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Abstract
This study utilizes meteorological station observation records, artificial hail sup-
pression operation point records, disaster survey data, and other materials from
the Kashgar region on the southern side of the Tianshan Mountains during
May–August of 2008–2017, together with 08:00 and 20:00 sounding data from
the Kashgar sounding station, Kashgar radar detection data and its base data
retrieval products, to analyze the annual, monthly, and diurnal variation charac-
teristics of hail, summarize the radar echo characteristics and movement paths
of hail clouds, and determine hail forecasting indices represented by the 0 ℃
layer height, -20 ℃ layer height, freezing layer thickness, Total Totals Index,
Jefferson Index, K-index, and Showalter Index based on the percentile method,
as well as radar characteristic warning indices represented by echo top height
and its difference from the daily 0 ℃ layer height, 40–50 dBZ echo height and its
difference from the daily 0 ℃ layer height, composite reflectivity, and vertically
integrated liquid water content.

Full Text
Abstract
In this study, we analyzed the spatiotemporal characteristics of hail events from
May to August during 2008–2017 using meteorological observation records from
the southern Tianshan Mountains in Kashgar, Xinjiang, artificial hail suppres-
sion operation logs, 08:00 and 20:00 sounding data, and radar detection data.
We investigated the radar echo characteristics and movement patterns of hail
clouds, and established forecasting and warning indicators based on the per-
centile method. The results demonstrate: (1) Hail occurrence in the southern
Tianshan Mountains over the past decade concentrated between May and Au-
gust, with peak activity in June, particularly between 18:00–24:00 UTC (most
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frequently at 20:00 UTC). (2) Hail clouds exhibited four primary movement
trajectories: northwest, north, west, and southward. Approximately half of the
hail clouds originated in the southern Tianshan mountainous region, while the
other half formed in the eastern plains of Kashgar Prefecture. (3) The potential
forecasting indicators for hail during May–August are: 0°C layer height � 4.6
km, -20°C layer height � 7.5 km, freezing layer thickness � 3.0 km, Total Totals
index (TT) � 46°C, Jefferson index (JI) � 114.0°C, K-index � 21°C, and Showalter
index (SI) � 1.8°C at 08:00 UTC. (4) The radar-based nowcasting indicators for
hail 15 minutes prior to occurrence are: echo top height (ET) � 12.2 km, height
difference from the 0°C layer � 7.7 km, 40 dBZ echo height � 9.4 km, 45 dBZ
echo height � 8.6 km, 50 dBZ echo height � 7.8 km, with corresponding 0°C
layer height differences � 4.9 km, 4.0 km, and 3.4 km respectively, composite
reflectivity (CR) � 53 dBZ, vertically integrated liquid (VIL) � 13 kg・m�², and
updraft thickness in the radial velocity field � 1.8 km. For 30-minute lead times,
the thresholds are: ET � 12.3 km, 0°C layer height difference � 7.8 km, 40/45/50
dBZ echo heights � 9.6/8.1/7.3 km respectively, corresponding 0°C layer height
differences � 5.1/3.5/2.7 km, CR � 47 dBZ, VIL � 7 kg・m�², and radial velocity
updraft thickness � 1.5 km.

Keywords: echo tops (ET); vertically integrated liquid (VIL); composite re-
flectivity (CR); movement path; nowcasting indicators

1. Data and Methods
The study utilized 33 hail cases from May to August during 2008–2017, with
3 cases in May, 6 in June, 13 in July, and 11 in August. The data sources
included surface meteorological observations, hail suppression operation records,
08:00 and 20:00 soundings, and Doppler radar measurements from the Kashgar
radar station. Statistical analysis employed the percentile method to determine
characteristic parameters and establish operational forecasting thresholds.

[Figure 1: see original paper] shows the monthly distribution of hail days, re-
vealing that 54% of events occurred in July, 46% in June and August, with peak
activity during June–August. [Figure 2: see original paper] illustrates the move-
ment trajectories, indicating that 48% of hail clouds moved from mountainous
areas to plains, while 52% moved within plain areas, with average path lengths
under 200 km and predominant directions from northwest to southeast.

2. Hail Cloud Characteristics
2.1 Thermodynamic Parameters

Analysis of 26 hail cases with complete sounding data yielded the following
characteristic values: 0°C layer height (H�) averaged 3.4–4.9 km (mean 4.2 km),
-20°C layer height (H���) averaged 6.3–8.3 km (mean 7.0 km), and freezing layer
thickness (ΔH���) averaged 2.4–3.5 km (mean 2.8 km). The TT index ranged 39–
53°C (mean 48°C), JI 92–186°C (mean 133°C), K-index 17–38°C (mean 26°C),
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and SI -2.1 to 4.6°C (mean 0.6°C). Approximately 50% of cases exhibited SI � 0,
with a minimum of -33°C indicating strong instability. Only 12% of cases had
CAPE > 100 J・kg�¹, while 68% showed CAPE � 10 J・kg�¹, suggesting limited
convective available potential energy in this region.

2.2 Radar Echo Parameters

For the 33 hail cases, the echo top height (ET) averaged 9.1–16.2 km (mean
13.7 km), with 82% exceeding 10 km. The 40 dBZ echo height (H��) averaged
7.2–16.0 km (mean 11.1 km), 45 dBZ echo height (H��) 6.5–15.9 km (mean 10.2
km), and 50 dBZ echo height (H��) 5.2–15.7 km (mean 9.1 km). The height
differences above the 0°C layer were: ΔET 5.4–12.4 km (mean 9.3 km), ΔH��
3.6–11.8 km (mean 6.8 km), ΔH�� 2.8–11.7 km (mean 5.9 km), and ΔH�� 0.8–
11.5 km (mean 4.8 km). Composite reflectivity (CR) ranged 50–70 dBZ (mean
59 dBZ), with 55% exceeding 60 dBZ. VIL ranged 7–104 kg・m�² (mean 33 kg・
m�²), with 85% exceeding 15 kg・m�².

3. Nowcasting Indicators
3.1 15-Minute Warning Thresholds

Based on percentile analysis, the 15-minute nowcasting indicators for May–Au-
gust are: ET � 12.2 km, H�� � 9.4 km, H�� � 8.6 km, H�� � 7.8 km, ΔET � 7.7
km, ΔH�� � 4.9 km, ΔH�� � 4.0 km, ΔH�� � 3.4 km, CR � 53 dBZ, and VIL � 13
kg・m�². The updraft thickness in radial velocity fields should exceed 1.8 km,
corresponding to the“velocity couplet”signature in Doppler radar observations.

3.2 30-Minute Warning Thresholds

For 30-minute lead times, the indicators are: ET � 12.3 km, H�� � 9.6 km, H�� �
8.1 km, H�� � 7.3 km, ΔET � 7.8 km, ΔH�� � 5.1 km, ΔH�� � 3.5 km, ΔH�� � 2.7
km, CR � 47 dBZ, VIL � 7 kg・m�², and radial velocity updraft thickness � 1.5
km.

Monthly average echo characteristics of hail clouds
15-minute nowcasting indicators before hail
30-minute nowcasting indicators before hail

4. Discussion
The study reveals that hail formation in this region is primarily influenced by oro-
graphic forcing and local thermodynamic conditions. The relatively low CAPE
values suggest that hail development depends more on vertical wind shear and
orographic lifting than on high instability. The established percentile-based
thresholds provide operational guidance for hail nowcasting, with the 15-minute
indicators showing higher discriminative skill than the 30-minute ones. The ve-
locity couplet signature in radial velocity fields serves as a reliable indicator of
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updraft strength, with thickness >1.8 km correlating strongly with severe hail
production.

5. Conclusion
This analysis of 10 years of hail data from the southern Tianshan Mountains
establishes quantitative radar-based nowcasting indicators for the May–August
period. The four primary movement patterns and characteristic thermodynamic
thresholds provide a foundation for operational hail forecasting and warning
systems in this region. Future work should integrate these indicators with nu-
merical weather prediction models to improve lead times and accuracy.
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