools, to analyze and evaluate the
comprehensive meteorological disaster risk during different growth and devel-
opment periods of Tibetan Sheep in this region. Results indicate that: high-
altitude alpine areas exhibit higher risks during the lamb-rearing and shearing
periods, while foothill or plain areas show lower risks; during the grass-cutting
and breeding periods, foothill, plain, and river valley zones demonstrate higher
risks, whereas alpine areas exhibit lower risks. This demonstrates that terrain
factor constitutes the dominant factor influencing the growth and development
periods of Tibetan Sheep in high-altitude regions.
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1.3 Data Sources
The study area’s grassland vegetation types include Kobresia myosuroides,
Kobresia capillifolia, Poa pratensis, Stipa sareptana, Phragmites australis,
Achnatherum splendens, Orinus kokonorica, Nitraria sphaerocarpa, and
Kalidium foliatum [Figure 1: see original paper].

1.2 Assessment Model
The risk assessment model is based on the theoretical framework of natural
disaster risk formation. The mathematical model is expressed as:

𝑋 = 𝑓(𝑊, 𝑆)

where 𝑋 represents meteorological disaster risk, 𝑊 denotes the hazard factor,
and 𝑆 represents the vulnerability of the disaster-bearing body. An expanded
form of the model is:

𝑋 = 𝑊 × 𝐶 × 𝑀

where 𝐶 is the exposure of the hazard-affected body and 𝑀 represents the
sensitivity coefficient.

2.1 Data Processing and Normalization
The normalization formula used to standardize all evaluation indicators is:

𝑇𝑖 = 𝑋𝑖 − 𝑋𝑚𝑖𝑛
𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛

, 𝑖 = 1, 2, … , 𝑛

where 𝑇𝑖 is the normalized value of indicator 𝑖, 𝑋𝑖 is the actual value, and
𝑋𝑚𝑎𝑥 and 𝑋𝑚𝑖𝑛 are the maximum and minimum values of the indicator, respec-
tively. This transformation yields normalized values in the range [0, 1], where
0 represents the lowest risk and 1 represents the highest risk.

2.1.1 GIS Spatial Analysis

All normalized indicator grids were processed using ArcGIS software. The In-
verse Distance Weighted (IDW) interpolation method was employed to generate
spatial distribution maps of meteorological factors. The evaluation indicators in-
cluded digital elevation model (DEM), temperature, precipitation, wind speed,
and other meteorological parameters [FIGURE:2a-2e]. The spatial distribution
of normalized snow disaster risk during the lambing period is shown in [Figure
2f: see original paper].
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2.1.2 Strong Wind Disaster Risk

The strong wind disaster risk during the lambing period was assessed based
on wind speed, temperature, and topographic factors [FIGURE:2a, 2e; FIG-
URE:3a, 3b]. The resulting risk zoning map is presented in [Figure 3c: see
original paper].

2.1.3 Meteorological Disaster Risk

The comprehensive meteorological disaster risk during the lambing period was
evaluated by integrating multiple hazard factors. The risk distribution pattern
shows higher risk in alpine regions and lower risk in hilly and gentle slope areas
[Figure 4b: see original paper].

2.1.4 Risk Zoning

Risk zoning was performed by reclassifying the comprehensive risk assessment
results into five levels: low, relatively low, moderate, relatively high, and high
risk. This classification enables targeted disaster prevention and mitigation
strategies.

2.2 Shearing Period Risk Assessment
During the shearing period, meteorological disaster risk is primarily influenced
by temperature fluctuations and wind conditions. The risk assessment incorpo-
rated factors such as DEM, temperature, precipitation, and wind speed [FIG-
URE:2a, 2e; FIGURE:3a, 3b]. The spatial distribution of risk during this period
shows distinct patterns between alpine and lowland areas [Figure 5b: see original
paper]. The comprehensive risk zoning map for the shearing period is presented
in [Figure 5c: see original paper].

2.3 Grass Harvest Period Risk Assessment
The meteorological disaster risk during the grass harvest period was evaluated
using similar methodologies. The assessment considered temperature, precipita-
tion, and wind speed as primary factors [FIGURE:2a, 2e; FIGURE:3a, 3b]. The
resulting risk distribution [Figure 5b: see original paper] shows variations across
different topographic zones. The comprehensive risk zoning for this period is
illustrated in [Figure 5c: see original paper].

2.4 Copulation Period Risk Assessment
During the copulation period, meteorological conditions significantly affect
breeding success. The risk assessment integrated temperature, precipitation,
and wind data [FIGURE:2b, 2c; FIGURE:6a, 6b]. The spatial distribution of
risk shows higher vulnerability in certain topographic settings [FIGURE:6c,
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6d]. The comprehensive risk zoning map for the copulation period is presented
in [Figure 6e: see original paper].

3 Discussion
The assessment results demonstrate that terrain is a dominant factor affecting
meteorological disaster risk for Tibetan sheep across all growth periods. In
alpine zones, risk levels are higher during the lambing and shearing periods but
lower during copulation and grass harvest periods. Conversely, hilly and gentle
slope areas exhibit higher risk during copulation and grass harvest periods but
lower risk during lambing and shearing periods.

The GIS-based approach enables spatially explicit risk assessment that accounts
for local variations in topography, meteorology, and sheep vulnerability. This
methodology provides a scientific basis for developing period-specific disaster
prevention strategies and optimizing pastoral management practices. The in-
tegration of multi-source data and spatial analysis techniques offers a robust
framework for assessing climate-related risks in fragile alpine ecosystems.
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