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Abstract: Based on forecast products of the European Center for Medium-Range Weather
Forecasts - Integrated Forecasting System(ECMWF-IFS) and hourly temperature observation

data from the China Meteorological Administration Land Data Assimilation System(CLDAS),
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an enhanced model named ED-LSTM-FCNN is constructed, incorporating an embedding layer
module to handle high-dimensional spatial and temporal features. A fully connected neural
network was utilized to integrate various features types and achieve regression prediction of
temperature, generating gridded hourly temperature forecast products with a resolution of
0.05<0.05< Verification for the 2022 forecast in Hunan Province revealed that the model
exhibits a notable capacity to mitigate forecast errors inherent in the numerical model, thereby
enhancing the overall forecast stability. The root mean square errors (RMSE) for forecast lead
times ranging from 1 to 24 hours exhibit a reduction of 25.4% to 37.7% when compared to
ECMWEF-IFS and a decrease of 15.8% to 40.0% in comparison to the SCMOC. The model
significantly enhances the forecast performance of ECMWF-IFS in spatial prediction,
particularly in regions characterized by intricate terrain features. The RMSEs across most areas
vary within the range of 1.2 °C to 1.6 ‘C. The forecast accuracy of the model, with an error
margin of *2 °C, surpasses 85.0% across various seasons, demonstrating a significant
improvement compared to both ECMWF-IFS and SCMOC. The forecasting performance is
notably superior, particularly in stable extreme high-temperature weather conditions, when
compared to alternative products. In conclusion, this method proved to be effective for
high-resolution temperature grid forecasting operations.

Key words: gridded forecast, long short-term memory network, temperature forecast, deep

learning
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RIRRKIEE RBE IR RGPS OB R T B —, 552, A
SRR F U NSRS DIM G, AT BUR LA A OO T ARG AL R SR TR 75 ok H 2532 7t
SR RN L 2% 7% ) TG A4 14 FH I R) 32 SV R R AT i AR 1545, 2020)0 BARR ST 3=
FUR SR TR R A 2 b, SR RS W LA G KRGz sl 2R AT E
FHIE, BUERAIEA BRIR I Z EX s B, AR GR ZE(IMESS, 2021), ELHEA H T
= i R 23 2 R e AN R TS5 TR oK, T — 2D R e e kAT S AR B .
FIRE G A BT R S e 1 (Glahn and Lowry, 1972). #EGHFRIE S8 3hll 23 )7 3%
(RJAEE, 2016) EMLEEATIRATIE VLI 255, 2019) LA K RI/R 283 HIERARZ T IE
TS, 2019)%F, XL SR MIRE AR N A Tub fgtl, KEHETHImE 75
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TR B2 (A4 ot R ST AR, ErEa AU B B S S BURE S, BEE TR 254 3R 1k
AN TR N AR e, TR SR FF A BRAR (W 5055, 2020).
WLEs =] ikt al T RA TR (5555, 2021; Hanetal, 2021; 5K 4E%%, 2022a;

Vst s, 2023, [RARNSAE, 2024) o FLYE 2009 4F, Parasetal (2009) 5 AN 7 & T4RAEM)
T2 X 28 R R S TR A5 v« AR, F 20 X 28 R IEAE A [N ] B A TR] e 1) RS S 8 b 4

B, R R AT A2 W0 28 A0 s Il A& JR 1 7 AT I B %20, o A 2 11 BRI )
AR, BESSEIEFTHE SRR R, ML F I BRI AIT IER S22 A (Zhao
etal, 2023; Wang et al, 2023; J7 4%, 2024) . Choetal (2020) SFHBENIZRMR. CH
BEH, SEEAZEM L (FCNN) M2 R A iy R, S iR & AN Tl R 1 2 Rl G ik
KRR, DA IEHOE A A 308 i DX AR o v L () POl M 22, SR AL 2 ST B AR T Rt
FEMARLEE @A B2 . Qinetal (2023) $2H T —FRERIZ A (G2N) HEA 4 H %
ZERIETT %, 1@ AlexNet [ 2GR FEEL 2 [A)RFAE JF: [ RS E 2 5 T, G2N {§4%
EAETY [ 2 m iR B T34 5 MR ZE BRI T 19 %.

TER RIS RAL  rh, Hi N TR 408 3 e A R B R 2 (B BT, FER e
TR FRER ([IREAEF, 2019 FRESSE, 2022) o JEFAHRE 2818 iR 12
7% (LSTM) SEH T4 B 21804, PIH2HU FPRe4E (Cho et al, 2022) . Hewage et al (2021)
F T LSTM FIB () R 26 R B 7 A 57, TR K 12 h 1) 10 M S B R, Tk
R T WRF #i5. Zhang et al (2022) RAHKMHICIZ-2EHEM 4% (LSTM-FCNND X}
E xS H 0 CMA-MESO (Ji GRAPES-3km) #5040 H 1) 2 m & EE3E AT 22 1T 1E, I8 i
4 LSTM F1 FCNN, B Mk st S R B T A P2 408 (I 1) 3 045 2 DA Rl s AR . 244
FEAE EAHGE G, SR b e 7 X 385 1y i SR TR 3 T iRR 22 PR T 32 %,

IR AT A T EE DRI, O TN R, RS s IR i N R A2, TR AL
25 (20220) MR EE VIR RGN 2 miEE, 2 m HXHERE . 10 mU KUE LK 10 mV
A S TR, LB E R T (21T 1R, BUS — @ MSCECR . A G
PRSI 2% % T BRI PR R, U FRIRIRRES AT RN S, BRI P REREI
NEE, LSTM A RFEEZMEM (Yan et al, 2021 5kPEZE, 2023) o T LSTM HIEERT
RN A S SFEARATHE S, @G — TR, S iR 145 40073 Fp A0 B — 3l i
R SRR A, AT DAHES 258 s A o H 2 LSTM A3 5ed 5 5 2, A % i 4% A 1% (Jeong
etal, 2021) o N 7 HEAFH N S [EME R, BAHRIESE (2022) ¥ AE FCNN HEi RN Z (ED)
SERILALE A A A SR, OB ST A RHIEIE S R R RS AR & .
RN JZ VIR TR 2 2] ARG 5 A BRI R ANAT 25w, 22 H 06 s 4 B R s Bl
HHE I B LE BE e 28 ) & () v, W] DU BLAL 3 5 4 73 2542 & (Dahouda and Joe, 2021) .

B0 2 1 R B G R RS TR A R SR, AT T 5 R A R AR TR 0 =
PN (ECMWF-IFS) Fiih ™ it fl o SR R Bl [ 408 [F1 4 R 48 (CLDAS) R B kL,
PRl LSTM. FCNN DL JZ ED X JLEAN A I 245 5 1 TR A R N 48 TR Y, DASR
RS TR R I 23 73 28 o i — DA 30 VP A A Y A S X080 it DX Y ] A 328 /DN N A A T
Wl RS RSB AEMIETE S TR (SCMOC) LLJZiZ 3 h B ECMWF-IFS TR~ i,
RO VEENL S5 ERISEbR B R, DA RS 44 SR TR AUt 2% .
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1 #ds S ik
1.1 &R

ARICRF TR EAE N ECMWF-IFS 570 HE R TR =, R 18] 2030 08 B (ks
B, RED A1 20 B, FRES &L 15~36 h, B #EE 3h, M. &2 'R K5 5
3N 0.12530.125 K1 0.250.25< 71 SLPRL 451217 H, ECMWRF-IFS TR ™ & 322 Y5 it 1)
FHEL SEBRECHR I T 43R 2] 7 h, P ECMWE-IFS i Ab B 75 5% FH TR N 25 12 h 2 J5 I T
= e WIS CLDAS 3& 1 h A= i, /KP4 #1508 0.0520.05% S 55 LR 5 1)
& R ELTETHT R 48 T LA BT A i, 28 1) [ K3 (24.50° ~30.25N, 108.65° ~114.40F) .

TR 5 I e S Ko 2017 4E 10 H & 2022 45 12 H, X4 2017 4 10 H & 2021 4F
9 A4, 2021 4 10 H % 2021 4F 12 H NIGIEEE, 2022 F A4 .
1.2 HiEFAIE

NFREUA K 24 h B 1 h SRR, 3T ECMWEF-IFS AN [FIEEHR I vk, A [l TR v 25 ( 15~36
h, &3 h) FphgEt, Sty 16 MR, o iRt ALY (B E AR, R E R S
BAAN TR I 25 ECMWR-IFS Hcdl, 5 A5 250808 46 D12 PRI I 200 2 T it 8] S i 2 h i
Kl R b AR 720K ECMWF-IFS 2085 F KAt 22 DA A% r o A ARAIEASE R TR VI 25
SRR AT REN S, FEEHE P HE AT R A s, A

* X=X in
" _Xmax_xmin (1)

T Xinin A Xinax 73 B AR AR ECH (1) 5 /IMEL AR e KAH

NP R, BR AN LER ), SR AAH R HTiE N ECMWF-IFS Fir A Filh (Rl
i A DGR B, IR FR HRIR LA RECK T 0.3, HMEZ/NT 0.05 TRk R T (Zhang et
al, 2020) . @A R IR 2 ECMWE-IFS Fildi K 7 5 IR Se it A et R I, 2R
[ PR A 285 P AR 5 R BT 0.8 (IR dE 2 m LR . HUERIEFE . 2 m £R 53R FE . 850/1000
hPa i A1 1000 hPa LEEAE o A WLAR 2 0T b T 35, P AH S IR PR - e R iR s e K, 1k
Ab, L ARERIHE . RS AIRAE —E viwk. BRI R T4h, RG22 IR nT CAEE
B CJE s, 2021) o BXIROIAE (2022) 48 H7E TR B Hr sl & g s i $eds - (i i)
i JE ULINAR B /R AT A N BERG N 28 X 2524 2] 45 B, SR m R TR R . A0y
I = AR 4R Bh AR & (i [R)A 5 IR . H RIS 055 ) SR SR A I  < EW A5
RLRTE] . ZFAE R . 43 TR 2L 15~30 h (3% 3 h) ECMWF-IFS $#g A, i)
i JE AR AR S 1 dy WS 2 d AR . I T RIS AL 33 hy 36 h [Tk e
TR, 25 RSl S IE 4TI, AR R (R e, B (a0 o IR AR R AL fe 2 d AR
Mo F 145 H RN SR SE FIRHE

= 1 NSRS EI4HE

Table 1 Common features of input all models

ECMWF-IFS ik A1

— A
Hhf s AR R
2miREE. 2m FIREE. 10 m E R KA 500 hPa £ 34 £ . 500/700/850/1000 hPa 75,1000 s a)¥s fE AL Ar = . A
MALRE TR IR AR HRIBRE . KA KE.  hPa £ [n] X, 500/700/850/1000 hPa Ltz s H RS

KRAHAKRESE
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2.1 BiAEE

7 RS )R GEE B[R] SR DA K SR P F1 AR A BT B (P 3P ) BA M AN I 2 1 S5y
Mo GIAN LSTM L&) ECMWF-IFS TR 51~ LA S Ta) i j5 SR AS & (I P ARRAE ) FE45 7€
i b AT R o, LSTM & TR AP 28 X 258 o (1) — i, )32 87 FH s e 00 ]
5 FCNN AN[H], LSTM % B E IFE WS BEEE e Nah 1, T (5 2R K FE B K
FOCFR, [FII I NAFFRR BT TR, AT AR T 5 38 708 B 43 20 D0 28 A7 A5 1R FEE R R FEE
B, ARSI E 1B, B AN D R BRECRAS he FIA TS T2 5N X 7518
ST E A IR, BT 1 HEI0E B, BT BT 300 75 2230 20 40 etk
A MEZETER, 540 LSTM a7t 5 A B AR A o MESEURAS hee LSTM (1)
VEMIiaH IR WS 2%k (Hochreiter and Schmidhuber, 1997) .

S A AR BA D
B baeeik g

MR A
Fa iR &

MRS E |

AT AT o ae . R
WD WAL TV il

N - i gt @) wniinmy @) - siemoiaitinin

1 KA IZ M4 2 T4k 1

Fig.1 Long short-term memory networks neuron structure

N2 LSTM Sl N, IR 2l 18] B 1 R e I e a8 o T sl 8] 8 i P
S FBNAATHAEIEINE R, S38h, DT A AR A P b A RS 3 S A,
BRIPPRRTRIEREE ST, A SCERBUN & DY 7d. AR R, MAEEI
() B 1555 I [ 248 FE3EAT I8 I 3 o XTI FPARFAIE, TG EED 7d IO P8l 3+ H AR,
SCBCE BN 18] T e 1d,  DUAE 2 0 KB (I PR INAE 55« SN R RS
A, AR R,  PRIER L IR R 2R =

ST, AT EEARIN FPRFIE. O S AR A Ot ARl ey B BER0 0, A E SRR AL IE [R] I
FPRAEIL RS LSTM SEFR B &, IF HFRRARL I Zid A . ED B AT LLFE BhAb 3t

5
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K &, MR R MR R AR E A A« A RIS s RS o BRI A5 (2022)
TG 7 4 [ 3y 51 H A vy SR TR TR B B, IR N JZ (1) FCNINC i /) ED-FCNN A7)
AH EL 23 ) FCNIN AEEUE SEAR I TR PE e, B6AE T RN ZE ] I o R A S 3T ED-FCNN
K, B0 5N T LSTM HdR, #ih 24 NIR G4 M 4% ED-LSTM-FCNN #73 (J& 2),
DAFWSCAS R R B o B PR AN LSTM AREUEA TR AESE L, AERT P REIE N ED 2T
a2, FF4EREEE, 1 FCNN #2208 LSTM 5 ED M4, SR B S 4 HE AT A
i, g H i R DO B A s R R

LSTMEA | LSTMH: W‘T FAE | | FONN .
it (i ) | [if
- U o
7 ' ST H AL
#l] = : B 7|2
s ' : ! i

—{LSTI»1(S)}»[De11se]--»D+; """ e i

I 2 ED-LSTM-FCNN #7125 4y
Fig.2 ED-LSTM-FCNN model structure

2.2 MEgE
AR RSO B3R 2. 3 BB LR I 25 B G Hb 0l & e, SR A TR
KA FEF AT NG, ST FEI0URAE ksl 3 AN AT ARAE A BB, 45 114k, IR
AR SRS FE P I IEEE bR I e AR
=2 BEABSERE

Table 2 Hyperparameter settings in model training

BB wE
X 5)H 0.001
e B & BB B ALAR AL S 1
I %5 10
IEMAE T % gk
Elin e 64
R R HL PRI R 2
[N INGIE ¢33 8

RNVEAAR TR MR L R IR, R MR35 L B HE S T IR 2 RMSE. PR 2%
ME 5 TR AE 2 Fp:

N
RM SE=\/%Z(obsi — pre)? )
i=1
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N
ME=%§(prei ~obs) ©)

F, =12x100% €)
n

3 obs; AT pre; 20 AR S | MFEA I 5 TARAE,  np 9 R PR A S5 WL {E 28
MHRZANEE 2 CHRFEARE, n ARHEAR.

3 E®R oM
3.1 HETFIRER L

NIRAIE LSTM R G %, T ED-LSTM-FCNN BB EAT M Atk ae,  JeFRisif ch
LSTM AR, BHEEE FPRIES 208 N 2 A3 S R FPRFIE P S N FCNN - (fajFR
ED-FCNN) . & 4R %5 h & Fl SCMOC 1FE N2 2 Fi4R 5, R A 52 b 4y 5 %) b
ED-LSTM-FCNN. ED-FCNN. ECMWF-IFS fil SCMOC TRz . B4 Bg—1F H s2br
Ml S5 R R A ] CEUE B R AR []+12 hy FRET—12 h) o % ECMWF-IFS Tt = i [
i 08 (20) B, TR RCH 12~36 h, X . SCMOC FHJAFE 2% STAR L = i (1) e i i vk
7920 (08) I, TR %H 0~24 h.

] 3 AN A AT N IR AN [F] Pl s 205 ()98 2 2] 152 8 \ECMWIF-IFS i1 SCMOC [#) RMSE
Sft. MIZ 3 h TRk K A, ECMWEF-IFS #i38 08. 20 i (fishrk4s 20, 08 i) 4kl
RMSE 74T 1.9~2.6 ‘CHl1 1.8~2.4 ‘C, TEA[FRCAR IS R TR R 2 H AR RS EAAL, 4
JETRRZBR, BRI BN F R O & AR B PR SR 8 A 55, 08
IR CERELTR IS B4 H 20 I ZE R E 20 1) 5 20 I AREL, ARIE I B SRR T4
W, RIS FARE R BE PRk iR 22 2/ (B 3) 5 M o 20 i GREUHHR BN
WH 08 I ZFE=H 08 1) , FARMESEMBCRENS (B 3b) o LA K
IR s R, ED-LSTM-FCNN. ED-FCNN #AUE 2 FEIK 7 ECMWEF-IFS [¥) RMSE, F#ifiE 55
AliE 25.4 %~37.7 %Fl 20.2 %~29.6 %, %% HARWAE A SGBIAHL, 150 IR BE 5 S8 1) il
AR G AR K. X HIZE 1 h REE AL SCMOC 7= Tk R,
ED-LSTM-FCNN. ED-FCNN £ ) RMSE 437/ F 1.2~2.0 C. 1.3~2.1 'C, 5 SCMOC #
EL 23 I AR T 15.8 %~40.0 %A1 6.2 %~33.5 %. ED-LSTM-FCNN B e R [FE N k. B
Tk 2% F RMSE 38K, 20 if. 08 By #dikf*) RMSE 5 ED-FCNN HEAYAH bE 73 il B AR
3.5 %~19.3 %41 5.9 %~16.6 %, AJ i LSTM 1) 5] AN THEAPERRIE - R OCE 2, HTA
[F 2R RS G 0% B R RN ) RBEARAE, LSTM AT AZ BA Tt et A 200 =1 40 o AR
SR, IR G M B RS R A R A . &id LSTM $REUW I P R IRk &2
FCNN, FiH FCNN HE51Z 0 FPRIE LA N 250 H AR FPRRE, RN 2 AR A 4345 2,
BRI B B AR IR A e 71, 3B 4T T ED-LSTM-FCNN A58 1 il vk
e
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B fiinz/C

R B 2/ h
E sCMOC [0 ED-FCNN I ED-LSTM-FCNN
SE : ERRE SR ECMWF-IFS 76 15-36 h (£ 3 h) TRt 2 LI AUR BRI % .
Bl 3 AIFTIR™ M (a) 20 i (b) 08 A 24 it 4% TR I 80l TR 239 5 AR i 2%

Fig.3 Root mean square error of temperature forecast for each leading times of different products initiated
at (a) 20:00 BT, (b) 08:00 BT

3.2 ZE[E)FNAT(E] R A R LE

K& 4 i E X ECMWF-IFS 3% 3 h. SCMOC. VA2 SIRME 1 h R TR ()72
RMSE (/& 4a~4d) 5 ME #5[8)43 4 (&l 4e~4h) . ECMWF-IFS ) RMSE %5 [8) 7> A 1L 5
I SRR, IR PE L PE R B LA SZRER 2l o A A R Ll bk . S0 Lk g
PLEZ & ik, ZIX1 RMSE i& 2.0 ‘CLA L, @ EN 6.5 C, w72 i b S5 AH GHIE
*F, RMSE #1.6~2.0 C, JLEfiFKE#AF A 1.4~1.6 ‘C. SCMOC (1) RMSE 7 8] 73 /i th 2
P B M AR SSEHE, /T 1.3~6.6 °C, 5 ECMWF-IFS #H ELx -6 5B JR TR 258 5 4
ED-LSTM-FCNN #FI ED-FCNN #EAUG 88K T ECMWF-IFS [ R G2, BRI R
fF SCMOC, RMSE 25T 1.2~2.0 ‘CHI 1.3~2.7 'C, DFHFK T THEE. FRBFIARIE
FHTE X TR R ZE . Fivt FIRBERFEANF X (8] RMSE _F % s 200 5 s s B bt fsl, DA
1.2~1.4 “C {5, ED-LSTM-FCNN.ED-FCNN.SCMOC F1 ECMWF-IFS [1] EL 51153 1] £ 52.7 %.
4.0 %. 2.2 %#10.0 %, HJ ED-LSTM-FCNN #5405k it —: X4 RMSE X T 1.4 C, HF %
SAGLE A ALIT ) S B X, 1 ED-FCNN #8451 4.0 %, W, ED-LSTM-FCNN
BRI 7E 23 ] b S FH AR AL T ED-FCNN #5544

RMSE A J R Al ZE M, (H 2008 % 22 1E f e [l @, O 1 25 AN RIS gk 1T 1
RO, HE— B PE A ME 9% 18] 704 . ECMWEF-IFS A1 SCMOC 7235 b8 b 2 Hi A~
iR DX P4 b S0 B Al vy 7 LR L 3 DX TR B SRR AR A, ME 23 Bl T —4.3~6.2 'CHI
—4.8~6.4 ‘C. ED-LSTM-FCNN Al ED-FCNN #5704 B i B i R 4k ME Zax i, He
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J& 08 B T, VR B 2 S B RMSE 7341 I S4B AT HR A7 £ B 2 AR T ECMWF-IFS 5 SCMOC,
TEFE A i vty HE IR ZE R I B A, VA 2 I AT IF J5 AT 88 2 AN Sl R B Tl i 2 5 52
WA KEWE M. L 20 ik NE, ECMWF-IFS. SCMOC. ED-LSTM-FCNN Al
ED-FCNN A AE A ZE PR AR AL T HAh =TT, RMSE 434 PI3SE AT A7 505 7R 1.8 C A
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Fig.5 The temperature root mean square error and average accuracies of different products at different initialized
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Table 3 Root mean square error, average deviation and accuracy of temperature forecast exceeding the threshold
by different products

& TR I B A A 1 T e B (R A
JE AR U A

RMSE/C  ME/C Fo/%  RMSE/C ME/C Fa/%
ECMWF-IFS 18 0.3 783 25 -15 58.0
SCMoC 18 0.8 76.3 22 -1.2 66.4
2 ED-FCNN 13 0.3 875 17 -0.5 80.6
ED-LSTM-FCNN 12 0.4 90.1 16 -0.6 85.0
ECMWF-IFS 18 0.3 783 24 -15 59.4
SCcMoC 18 0.7 76.9 2.0 -0.8 716
o ED-FCNN 14 0.3 87.4 16 -0.5 815
ED-LSTM-FCNN 13 0.5 89.3 14 -0.6 87.7

3.4 REAMFIFME

9 ELAR VAl % A AR AR i R AU L R B TR BE 77, A SCiE Y 2022 45 8 H 17—19 H 1tk
Ui iR R AT 2022 4 11 H 27—29 H A3 B IR R4 B iR AT A

MR, W95 X K40 i BE3Z 500 hPa 18 AT BT i TR 3], i
TR BRI T R TR B (B 6) , KR4 XIS e TR A v T
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