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Abstract: The spatio-temporal statistical downscaling of precipitation has always been a difficult research
point in intelligent grid forecasting. By comparing several spatio-temporal downscaling methods, we ob-
tained the optimal scheme suitable for the Beijing Region in this study. In terms of spatial statistical down-
scaling, spatial distribution characteristics of five methods are compared, namely inverse distance weigh-
ting, ordinary Kriging, Nearest, Bilinear, 3-D ordinary Kriging method, and the results show that Biline-
ar interpolation method has the best application effect in Beijing Region, with the smallest error and high-
est ETS. For temporal downscaling, two kinds of allocation schemes based on regional numerical model
are compared, including hourly allocation schemes (RMAPS and CMA-MESO) and average allocation.
The results show that there are no significant differences in RMSE and MAE for the three methods. The
hourly allocation by RMAPS is more preponderant than by observation in ETS score, and it performs also

better in heavy rainfall cases, which means the allocation by RMAPS has better advantages from the
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perspective of forecast accuracy. The schemes of bilinear interpolation and RMAPS hourly allocation are

taken as the spatio-temporal downscaling schemes in the objective forecasting technique of Beijing Meteoro-

logical Observatory, and can support intelligent grid forecasting for providing refined forecast products.

The results can provide some references for forecasting and associated researches.

Key words: precipitation, spatio-temporal downscaling, interpolation scheme, distribution characteristic,

grid forecast

5 "

B TR A B 7 R BOE S i R R
WS MG OB 2555, 20125 A SE . 20185 AR 45
20195 5K 7 95 %, 20195 4 8155 . 2020) . B H Fi £ 1l
1 i Ak B S5k B I S 03 B ARATYAS BE Bl 2 24 HIRS 40 1k
R A 55 0 5 5K DR O e e T T AR DX I s B
NS Z N WIRIE QA PS i

R K AT I 28 N B 1 R T A8 A A S R R (R
TR AR P KL 20155 3B OG5 2018) , (R I I = e
FUBEE — L PAR 2 e K ORs 20 4k B4l 55 1) X A, AN )
R FRUBE 5 3k B 49 B AR (B 25 RO R AR TR . TE AT 58
THRE RUBE Z 1T 00 200 56 K 5 1 0 o SOREL 43 9 32 1 1)
A&7 it A7 ) S A0 0 BE AR A B CE 5 A B R
2012; % Pr R A, 2016 X 4% M0 4%, 20185 5% & 4§,
2020) o %28 (] B RUBE S e T B K 19 JR) b MR AR K
JC R AE WY 52 44 DX 35, iy B A7 ¥ 0 432 0T L o K
A RE 2 22 BIAR I, AN [6] 114 25 [R] 4 {E 07 ¥ 7 AR 1 B K
I3 A 22 AR R CBRAE 25 .2010) , IR I 75 B2 38 15 A b
i Bt WA 7 k5 BRI 0 HLSOCR B
14 25 [ 47 1 5 ¥ A 4% e 3 48 (Nearest) 4 i XUk 1
(Bilinear) 4 {H 5 1 75 45, 2015) | 5 8 AL & (in-
verse distance weighting, IDW) ¥ {8 (fy 2 5 4,
2015) .38 5 HL 4> (ordinary Kriging, OK) 1 {f (5
JHE AR 4 2015) 4 5 11 3 T LR {5 8 1 = 4k 4 i U7 1%
CREE2017) JRA7 25 [A] 3 RUBE , b AR . i
I b [ G SR Ml 55 SR AR SORE kT 08I Y 3
GRS 8] 73 BE R R 5 km (W45 & 5 R
IDW. OK. Nearest, Bilinear, = 4 ¥ i@ 7 H 4
(three-dimensional ordinary Kriging, TOK)5 Ff i
{BL 7 120 A 5 b X1 [ /K 1 AT 5 ] o RS I L 3%
S5 0T L1 KL 23 H A SR AR R S(E TR i Ak P
LE e

s 1) 3 FRUJEE ) B 5 AR R 45820 . X A6 55 (2021)

0 2o A DL TR A A B R 25 R S B 1] [ RURE L LA
FREAREZ 3 h B AT 00 B 1T IE | 3h A5 5 A A
WAL A 72 H K % 0 B4R B ROBE & 1 b,
o T H AT X B EE T A ZE 1 h SR ™ A S
e WL B H R K BRI T IX OB A 0 1 h B Tl
A7 b AT I 18] RUBE S I 15 7 24 73 S i 245 2R R AT
Xt B AT 5 #5218 R A RIS T 0 B R 0 RO{E AR X
T B R R A S B i Ak B ™ il B2 1 2%

A SCEF R 7K B MBI ™ i ATl 55 A L
A8 B 14 B 2 o L JBE ] A 7 L 4 )P K o 0L 41
7 ity mRUE AR SRR R K 00 4 2 A I 2 4 1 D) e
DA H A 2 48 {0 19 B S 00RO e R S I i =
A7 L AR 8O ) O A T 7K e R v RUJBE X
B SR ™ Ay o BEAT I 23 o ROBE IR 4R b 5
b DX 5 DG F) K I 2 o RUBE 50 R 7 125 hg 8 RE I A%
PRl 55 2 B P S 2 MK

1Rk

2 ) L0 A 1 5 v O
KA 2019 4E 4—9 bt X 4k 364 S H B LM
W CLLTR fRIRR [ i - 2015 4F [ 8l 250 % i pe
KB P A IR 2 R AL B GE B OCRTH
21 B E Y H 20 B K™ fi e B AR ™ i 2 B
Xt b o R M RE AR A M AL o TR 2 R A R
(RMAPS) fil b [/ 5. 4 Jis CMA-MESO [ 3% /)N i} [
IR b WA 24 h, o, B EER R
et AT AR WS BE T 2002 4F JF 46 BF & 1 P sk
FHEABEBIR AL . E5C TR EH T 3 TR
A% 2007 4E DU AL 5 X E R R A AR G — TR AR
(BRI . 20145 i T 45 . 20105 2017) L #R 2 H Hi A]
AL (A] 2 R N 3 ke (14 b 17 B 2K R K 1 4 R
Tz X &5 48 A0 8, 20145 1) & A, 2014) s CMA-
MESO Sy 4 s B E0F & 1Y K EUE R AT
AR GE,2006 4= 7 H AN S5 I 2014 4 R 48 1t



&7 M AR s X IRBI R K B 55 43 1 e T e R F 5 845
ARG HEA 0 10 ke (9 M TG K BUAR ™ it AE R 4R BEUEAT G (R O PR BRI B4 52, 2007

PigRolk 55 A A% T HEAE QA AE . 2020) o A
SCHT R a]  BRAER UL I A1 o 2 0 AL 5T

1.1 Z=EEREAE

FIHT 15 m 28 ) 43 B3 A 50T m AR PR SE B =
Y2 (] A e ROBE AL R, X L 36 A F UL R Sy bt
M X 512 A~ A Fhuk (2019 48 7 g ul S50 Bk 9200
(B D o 30 A7 b 5t i XA X000 3 A 328 4 385 0 i
B A S Ak 3 R 5 AR X R E 1) 22 A 0 N B
A PRI BEAT I 23 B RUBE R SR BB Y 512 4> A 3h
i A 92 D0 AE B T2 4TS R 364 A3 (2015 4F B 3l
i BEO W EAER .

R 5 Fhas ] ROEE 5 B B ARy (D IDW
VLA (A - R A T B g 114 80 5 O A A A -
) (Bartier and Keller,1996), (2)OK. )53 8] 41t
S BRI LA L ) 25 8] o AR K EAT 42 )R R S eRi
BTG AR VA TT I 1 A A 5 A BT
H 7T R AR BRI 1) 4 A 2H 5 R AR A 1 4 1R A R 7K
it FE AR AN A5 R AR A 46 1B A Y IR B A
s[RI 55 000 A5 B 7 L 7S ) 45 44 4 ¢ (Pardo-
Igazquiza and Dowd,1998), (3)Nearest: DL &
6 s B I 14 it A Ay O I A DR R AT 47 (B (PR
WA ,2007), (4)Bilinear: 3% i 2 78 & 11 i {H 26
B L ME SR E D5 A T RO A% SR I Y 4 A3k SE
(97K - 2 BT 1) ) 1 DA A IR0 A% R i) L
4 EI4F.2013) . (5)TOK.: B #E = 4 #7f {8 19 3L itk -
I R A5 S R W A BE AR Sy 48 B 5 B 2 A 5F

1500

1000

500

300

100

117.6°E

115.6  116.0 116.4 116.8 117.2

W A5 2015 4F, 364 A4 [ 05 . 2019 4F,512 4,

Bl1 bt X E 3k o1
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Fig. 2 The technology roadmap of spatio-temporal downscaling methods for the Beijing Region
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Table 1 The test results of different spatial downscaling schemes

A 06 38 bR Nearest IDW Bilinear OK TOK
RMSE/mm 7.21 8. 16 5.64 7.34 10. 50
MAE/mm 3.41 4.08 2.82 3.53 5.58
ETS(>0.1 mm) 0. 66 0.55 0.69 0. 60 0. 00
ETS(>10 mm) 0. 60 0.48 0. 65 0.20 —0.14
RMSE(>10 mm)/mm 13. 88 15. 20 11.23 14. 34 16.93
MAE(>10 mm)/mm 8.15 9.90 6. 84 8.68 11.13
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Table 2 The test results of different spatial downscaling schemes for mountains

(above sea level>200 m) and plains (above sea level<Z200 m)

Hh T 5 35 b Nearest IDW Bilinear OK TOK

RMSE/mm 7.44 9.57 5.30 7.43 11.52
i MAE/mm 3.92 6.32 2.81 3.93 6.54
. RMSE/mm 6.28 5.57 5.76 7.08 9.56
PR MAE/mm 3.39 3.25 3.28 3.35 4. 00
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Fig. 3 Distribution of different spatial downscaling schemes for light rain across Beijing Region on 3 June 2019

(a) observation, (b) Nearest, (¢) IDW, (d) Bilinear, (e) OK, (f) TOK
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Fig. 4 Distribution of different spatial downscaling schemes for precipitation
more in the east and less in the west of Beijing Region on 2 August 2019
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Fig. 5 Distribution of different spatial downscaling schemes for precipitation more
in the north and less in the south of Beijing Region on 23 July 2019
(a) observation, (b) Nearest, (¢) IDW, (d) Bilinear, (e) OK, (f) TOK
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Fig. 6 Distribution of different spatial downscaling schemes for large-scale

stable precipitation in Beijing Region on 21 April 2018
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