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Evaluating the application of LSTM model for drought
forecasting in Beijing-Tianjin-Hebei region
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Abstract: Accurate prediction of drought condition in Beijing-Tianjin-Hebei on multiple time
scales can provide effective support for local drought resistance. Based on the data multiple mete-
orological factors such as precipitation, temperature and mean humidity from 22 meteorological
stations in Beijing-Tianjin-Hebei region from 1961 to 2019, the standardized precipitation evapo-
transpiration index (SPED) is calculated, the long short-term memory models (LSTM) construc-
ted to forecast the time and space of SPEI (including SPEI-3, SPEI-6, SPEI-9, SPEI-12 and
SPEI-24) at multi-temporal scales. The accuracy of all prediction models are determined by mean
absolute error (MAE), root mean square error (RMSE) and decision coefficient (R*). The re-
sults show that LSTM model has a well predictive effect on multi-time scales SPEI (SPEI-3,
SPEI-6, SPEI-9, SPEI-12 and SPEI-24) values of meteorological station in Tangshan. In terms of
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time series forecast, the prediction accuracy of LSTM model for SPEI is increased with the in-
crease of time scale. MAE values of LSTM model in SPEI-3 and SPEI-24 are 0. 473 and 0. 197,
RMSE values are 0. 627 and 0. 260, R* values are 0. 604 and 0. 935 respectively. In terms of spatial

distribution forecast, the predicted value of LSTM model on seasonal and annual time scales of Beijing-Tian-

jin-Hebei region in 2019 is very similar to the actual value of SPEI, indicat that L.STM model can accurately

forecast the spatial distribution of drought in Beijing-Tianjin-Hebei region.
Key words: drought forecast; LSTM; SPEI; Beijing-Tianjin-Hebei region
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Fig. 1 Geographical location, elevation and spatial distribution
of meteorological stations in Beijing-Tianjin-Hebei region

e KRR B E S A R0 UR bR v R R 55 0
#HE SR GS(2015)732, KB L&,

1.3 WRAZE
1.3.1 SPEIil%&

SPET 355 st SR A5 BR 45 Ay 7 B, B3 2ok A7 55
7K I ZE A 1Y 2608 5 1 RS 0 D 25 7 ok 3R AT
FRARE, S RE R R0 Wb fEE
SPEI 43 F LR 590, v R R IR 1,

# 1 SPEI T R4y HAbrife
Tab.1 Drought classification of SPEI

H ey 8
1 P —0. 5<SPEI
2 75 —1.0 << SPEI << —0.5
3 b2 —1.5 << SPEI << —1.0
4 e —2.0 < SPEI << —1.5
5 FRE SPEI << —2.0

AR SCHRAE CHESE 22 AN G i P Y A

KB T 1961—2019 4E £ 4l 15 3.6.9.12
24 A1 246 8] REE ) SPEL ¥ JoAE hy Jm 22 T
TR A ) E b i ke AL g AR A H B R X
L/%/(1 A
D) X EZEB A PET X Thormthwaite J7
TERE I R A
10T

A
PET=16B><<?) D)

T 8 AR E ;B HIKIE R S ol A a0 46 B i
THRMEIEREGH ARG EGA 2L H A
fili ) R %k
2) IWHZEA K SRR M2 D, R
D, = PRE, — PET, (2)
Krh: PRE, & H &K & PET, 2 H W 16 25 80
K,
DX EFESN D RANA 3 NS HEN
log-logistic BE2R 73 M AT 5
a At
Fao=[1+ (%) ] (3)
KH a, By R LAEAG Tk b 471158, Bk 5
kWS 3CHk10],
4) ¥4 B FRME 2% B E AT bR AL L 15 204 B 1Y
SPEI f#i ;

P=1—F(x) (4)
M MR P<0.5 i},
W = /—2In(P) (5)

ay —a,W + a,W?
1+ b6,W+b0,W? +0,W?°

M P>0.5 0, P BU{H N 1—P,.SPET 8RN,

W = v—2In(1—P) D)

ay —a W + a,W?
1+b6,W+b0,W?+0,W?°

X a = 2. 515 517, a; = 0. 802 853, a, =
0.010 328, b, =1.432 788, by =0. 189 269, b, =
0. 001 308,
1.3.2 LSTM #is
LSTM H5 R AF 5 pi 28 X 2% 1) A8 4, 5 FH T il
T B8] 5 20 808 L 1 LSTM il 48 W 25 fA A% .0 Sk i
FECJZ 1 224> A0 S oo A A, A0 i B T Y 25 A L
P20, LSTM #8046 441 i o 00 40 5 382 0 L g A
AV T AT A A o A RS v B A
T AL A M Bk LSTM B K W12 15 B
(g 1 LR B TAEBLE
fi=cWie [h 1,2, ]+b) 9
i, =0cW; s« [ho,x, ]+ b)) Q)

SPEI =W — (6)

SPEI =— (W— ) (8)



B/, 45 - LSTM A6 R 7 B0 3 T 52 3000 1oz ) b ) BF 5

359

C, = tanh (W, « [h, 12, ]+ b0 (D
C,o=f%xCoi+ixC (12)

(), == O‘(W0 . I:hzfl 91r]+bo) (13)
h, = O, ¥ tanh (C,) (14)

K £ O 0 RS A R T s W W

W, 4350 Ry it s i A R 1D A R I W jjzri
LTI ST S RS R PN S B E R TN TR K
IR E ;0 AR AR ITTHIRE ;2 Al 2, N L —
Y M ST A B SR OT R A ke 5 R B
200 it BRL T R A 4 BT R B R € CL AR
b 2 AR A BT S MR A G A
LSTM i1 4 N 45 1 A1 I 45 IR 25 5 o Al tanh 43 B4R
% sigmoid PRECHT AT 1E U3 pREC, B AT 09 TE A

2 SCk[31],

h,
?
C., c
, %
il c ol
i |0||0||tanh||0|
I | ] n
X, QR TR IE R IILIE I
DATRHAEFEAT N

Pl 2 LSTM #ft 4 %) % 41 il 45 #4 12l
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Flowchart for constructing the LSTM prediction model
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Tab. 3 Prediction accuracy results of multi-time
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Fig. 6 Spatial distribution of prediction accuracy evaluation results of LSTM model under multi-time scales
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