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Study on Correlations Between Laow-level Jet and Rainstorm Process in

the  Eastern Foot of Helan Mountains

SU Yarigh®® CHEN Yuying*®® YANG Kan'** ZHANG Yixing"*®* YANG Yin'??
1 Key Laboratory for. Meteorological Disaster Monitoring and Early Warning and Risk Management of Characteristic Agriculture in Arid
Regions, CMA, Yinchuan 750002

2 Ningxia Key Laboratory of Meteorological Disaster Prevention and Mitigation, Yinchuan 750002

3 Ningxia Meteorological Observatory, Yinchuan 750002

Abstract: Using hourly precipitation data, conventional meteorological observations, Yinchuan
CA radar data and ERAS high resolution reanalysis data from 2006 to 2021, this paper studies the
temporal and spatial correlations between the low-level jet and the rainstorm process in the eastern
region of the Helan Mountains, and discusses initially the possible impact mechanism for
low-level jets to affect the occurrence and development of rainstorm. The results show that the
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low-level jets that influence the rainstorms in the eastern foot of the Helan Mountains are mainly
distributed in three key areas, i.e., the southern Hetao region, southeastern Ningxia Province and
southwestern Shanxi Province, corresponding to southerly jet at 700 hPa, southern jet at 775 hPa
and southeastern jet at 850 hPa, respectively. The southeast of Ningxia is a key transfer zone
where three low-level jets merge before their continuously developing towards north and west,
and has much more prominent impact on the occurrence and development of the rainstorm process
in the eastern region of Helan Mountains. (2) According to the height of the maximum wind speed
axis of the low-level jet, the low-level jet processes affecting the rainstorm processes in the eastern
region of Helan Mountain are divided into seven types. Among them, the frequency of the three
levels jet pattern is the highest, accounting for about 54.5% of the total processes, followed by the
processes during which the jet streams at 700 hPa and 775 hPa occur simultaneously (36.5%). The
occurrence of rainstorm processes is consistent with the low-level jets in time. To ke illustrated,
the onsets of low-level jets at 700 hPa, 775 hPa and 850 hPa are 18, 10 and. 7 hours‘earlier on
average than the beginning of rainstorms. The maximum wind speeds of lowklevel jets,at 700 hPa
and 775 hPa jet stream are 54 and 18 min earlier than the appearance of the‘'maximum rainfall
intensities of rainstorm process, while the maximum wind speed of low-level jet at,850 hPa lags
12 min on average behind the occurrence of maximum intensity of rainstorm process. The
frequencies of 850 hPa Level-1 jet and 775 hPa Level-Il jet are more indicative of the frequency of

short-term rainstorm of 20-40 mm-h™ and 40-60 mm-h™ respectively, Wheréas the average wind

speed of low-level jet at 700 hPa in the key area in the south of Hetae is more indicative of the
maximum rainfall intensity of the rainstoffm=process. In addition, there exists also spatial
consistency between rainstorm process and low-level, jet, that is, as the low-level jet builds,
strengthens and moves towards north or west, or weakens and retreats eastward or southward, the
rainstorm starts, intensifies and weakens, and the location of rainstorm is found in the left front of
the jet axis. With the effect of the topography=of Helan Mountains, the low-level jet moves
northward and westward, triggering ‘multiple ‘convective cells in front of the east slope of the
mountain, merging and /Strengthening /to/ form a linear echo with slow movement, strong
development, highly ofganizéd, and obvious train effect, thus very prone to cause the localized
severe convective rainstorms to oceur'in the Helan Mountains region. Key words: low-level jet,
rainstorm process in the eastern foot of Helan Mountains, temporal and spatial correlation, impact
mechanism
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Table 1 Twenty-two rainstorm processes accompanied by low-level jet in the eastern footof
Helan Mountains from 2006 to 2021
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9 2016 4£ 8 A 21 H 19 I % 22 H 08 it 241.7 82.5 11 29 19.9 18.9 14.8
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Fig.1 Distribution of sounding station and terrain height (colored, unit: m) in the east of Northwest China
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Fig.2 Distribution of (a) maximum frequency and (b) the height corresponding to maximum frequency (colored,
unit: hPa) of low-level jet at 875—600 hPa during the 22 rainstorm processes in the eastern foot of Helan
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Fig.3 Composite average wind field of low-level jet at (a) 700 hPa, (b) 775 hPa and(c) 850 hPa during the 22
rainstorm processes in the eastern foot of Helan Mountains (colored and wind vector, unit: m s™)
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Table 3 Frequercy of different types of low-level jets
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Fig.4 Temporal correlation between low-level jets at different heights and rainstorm processes,during, the 22
rainstorm processes in the eastern foot of Helan Mountains
(a) Distributions of frequency of low-level jets at different heights, total frequency of low=level jet and total
frequency of short-time rainstorm, (b) onset time of low-level jet, (c) lead-lag relationship’between the onset of
low-level jet and the start time of rainstorm process and (d) lead-lag relationship between the maximum wind
speed of low-level jet and the maximum rainfall intersity of rainstorm
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JE (R mes) o (bye) 2.4° MARMRE T CGRAL: dBzs ) K (e, £) WA EHILL I N T2
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Fig.10 Radial velocity of Yinchuan CA radar at (a) 1.5°and (d) 2.4° elevations (unit: m s%), (b,e) reflectivity
factors at 2.4° elevation (unit: dBz) and (c,f) cross-section of reflectivity factor along the white line (unit: dBz) at
(a-c) 19:21 BT and (d-f) 21:37 BT 22 July 2018
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