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Abstract: Using the 0. 05° X 0. 05° temperature grid forecast guidance products issued by China Meteoro-
logical Administration and the hourly temperature data of land surface data assimilation system (CLDAS),
this paper designs three intelligent grid temperature forecast correction algorithms based on the average fil-
tering and corrects the 3 h temperature forecasts with 240 h lead time starting from 20:00 BT every day in
the northern Xinjiang Plain from April to May 2019. Then the forecast effect of three kinds of revised
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products and guidance forecast products are compared and tested. The results show that the accuracy and
stability of air temperature and frost forecast were obviously improved after the three filtering corrections.
In the results of time-division test, compared with the original guide forecast product, the root mean
square error (RMSE) of the three corrected products decreased by 0. 79, 0. 85 and 0. 88 C on average, the
accuracy of temperature forecast increased by 6.11%, 6. 38% and 6.46% on average, the accuracy of frost
forecast increased by 3.00%, 5.81% and 7. 31% on average, respectively. Moreover, the RMSE of 24 h
frost forecast decreased by 4. 21, 4. 41 and 4. 35 h, respectively. In the regional test results, the RMSE of
the temperature of the three revised products decreased by 0. 66, 0. 71 and 0. 90°C, and the accuracy of the
temperature forecast increased by 5. 7%, 6.1% and 6. 1%, respectively. The accuracy of frost forecast in-
creased significantly in the area of 600—1200 m above sea level in the southeast of Junggar Basin, increas-
ing by 2.5%, 4.8% and 5. 4% respectively, but not obvious in other frost areas. The RMSE of 24 h frost
duration forecast was reduced by 0. 81, 0. 63 and 0. 56 h. In comparison, the effect of the revised forecasts
by the optimal ensemble algorithm is the best.

Key words: spring frost, average filtering algorithm, grid forecast, test, northern Xinjiang, temperature
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Fig.1 Overview map of northern Xinjiang Plain



11

FIAHL 2 25 - b BB AR 2 R AR R O MOR 240 AL TUR U T I SR g 1463

SR 3 e 2 (O T BT O 22 1T TR (B, 9, X T
3 h AR B ITIE A B4 H 3 6 d /Y 3 h
AR TR A S5 6 R H A Y S0 HEAT R 2% 4 A A
6 d M iR 25 P EAENITIEm 2. XAk 6 h
YA AR T TE /9 7 2 oL, 2 R i H il 6 d
(196 T FOTAT A A% ) AU AR 2 R 5 R S T R AT
FE03 AT B E I 22 1T IEAE . HLE 240 h Y AR I 20
TR IT IE ¥R Ry AR, g R X B A A% 51
AN [7) AR B 28019 1T 1 Al 25 359 R 3 R sl vk T
BB 25 1T IE{E .

T 2R KM2),n=10, BIK B KT HY
KM1 J57 Z A,

J7 % 3T AR KM3) . FR b 48 Wi IE 5595, 36 F
KM1 5 KM2 By 1] 145 5, DL gs X i 22 4y H 45 8
KM 5 KM2 J5 iR 28/ B AR WA
Mg i KM3 J7 3T 1E {8, 5 > 46 A 09 5 A4S 143 i
RN T BT IE i 25 359 LA A R R 1 7

(BT AR2EITIE -

Fy= fi— By (3)

) FH AR A5 22 A6 S8 B Xt B 4% 5 AR £k
FTIRZEITIE o A a5 TR 22 1T 1E 3o B2 B % AN [H] 75
R B 280R T A L HEAT Y

1.3 FERZE HFrEERE R

FRURIZ 24 h 245 22 I [A] F4R -

_ Ne 2 _ Nra
DF = N X 3. sk - X 3 (4)
FURIZ 24 h Y HF S0 (R e R 25
WC = DF — sk (5)

Kb DF RFE VR % H R5 2 8] B4R A, Ne Ry B4t
B 250 P9 T4 3k 31 76 VR 4R B 9 S KB N o T4 B
B8N K ) FR VR A8 BRI A8 S (RO B sk i CLDAS %%
Wit FE R B R S 18], New -5 T 4% i 280k % R
14 S 0 15 3] 7R VR H8 AR 09 B B Noa o TR IS 850
XoF I F S 290 AL 35 380 AR VR 46 AR A% i (RO %K.
TR OFE W H BP9 % H B 5 TR
FER R A WRBCR s L DBLFR VR IKECN ne, o @43 B
G AE TR H AN B H A A% a5 RS R B IR

t=Ng

K Ne = D> n (Ng 2 BRI 580 K& 820 Bk
t=1
=N

B Newo = Z Nisk, (Nea R LUK JBO » 2Tk ks

=1

SUIE A FL P 24 56 B 5 27 0 00
N/ No AP IR YIHH New/Now . Ol T
BRIV E 3 b B BRI 20 h F St I
A (R —1)x3 < DF < () X3 A
(R )X f A b R 52 50 - Ky
R (RES) X3 . I HOR Ty 35 St o R
w22 WC=DF—sk,

TE X IG5 B O A R - @ B4 A

t=Ng

AR B0 1 A R RS R BN Ne = D0y (N

t=1

1= NGk

KRB B TR 157 09 I B AKEL New = D) miae

(N HFOLR B » B AL B A TR H A 76
VRIS (8] - 259 WEN Ne/ Ne o 3 B 33 52 BLIK
B Neao/ Noaoo O BASKE fU7E B A BUR H 9 A 22
24 h FHRF B L AR I [] DFE = Ng/Ng X 3, H
Xif 7 PRS2 D0 - P 5 SE I [A] O sk = Neao/ Noa X 30 @
B R VR T 4 45 22 I R) 4 iR 25 S WC = DF —
sk

1.4 KILIEIR

KRB RIRZ (RMSE) 3T IEF 15 (SS) K
TR AR R CTT) IR T4 4 X6 52 22 <2 °C) (R it
WEE,2019)  FR G AR ER R (TS) (KIR<<0C) (Bk

BPA,2019) FHURZ 24 h P X HRESE e A] Bk 35 5
MRURZEAAG I VT IE RS B PR AR . Hov

(6)

A S R U8 N O B R Bl B A
%ﬁ’fi j‘jﬁﬂi{ﬁ’ai i‘jiﬁﬁo

X 100% )

s N g AR (R 28 0 5% 22 << 2 C RS 5 (00 £
Ny S PR A 26 %) 5% 25 =2 C RS 21 (UO %L

- Ne
Nc+ Np + Ne

s Ne O /6 O B4R GE 3 A9 A% i (OO B, N 9
R AEL TR B i 7R 45 B 10 52 D0 AN S R 38 B A AR L (YO

TS = X 100% (€D



1464 A

% 548 %

B0 N O PR AE R 21 58 VR 46 5 110 58 00 © 2 40 VR 45
PRI A L OO B
FRURIZ 24 h P34 22 I ) JAR 24 5 iR R 25

RMSE_DF = €D

HOOM A O FI 3 WC {H . £E 53 B &4 B
AL Ny 2R TR 2k B 76 R 45 45 19 KB 1E X
SR A ARG 8 U 3 AT s B AR VRS B A R
L

IRV IE S TG ¥ T MR 2%

SS_RMSE,, = RMSE ; — RMSE,,, (10)
il B2 T I 5 3 TR AR

SS TTw = TT i — TT (1D
R T I X T I 1 5%

SS_TSim = TSim — TS, (12)

FURITIES 532 24 b 55 22 0k ] B 41 4 75 A iR
P
SS_RMSEDF,,, = RMSE_DF ; — RMSE_DF\,,
(13)
A MR kmi FoRTTIEBRAR IR . BUE
123 TR xj s E G R T A iR B R
U A% S AR (EL

L5 WBHE

A B R KG 56 T s < 40 ) A5 9 X B DU R AR
i (XJ . KM1,KM2,KM3) i T A 4% 5 SR AE 240 h

P& 3 h $5AR1H.

3 DX IR 56 7 15« 43 BB 9 6 Eb 1 A AR
il (XJ, KM1,KM2, KM3) 78 5 4> T 4 i %% 240 h ()
SARAE A% S FE AR .

2 Oy IR ASCR X EE A B

XF R 3R XJ KM, KM2 , KM3 g f 3 4 7 i
AR 25 D7 MR UR 22 AR AT VB 3 L R R LA M 1 R R
FAURIZ 24 h R L 0 A AR 2 07 MR 2. KM,
KM2 KM3 A F XJ #9429 77 AR 22 L I AR HE
B3 R R PR ME B R IR VR I 24 h $5 22 I (8] T4
AT IES TS

2.1 HARREMSEFRRAERE

PUFP TR 7 i (XT KM, KM2 , KM3) S i 1
Y07 AR 2 0 AR T o R o 0L BT 2a, 2b, ELfA
b DU 38 T R R 2 T 4 e A K A D B
Hh A8 K AT T T A 3 B A R 8 K T
We Sl P B2 R . — U D SR P AR 25 0T IE 4 T B
B TR SO AE P Bl P B2 8 /N E 108 h 5 R
T B AE T IE W fE . HAR A IR AFH AL . B
dm st ange 1,

=0 U SRR BN B D A R TR O AR a5 2
W d AT AR TR A R ] AR . = R TR
al (KM1,KM2 ,KM3) # XJ ¥ 77 #1322 °F 35 9 /)
T 0.79,0.85.,0.88C, A WU MERS R T4 m T

F1 MOWHBER-ROBHFRIRENKETREBE S F I

Table 1 Comparison of root mean square error and temperature forecast accuracy
of four forecast products in different time periods

TR ™ L FEE CTFEITIERYY 108 h Z B - ¥ {4 108 h Z J5 V- #{E
RMSE_X]J/C 3.37~17.60 4.90 4. 00 5. 64
RMSE_KM1/C 2.53~6.56 4.41 0.79 3.13 4.91
RMSE_KM2/C 2.43~6.29 4.05 0.85y 3.10 4. 82
RMSE_KM3/C 2.48~6.25 4.02 0.88y 3.11 4.77
TT_XJ/% 19.60~48. 88 34.96 42.10 29.11
TT_KM1/% 22.73~59.31 41.10 6.114 50.91 33.01
TT_KM2/% 22.87~59. 82 41. 34 6.38 4 50. 80 35. 60
TT_KM3/% 23.24~59.59 41.42 6.46 4 51. 20 33.42
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Table 2 Comparison of root mean square error of 24 h frost forecast

duration of four forecast products (unit: h)
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Table 3 Regional comparison of root mean square error and temperature

forecast accuracy of four forecast products

TR 7 T EHME S CFEHITIES S RMSE_TF¥{H  RMSE_I F¥{E RMSE_II ¥ {8
RMSE_X]J/C 1.62~16.47 3.62 2.67 3.37 5.70
RMSE_KM1/C 1.78~3.87 2.94 0.66 ¥ 2. 77 3.07 2.66
RMSE_KM2/C 1.75~3.77 2.91 0.71% 2.76 3.04 2.61
RMSE_KM3/C 1.66~3.55 2.72 0.90 2.49 2.86 2.53
TT_XJ/% 0.07~51.62 34. 00 40. 90 34.72 18.03
TT_KM1/% 32.17~51.37 39.70 5.70 A 40. 65 38. 14 41.78
TT_KM2/ % 31.95~51. 59 40. 10 6.104 40. 86 38.63 42.55
TT_KM3/ % 32.31~51. 31 40. 10 6.104 40. 98 38. 66 42.10

HH 3R 3 AT = Fh T IE 5 % (KM1, KM2, KM3)
AEXE XT 1904 7= 5 1 2 07 5 22 43 i B AIR T 0. 66,
0.71.0.90C,7E RMSE>4C [X 3,17 1F % 5 £ B &
AR T 3. 04.3.09,3. 17C; RMSE<C3'C [X 3, iT
IERCR 555, 43 5 FE T 0.1.0.09,—0.18C, Kl
TR A R A B S T 5. 7%, 6. 1%.6. 1%,
RMSE>4C X I iT IEs R &, o 5l T
23.75%.24.52% .20. 07% ; RMSE<C3C X & iT 1F
BRI A AR T 0.25% &AL T 0.04% THE
T70.08%,

& 3e ~3g H RMSE fyi] IF $ 15 SS_RM-
SEKM3 =0 9 #% A5 5 BF 58 X 38 9 4% A S50
94.5% s &l 3n~3p H A I T o B0 R0 IT IE H T
SS_TTKM3 =0 By 4% s o5 BF 58 DI N 4% i B B0y
74.3% .SS_TTKM3<C0 T f7EE 75 M b X ¥
WEE 200~600 m X%, f& 3h~3i fIE 3q~3r
AR AT IR T KM3 AL,

3.2 BEHEMBMAEHE

XFF 2019 4 4—5 J A6 J5 M X B RE R 1)
o R AT 5100, Y BRSO R S R B
T P 2 X BB SRR ER BT B N B
BRI LR 1 R da~4d,

X X PR b R R TR U A R 05 o = A X
(TS_T . TS_I - TS_ID 3 #r : TS<<20 #% £ Fr 78 IX.
WO TS_T . i B AR VR s s 8 29. 700, £ 2

LA AR AR R B 400~800 m (1 Wy EL 0T L 24
T ] L K v VS IR A b 2 A JE i X 3R 5 20 << TS<C40
M S T AE X TS, o5 & A 78 R i A 50
32%  H R EAE R A TS 800~1200 m iy
T VES 7 2 b 2R B 300 25 S R P BB DXl s TS=>40 #% s T
TEX IR TS_ . & & A 76 Uk B i B0 38. 3%,
Horpr— &R 43 F 2 A T 4K = BE 1200~1500 m fY
J63E I R 22 T R e B8R XI55 — R4y S b T
PR B = 1500 mo (M R LG L DA B R L R B
5 L 3 X

b U B R (KM, KM2, KM3) # B R IG #%
MU XT FE R TR v i 5 B R AR P B REAR T
14.20%.12. 50% . 11. 24 % , Ho A AL %} (TS<C20) fip
TE DX I 5 o576 VR AT o 0 R BT L A i R
1.36%.3.02% .4.28% . MK 4 o] LLF RN EH 5 H
B R IR AS S TR XT 720 4R B R T 1500 m Y
B B B L LA B B 0 B IR B 1 R X 1 R R
TOUAR B 2R =90 %0 o 32 B2 J IR 2 b X 3 4 2 1 ik HL
IKEE T A B BN

MKl de~4g Al 15 TS iT1EH 5 SS_TSKM3=0
FA% R T AE X Sk SSTS_1. 4% i Bt o5 kA
FEUR A S B 37,696 . 7R Uk AR oE B R 4 1 2
BT 2.5% 4. 8% .5, 4%, FEE R E N
600~1200 m A9 & Za 75 1 DA B2 1 VB JR 28 b 7R 38 i
% JARFE HR XI5 & A R R A A XA 1T OE OB
K. & 4h~4i AT = AT IER L T KMS £Al.



11

T 3 25 - b BB AR 2 R AR R ) ROR 20 AL B T IR B 9

1467

8 RMSE_XJ  msss RMSE_KMI = RMSE_KM2 RMSE_KM3 (a) r3:0
7] ——SS_RMSEKMI —— SS_RMSEKM2 —— SS_RMSEKM3 s
o 0] F2.0
3 54 | |
# [ 1.5
= 4] I
= X\ ‘ ‘ m ‘ | | ‘ ‘ ‘ \ 1.0
B2 3 1 M w‘“i ‘, i“L /7
oy 51 ‘ K| R Y \ A LT N (L 1l lo.s
i N S\ i i
. \ \ H 0.0
0 AR e L e A L -0.5
707 TT_XJ s TT_KM1 —TT_KM2 TT_KM3 (b) r20
60 [\ TTSSTTKMI  —SSTTKM2  —SS.TTKM3
B \1‘ ris
o 501
ﬁé‘ NIRNAAINA N ‘ ;; A L10
2 < AN A &
o= WA AL i
= 304 VIV | | ’ | ‘ ‘ I ‘ ’ A ‘ ‘ ‘ \ L
N il I __\ I AN YL
v ST TS TR N
10
0 =5
100, TS_XJ =TS _KMI — TS_KM2 TS_KM3 (c) 80
904 ——SS_TSKMI ~ ——SS_TSKM2 ~ ——SS_TSKM3 60
_ 80+ |
Er 704} | ‘ | | A 40
¥ | 1 i I\Y%
& 604N ‘ ) \\‘ ‘ ‘ /\l A / \7 / +20
= YA YALLOETN R L Yt
=4 1 \/H | ,0
E 4 Y \ YN itintl \ ‘/ ‘ ’/‘ 4 ‘
% 301 N ’ N \/] ‘ \ \ 20
20 Y e | 20
10 A
0 ; L ; —60
[N ol e st e N Bl Sl ss RN H ol g e a Bl e s g N o B e Sl st e N B B S A N N Bl Sl s g M N o B B
TAANAOTNIN OO T DA NI I N SR EE AR IS SASA
it/ h
4.04 . . . r2.0
RMSEDF_XJ s RMSEDF_KM1 RMSEDF_KM2 (d)

3.5 RMSEDF_KM3 ———SS_RMSEDF_KMI ——— SS_RMSEDF_KM2 F1.8
< . : ——SS_RMSEDF_KM3 L1.6
35 3.09 14
1) .
B 2.57 1.2
EE o L
ﬂ,%(ﬁ"? 2.0 1.0
X 1.5 0.8
gy

| % 1.01 r0.6
g ' 0.4
0.5 0.2
0.0 ! ! ! ! ! ! ! . ; 0.0
164 r9
RMSEDF_XJ s RMSEDF_KM1 (e)
141 m— RMSEDF_KM2 m— RMSEDF_KM3 r8
———SS_RMSEDFKMI —— SS_RMSEDFKM2
- 124 ——SS_RMSEDFKM3 r7
=
B # 101
S &8
354
EB 6
44
., m m W
0 u
24 48 72

96 120
TileIbr2%/n

144

168

192

216

240

E 2 2019 4F 4—5 H MUF B =5 (XT,KM1,KM2,KM3) (a)i% 3 h ¥ iR,

(b) A I TR VW R, (o) R PR ME R % A0 (D DF_1 XS #5 74078 24 h ¥ 2 5 4 o) (] U4 2 5 AR i3 22

K Ce) Z Rk i B (KM1,KM2, KM3) A% FJE 3R 18 5 R (XD A9 77 15 52 175 % He

Fig. 2 Verification of the (a) root mean square error, (b) temperature forecast accuracy rate,

(o) frost forecast accuracy rate and (d) the root mean square error of daily mean duration

of frost forecast of the four forecast products (XJ, KM1, KM2, KM3) from April to May in 2019,
and (e) test of correction techniques of three filtering algorithms (KM1, KM2, KM3) relative to XJ
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Fig. 3 Verification of regional forecast effect of four forecast products (XJ, KM1, KM2, KM3)
on 240 h (a—d) root mean square error of temperature, (e—g) the three correction techniques
(KM1, KM2, KM3) relative to XJ, (h,i) KM3 relavant to KM1 and KM2 (j—m) temperature
forecast accuracy rate, and (n—r) same as Fig. 3e—3i, but for compared with the correction techniques
of guiding forecast in northern Xinjiang plain from April to May 2019

R4 NMHFHR"SBOBARREBERLITERG SRS (B4A1: %)
Table 4 Regional comparison of frost forecast accuracy of four forecast produc TS and their correction techniques (unit; %)

B ¥ SEHME CFRITIEETY TS_ 1 ¥3E TS_I F¥{H TS_II - {8 SSTS_1 F#1{H

TS_X] 0~100 38.50 12.43 28. 84 67.97
TS_KM1 0~98. 04 23.83 14.20 y 13.79 20. 21 34.65 2.504
TS_KM2 0~98. 40 25.33 12.50 15. 45 22.00 35.78 4,804
TS_KM3 0~98.43 26.82 11.24 16.71 23.5 37.43 5.40 4

FRIEAR A >4 A% S LR A 14 24 h B

RN ¥ B B3k 3603 A% A, AR R TR IR

2019 4F 4—5 H L AEJUSE-F KO0 R R KT 1200 m B, Jr A TAE RS I K 22 Al sE 3
B H B 240 h 2 24 h WU ACP BRI R R DO R LB HL R L R B e A kX

3.3 FEHKIZE 24 h &R AR
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Fig. 4 Verification of regional forecast effect of four forecast products on 240 h (a—d) frost
forecast accuracy and (e—1) same as Figs. 3e—3i, but for the regional forecast verifications
of correction technique relative to XJ in northern Xinjiang Plain from April to May 2019
RS MMBEHESROERE 24 h IFENERREATRIREXREITERIT S RIEXTEE (B4 :h)
Table 5 Regional comparison of root mean square error of daily frost forecast
duration of for four forecast products and the correction techniques (unit: h)
TR ™ N FH FHITIEET  DF_1FHE SSRMSEDF_1 - ¥ {§ SSRMSEDF_ T - ¥ {8
RMSE_DF_X]J 0~20. 55 3.33 2.43 2.46 3.68
RMSE_DF_KMI1 0~15. 87 2.52 0.81y 2.07 4. 14 1. 88
RMSE_DF_KM2 0~18.97 2.70 0.63 v 2.14 4.17 2.12
RMSE_DF_KM3 0~18. 00 2.77 0.56 Y 2.19 4.25 2.18

B Z XA TE B D IR AR P O
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i F VR IZ 24 b fF 22 I R] B4R B 0 AR R 22 ) R R
8% 20 39N T 0.81.,0. 63.0. 56 h, ey b 7 4%
P (L<THS 5% H 7% 24 h TR (8 3k 2 55 76 48 b5
PB4 ¥ 5 iR 22 P Y B W] B B AR . 6 R 8
24 h H7 S I 8] AR AR S I ) B AG L 34 07 MR 25 A1
Xof WK

KM1 437 iF 4% 75 SS_RMSEDFKM1 <0 i %
FUITE X808 o SSRMSEDF 1, & 26 76 VR B
R 28,606, 2 BEAE PG BT A R HE LK 22 XK
JTIEE R R . SS_RMSEDFKMI1=>0 By 4% &5 i
1E X3k Xl SSRMSEDF _I1, |5 % A= 55 7R A% 5
(9 71,400 A FR VR A% 5 R DX, 3T OE 7
TR AR 22 F A <3 h. =P IT IE #i ik (KM,
KM2 . KM3) A Lt XJ ¥ 07 1% 22 °F 1 F [% 0. 80,

0.62.0.55 h, & 5h~5i Af 48 =FfpiT1IFE &
KMI1 WA .

A B
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240 h % 3/6 h i B Wi, Horp 72 h FiAR A ok
% 3 h,72~240 h WA RN AZE 6 h ik . KF45
ey 0. 125° X 0. 125°, 4k 2217 A48 &, B 3k Hh
2021 F 4 H 21 H 14 WP & 22 H 14 B, S8k
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Fig. 5

Verification of regional forecast effect of four forecast products (XJ, KM1, KM2, KM3) on

240 h (a—d) root mean square error of daily frost forecast duration, (e—1) same as Figs. 3e—3i,

but for the regional forecast verification relative to the correction techniques of

guiding forecast in northern Xinjiang Plain from April to May 2019
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G3HT B =20 C I % o5 T 76 X 380 CLDAS_T, /&
BB 25. 9% Ay A AE R RL N ARS8 AW T S
BORFE B E M RER 5510 C<<FEIR<<20 C 4% &
JIRAE X3 CLDAS_ I, o5 S A% A5 8y 47, 420, H
MR IR 15~20°C 43 A1 A6 A AL N KER 43 il B 3 L
B VDV ED g B 0 & RE LR R FRIR 10 ~
15 CAr AR fE s P I AK & VSRV 2 N R
s BRI << 10 C i 4% S BT AE X 382 CLDAS_II,
SRS B 26, 700, Ay AT AEBR bR KR Z AN Y X
B MR LR =R AT IT AR L 43 R AR AR
HERf 23 CTT) FURR VR T4 HE 1 28 (TS #EAT R I

4.1 HEBEE

K KM3 (3T I 15 =0 40 A (1) 148 i 3% e )
1 SSKM3_0, Hih SS_TTKM3 >0 L4 17 Wik
A4, 0] O TR F &% 0~ 12 h 1 02,08, 17 A1 23
Bf, TT_KM3 #% KM1,KM2 {5, i 75 42 # #i %F
P 1.0%.1. 3%, SS_TSKM3>0 $t45 18 4~ Hi
R0 43 90 R PR IR 9~ 18 h 1 % L 8 i AR
F 08,11, 14 F1 17 B B Z] ., TS_KM3 # KMI1,
KM2 114 56 VR B4 ok o 5 B 42 8 1. 820, 0. 1%
(K 6),

F6 NDHMBARERNOKENBEBRAEABERIITERTT SR BAIEE (B4 %)

Table 6 Comparison of temperature and frost prediction accuracy and

correction techniques by time division of four prediction products (unit: %)

Al b s il FHME CPFEITIES Y SSKM3_0 #Ef R SSKM3_0 - ¥ {H
TT_EC 3.5~85.07 49.9 44.2

TT_KM1 1.3~79.1 46.6 4.0y 51.3 4.84

TT_KM2 1.3~78.6 46.3 4.3y 49.9 3.54

TT_KM3 1.3~80.4 17.6 3.0 51.4 1.94
TS_EC 34.2~100 88.0 87.4

TS_KM1 25.5~100 84.5 4.4y 92.4 3.64
TS_KM2 25.5~100 86. 2 2.74 93.4 4.84
TS_KM3 25.5~100 86. 3 2.5 93.3 4.64
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Fig. 6 Comparison of (a) temperature and (b) frost prediction accuracy and correction techniques
within 24 h by time division of four prediction products (EC, KM1, KM2, KM3)
in the northern Xinjiang Plain from 14 .00 BT 21 April to 14:00 BT 22 April 2021
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Table 7 Comparison of temperature and frost prediction accuracy and

correction techniques by different regions of four prediction products (unit; %)

TR ™ i 3t M ITIESETS SSKM3_1 F¥fE  CLDAS_[{§  CLDAS_I {4 CLDAS_II {8
TT_EC 3.2~76.2 48.9 39.2 42.0 49.2 55.1
TT_KM1 1.6~73.0 44.7 4.2y 50. 6 45.8 44,9 43.4
TT_KM2 1.6~73.0 44.5 4.4y 50. 9 45.6 44.5 43.3
TT_KM3 1.6~74.6 45.6 3.3% 51.3 46. 2 45. 8 44. 8
TS_EC 7.1~100 88. 6 87.1 91.9 87. 4 88.3
TS_KM1 8~100 83.1 6.3V 92.1 84.0 83. 2 82. 4
TS_KM2 9.1~100 84. 8 4.4y 94. 1 86. 8 84.6 83.8
TS_KM3 7.7~100 85.1 4.2 93.9 87.1 85. 0 84.0
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Fig. 7 Verification of four forecast products (EC, KM1, KM2, KM3) on 24 h (a—d) temperature
forecast accuracy, (e—1i) same as Figs. 3e—3i; (j—m) frost forecast accuracy,

(n—r1) same as Figs. 3n—3r, but for regional forecast verification of correction

techniques in the northern Xinjiang Plain from 14.00 BT 21 to 14:00 BT 22 April 2021
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% TRIE T B8R EC B BURMER 2B IR T IE 95 T IETT R BURMET R 5 BURME R
AR L TR R TR R S B AN B FURRRGE 24 h T R g e ) U K 7 AR 25 1 N
FATIEBUR = b EC 5% BUR b BUHE IE B0 A b 4 KRR 30 3ot 40 I 280 49 1K 8k 56 7 9 % 3T 1E i
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Jei 1R T R0 R AT SR AT TR 56 4 A A5 B Y
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(1) 78 43 B 20K 56 vy = B 3T IE B4 77
(KM1,KM2,KM3) 3 J5 4 4% s 4™ dn X2 <l
Y5 A R 22 P FEAK T 0. 79.,0. 85.,0. 88°C 5 < I il
RUER R T 6. 11%.6. 38%.6. 46% ., &
3 h 7R R AR ME AR RO 4R E T 3. 00%6.5. 81 %,
7.31% AT IERE TG A E 2 R 17 WA 14 B 55 %
% 24 h RpE ] R TR 3 T A R 25 B R A L ST A B
flRT 4.21.4.41.4. 35 h, Hiip T IE W4l 7= b o (1<
¥ 5% H % 24 h BARAE S B AR bRk B <) 1
FHR R EF BT 1. 19,1, 23,1, 23 h, 7E
168 hAl 192 h F5 VR F5 25 isF (8] 191 4% 114 B < X6 5% 22
AL R

(2) 43 DX I 85 R A 3 o s = b T IE T ™
(KM1,KM2,KM3) A% Ji5 46 4 ™ dh XTS84
J7 MR 2% 43 BB A% 0. 66.0. 71,0, 9°C . 7F XJ fi5 2
H RMSE>4C X IT IERC R &, 70 BT
3.04.3.09.3. 17C; TR W HEH R o 5l = T
5.7%.6.1%.6. 1% .76 XJ W% 2 {6 RMSE>4C
XS IEROCR B, 40 0 #2851 23, 7520.24.52% .
20.07 % . & VR AR ME 0 S AE & 20 75 T LA S g /R
F R T 0 % B AR T S AR BE R 600 ~ 1200 m
B 20 R T 2.5 % .4, 8905, 4 %% 5 Hifd X B 42
FIANEIR . FEARE 24 h RR L ] TR 2 0 AR R 22
SN T 0. 81,0, 63,0, 56 h, Hooh T IE Fi R 7 b
(1B 8 5 3% H 3% 24 h TR A 35 3 55 7R 48 4%
U =<<4) ¥ 7 L 15 22 ~F- S (B 23 Sl AR 1 0. 4.0, 3,
0.2 h,

(3) 43 B 25046 38 v Ji 2 AR ™ 5 XT 7€ 108 h
TR BRI P B A AT 2% L 3 07 AR AR 25 B EIR . SR
TR AE A R B L 7 108 h BRI &G iR Z R
TR A BT I 2 15 A Rl 2 . 5 R AR A XT
£ 108 h Ji  BF R 11 BFFD 23 B 3 B0 O A 1% 25 1
I8 W A IO A= T 1 76 1 SR AE AR L 08 IR A 20 I 2
Py MR 2570 T AY ST TR B R A . B
A L FIASE A B 1 5 25 50 R K TR &5 R
TR RS A RO A R 2

(DOTERIEGE T, 2019 4F 4—5 F JE IR A& sl T
RAEWE R & B F 1500 m 94 B L6 5L DL J2 RS #B
EL IR o LR 30 X B AR iR 22 >4 C L R R
HEBA 3R <10 20 i VR TR A 236 =90 0 , I IX 1 3% S
Wk Hok S8 5% ARG R IE S

(5) 223k 3 M Bt A5 1 41 NF 250 170 S A 18 5 AR 5% 22
E W Bl e 28 12 388 i L < IR R R VAR T AT O A R A T B
RSN . BRI 24 ho RS I ) SR P R gk
[ < L H O AR AR 25 A G KL FE 168 ~192 h Tl
5 BT 20CRG A  B [) X R 22 (A e B . X3
T3 AR R 2 AR DX v VA v BB A e R T T A
AR HOTIESUR B 4. 2 3 h 7 % BUIR HE A K0T
IEEE TG Z=0 (A% s 850 & A 7R VR B S5 37, 6%,
FEURIZ 24 h FF L) [A] F 4 P AT IR 5075 =0 By A% S
o R AR B S T1 4%

(6)2021 4F 4 A 21—22 H L5 4 2 K58 Bl 38
R I o R AR SC ) = Fl3T 1E BUHR 7= i b EC 48 7=
A EATITIE S 6 Fo A 36 = F 3T IE B Al EC T4 78
Tk B o A 1 I 50 AR R R R P TR SR . SRR
WY, B 250G 3 o o A= I TR A i 23 A T4 P 80 T
T 12 h F1 02,0817 F1 23 B (¥ B 2 3T 1E T 4 )™
iU EC s 5 R TR M R AE AR 2% 9~18 h Fl
08.11.14 F 17 B 1y B ZI 3T 1E $ 4  &i A T EC.
43 XIS 58 wp s EC A 7042 o 5 8 8 4R H 9T OE B
W 5 7E B R > 20 C SR B IR X 3, =R 3T IE B4 =
i fFERA 22 1 5 T EC il ; EC 55 ok T4 1 28 K
b = AT 1E 14 7 i g =, EC TR & 2B R R A X
TE A 2 AN B> AT IE AR T 5 EC THROE B Y
a5 D T R A 7 KO R B DL NS A X
AR EATR I DI = A T IR SR L AR R
ITIER % KM3 B4R .

A3 AT 285 X B S s = R AR AT IR
DI T G R AR T TR . AT IESRA A
Lo & - T IE R KM3 i i, 2021 42/ 2R
KRR L GRRPEARL /T AR 240 h
% 3 h ARAR R T TR Al I AR SCH i B
AR R HEAT T IE IR 55 . B K2 3 h A A A% i AR
o VR T U A5 SR G i OR o R R 8
SR TT IE HABBE U 2 Fh B A G R I T4 ™
Ao 36 I AT 0 A B AN [R) D30 3T T B ik DA T 4
o AR 1 %
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