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Abstract

In order to gradually realize quantitative precipitation forecast and improve the accuracy of local
rainstorm forecast, the historical observed precipitation data of Tongren City from May to Sep-
tember from 2014 to 2022, the hourly re-analysis data of ERAS, and the actual physical quantity
field data were combined to select a number of physical quantities from dynamic, water vapor and
thermal conditions. The variation characteristics of heavy rain in Tongren during flood season and
the model of monthly heavy rain forecast in flood season are analyzed. The results indicate that:
(1) The annual variation of rainstorm days in flood season in Tongren City presents an obvious
fluctuation change. Rainstorm mostly occurs in the early summer, concentrated in the middle to
late ten days, and extreme precipitation is more likely to occur in July, and rainstorm physical
quantity threshold has significant seasonal variation characteristics. (2) The physical quantity
model shows that the physical quantity factors selected in May, July, and August are more water
vapor conditions than dynamic conditions, and the dynamic factors selected in May are all in the
middle and lower layers, and the water vapor conditions in the upper layers are also more impor-
tant in July and August. When the situation is mostly stable precipitation, the accuracy is higher. (3)
The test of 28 rainstorm cases in flood season 2023 shows that divergence and vertical velocity in
dynamic conditions are relatively stable, 80% of which meet the threshold conditions, and the re-
sponse effect is the best in July. The model performs well in September forecasting, with an error
of within 20 mm in predicting rainfall for 75% of the cases. The rainstorm forecasting method ef-
fectively improves the prediction of the maximum rainfall in the flood season rainstorm process,
and has certain indication effect in the local application.
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Xt 24 h NI R R B KRB &, 2B 2 AN K DL X skt 55 BRI & > 50 mm )5E SCR—A
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. 8 A 22, 9 H 14X,

23. W5AE

2 MK A S P = [ Eqelt TN, 50RO SR T WK AR A0 1 LI
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Figure 1. Annual changes in the number of days of heavy rainfall (left) and the distribution of the number of days of heavy
rainfall by month (right) in Tongren
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Figure 2. Monthly changes in the number of days of heavy rainfall and monthly average cumula-
tive maximum precipitation in Tongren
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Table 1. Thresholds for monthly storm forecasting indicators

* 1 HRARMIMRIERRE

_ BRI{E

R
YRR hPa 5 /] 6 /] 77 8 /] 9 /i
A 500 93.1 95.2 94.8 96.0 945
#axi//m; 700 > 96.1 98.9 95.2 97.1 98.5
” (%) 850 99.7 97.4 98.3 99.1 99.7
o i 500 48 6.1 6.2 6.1 5.7
i 10 %Ii,l) 700 > 106 12.2 12.1 11.6 11.4
R gkg 850 14.6 16.3 17.1 16.7 15.3
1 K 500 6.8 6.0 6.3 5.0 5.3
(102 gcm™® 700 > 14.4 142 14.4 10.4 12.2
hPas %) 850 12.1 12.4 16.7 10.8 9.8
. 500 2.2 25 21 43 3.0
5 700 < 21 2.4 26 18 1.9
(107s9) 850 2.4 1.2 15 2.2 3.0

)|

. 500 43 3.6 5.4 31 16
/1 18%51 700 > 49 6.5 5.2 3.4 1.0
?:F{ (107s7) 850 7.7 8.2 85 8.3 8.7
. 500 0.12 0.09 0.07 0.12 0.05
ﬁfﬁ{i 700 < 0.12 0.08 0.18 0.11 0.06
(hPa-s™) 850 0.1 0.04 0.06 0.05 0.03

N=| SZ V2SS
A RECPRZER g ghy s 123 123 12.7 12.8 126

% ()

1%

42. FRASMYIEETRAEENY
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TR EZR, MR RKEKEFVRAZRET RN BEEEE, L 1 R ERJ R ER
Ko BB REAT Y — AT, (7 RESE ARk, ik 2 FIm & A BB .
WITRER AT A, BR 6. 9 H4b, 5. 7. 8 HHUNE &N T HKIRRE 2 T A i %A 4h. HAE S Hik
BRI TR RZ, AR 7. 8 AR /KRR B E 2L, Sl ) B TR T XTI M BEAT
HEGLREMS), T R H iR K KR 5 5eit RO B IR ZEAE£20 mm IR, DO 5 RS 45 BHE,
HI MR A3 S e R R, Xl e ST 3 2 R AR KA 08, SEUERREFIR, HEHZ N

FEPEREKIN (5. 9 H), #EMFRE .

Table 2. Monthly rainstorm forecasting models (equations)
2. S AEWMTIRIER(HTE)

Aty
5H
6 H
7H
8 H
9AH

Jike

Y =123.533 — 17.175X; — 6.263X;5 — 0.96Xg + 14.85X;, + 10.897X35 + 0.015X9
Y = 153.754 + 10.867X5 — 2.381X; + 18.199Xg — 18.876 X, + 1.266Xy4 + 14.994X 4
Y =186.14 + 31.704 X3 + 6.829X, + 40.791Xg + 4.901X;0 — 26.691X;3 — 21.885X,5 — 31.107X;7
Y = 146.959 + 16.649X, — 11.242Xg — 8.42Xy3 + 30.427X,4 — 17.796X,5 — 20.959 X9
Y =150.17 + 8.902Xs — 4.214X3 — 0.239X;, — 17.991Xy; + 16.611Xy4 + 17.425X5

if: X]_"‘XG\ X7"‘X12\ X13~X13ﬁj\%IJXTf& 500\ 700\ 850 hPa E@*HXTTYEE\ I:KYEK\ 7kﬁﬁ%\

X1o A 850 hPa 5 500 hPa IR E iz, Y N FE Bt oK KE(CRAL: mm).
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4.3. M HlL

FIF 2023 4% 5~9 3% 28 BN A FIR TR 77 3T A5G « Suit 2023 455 H WM, £HXT 5.
6 H& 7R, 7. 8 H% 5K, 9 H 4 AR E KW EL R 5 5y A 2 W IR b A B E T X L.
*ILEREKY], 1F 28 KREWIFEF, A 80%Md FEFF & BUE TR M 1F. B IR s, EEEE
ZHAEERME, 9 H 4 RAGIRIELE . 700 hPa F1 850 hPa () L1 5 S5k B A, 7] WL ERE A 2R Bk
FERRAYIHE BN E. 7~9 AXRENMEEHE LT 5~6 A, e 7 3B 8 RE IR 572 % 5
ORI, 2RI (B I 500) P03 IA BRI AE -

E%F 2023 4E 7 A 8 H 17 iF % 2023 4£ 7 H 9 H 08 Wi FEsE T 00, 45 R W% 3. #Git XKi—&%
KPR R 232.6 mm, X485 5 KR & 310.3 mm, i & 3 WA, X4 13 ANRIME &, XIR
W2 10 NEUE A, 8T 4 R J7 R T R K I R R P AR X — TR KPR & 242.3 mm, X
4 200.9 mm, 5 SRl KRR R LE 45 R, 0 DX — I TRAR OR BT, 5 X3 SE A A ZE
K, BRI AT 0 R — i T X3 BOAS [F) AT J R B AR ZE B K, WD 7 R v] REANIE F T e e
BRI F538 3 10 o 1 /) 9 L 5 W Tl . R FH R R ZR 0 2023 AR50 H 26 28 YO AT R SG,  fndk 4
7, TR0 R A AN 2023 45 9 B M e K B Y B TR R S, vHERf 28 (I 22 /£+20 mm)i& 75%, X 6.
7 A TR R B 50%. JEHL 2023 4 5~9 H R AE ISR AN AT RS, R Ak R B R M
2o, G 3 ¥ R BT A IX B, SR R T 3 e 1) S /N R R R A, AN 4 ) I AR
TR, G K . R, TOR LAY B P A A 10 DA B 2 A TR Ak AR, T
Tok 75 U AR A TN P B K B N A S B K P R X EL R B, 5. 7. 9 A TRACRELF, MR
FHILE 20 mm .

Table 3. Process inspection from 17:00 July 8, 2023 to 08:00 July 9, 2023
$23.20234 7 H8 H 178 E 2023 £ 7 B 9 H 08 BT iZ 121418

Bk AR E ELi KR & B W e R PR
(hPa) (%) (103%gkg™) (@03%gcecmthPas?) (10°sY) (10°sY (hPas™) #(°C)
500  97.4/95.8 6.4/6.1 6.6/7.7 5.6/4.1 2.0/-0.2 0.01/0.7

700  95.9/985  12.9/13.1 14.113.4 2.3/0.6 4.8/0.2 0.04/0.05 12.9
850  98.3/99.4  17.4/17.3 23.8/19.7 -0.3/2.8 1.4/7.6 0.1/0.5

e PEERE KX

Table 4. The test of the flood season monthly rainstorm model forecasting method in 2023

= 4. 2023 FF R A RAREIIR 5 A4
MRS ViEieE R S SN

O TR (R A A K P

U\ ) : s L 0 15 /% =
R izera0 mm) 3 B (mm) WEYRERE TR i B (mm)
5H 57.1% 151.6 10 135.7
6 H 42.9% 174.3 10 159.2
. Joot X% 232.6 X 13 X 232.5
0

X% — 310.3 X% 10 [X %~ 200.9
8 60% 93,5 10 133.1
9 H 75% 82.1 12 70
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Figure 3. Spatial distribution of typical monthly rainstorm cases in flood season in 2023 (typical rainstorm cases from May
to September respectively)
[# 3. 2023 £ B AHEAS A BRI 8 5370 (57 50 5 5~9 A EABIRFE M)

5. &w5itie
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R BMESAE, Horb 7 WS BME A RN R e, R BELRE2) J) 2 A b AU . 3 B Y
MYEEBOREE . IR EE SRR YIZTT RE T REANE T st J AT 953 J PR =) b /)~ 90 L 2 R AR

(4) %N I TR IRAE A AL R AP AT — € FR 7 CR R BONRRE IR 55 1) B8 7 I R i 22 42
Ny AHASCAGE S T IR LR, 585 BN E 2 B, 23— DI IR R KR
I35 T B AR R L R, B T A oA S S AR Wi RE,  BEAT AT A M ANVE AL . Rk
B REMRARG DI, RYIEA RS Xl — DA TR s [FI AT SIS MR E RE R 2%
P, BRI, X 2 AR R, R E R B IR b SO N E

E&WmE
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