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Abstract

Flood forecasting is difficult in mountain watershed because precipitation data is scarce and hard to
reflect spatial heterogeneity. To improve the accuracy of flood forecasting in mountain watershed,
long short-term memory model (LSTM) and Xin’anjiang model are used to simulate flood in Guanshan
river watershed. The results show that the Nash efficiency coefficient of verification period in the tra-
ditional hydrological model is 0.55, while that in the LSTM is 0.7 with daily data from 1975 to 1987.
LSTM can greatly improve the hydrological simulation and forecast effect in the areas lacking precipi-
tation data.
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Wt W E R K E 2 —, BARENN, @R rRe s, BEdS S5 EIRET IR RN FUKHR
KN T ISR UK R A R IR, ARG SO L Sz sh B, MR KGR, Bk gtk &k
B SBNRRI TR T %, FH N —BE EZ R IR TR, R BOR SRR EE TR TTEL —. B
U, FSLA AR OK TR AR, B SRZL A S IE AL . HRTOK PR IVE AT =2 TRk M
R R G ECRAAB R [2], (HAZ, XTFIRE RN, BTRCBRE L, HFERRSE SRR, grs
SRV LA EAS BERC (3] LMK, AN LR 255 AR V2 B T /K SCIR ARG 7L, RS —
SERUR[A] [5] [6]. SRT, ARGEMI N TARLE ISR REA KN | X 2% 58 45 PR 3 LLBABURR, 1 AR AR 06 DA
S5 RC IR G R, N 2 BR KPR [ 7] KA HICAZ 2% 2 — P Scdt (R 2 28 AL (8] [9], &
B S e I 2 S5 TR I BREUR R T, R T R R, ARSCRR T AR TR I AZ P O K TR
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2.1. LSTM #&8Y

FREE 28— P B Ab B SRCAH BLOCTG, A EIERRE I, AR RS e LBl MEa A g, &
SN SH B SEIBUR, X R 2] R T DU BE RGP, R & TR R A I . T LA
FE4 1) BP #HE M L5t OV ) 2 B /K ST, (HAR 25 5 HIUBRFE T Ok, 45 mid 2 s 55 16k 21, 177 LSTM
KA AT 2 W) 28 A5 1Y AT DA s X P

K45 H11d 42 (long-short term memory, LSTM)# £5 [0 28 J& —F 503k R ) (8] 388 A PR 28 265 [10] [11]. LSTM 2%
BRG] N T 24 AR IIAZ S TG cell F13 ANFGEIT[12], 702 HiAl](inputgate). it [](output gate)Fl
BRI (forget gate). 1% /05 JCRVAARAS, 3 AT MMITEHIE BELEHORAS LR, AR 715 BAE
W2% R . LSTM #H&nas il 1 s

&M BT R1, SN T S5EAEZEER, LSTM 1R BEH I fE i 7 — /M2 e ——40RaES, AR5
N T i FHTT o, U] £3X = AN MRIMT IR SN . SRS JORAS I E S TAE. Sigmoid 0 o
S TR AEDN[0, 1], Mt 0 B, Fox E—REMEEAMEE R T& 7 SN 1, Rk
— RS B AR . 2SR T R R
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Figure 1. LSTM structure diagram
E 1. LSTM ) EE
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FEARSCHY LSTM A IZReh, SR IR LS I B, I B EH 34 W e O A 5 B 3, R
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FEATCH, e HURSC )2 N A = /KU 2R, A P2 AR R KB 45 R S LSTM A5 (A 25
RHEATHS LA AT
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3. KBS
3.1. MEXER

B LA T A B3, BB FHT O M PE R R, FHLM F[16]. A EEHEZREZ 110°48'00"~111°34'59",
164 32°13'16"~32°58'20". KA 465 km®, K 66.5 Tk, FN1L/KSCHE AR 300 2 km? (1L 5
HOKTHIAR 322 km?)o FEICT- IR 690 K, B TR 5.7%0, L4 VMR 7.78 m/s. B LAl sk 7 DAL
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AR LSTM /KSR S8 o, (TR 7 5 N 2R GRAS, a2 s E .

X T B LA A KL, R AR L S BRI, SRR Z LTINS 4 A A 3 S EE 1T
AT BB K EE . ASCEBUZIE 1975 3 1987 A CEHE Tk, Hodr, 39t 9 I3k, LN 24 h ok
XA T FEAT IR AN SGAE . Forb, BT 7 3NG4, )5 2 KR 4.

X AR B SR B, WAL, B LSTM M e 2408 3 )2, ik 513K H RMSProp (root
mean square prop)Fyk, T AECN 30 4, HERIIGIRECHN 1500 IX.
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B T4 N B 2 I BCR A IR ZE O, (] LSTM M T 45 AR KR 2. Bdara—1ak
P2 IR XA R Z 3 — R (P BUE YE FEUN0,1]. A SCH 3 — 40 R A IR 2 2 2 A itk 4 77 725 (Min-Max
Normalization), # N :

* X_Xmin
*s Xmax _Xmin (7)
A X, AEAEF SRR RME, X, NEEEFAIEAME, X ORRMGEISEEEE, xR — k. 2

A — AT A B RO R A, AME 2 BR PR e 2 TRV AR 2 22 S i RS i T L 2 O B S A6 000 Hh A7 AE 1R R
B M JE MR RIS SR A5 AT G Sk P v AN S

3.2.2. REBWSHRE
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XFF LSTM L8 1A, HINJZ AN T I step FIMES:, IXFRACER S 08 A R [ B AR A% 7ok, AR
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MR BB, BANESHCRSRE, FNSAAES RIS, RS RERE. 55 RSB ET
%, WIS R INZRIFIE], 82 R 00 & el @, AT B M R . 2 T Ressl)= 17 N O i &,
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REN A A XA:
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Figure 2. Study site
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3.2.3. BEFYIEMIERR

BT K SCTIAR BRI HE DA B B LT PR S By 00 H A (UL ] 2), AR Sk e R T 137 7 AR vk 2 AL X 4 22 0 7
BERIEAT XL, [RI SR F AR A% REVPAN LSTM A58 (14 5«

1) VI B A X R 22
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e
obs
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Figure 3. Results of flood simulation
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Figure 4. Results of flood simulation
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Table 1. The results of error analysis

1. BERBBHURELGR

YL R (%) BEER 7 (%)
5 s
LSTM ##7% B LR LSTM #5144 B AR

1 19760601 36.08 12.12 0.44 10.13
2 19770718 40.39 27.45 9.59 91.36
3 19790913 36.86 5.17 28.66 14.68
4 19800624 45.47 59.37 32.99 15.97
5 19811006 40.37 13.19 36.45 69.74
6 19820824 46.67 42.86 39.18 22.76
7 19831005 45.35 81.6 36.63 65.19
8 19850621 4471 79.47 65.29 79.8
9 19860616 49.98 49.42 81.02 3.08

TR 2 42.58 50.22 36.1 50.55
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LSTM 2 B LUK K SC b 02 PR 60 = AT 22 T R P A TR, S AT K R B O . 283
TS R INCCE R I

1) LSTM BT HA TR, IR (T W 5 A8V 77 BA— s R 4R K TR
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