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Characteristics and Large-Scale Circulation Analysis of Major
Flood Events in the Upper Reaches of Hanjiang River During the

Autumn Flood Season
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Abstract: To provide reference for weather forecasting of major floods in the upper reaches of the
Han River during the autumn flood season, based on NCEP/NCAR reanalysis data and conventional
meteorological and hydrological observation data, the water and rainfall characteristics, large-scale
circulation patterns, and causes of flood precipitation of major floods in the upper reaches of the
Han River during the autumn flood season since 2000 were studied. The results showed that: (1) the
flood processes in the Han River Basin gradually increased during the autumn flood season in the
21st century. The flood generating rainstorm center in the autumn flood season is mainly located in
the south and west of the upper reaches of the Han River: the Micang Mountain and Daba Mountain
in the south of the Han River basin, the river valley above the Ankang Reservoir, and the Danjiang
River section at the southern foot of the Waifang Mountain and the southern slope of the Funiu
Mountain. (2) The peak of floods presents three forms: single peak, double peak, and multiple peak.
The duration of a single peak flood process is the shortest, while the duration of a multi peak flood
process is the longest. The average duration from the onset of maximum precipitation to the
appearance of the flood peak is 43 hours. When the initial inflow exceeds 4500 m3s™!, the time

required for the formation of the flood peak will be greatly shortened. (3) From the perspective of



large-scale circulation characteristics, the abnormal precipitation in the upper reaches of the
Hanjiang River in the autumn flood season is closely related to the Eurasian mid high latitude
average circulation multi blocking system, the Western Pacific subtropical high (subtropical high)
is strong and stable to the west, the southward pressure high and the subtropical westerly jet flow is
northward. The upper divergence field maximum area corresponds to the upper reaches of the
Hanjiang River. The vertical movement from lower to upper levels is enhanced, which is conducive
to the occurrence of flood causing rainstorm. (4) The water vapor transported northward from the
Arabian Sea through the Indian Peninsula and the southern South China Sea and westward from the
Western Pacific Ocean in the autumn flood season flood year in the upper reaches of the Han River
have increased abnormally, providing an unusually sufficient water vapor supply for the occurrence
of flood causing rainstorm.

Keywords: Hanjiang River autumn flood, flood, flash-flood-producing rainstorm, Danjiangkou

Reservoir, rain flood response, abnormal circulation
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Fig.1 Distribution map of Hanjiang River Basin zoning and national meteorological observation stations
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Fig.8 Time latitude profiles of the average geopotential height (black contour, unit: dagpm), meridional wind
(green contour, unit: m-s™"), southward high-pressure ridge line (red contour, unit: °N), and horizontal divergence

(colored, unit: 10 s7) at 200 hPa from 21 August to 10 October,(a)2003 and (b) 2023
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Fig.9 Longitude time profile of 500 hPa 50°—70°N average potential height from 21 August to 10

October 2017

BORR W ARWN, BRI AL S DU RIS R e s A Ea . A 10
H P42 1) A JXURGEE B (] ARG R R R A 2 S RES, B 2003 4F A1 2017 4F 2 oK
IKAEAMB, 2003 4 500 hPa = B b DUIIZRI B 74 25 SBE ZR B V0 RS N2 Erh 4 35°N
WX, 3 REREAERTANZ . B 1 IREE A RIREGR, BB E DU B AL
RSB A R85, 5 2 ALK KGR LERFAE S~10 m-s™, JFF 5 N FE i RRpeS 300 1 %
FAMEEE (B 10a). 2017 FBQA TR HIIAE 9 HIRZE 10 4], WA REEE, —HM
T & 30°N LARgHEIX (B 10b) . SZHREEAIA S0, SEJah 2 MBI R, RS 1S
TAEA SO LR AR EEARE . BEAh, A 100°~120°E ~F R AR 24 17 i bl
LiFERIAREATLAE Y, KMEIX 340 K 4ERFAE 30°N LARgHIIX , 3R BARRIR I RAE DU s
b7, FIRAE 350N L — BEL4ERHBE A hnil 2 4o, B XU, X iE— R R IR R
X URE DX H IAE DO F i PAAEHRIX

15



20031004 20171004

20030923 20170923

20030912 20170912

20030901 20170901
= - ;?
Ll
20030821 T T T 1 20170821 T T 1
60°N 50°N 40°N 30°N 20°N 60°N 50°N 40°N 30°N 20°N

e e
-15 -10 5 0 -15 -10 5 0
Bl 10 (a) 2003 4EA1 (b) 2017 4F 8 J3 21 HZ 10 [ 10 H 500 hPa 100°~120°E “PI AR 4 (5%
2, Bfi: KO AP dERURE HE, B mest) Zifr - [aEA
Fig.10 Average false equivalent potential temperature (solid line, unit: K) and average meridional northerly
wind volume (colored, unit: m-s™!) evolved over time in the latitudinal direction from21 August to 10 October (a)

2003 and (b) 2017, with a range of 500 hPa and 100°—120°E
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Fig.11  Time evolution of average geopotential height (unit: dagpm) at 500 hPa in the range of 85°-95°E
from 21 Augustto  100ctober (a)2005 and (b)2021
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Fig.12 (a) Integrated water vapor transport flux (unit: kg:m*s") and (b) anomaly (unit: kg-m™'s) over the
entire layer from 21 August to 10 October2023
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Fig.13 Conceptual model of large scale circulation background of flood causing precipitation in the upper
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reaches of the Hanjiang River during autumn flood season
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Fig.14 Schematic diagram of the causes of major floods in the upper reaches of the Hanjiang River during the

autumn flood season

5 i

ARICAIHT T 2000 A= LLSRFKRSMADL Rl Rt K A R SBEARRAE R St /K IR 3 06 %
PAPHT K R RS 15000 m? s (R AGE FRAE R AN R, MK RERR AT 5153 F AR AE
Ko BT T BURBRWRAEMRE, RS RT.

(1) 21 LA TSRS FRIZETE 2 . MoK T R AT 2~5 ISt B W
WA BHBEN O T PULRBE MR L RE L —H . ZRKELL L4
—Hg SFHLI B PO RIS R T Y A F 80 mm BUA R LA b AR RS
F3 A OSBRI R 2 A& 2 L RS X4 A ] 804 100, 70 mm B, KHER S
TERGHEK o

(2) PRI EDIEe . SRR IR, BN R R SRR R R L, 2K
WARRREEI (Al . AR SR BT AR BRI I, PRI 43 he 47K AR R AR RTK
PENFEFEAE 3000 m3-st LAURI, Rk B a6 I K 2K TP I 30~50 hy G\ PRI
It 4500 m3-s! LA L, RIS RGBT R R A R

(3) RROWH 2B 96 R G050 ot 5 A LR TR . A v ot O 7 L5 4 /2 P 3
T PR I B K S O 22 100 2 S D5 R o T 300 S R 100 20 A g I e s B HE A G 00 Py 1 4 v
R, o R U R AE X0 RS B T AE XAk, & IR R G AE v A 51 3 N AR

I, 515 FARZ BRI R AR E fe R R AL, WRIR RAERE RT_ETHEshfE I TR A4
19



Tt ARBEAFEE RE BRI, AT BB W KIALERE . 2RISR &AL 26~32°N. FE{HH F7E 90-
110°E. B J i B R AN Rt il 20 Sl AR B 7E 27~30°N 38~40°N BLAL, 6 R IL FilEEK
PR ME SN 5 B

(4) RUEZKAE [ UL B2 KR AR BV F . B A 28 3 A7), Hest | kg
FLAHEZ R B RE e 5 A0 e v 308 ) A G A1 PR KV S B 184 22 T AT ) P s (0 7R e i 3
Z, NKITIIRREE KRR AE IR B 1 7 78 R BRIV 4G

SR

SRR, BT IR, ZE0E, 45,2003, 2001 SEAETERKR N 25 20 AR 8 SRR AT []. ARG, 14(2): 215-222. Bao Y'Y,
Abulimiti, Li F, et al, 2003. Space-time distribution and physical mechanisms of autumn rains in West China in 2001[J]. J Appl
Meteor Sci, 14(2): 215-222(in Chinese).

BB, ARdh, MR, 2003, THRTETHE A R ALAERERIRIR AN I [J]. &, 29(8): 39-42. Bi B G, Xu J, Lin J, 2003. Method of
area rainfall calculation and its application to Haihe Valley[J]. Meteor Mon, 29(8): 39-42(in Chinese).

WREE, kg, salid, 42,2007, 2003 SRR H 0 H LB 2 B T I—B0ERGII]. Al R 24K, 23(4): 355-304.

Chen G X, Feng Y R, Yuan Z J, et al, 2007. Quantitative analyses of mechanisms of anomalous weather/climate disasters in 2003 1T

autumn floods in the basins of Yellow and Huaihe Rivers[J]. J Trop Meteor, 23(4): 355-364(in Chinese)

AEYFEE, R0, FASTR, 4%, 2007. 2005 FPULHKIRRGOKSCRHE D T[T]. 2 %K T, 26(4): 289-294. CuiJ X, Xu S Z, Wang R Q,
et al, 2007. A study on meteorological and hydrological characteristics of autumnal flood in the Hanjiang River in 2005[J]. Torr Rain
Dis, 26(4): 289-294(in Chinese).

HAfak, THEE, BE, %, 2019, DPHTIKEE A O RIT KRR G T YIS LB S T I, P EBIRSER, 296): 9-
12, 18. Dong F Q, Ding HL, Mu Q Q, et al, 2019. Preliminary practice and discussion on joint-dispatching of upper reaches of
Hanjiang River with Danjiangkou Reservoir as the core[J]. China Flood Drought Manage, 29(6): 9-12, 18(in Chinese).

FATH, BEE, T, 55,2023, PR HRFRRGLTR ST KT ROTAD]. AKFKE IR, 44(9): 79-85. Dong F Q, Mu Q Q,
Wang W, et al, 2023. Preliminary study on impoundment in advance at end of flood season for Danjiangkou Reservoir[J]. Express
Water Res Hydr Inf, 44(9): 79-85(in Chinese).

BofegE, 2017, DU MK B A B iz AT A e [D). iU K2 17. Duan W X, 2017. Controlling reservoir operation
and impact study in Hanjiang Basin[D]. Wuhan: Wuhan University: 17 (in Chinese).

TURE S, BRHZE, 1983, HEPURKFE 2 EARI[T]. HEERTST, 2(1): 74-84. Feng L W, Guo Q'Y, 1983. The fluctuation of autumn rain in
South-West China[J]. Geogr Res, 2(1): 74-84 (in Chinese).

1/, 2010, 7K EE K ST TR 70 [D]. FEat: B HUKFIBFE ik 27. Feng X C, 2010. Study on mid-long term
20



hydrological forecasting model of reservoir[D]. Nanjing: Nanjing Hydraulic Research Institute: 27 (in Chinese).

i, RERLL, 1R, 48, 2023, 2021 SEPTAKTVEI K R KRR F RRERT E[T]. U4, 2023, 49(7): 868-880. Gao Q, Wu C H, Xu
M, et al, 2023. Study on hydrological and rainfall characteristics and circulation anomalies in autumn flood season of Hanjiang River
in 2021[J]. Meteor Mon, 49(7): 868-880 (in Chinese).

ey, tRU, 2, A5, 2014, WA A RO S R R[] RERHEERE, 4(2): 66-69. Gao Q, Xu M, Li W I, et al, 2014.
Researches and applications on area precipitation in China[J]. Adv Meteor Sci Technol, 4(2): 66-69 (in Chinese).

FREWT, 2020. 1979—2018 HHE VG AL WAFIE SGE MR F 437 [D]. BeEl: (s S LR K% 32. Guo Y X, 2020. Analysis of the
characteristics and influencing factors of autumn rain changes in West China from 1979 to 2018[D]. Chengdu: Chengdu University
of Information Technology: 32 (in Chinese).

BN, SRIERE, BREEAE, 5, 2008. 2007 AR E KRR T E IRE ST ]. A, 34(4): 86-94. Jia X L, Zhang P Q, Chen L J, et
al, 2008. Causality analysis of autumn rainfall anomalies in China in 2007[J]. Meteor Mon, 34(4): 86-94 (in Chinese).

TR, Db, XM, 45,2014, —Ah ol A 40U AR R PR AR LU L], KR, 38(1): 32-44. Jiang ZJ, Ma Z F, Liu J, et al,
2014. Improved index and climatological characteristics of the autumn rain in western China[J]. Chinese J Atmos Sci, 38(1): 32-44
(in Chinese).

FITaE, Fh5%, Fhot, 4§, 2022. 2021 FEPUTRIT S 7K BB RHE S RS B SR ER 1 [J]. R K E, 41(5): 501-505. Ke Y M,
Sun X J, Sun'Y, et al, 2022. Discussion on the characteristics and risk management strategies of abnormal rainfall-flood regime in the
Hanjiang River Basin during the autumn flood season of 2021[J]. Torr Rain Dis, 41(5): 501-505 (in Chinese).

Ak, XETK, B, 55,2015, TR IR K FFRRAHELT]. #i TR 244, 31(4): 526-535. Li CH, Liu X F, Li Z, et
al, 2015. Circulation patterns of regional mean daily precipitation extremes of persistent autumn rain over western China[J]. J Trop
Meteor, 31(4): 526-535 (in Chinese).

P 1989, SEPHRK N (IR 25 A6 1], HUERRL, 9(1): 51-59. Liang J H, 1989. The regional and seasonal distribution of autumn rain
in West China[J]. Sci Geogr Sin, 9(1): 51-59 (in Chinese).

Mz, b, FhARIE, 4%, 2012. 2011 SEAKRAEPUAKIT 75 SR 20 B[], "4, 38(4): 456-463. Liu Y J, Sun L, Sun C H, et al,
2012. Analysis of anomalies of autumn rain in West China in 2011 and its possible mechanism[J]. Meteor Mon, 38(4): 456-463 (in
Chinese).

TE, FHRGE, T, 2013, HETGRKET AR FOHHREE K& SR SRR T]. S RAE, 32(4): 1019-1031. Luo X, Li D L, Wang
H, 2013. New evolution features of autumn rainfall in West China and its responses to atmospheric circulation[J]. Plateau
Meteorology , 32(4): 1019-1031(in Chinese).

IMNGENE, SoRAE, HORBE, 5, 2020. VLIEMGRYZEE MNP 28 M VS SN GETHRHIE ], R 54K, 78(4): 580-592. Sun X Q, Jin R H, Xiao

T G, et al, 2020. Statistical characteristics of Asian blocking activity during the Yangtze-Huaihe Meiyu season[J]. Acta Meteor Sin,
21



78(4): 580-592 (in Chinese).

PSR, ZERIE, EEE, 2011, 2011 FEPUTAKFBOK M QUL BRI HT[I]. T E PTG, 21(6): 64-67. Sun Y X, Li S J, Tan W,
2011. Analysis of emergency response cases for autumn floods in the Han River in 2011[J]. China Flood Drought Manage, 21(6): 64-
67 (in Chinese).

A, DRI, AOISEE, 45, 2015, FRIEETGK 1R LM E 7). FRXPA, 32(6): 1113-1121. Wang C X, Ma
Z F, Shao P C, et al, 2015. Climate variation of Huaxi autumn rain and the impact factors influencing it[J] Arid Zone Res, 32(6):

1113-1121 (in Chinese).

T, Ak, 1998. 1991 4F B 7 0 BH 28 & R B2 Wi/ BT [J]. KR 3R, 56(2): 85-97. Wang Y F, Song Y J, 1998. A diagnostic
analysis on the growth mechanism of the East Asia blocking high in 1991[J]. Acta Meteor Sin, 56(2): 85-97 (in Chinese).

RPE, FLRB 2016, FIEA LR A ARG DT FRGHIEm[I]. AR, 42(11): 1379-1386. Wu Y, Du L M, 2016. Impact of ridge
line of the western Pacific subtropical high on the upper reaches of Hanjiang River in autumn flood season[J]. Meteor Mon, 42(11):
1379-1386 (in Chinese).

ATEREE, 2010, BT 2R PERT 12 (8] B RT A 73 AT [D]. AU/ WIITK 2 38. Yu C F, 2010. Spatial precipitation frequency analysis
based on L-moment approach[D]. Hangzhou: Zhejiang University: 38 (in Chinese).

AR, E3T, BRIEZ, &, 2013, EAETRR A B 5 AR K (O UERCR ], SRR, 32(5): 1510-1525. Yu Y X,
Wang S G, Qian Z A, et al, 2013. Climatic linkages between SHWP position and EASM rainy-belts and-areas in east part of China in
summer half year[J]. Plateau Meteorology, 32(5): 1510-1525 (in Chinese).

TREE A, 2021, HET KRR TURAG B AFHL DK RS KAL 3 B R [D]. K KB T K%: 18-19. Zhang M Y, 2021.
Study on flood original regulating water level classification of Danjiangkou Reservoir based on hydrometeorological forecast
information[D]. Dalian: Dalian University of Technology: 18-19 (in Chinese).

Zhou B T, Wang Z Y, 2019. Enlightenment from heavy autumn rain of West China in 2017: synergic role of atmospheric circulation at

mid-high latitudes and oceanic background[J]. Theor Appl Climatol, 138(1-2): 263-274.

22



