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Influence of Indian Ocean Warming on Extreme Precipitation in the

Western Tianshan Mountains from Late Spring to Early Summer
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Laboratory of Meteorological Disaster of Ministry of Education, Nanjing University of Information
Science & Technology, Nanjing 210044

2 College of Physics Science and Technology, Yangzhou University, Yangzhou 225002

Abstract The daily grid precipitation data of National Oceanic and Atmospheric Administration
(NOAA) Climate Prediction Center (CPC) is used to analyze the spatial-temporal change of extreme
precipitation in the Tianshan Mountains from late spring to early summer (May and June) and the
mechanism of Indian Ocean Basin Mode (IOBM) on extreme precipitation. The results show
obvious spatial difference of extreme precipitation in the Tianshan Mountains from late spring to
early summer. Extreme precipitation in the Western Tianshan Mountains significantly increased,
while other regions hardly varied. The diagnosed and numerical simulation results consistently
showed that the increase of extreme precipitation in the Western Tianshan Mountains related to the
coetaneous positive anomaly of IOBM which promoted the convergence of warm and cold airflows
in the Western Tianshan Mountains. On the one hand, the positive anomaly of IOBM strengthened
the anomalous anticyclonic located in the eastern Europe to north central Asia which promoted the
cold airflow southward transportation. On the other hand, it induced the non-uniform warming of
Indian Ocean, which resulted abnormal vertical circulation and its subsidence caused the
anticyclone anomalies in the Arabian Sea and the Indian peninsula. The anomalous anticyclone and
southerly airflow jointly conveyed warm moisture from the Indian Ocean to the Western Tianshan
Mountains, which was conducive to the increase of extreme precipitation in the Western Tianshan

Mountains.

Keywords Western Tianshan Mountains, Extreme precipitation, IOBM, Arabian sea anomalous

anticyclone, Indian peninsula anomalous anticyclone
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TR X B T R BE ) A AR RE “ 2298 2 B AT R R B B LAY
FHREE L.
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I XAERE K BTN FEE N, FHEKEN 1543 mm (5 =5, 2013; 5KIE
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2520170, HEAEXEE (2002) FaiH, H 1987 4 ECH 58K 1L 78 30 Hh X < 05 fH B T
A R 2 o AR SRR AL I R Ll W P /K S A AR AT ) L 47 2 3 ke 35
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SN, TMIESET R HE (CDD) MILL 5.83 day/10a I FE#/> (Wang et al.,
2013).
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CE 1) 2B o T DX AR it B K 2 B o A AN 415, R L X v 7 4 5 2 i %
IKIIRIEIX . FEFEPIZE, R IXEAF RN K, HARZE s R K R A X
TN T 55 28 50 s L L A T T DA K it R 35 i = A SRR R LB, B
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Fig. 1 Spatial distribution of annual average extreme precipitation frequency (units: day/a) in (a) spring and (b)
summer and total extreme precipitation (units: mm/a) in (c) spring and (d) summer during 1979-2018 in Central

Asia. The black rectangles represent the Tianshan Mountains regions
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Fig.2 Annual average contribution (units: %) of (a) monthly precipitation to regional annual precipitation and (b)
monthly extreme precipitation to regional monthly precipitation and (c) monthly extreme precipitation to regional
annual precipitation in the Tianshan Mountains regions during 1979-2018.The gray and black bars respectively

indicate the contribution of frequency and total precipitation
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Fig. 4 Regional average of extreme precipitation frequency (units: day) in (a) May and (b) June and total extreme
precipitation (units: mm) in (¢) May and (d) June in the Western Tianshan Mountains during 1979-2018. The black
solid line is extreme precipitation frequency or total extreme precipitation, black dash line represents 9-year running

mean, gray dash line is linear trend, *. ** indicates significance over the 90% or 95% confidence level
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Fig. 5 Composition of (a) anomalous geopotential height (shadow, units: gpm) and winds (vector, units: m/s) at
500hPa, (b) the vertical integral of water vapor flux (units: kg m™'s™") and water vapor flux divergence (units: kg m-
2 g1, (c) anomalous vertical integral of water vapor flux (units: kg m™' s') and water vapor flux divergence (units:
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and dots indicate significance of height over the 95% confidence level
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Fig. 6 The EOF first mode and corresponding time series (gray bars) of Indian Ocean temperature anomaly in May
(a,b) and June (c,d). The black lines and grey dash lines respectively represent standardized IOBM index and

standardized extreme precipitation series of the Western Tianshan Mountains over the same period
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Tablel The correlation between extreme precipitation series and EOF time coefficient and IOBM index in the
Western Tianshan Mountains over the same period,*. **, *** indicates significance over the 90%-. 95% and 99%

confidence level

PC1 PC2 IOBM 6% 2 ENSO IOBM #&%
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Fig. 7 Composition of anomalous (a,b) 200hPa, (c,d) 500hPa geopotential height (shadow, units: gpm) and winds
(vector, units: m/s) and (e,f) vertical integral of water vapor flux (vector, units: kg m™ s) and water vapor flux
divergence (shaded, units: kg m? s™) of high IOBM index years in May (left) and Jun (right). Dots in (a)-(d) indicate
significance of height over the 95% confidence level, vector in (e) and (f) indicate significance of water flux over

the 95% confidence level
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Fig. 8 Composition of anomalous tropical Indian Ocean SST (units: °C) in (a) May and (b) Jun of high [OBM

index years
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Fig.9 Anomalous vertical circulation in May and June of high IOBM index years: (a) anomalous longitude-height
cross section along 10° N~25° N in May; (b) anomalous latitude-height cross section along 50° E~80° E in May;
(c) anomalous longitude-height cross section along 10° N~25° N in Jun; (d) anomalous latitude-height cross section
along 80° E~110° E in Jun. Horizontal velocity units: m/s, vertical velocity units: -1x10-'Pa/s, shade indicate

significance of vertical velocity over the 95% confidence level
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Fig. 10 Differences of (a,b) 200hPa, (c,d) 500hPa geopotential height (shadow, units: gpm) and winds (vector,
units: m/s) and (e,f) vertical integral of water vapor flux (vector, units: kg m™' s') and total precipitation rate (shaded,

units: mm/day) among experiment and control test in May (left) and Jun (right)
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