Climate Change Research Letters “S{RAELHF SRR, 2021, 10(2), 197-206 Hans )0
Published Online March 2021 in Hans. http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2021.102023

A B¢ e AR i PR 7K R AIE B Tl

T, | AT, R#R, & £ ok om!
'WHEEHBXARE, WS PR

CNE HIB X G AR R R, NE SRR
Email: "15147991650@139.com

ks HiA: 202142 H29H; FHHEM: 20214F3H23H; &k HM: 20214F3431H

=

Wi RSB R EFRSFEBNF TR, TS R P B 3T F by B IR o PR U RS R T s 37
. IEEARETHXEEREWNEZ R, 20124E3]20194FEF4F H IR S FEK AR K55 257k 261K
127R 31K, 12K, 221K, 47K, 2019 TR EH . ARSCRA19544E 2 451 D7 5 K BERE
2011ERSHENSKEWN . NCEPESHTERL, i Wb i K SHRE, SR SRWNNTHHRE
WA, SREH: 1) NELRSEKRETEE15.3~12092K, FERFREEZHSH. MhEs
TR PRKRE < 258K, AN X8, 48 JURTE P R IR IG MK BUER K, ~N90~110Z%K.
2) NEHRIRBE KRG ZESE, £F10.19K. 19884EE, WEHHRBEKREHENE.
3) WG HImBEKIRZ R ABNE, KMEFOENFE P LRI, 0.12~0.48K/F. 4) A
FEWEK. 2RRRSAY T NIEERE. FERkiEi, ARA. RRNK, EERNYE
B KR, FREA KR, BBRE. YRR, 5) RIEEK. BRURRSH S, WBEBIREE—
BERE. BNEKCAPEBRMEL BN E . K. HRMEKEE B SRNREMIEE XK. %
U P KR ET-TABRME FRREEEVNTRW, EREX, B EFTFEEMHE. KZ700 hPard XEEH
SGEERRMEKSRNHLRGZERTREN, BAXNERERTEN. BnREAPWREHERTRW.

XA
PomiEKEN:, BN, #2404, Sk, BE

Characteristics and Forecast of Extreme
Precipitation in Inner Mongolia

Jing Jiang!, Chun Ying?*, Guiying Song}, Ting Hou!, Lu Zhang!

1Meteorological Observatory of Inner Mongolia Autonomous Region, Hohhot Inner Mongolia
2Xilingol Meteorological Bureau of Inner Mongolia, Xilinhot Inner Mongolia
Email: "15147991650@139.com

DEAEE .

SCEEGIF: VL, AR, REESE, G, SREE SO O K RIE R RO ARG R, 2021, 10(2): 197-206.
DOI: 10.12677/ccrl.2021.102023


http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2021.102023
https://doi.org/10.12677/ccrl.2021.102023
http://www.hanspub.org

Ly %

Received: Feb. 29" 2021; accepted: Mar. 23", 2021; published: Mar. 31%, 2021

Abstract

Extreme weather events are a hot topic in global climate change research, and extreme precipita-
tion in mid-latitude inland semi-arid areas is a new problem for meteorology. Rainstorms have
frequently occurred in Inner Mongolia in recent years, and from 2012 to 2019, the station num-
bers of extreme precipitation events occurred each year respectively are 25, 26, 12, 31, 12, 22, 47,
and 0. In this paper, based on historical precipitation data from 1954 to the present, conventional
meteorological observations from 2011 to the present, and NCEP reanalysis data, extreme preci-
pitation and characteristics in Inner Mongolia were analyzed, and the similarities and differences
between the forecast index and heavy rain were summarized. The results show: 1) The threshold
of extreme precipitation in Inner Mongolia ranges from 15.3 to 120.9 millimeters, showing a low
trend in the west and high in the east. The min extreme precipitation threshold appears at the
western part of Alxa League, with the value below 25 mm, and the max appears at the central and
eastern parts of Xing’an League and Hulunbuir, with the value ranging from 90 to110 mm. 2) The
number of extreme precipitation events in Inner Mongolia showed an increasing trend, with an
annual average of 10.19. After 1988, the number of extreme precipitation in Inner Mongolia in-
creased significantly. 3) The spatial distribution of extreme precipitation frequencies in Inner
Mongolia is relatively scattered, with large value centers in central and northeastern Inner Mon-
golia at 0.12 to 0.48 times/year. 4) The weather patterns of extreme precipitation and heavy rain
in Inner Mongolia can be divided into north trough south vortex type, west trough type, cold vor-
tex type and shear type. The northern vortex and southern vortex are the most common types,
followed by the western vortex and the cold vortex and shear types are the least. In the four types
of weather patterns of extreme precipitation and heavy rain, the forecast indicators have consis-
tent differences. CAPE of the extreme precipitation threshold is higher than the heavy rainfall,
while K index of the extreme precipitation threshold is close with the heavy rainfall. The specific
humidity in low level of extreme precipitation is similar to or greater than the threshold of wet
and heavy rainfall. The lower limit of the T-Td threshold for extreme precipitation is close to or
less than the heavy rain, and the upper limit is greater, that is, the upper-dry and lower-wet state
is more obvious. The latitude value reached by the southerly wind of low level in 700 hPa is simi-
lar to the torrential rain or the latitude is lower than the torrential rain. The Pw threshold of ex-
treme precipitation is significantly higher than the heavy rain.
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ELEZ R TACES . kT AbEs . S22 AL As . SR AL A P K B <50 22K, e, B
HHIPO AR R TP AL A K B < 25 22K WRAMVERE T, Ak h R B, SRR W, Ak
T AL PR 22 BIPEALES . WAL UL T 74 A i P /K R 60~80 Z22K,  JRUETHT FR i g s LT %%
SRR WP AG DR 1 A 2R 3 AR oty B K B 90~110 22K, S AR IX. = B A /038 3L 11 g s A % 22 B
15110 2K fR/MA X AT ERT S 3 B i R T AR

54°N
120
52°N -
50°N 100
48°N 20
80
46°N 0
44°N 60
42°N S0
40
40°N
30
38°N
36°N T T T T T
97°E 102°E 107°E 112°E = 117°E  122°E

Figure 1. Spatial distribution of extreme precipitation thresholds in Inner Mongolia (Unit: mm)
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Figure 2. Time series of total numbers of extreme precipitation in Inner Mongolia 119
station from 1954 to 2019
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W, 2017 SEHH B 22 3R, 2018 45 PN 5% ol i P KGR B 47 36k HO= 1994 4. 1997 4. 1998 ik
2917, 18 3HIR, 2016 4F 12 ¥HIK, 1M 2019 4F PN 52 i 355 P To Ao B 7K A

3.1.3. AR STUR B 22 8] 43 7R HHIE

73 AT 1954 £F 38 2019 4 P 5 119 3Bl e AR ) 2 1) 23 A (Pl 3) AT L 4 DX AR o Fof K A ZE A 4
AN L KA O AR R TR A SRR Wi dbas . FPANERET . Ak at . ipk
FRE PGS FPAG VURTI AR, £E 0.12~0.48 IK/4E.
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i 2011 4 Ja HA AR I A 52 DX Sty B /KO 72 20 Uk, LAAEFBR 700 hPa fi 2 KI5 M R 404 T
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Figure 3. Distribution of annual average extreme precipitation times in Inner Mongolia
119 stations from 1954 to 2018 (Unit: Times x10, interval 0.2)

3. AIEH 119 34 1954 F£ & 2018 FHRIRMENORBEF N HORE % 10, [EIFE
0.2)

B AwA, PR, PURRE RIS, 13 IR RIS, JER R 7k, (5 54%; AR
FRN LK, A 8%; UIARTYERR 1k, Lk 8%; FURIEAIREW 4 %, Ik 31%. fENZE L BWTREF,
et rE IR A G Ly, 209 PESRAEAY R, I 31%: AR, UM ED, [ 8%.

Bk, PWEEHRIREK . BRI RS, W hdbEE R, Aieil, PIARRL, Pk ALY
Fo AbHFE IR AR R K . SURL RN R WAL, ARG PEORME I R K . BLBY BN (5 L
FHIE, £ 20%~31%. ¥ B AR o 7K 5 B 5% LAY ZR RN 7 b 33%, AHZE K V)78 Y il P4 7K o EE 20%
AL FE N 5 B 8%, FHZERIA

8 700 hPa EE M RG I, 2Wiath WS Rm K . JUBLRR, X E AR ER. W
BETEER, BN FK. SRR W IR bR F S [21]-[28].

3.2.1. JtiEERERuRkEK . BB RTARIERRE

ACREE A T A s B L LT R S USSR (G 1) Bm POk i cape (. K $REUBIE & T2,
SIARHUR T JURL R

Wi B4 7K (1) 850 hPa 1% JZ LI B W] R4k, 850 hPa {2 T-Td 44 B B tL /%, F )2 T-Td
BIE LM R, WombeK BT IR R

AR 2 7K i RIS PR 26 BE ARG o i AR B 5 B R AR, U B AR e /K i X T LR PR S A
Bl P R R K B AR L 7R B T PR B

Table 1. Comparison of north vortex southern vortex extreme precipitation and typical rainstorm indicators
F 1. JtiERRBARIRREK . BBV RIIRIRITEL

1. BRI

LBy ity B 7K s R
SI #&%1(°C) -2.77~1.71 -1.42~5.3
cape (J/kg) 89.2~491.4 23.8~456.1

DOI: 10.12677/ccrl.2021.102023 202 SR AR


https://doi.org/10.12677/ccrl.2021.102023

Continued
K (°C) 30.9~39 24~36
Li #841(°C) -1.86~1.14 —1.98~4.66
2. REETR
Ei=ga =278 I EEYIN S E)
700 hPa 7~11 6~12
LI (g/kg)
850 hPa 10~17 5~12
500hPa 8~13 2~4
T-Td (°C) 700 hPa 3~13 1.4~5
850 hPa 1~4 0.9~7
%25 i RURGE (ms) / 8~14 7~14
700 hPa Fg M FIIL 4 FE(°N) / 38~49 43.7~55
Pw (kg/m?) / 16~59.8 16~46

3.2.2. FRERIRIRMEK, RBEIRFIBIFEESHT
PURAE AL S Fae K ST BT X LA (R 2): Mo Pk ) cape fEL. Li 48K T H 5/, SI $54K

T SRR, KSR E AL .

850 hPa ik 2 FU 1B M i B /K [ 4 B S 8K, 850 hPa {21 T-Td BB ARIT, *&)2E T-Td B1{E H %

R, R K B TR R

A Pk 7K P BIIR B A43 BE BRI R KUK 5 8 3 P B8 A8 7 R B S R 9 PRBE v

Table 2. Comparison of west trough type extreme precipitation and typical rainstorm indicators

F 2. FRMERRIRMEK, B RRIEARRTEL

1. BRI

LBy A B 7K ES e
Sl 484(°C) -2.77~1.71 -0.21~2.2
cape (J/kg) 89.2~491.4 0~449
K (°C) 30.9~39 30~37
Li ¥8%4(°C) -1.86~1.14 —-3.56~0.43
2. REETRL
Ei=p =278 L EEYIN R R
700 hPa 6.3~10.3 8~11
L% (g/kg)
850 hPa 10~17 9~14
500 hPa 8~13 1~12
T-Td (°C) 700 hPa 3~13 1~8
850 hPa 1~4 0.6~4
1% 25 7 JRURGE (m/s) / 8~14 4~20
700 hPa Fg X EIIA 265 (°N) / 38~43.7 43.7~60
Pw (kg/m?) / 32~59.8 16~31
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1A AU K SRR L 45 R (32 3): cape B ity B4 7K 1) i b L 7R 5 9 (LIS o, K i A o
B 7K oL LY 5% N U A

Wi B 7K 5 BL RS R 1) 700 hPa. 850 hPa fik)Z LU IEAHIT s T-Td Ao B /K RIME T BRARIE, BRI
BRI FERT O, AR PR K 2 T

700 hPa i A EIIA (1) 25 5 A v [ 7K 5 i 704 2% W9 22 T3 AN K, K 72 i LR AR i o4 7K 580 £ B L 78 o o)
e Pw At B 2.4 15

Table 3. Comparison of shearing type extreme precipitation and typical rainstorm indicators

= 3. L BIMRImMEK . HAIRFRIEARXTEL

1. BB

LYy EEYIN R pEE ]
SI #5%1("C) —0.49~5.2 1.05~1.71
cape (J/kg) 75.6~547.2 23.8~456.1
K (°C) 28~41 30~42
Li f844(°C) —-2.56~5.4 -0.58~3
2. REETRL
Ei=p 22/ EEYIN RS R
700 hPa 8~9 8~15
EL 7 (g/kg)
850 hPa 12~12.4 11~13
500hPa 9~26 8~13
T-Td (°C) 700 hPa 1~3 3~5
850 hPa 2~8 3~4
%2 B XU (ms) / 9~15 2~6
700 hPa 7§ K EIE 4 B (°N) / 38~43.7 40.5
Pw (kg/m?) / 32~59.8 31~47

324, ARBURIMIEK, REIRTEIRAL S
AR T PR . SRR BU AR (GE 4): Bom Pk cape fB. Li fR%m T MR BT IE, K 4&
£/ Ep Ui
ey B 7K 5 SR % R AR LU BB AR o W s Pk 55 MR R R AIRZ T-Td BB R PRAHIE, L PR B 8 Al
K, FRETEAIR,
WEI K 1) 700 hPa i RELIAZERE R RURE . Pw 559 L SRS T 6. DR V4 UM K 7 P
AR, (RZE e BRI .
Table 4. Comparison of cold vortex type extreme precipitation and typical rainstorm indicators

F 4. RimBIRImREK . HEIRFRIEARXTEL

1. BRI

/iR Ao P 7K fLptiEl

SI #8%4(°C) —0.78~1.63 0.67~2.11
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cape (J/kg) 50~242.5 15
K (°C) 30~39 35~39
Li f844("C) 2.03~4.81 -0.79~0.8
2. R4Evkl
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700 hPa 5.2~7.5 4~6
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500hPa 9~16 1~3
T-Td (°C) 700 hPa 1~5 1.2~6
850 hPa 1~5 0.7~4
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Pw (kg/m?) / 32~59.8 27~30
4. Eig

1) P95 AR /K BB YE L Dy 15.3~120.9 =K, (A1 A R ILVIAR AR iy (R4S 350 Bz 2 BR 22 B bk 56
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TR AT RS BIAREREh G, AR DUR TR, 7E 0.12~0.48 /4.

4) WK SR ER R ORI T DL AR R R Y . VIR AL DR AL PERAE A YK,
JEAE FE IR B R e R, PESRAE AL, AR DI
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PR R o T2 R o A B 7K Pw B B 2 v T2 R
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[11 FHR, B85, R, & 2EERNES0]. SRR AR, 2012, 8(3): 228-231.

DOI: 10.12677/ccrl.2021.102023 205 SR AR


https://doi.org/10.12677/ccrl.2021.102023

Lg &

[2]
(3]

(4]
(5]
(6]
(7]
(8]

(9]
[10]

[11]

[12]

[13]
[14]

[15]

[16]
17
[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

[26]

[27]
[28]

ZRW, B H, BRIRMA, & SRR R ETEE-IPCC I IATAL 28 A Wt AT 9], AR 78 3k 8,
2007, 6(3): 311-314.

Villalba, R., et al. (2012) Unusual Southern Hemisphere Tree Growth Patterns Induced by Changes in the Southern
Annular Mode. Nature Geoscience, 5, 793-798. https://doi.org/10.1038/nge01613

WER, FEMK, FICA. 1 50 EH EASIR BEARKIRAE 2 X B SRR [T]. AR 4Rk, 2011, 69(1): 125-136.
B, MR, Az, . ELOWE R T RIS TRHED]. S 5S4, 2011, 30(3): 749-759.
ALK, XUF. AURABIED 5T AR R A S S5 9k [0, E TRERHE, 2012, 14(9): 55-63+84.
T, FRASC, SRR, S JRIEM B K SR R[], KGR, 2012, 40(1): 79-86.

H
SR, AL, MR, S5 IT 45a SR R PUALTUR B AR ) A2 AT [3]. 5 X B S 248, 2007, 21(12):
126-132.

PR, fHE, Wi 1T 40 G0 FE & MR R Bk SRR L 3 5 SRR RFIE[]]. A%, 2008, 34(1): 80-85.

SROKAT, T A L B2 5 A O K 5 AR PR R R AR B TT[T]. B R R B AR, 2004, 27(2):
244-252.

Wi, VLEL, MR, BRZ . i A K SR B 2 2 AR AE[D]. AR S A BT TT, 2008, 13(1):
75-83.

Ratcliff, R. and Dongen, H.P.A.V. (2011) Diffusion Model for One-Choice Reaction-Time Tasks and the Cognitive
Effects of Sleep Deprivation. Proceedings of the National Academy of Sciences of the United States of America, 108,
11285-11290. https://doi.org/10.1073/pnas.1100483108

FEAS, FERA, B5EFT, B FIRREHF I ZEN SRS BRI, KRR, 2010, 33(4): 412-419.

ZEVLPE, ARss, TR, AR B X O R MK PR 2 B BOKICUE A AT [3]. mRUR, 2012, 31(6):
1582-1590.

X E G, BN, SETE, R, TS L EENE MRS B W E TR B AR A A%, 2013,
39(1): 20-27.

ik, Mk, HAL. T 40 N ERAKEEH]. RARR SR, 2012, 23(5): 543-550.

LR, 33k, A2 NEE b A 5 SRR RIS SI[I). EVW IR, 2002, 22(3): 292-297.

FI9E22, A4, R, . A5 AR 54 AR R R [I]. 4, 2006, 32(6): 31-36.
REAR, MRERE, FH, F ORKFERIAMTIEIM]. dbal SR HRREL, 2007,

JBEYE. M5 EIR X RABERFMIML. dba A AL, 2012

T EERAEIM] JEET R H ML, 2005.

VS, hEZ ZWM]. b S5 R, 1980.

WHEK, T, 402F, % L¥E"010805" £ K% W 5“080825” K & W X th 73 #r[J]. MR <4, 2011, 30(3):
739-748.

RETE, ZEM, AN, & PRENRASG S KILEWNRK R[] mESE, 2011, 30(5): 1224-1231.

ZHE, Wi, MAEY, & LR BN P E A LIRS ERID]. s R AR, 2011, 30(5):
1232-1242.

DR, PR, PhDEA, S Wil U R ER N T RN AR GRS RO R 9], MR B4R, 201, 22(1):
23-34.

BRZE, VLB, 5, — IR KRZEN RS B o S E8UERRI]. mFEA %, 2011, 30(5): 1158-1169.
RE, U M, & AEIREREREWRIRRAFEMSE T[], mES %, 2011, 30(5): 1243-1254.

DOI: 10.12677/ccrl.2021.102023 206 SR AR


https://doi.org/10.12677/ccrl.2021.102023
https://doi.org/10.1038/ngeo1613
https://doi.org/10.1073/pnas.1100483108

	内蒙古极端降水特征及预报
	摘  要
	关键词
	Characteristics and Forecast of Extreme Precipitation in Inner Mongolia
	Abstract
	Keywords
	1. 引言
	2. 数据及方法
	2.1. 内蒙古地区极端降水概况
	2.2. 数据来源及处理方法

	3. 结果与讨论
	3.1. 内蒙古极端降水时空分布特征
	3.1.1. 内蒙古极端降水阈值的空间分布特征
	3.1.2. 内蒙古极端降水次数的年代演变特征
	3.1.3. 内蒙古极端降水频次的空间分布特征

	3.2. 内蒙古极端降水天气学分析
	3.2.1. 北槽南涡型极端降水、典型暴雨预报指标异同
	3.2.2. 西来槽型极端降水、典型暴雨指标对比分析
	3.2.3. 切变型极端降水、典型暴雨指标对比分析
	3.2.4. 冷涡型极端降水、典型暴雨指标对比分析


	4. 结论
	基金项目
	参考文献

