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Abstract

The presence of abnormal rainfall stations in the basin will affect the quality of input data, and reduce the
hydrological simulation accuracy. To improve the hydrological simulation accuracy, this paper attempts
to calculate the rainfall process missing index and rainfall process similarity index, and use the DBSCAN
clustering algorithm to cluster the calculated index to screen out the missing abnormal stations. The
lumped Xin’anjiang model is constructed to simulate the 1 h, 3 h, and 6 h long flow series before and after
the screening of abnormal rainfall stations. The application results of the Le’an River basin show: after the
abnormal rainfall station data are eliminated, the Nash efficiency coefficient is increased by 0.07, while
the relative error of water volume is reduced 18.08%, which can improve hydrological simulation accu-
racy.
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S H AR O S R (Y BB AEL (2], EIAU IS P I 2 0 D S5 A RO O 2R A 9 B W I R B SR B AT
BErN R . HAl, SERNHEARFEARES ISk, RE %) (Deep Learning, DL). #1#52% >] (Machine Learning,
ML) = KZK[3]. BT A 1 S8 A0 22 R Geit 2410 757, i Hampel v k& A e ), B A w4577
Guit S vEIE I T R AR G = AR S B XA, K X R Bl B R A A i [4]-[6] - XTSRS AR A
Az A S DD KT SR AR R R AT R, e P h  AE FE AE (7] i B KR ARIAHE T I A
W\ ARG . K AT I A e il Ty ks P B A (e FE AR A LW R B R[], HF S AR
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3.1. M ERNEY

DX 350 A Y 140 225 1) 0 AT 2 52 W0 RS 2 M 00 50008 RO AR ABA T, DR 1 A IR AT 3l et 2 00 0 A AL v T iz
¥l 5 5] N\ 25 B EE (Distance weighting, DW), A Sk FH & 0 R B0 500 B0t o O BE AR, AR
 (distance-b)°
DW =ae 2 Q)
s distance Tl SR ELLRRE 25 a Ron KR b Ros /Nl s PR S48 s ¢ i1yl s ) e K
HERP O A SN O HES G
% R e P2 e 5 $ (Rainfall process missing index, RPMI), SR H3R HHCasafy a5 kF N6k FL A 20 40 20 I 1) B Y
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RPMI, =i[len(s;)wak] @)

FAv Ien(S;) Fon ol 55 B8 K AN AUTE A (R [A] BE PR oA 00 HE B W BRI AN 2. DW, 3R A0k U 5 K
AN 55 18] ) P B AN
3.2. BEFEEEIES

il 25 PR A TR 3 A AR RAFE B (Rainfall process similarity index, RPSI) itk Ry &3l 5 22 1) Wi 00 ) e w9 3t A4 P A
UFEEE, Wit B RN AR ST 3 — 1k, AR

N

RPSI, =Y (Ed, * DW, ) @)
Ed, = i(x;l_x;z)z kL k2e[LN], te[1,T] Q)

t=1
RPSI, —min(RPSI)
RPSI ., = -

max (RPSI ) —min (RPSI )
KA Ed, 2 H0uh s R EE S 5 k ANk SN EHE 2 M RGREE RS N ORI W ER NG T AW
o A O B PR 220 AN 4
3.3. DBSCAN B3

DBSCAN R E —FhIE TR [0 R, WIREIREAE 20 L B EREEENRRRKE,

WA TR E W E R %S, DBSCAN REHVE M LT E MBI RS, FFE RO 5% A, 3 &
DBSCAN EREHERRTFRER.

ke[l--,N] ()

[#] 3. DBSCAN BREEEXREE

F<] 3 r DBSCAN FZRE VLA IR 12 Eps HL 7, AR /N A5 Minpts B 4. A% 55 A FFIGTHE
K, {E Eps Ul NE#5 B. C. F =44, T F &7 Eps Ju B N A REIAE] Minpts (753K, FTLLF soNid
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M RRER . B OHEE S SN0 A8 Eps YEFEDE HoRBE B HAR R O AT AR, BRI R T8
o BRI RS A~F S SR, AR MR SRR R R

3.4. ArRFAK

AL AT S 4 U i 3o o R A AR AR A R R R W22 B B i R 15 ¥ (8], O T I BR TR0 5 3 )
7 e RO iR 2 8~ 22 K 5 0 v S K [26] o 30 3 AR A AT i DU K X 8 P R Rt 0 R BT AT A,
A BN EAAE R F RN R . AT

Gl = (Xmedian - Xi)/§ (6)
Gn = (Xn - Xmedian )/5 (7)
2%
5 =12 ®
n-1

A x x, AARFEAFI X H5F G RBRMERRAME: X g AFERTFH X BIPALEG 6 AFEARF ] X
bR E 22 o

I R ATG JTAE ) e I AR R, Ho Gy A G I SR Bl i A AR R B TR RS, 5 G, =G, H
G, >G,, WKW x NRFEMEIFHNE: &G, >G HG, >G,, WHNW x, AFHEMEIFINEE; #5G6,>6,HG,>G,,
WAFELE A . B APAE S AE, KRR 5 R AR PR AR B R IR, B30T 7 W (A B

Y A8 A T JU) 9 395 P T 58 3l 00 DBSCAN SR 288 S 0F B¢ I Aok A LA s 506 W00 7 T 58 3l i, 3@ 3k 5403
A A Sl peUFE A ) B T B3 A 1) M U T (AT T R A O0T B, 22 T S 3t e 1) — i B ) Y 2 {5 A0 3y ped A ] T
Bty S AEAH 22 A — N MR AN (9], ELMR WA B R B O, UM T Sty s A IR ) B A M 0 A
AR 2 1 ONBERIAER R R .

F 1 BERFRID R

s Y 5 (mm)
1h 3h 6h 12h 24 h

/N 0.1~15 0.1~2.9 0.1~3.9 0.1~4.9 0.1~9.9
R 1.6~6.9 3-9.9 4~12.9 5~14.9 10~24.9
KW 7~14.9 10~19.9 13~24.9 15~29.9 25~49.9
E | 15~39.9 20~49.9 25~59.9 30~69.9 50~99.9
KEE 40~49.9 50~69.9 60~119.9 70~139.9 100~249.9
TR >50 >70 >120 >140 >250

HE: ZHBSRT NS 7

35 RERFNOE

ARICR AP R RHBUNS), KRS AR X 12 22 (Re) (E B AU B A R PPN FE AR [27] . NS REUR LA
B REARROR, 2 NSBEGE 1, UEIRUR LIS T Re Dy IE{E Ul W RLIOUEL o T SR, D St 35t
IREMEIR T H A, 24 Re %I O i it DA AUARAUL ) 45 SR AT
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PL3h BT R AME], &5 AWFFLIX 2016 & uh R H 4 BRI AR S FE H 585 51, 1K 6 Nt IX
2016~2023 Fuk S R IS FEA R BU T H A4 R

0.8

=
o

=y
MEI A LIE

IS4
N

0.0

2016 2017 2018 2019 2020 2021 2022
A

6. BZ[X 2016~2023 & & ik = MRS A2 AR (L FE 3L

i3 DBSCAN REIEHIEXT AR 4R 4 3l o (0 o R I R s 458 BdE AT 2R, A0t el e R 00l s A 0
45 AT N TR, Rl 5 SR A R0 2 Fos, A 18130 SERR N IR AS sh il oy IEFEAS (1 77 23
M 2 G5 R AT AR B AR S ity A 5 5 A B A AA B 75% L b, AT DAA ARSI H ki A

= 2. X 3 h BB KT RS SR 2R

G 2016 2017 2018 2019 2020 2021 2022 2023

FEIEES 100% 81% 78% 86% 75% 88% 92% 100%

4.3, REERERITRBIEINGE RS

N T BB N S R Rl s R S 7K ST AR R RALLRG FE RIS, AE AR ST A ok DL b P G TR
SRR FGH LA, A RI%F 1hy 3hy 6 h B BRI B EE AT KO, SRR AR Z LI 53 0 v A I
W G AT R R A TR . A F0R 2016~2021 4E 4L 6 4E R R M N B () R E ], 2022 £, 2023
SEPAEAE N R RIS B . B VAR T S8R H A /B 4% 2 52 (Cooperative Search Algorithm, CSA)## 342 &) It
M2 H . FRAEAS SCHUAS I J7 v 5 7 98 X 45k 2016 28 2023 4E¥L A5 1 hy 3 hy 6 h BB W E 55347 2 A0
3 NN TR B T G i W B R 25 SR 2R

I S N Rl AR A S A A R g R LA 4. NFE 4 AT DL i R I A I S AN TR B B K T
G A T ol T 2 VLAY e 5 B ARADL I R 1R 40 1 250 % R B8 7E 0.896 DL b, 7K S RSB IRY A X 1% 22 241 7E —29.1% LA
P, 6 SRR SO R 1) 49 T R RBUIAIEE 0.929 LI E, K BEAFRL A X 5 22 240 7E —28.9% LA Y s R ik 3 H R
2 Sl R U DA [ B B T R 1 o ol T 22 VLSS R 26 s AT ADLIS R 11 40 7 AR R S 7E 0.869 L 1, JKE AR
(R AE R iR ZE 3 E—39.8% LAPY, K 40 AR AL S FE I 9 78 R0 R B AE 0.916 DL b, KRB AR X R 22 9 7E
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—33.7%LL Y .

K7 2= 9 o & Bl 1hy 3hy 6 h BB T B AR e S 45 B0 LU o bl 25 SROGE L P mT e it Aer
DS T Bl o A TR R B AU ) T SR AR I e B B S e &, I B i 3 W Bl AR 1 hy
3 h. 6 h i BeK 7 B P25 4E K AR 2290 3 N —29.5% —28.3%. —26%, M A £k S % R 8 3l s 4G 0
17 1hy 3h. 6 h B BA 7 SBT3 K EAR X 1R 7 73 0 —28.5%. —34.7%. —39.1%. HR4ELL EorHras R
AT, T8I AR I S Sl et S )R Rt T 2 VLA BARADL I It i e A b AR Il S AU It 3 A B T S
DUE, 0 I8 O 2% BRI S P S W A3l A ) AR T DA T B e VLA RSB R RS T

3. fimX 1h, 3h, 6hEREKAREEHSRNERSITR

TR 2016 4 2017 4 2018 4 2019 4 2020 4 2021 & 2022 4 2023 4
1h 10 27 10 14 13 18 21 12
3h 15 23 10 12 6 19 17 12
6h 10 30 14 9 5 16 13 13

4 BHRERRIKRARELERE

5 1](2016~2021 4F) K36 11(2022~2023 4F)
TR
NS Re (%) NS Re (%)
bl 0.917 -29.1 0.931 -28.9
1h
AAGI 0.916 -29.3 0.939 -23.0
Dol 0.918 -27.4 0.937 -28.7
3h
AAGI 0.869 -35.5 0.916 -29.1
61 0.896 -255 0.929 -26.5
6h
ARAGI 0.892 -39.8 0.926 -33.7
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7.5E+09 0
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PERCR 258 0.916 DL b Zeid T w W Sl s kil 1 h i BEK T P K A X R 2 8 —29.5%, 3 h B
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