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Abstract: Based on forecast products of the European Centre for Medium-Range Weather Forecasts-
Integrated Forecasting System (ECMWF-IFS) and hourly temperature observation data from the CMA
Land Data Assimilation System (CLDAS), an enhanced model named ED-LSTM-FCNN is constructed,
with an embedding layer module incorporated to handle high-dimensional spatial and temporal features. A
fully connected neural network is utilized to integrate various feature types, achieve regression prediction
of temperature, and generate gridded hourly temperature forecast products with a resolution of 0. 05° X

0.05°. Verification for the forecast products in Hunan Province in 2022 shows that this model exhibits a
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notable capacity to mitigate forecast errors inherent in the numerical model, and can enhance the overall fore-
cast stability. The root mean square errors (RMSEs) of forecasts with lead time ranging from 1 to
24 hours exhibit a reduction of 25.4% —37. 7% when compared to ECMWF-IFS and a decrease of 15. 8% —
40. 0% relative to the National Meteorological Centre forecast (SCMOC). The model can significantly im-
prove the forecast performance of ECMWF-IFS forecast, in spatial scale, particularly in regions character-
ized by intricate terrain. The RMSEs across most areas vary within the range of 1. 2—1. 6'C. The forecast
accuracy of the model, with an error margin of £2°C, surpasses 83. 0% across various seasons, demon-
strating a significant improvement compared to both ECMWF-IFS and SCMOC. The forecasting perform-
ance is notably superior, particularly in stable extreme high-temperature weather conditions compared to

alternative products. In conclusion, this model has proved to be effective in the high-resolution tempera-

ture forecasting operations.
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Table 1 Common features of input models
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Fig. 1 Neuron structure of LSTM networks
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Table 2 Hyperparameter settings in model training

e R
FoIE 0. 001
oAl 5 122 38 N 2l 5 Bl PO A 5 1
I 012 "
TE Ak 7 2 Ly
HEHE o
% Ky B
AR A 4 ;

VA R AR I G - 1 2 BUACH L R T 1
567 5 AL 1 7 B 22 (RMSE) -8 f5i % (ME) 5
R BUR MR 2 (F,) -

RMSE = [ 370, =P, (2)
i=1
ME = 137 P, —0) (3)
i=1
F, ::ﬁf><1oo96 (4)
7

KO WP, BIACERES ¢ A REAR (9 I (- Pl
{H e D9 S TR (55 LI {0 246 o R 25 ANt 2 C
AIREA S o0 RREA R

3 SR br

3.1 SRR MRARE

REIE LSTM Bide A %t . 5 F ED-LSTM-
FCNN BERY 3 47 9 il il 46 K BRA A vh LSTM 4%
P, BB B P REAE 5 2 i A2 b B S B HE R R
FRAE PF 42 )5 W A FCNN. & % B4Rl %5 4 %
SCMOC fE R 27 Wi I . BB 4351 %t ED-LSTM-
FCNN, ED-FCNN, ECMWE-IFS #l SCMOC i # %%
Ho ARSCIE b g R GE—f S Bl 55 S i i R (B
B R A+ 12 h BB A — 12 h), 4
ECMWE-TFS 4z 7 it (9 & 4 5 A 08 1,20 B
TR TR 12~36 h, X i SCMOC FIR JE 24 2 i 1
7 it B R AR IR A 20 BF 08 B L B4R I 350l 0~24 h,

&l 3 Ry AN [) A i B 2 o AS [ 0041 RF 3550 1 % 8 2
SRR ECMWEF-IFS fil SCMOC f) RMSE X} Ho .
MZ 3 h ik F . ECMWE-IFS 50 08 i} .20 Hf
O I S Brollz 55 20 B .08 15 BV 4350 % 17 ] 3a, 3b)
B RMSE 204~ F 1. 8 ~2. 6C Al 1. 8 ~
2.4°C A [] A e B O 1Y AR R 25 H A2 Ak R AE A
oL, 75 I TR R 22 3K B R/ o 5 AN [ S i
ORI B ) TR AR & A R4 . 08 B i 4l
GRELHUR BT B B 20 B 2R H 20 B 5 20 B
AH G AR o B B 422 30 T db 4 s s DR Ot %o {1 i s
BERY TR AR 22 5 8 /N (] 3a) 5 2458 R i v 20 1
GRILHUR BT B B 08 BFE 45 = H 08 Bf) - X F
F R 1 e T T 41 3SR A (TR 3b) o ZE A A 2 4
BB R 58 45 2R W1 0L, ED-LSTM-FCNN, ED-
FCNN BB A4 3 4k T ECMWE-IFS f#) RMSE, [%
W43 31 35 25, 4 %6 ~37. 7Y% Al 20. 2% ~29. 6 %, iR 2
H 75 Ak, i 35 518 AR L 150 W R 2 27 > A5 7R 1) 3 4
ROR SR WA OCPER R XS i 1 h IR 2 )



436 A

% 951 %

EC(15):1.85 EC(18):1.89 EC(21):1.90 |EC(24):1.85 |[EC(27):2.11EC(30):2.57|EC(33):2.53 |EC(36):1.93
2.51(@ \ \ \ \ \ \ \
[ [ [ [ [ [ [
2.01 [ [ [ [ [ [ [
o | | | | | | |
> 1.5 ! ! ! | | | |
2 [ [ [ [ [ [ [
~ 1.0 \ \ [ [ [ [ [
[ [ [ [ [ [ [
0.5 | | | | | | |
| | | | | | |
0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
B /n
5.5 JEC(15):1.94 |EC(18):2.36 |EC(21):2.33 |EC(24):1.84 | EC(27):1.91EC(30):1.95 |EC(33):1.96 |EC(36):1.90
( \ \ \ \ \ \ \
204 ! ! ! ! ! ! !
[ [ [ [ [ [ [
O] | | | | | | |
R \ \ \ \ \ \ \
2 [ [ [ [ [ [ [
z 1.09 [ [ [ [ [ [ [
[ [ [ [ [ [ [
0.5 \ \ \ [ [ [ \
| | | | | | |
0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
TR/ n
B scMoC [ ED-FCNN I ED-LSTM-FCNN

FE AR B AR R R ECMWE-TFS £ 15~36 h(i& 3 h) Hi4i i &k i < B4R 35 O AR 2= .

B3 2022 A i1 RS AN [ TR 7= i () 20 B (b) 08 B it 7% 1 4% T90 98 B 46k A< 30 T4 2 0 AR iR 22
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Fig. 5

RMSE (box plot) and average accuracy (bar) of different temperature forecast products

initiated at different times in Hunan Province in different seasons of 2022
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Table 3 RMSE, ME and F, of different forecast products for temperature

above thresholds in Hunan Province in 2022
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ED-LSTM-FCNN 1.3 0.5 89.3 1.4 —0.6 87.7

3.4 REANBIERS

Oy F PRV A A5 BT it 2 B o KR O T Y
RAE ST A ORI 2022 4F 8 H 17—19 H A 4% S i
AL FRR 2022 47 11 H 2729 H (¥ 5 B 6 2 A2 4y
AT VRS .

Ml A W) P L DX R B 53 i B 32 500 hPa
VU R 9 R AR g T o 48 45 S IR D TR R
SUAERL )5 T 29 0 T4 W1 S A s & 6 KR
3 DX I TR fEL v T LM I 25 7 2. 0 C A b
(FEmg) . 78 ED-LSTM-FCNN 8, i AT I Ji]
it JE LI A 2, X8 T S PR B R AR UL
P e 4R AL XA B 29 T, e b LSTM K B 8 K Al
e I e AR R & 1 — 25 TE A S 22 A2 1 [8] AR
RORAE T HoAb 7= b o 10 X5 T — K Hp A g B B A
PR b 52 B0 B 2 i A0 » 0 A Bk 1 A0 5 06 1 2
PRI, B 7 8 A 19 H 14 R IR (S

WL {H 1 i 22 25 8] 43 A7 » ED-LSTM-FCNN 45 £ 7
2t R 43 1l X T4 L S5 50w A . RMSE g 0. 9°C
ED-FCNN #7535 43 1 X Qi §ia) 2 80 S i 1X0) 15
iz L S B0 WY A & RMSE g 1. 1°C, 75828 I
e I B R A B 2 85 11 v Tl R R A 1R T vk
FE 53 2 i T KA R 5 SO st 1R R TR s A
2% . A & il o 72 1) RMSE 75 8] 4> i 2k &
([ 8) ,ECMWE-IFS 7£ ] Bg 75 4t &8 . AR #B a2y 1l .
FERIEED e X R 2E58 2.5 C L B, iR 2=
KR JE H ED-LSTM-FCNN #& # 75 ] B 265 K 78 73
XIRZEART 1.5°C, BRSO B AR T 3™ 5

2022 4F 11 H 27—29 H By 8 & — Uk 98 ] b
T PE R R K RS B (E 9. 11 A 27 HAF LR
RS H X 850 hPa R AIG 25 hy 5 5 WY e A< » V) AR 2K
AN 90 i A b DX AH X R B AE 90 %0 A 1, 3 Sy
IKIR SR FE N A R F K K A [ 30 M T A 18 28
KBiEM . 28H UM UALITFHERE®.



440 A, % 551 %
37.5
35.0
P
Juic]
v 30.0
27.5
25.0 i i i i i
20 08 20 08 20
17H 18H 19H
K1) /BT
——%#  —— SCMOC ED-FCNN ED-LSTM-FCNN  — — ECMWF-IFS
Bl 6 20224 8 H 17 H 20 W= 19 H 20 B IR AS 6] B = &
VAR AR S 52 BUR
Fig. 6 Comparison between the average temperature forecast of
different forecast products and observations in Hunan Province
from 20:00 BT 17 to 20:00 BT 19 August 2022
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Fig. 7 Spatial distribution of the deviation between different temperature forecast

products and observations in Hunan Province at 14:00 BT 19 August 2022
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Fig. 10 Comparison between the average temperature forecast of different forecast products and

observations in Hunan Province from 2000 BT 27 to 20:00 BT 29 November 2022
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Fig. 11 Spatial distribution of the deviation between different temperature forecast products

and observations in Hunan Province at 11:00 BT 29 November 2022
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