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Abstract

Based on multi-source meteorological observation data, radar image products, and ERAS reanalysis
data, a comparative analysis was conducted on two hail events that occurred in the Eastern Tarim
Basin, Xinjiang, on July 2 and July 4, 2025. The results show significant differences between the two
events in terms of atmospheric circulation background, triggering mechanisms, storm structure,
and radar characteristics. (1) The July 2nd event was primarily influenced by a 500 hPa trough-
bottom shortwave and low-level shear lines, with a distinct surface wind convergence zone. The
convection was well-organized with a high CAPE value 0f 1669.5 J-kg-1. In contrast, the July 4th event
was triggered by post-trough northerly winds, with a moderate CAPE value. The convection devel-
opment was mainly driven by topographic effects and moisture conditions, with significant low-
level convergence playing a key triggering role. (2) A comparison of physical parameters showed
that for both events, the —-20°C layer height was <7.2 km, the height difference between the -20°C
and 0°C layers was <2.78 km, and the temperature difference between 850 hPa and 500 hPa was
235°C. These environmental parameter thresholds can serve as effective indicators for identifying
hail events in this study region. (3) Radar image products revealed that for the July 2nd event, the
radar reflectivity center rapidly intensified (68 dBz) within a short period, with a significant hail
index (HI), and a sharp increase and subsequent decay of the vertical integrated liquid water con-
tent (VIL), which was highly correlated with the occurrence and development of hail. In contrast,
the VIL value for the July 4th event showed a smaller variation, and the reflectivity profile exhibited
low-echo precipitation characteristics, indicating the persistence of the strong rainfall process.
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Figure 1. Topographic map of the study area and distribution of stations
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Figure 2. Minute-by-minute precipitation time series for 2025704 extreme precipitation events
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Figure 3. Geopotential height at 200 hPa (black solid line, units: dagpm) and wind vectors (black arrows, units: m-s™!) at 08:00
(a) and 20:00 (b) on July 2, 2025, and at 08:00 (c) and 20:00 (d) on July 4, 2025. The blue rectangular box represents the study
area
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Figure 4. Distribution of the 500 hPa geopotential height field (black solid line, units: dagpm), temperature field (red dashed
line, units: °C), and wind field (wind barbs, units: m-s™') at 08:00 (a) and 20:00 (b) on July 2, 2025, and at 08:00 (c) and 20:00
(d) on July 4, 2025. The red star indicates the study area
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Figure 5. Water vapor flux at 700 hPa and 850 hPa (contours, units: kg'm 2s™") and wind field (arrows, units: m's™!) at 20:00
on July 2, 2025 ((a), (b)) and 08:00 on July 4, 2025 ((c), (d)); the rectangular box denotes the study area
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Figure 6. T-InP diagrams at the Korla upper-air sounding station at 08:00 (a) and 20:00 (b) on 2 July 2025, and at
08:00 (¢) and 20:00 (d) on 4 July 2025
& 6.2025 & 7 A 2 B 08 Bf(a)FA 20 Ef(b). 2025 & 7 A 4 H 08 Bf(c)FA 20 BF(d)E/REFRZS 4 T-InP &

Table 1. Comparison of physical parameters for T-LnP diagram

% 1. T-LnP E¥IBS 2 %1tE

08 I} 20 i 08 I 20 i 08 iF 20 08 i 20 08 Ak 20HF 08 20Hf 08 i 20 i 08 i 20 i

i;%; 31 30 071 048 33 2739 2495 0.0 38694 3996.7 6688.6 6791.5 29 33 081 097

(2)%3 A 19 30 095 -121 00 1692 0.0 0.0 43182 44550 6994.5 71745 37 38 1.78 1.08
if\ 18 25 207 —-1.16 0.0 1669.5 0.0 0.0 43662 44550 6933.1 6913.6 35 39 153 1.48

£

;k; 3229 -122-0.16 0.0 1129 0.0 0.0 4041.0 4320.5 6663.8 7052.5 34 36 2.1 1.07

é%i BERE 30 31 —-1.28-2.74 3198 0.0 0.0 0.0 43527 44650 7041.8 71845 35 35 176 122
iéﬁ 31 22 -257 143 0.0 5441 0.0 0.0 42743 45243 7029.1 72100 35 35 125 124
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(WL 7(b))e 30 L F-H5ih—7, SZHOIEARTHRE M, % X085 ZgE X SR R SR X s 2K, Bk
B 0 2 B o 3 1 DX 9 L — 5 A7 B S A b T 4 A 26 - 2025704 AN R AR AE R IR B R XV 1L — 75, X
BRI A T 5 2 i b R A 2R 3L R R s R R AR R R .

Figure 7. (a) Mesoscale analysis at 20:00 on July 2, 2025, and (b) mesoscale analysis at 08:00 on July 4, 2025 (Purple solid line
indicates the 200 hPa jet stream; brown solid line represents the 500 hPa trough; blue arrows denote the northerly flow behind
the 500 hPa trough; green zigzag line indicates the 850 hPa moisture zone; red double solid line represents the 850 hPa shear
line; brown double solid line represents the 700 hPa shear line; black dashed line represents the surface convergence line)

& 7.(2)2025 F 7 A 2 H 20 B RESH, (0)2025 %7 A 4 BH 08 B RESHT(RBLLH 200 hPa 2R ; HREX
273 500 hPa 18%k; BEGETIA 500 hPa EEMRILSIR; FEREELZA 850hPaiBX; LBWSLLA 850 hPa 1%Lk
REWELN 700 hPa Y1 Lk; EESEZAMEESL)
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Figure 8. Composite reflectivity factor from the weather radar in Tiemenguan, Xinjiang, on July 2, 2025. (a) 20:59,
(b) 21:04, (c) 21:10, (d) 21:15, (e) 21:26, (f) 21:32 (units: dBZ)

8.2025 % 7 H 2 HMBHKIIXHTRESFTERHEARFTERETF. (2) 20:59; (b)21:04; (c) 21:10; (d) 21:15;
(e)21:26; () 21:32; (Bfi: dBZ)

£ 2025704 A, SErsE EE/REDET AR AT IR EIE T M ERE: 14:57, IRE KR I 7 >45
dBz FI5R e, mvadb R R A R R pri s, sl ERE. 15:15, >45 dBz [ R AR K,
FRYERE T =AM . 15:27, SRERET NSRS FEK TGS, B 16:05 A f5, SR [E1EIEHTFS H 30 [FX 15
(W 9(a)~())-

Figure 9. Composite reflectivity factor from the weather radar in Korla, Xinjiang, on July 4, 2025. (a) 14:57, (b)
15:03, (c) 15:15, (d) 15:21, (e) 15:27, (f) 15:57 (units: dBZ)

& 9.2025 £ 7 A 4 BMBEETRMRSEXEERHFERERETF. (a)14:57; (b)15:03; (c) 15:15; (d) 15:21; (e)
15:27; (f) 15:57 (84i: dBZ)
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6.2. REZL(VWP) REERDRSKESEVIL) =R
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Figure 10. (a) Wind profiler (VWP) from the weather radar in Tiemenguan, Xinjiang, on July 2, 2025, and (b) Wind
profiler (VWP) from the weather radar in Korla, Xinjiang, on July 4, 2025 (units: m-s™")
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