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Abstract Based on the high resolution integrated forecast system of RISE, using the meso-scale
CMA-BJ model with 3km resolution and the global-scale ECMWF model with 0.125 degree
resolution, adopting the hourly observation data of conventional and dense automatic weather
stations, taking the outdoor mountainous competition area in Beijing Winter Olympics as the
research area, this study compares the effects of different numerical weather prediction model
background on the accuracy of surface 2-m temperature and 10-m wind analysis and hourly
forecast for the future 1-24h with 100m grid resolution. The results show that: The 100m
high-resolution refined fusion analysis products can be formed by using different model
backgrounds through RISE downscaling over complex terrain and rapid integrated correction of
observation data; The spatio-temporal resolution of model backgrounds has relatively little effect
on the analysis product, and the main factor that determines the analysis performance is the
fusion of local dense observations. Different model backgrounds have a great influence on the
seamless forecast results with 100m resolution in complex terrains. On the one hand, the
prediction error is affected by the temporal and spatial resolution of model background, on the
other hand, it depends more on the prediction performance of model backgrounds itself, and the
influence of different model background fields on different meteorological elements is also
different. For the temperature forecast, the precision level of prediction using coarse resolution
ECMWF model as background is basically equivalent to that using higher spatio-temporal
resolution CMA-BJ model. Furthermore, the accuracy of temperature forecast is improved
steadily; the average forecast error reduction rates for the Winter Olympic alpine stations and all
stations in the RISE region are 10.5% and 7.0% respectively. For the wind forecast, the precision
level of 100m resolution forecast with ECMWF model as background is lower than that with
CMA-BJ model as background. Furthermore, the 6-24h (mainly by model forecast) forecast error
for Winter Olympic alpine stations increases 8.7%, while the 1-5h (mainly by extrapolation
nowcasting) forecast error decreases 1.4%s, and the 1-24h forecast error for all stations in the
region also decreases 8.1%~11.9%. The results in this study are helpful to further understand the
role of model background in the 100-meter-level integrated forecast, and have important
scientific significance and practical value for improving the accuracy of weather forecast in
complex terrain.

Keywords Different NWP backgrounds, 100m-resolution integrated forecast, Complex terrain,
Beijing Winter Olympics
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BE o B RIE BN GRS IR R R AN R T, i 25 70 9 30 (1) o 88 SRS 20 A0 R SR BOAR A
W, IR R TR Y 55 B o R A ok BB 2 EA] (Brunet et al., 2015;

ERACTE, 2019). Hr, IIXERMIE TR LRI HETERE R R, BT T
T = BE AR — 1t . MRS I e B A ke . Bl FE RIS 4R AR . AR e 2L,
A5 /INRUBE 5220 LU S50 M I A5 v b B2 ot oy Bl sl R (IR B4, 2021 A5,

2022). 2022 FI A BT RIRBEMR SR T “EORBI R - B8 HINIPETR K
(Chen et al., 2018), JUH 72 % b LLHIAE X E KGR 7315 28 A A e b T ik FEE R0 R T ™=
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HIT R TR 5 B R B A AR, @ — SRR 1R R R AL, R e
WIUE AR R, B0 SR Aok — e i BE R SIS BRI 7% (B ERAY, 1979; ik
&, 2019). {HZ, ZUFEHAAIBE AR RERA S IRE] QLIRS 20200, HAH Y
HEZR VB TRAT M S B, BB AU 2 70 HR 3 AN B 78 40 SRS AL TR ) 75 3R (&R
TEE, 2019). JUH IR A B ) Hh 28 XUR B A X7 23 () o0 A Ry s AR i, KPR AN A2 3 A HL
BT AL R SRS A ER R ER (EFEFES, 2022), A, L& RS
AT, “HEORZL. B BhAAERCTIHR RISE (Rapid-refresh Integrated Seamless Ensemble
system) RGNS NHIFZ I T “ A K 2022 KTk RG] (SMART2022-FDP)”
(BRIIFFSE, 2021; FESSRF, 2022), ZAGPOERAIZ 6-10 438 SEA 22 5 = HAH 2 0
DFRE, R LRI R iR 35 DB TR E R e, BRI I R S TGS — W% 3,
SR I AN TR AR TR T AE U E AL SRR . BORWZE LT IERR S (Haiden et al.
2011; Songetal.2019; FREEYLEE, 20205 HI4%%E, 2022), SEHL 100m Rk 4392 10 ok
TP AN RIS A FI R SR 24 /NI /NI TR 7 i o
BT NWETEEE I GERL 2 R S B il 7 i PR R I R R R 2 —, (AT S e
WAH ZHL (Kann et al. 2015; #3645, 2022), AR R SURD R 1 BE X EE th 2 [ Py 4
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&, 2021). fA[BEAEE (2014) FIHH WRF #2306 ECMWF (0.125 FE43##%). GFS (0.5 FE 4>
HEE) F1T7639 (0.28125 fE#Hia) =Mk MR IA 7L+ B X 80T 10km 43 ##% 70m
e S T TR P B R %o B b, 45 SR8 ECMWF TR RIS LT GFS, T639 s, =%
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7 (FieE, 2010).
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(FESGRF, 2022). {H2&, MRTERATMAS KR 20 3 SO A BR B A 0
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] 1 RISE Z 45 (a) il 5 A (b) IR BE LR, (c)Xf Hikis 77 &
Fig.1 Technical scheme of (a) temperature and (b) wind field for RISE system, (c) scheme of the
comparison test



AR H U Pl B s a4 AR AL b X ROBE R 20 CMA-BI (fRT 5%, 2019; Zhong et al. 2020;
AARPEAE, 2022) FHRK PN R HHEE Tt 0 A2 3k 20 ECMWF (European Center for Medium
range Weather Forecasts), #3245ERf Al SREUIBL S, Al itk 50217 . CMA-B) BRI
ECMWF B H 4 oS EEIE ik 1 fios. Hodt CMA-BI SR h 3 L, HEH 59
7, 1/NBPRSETEREEN, A [FERAR I R B BRI AN S, TR RLAE 18h F] 72k 2 [H], il
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I RISE R4t 1h (ARG PIRLE T i, TS 53 e (][Rl BR 2056 T8/ T 1h, BRI
ECMWF IR BRI AT 7 2R VEAC R IN AG AL . SAMTRIEH, BT ECMWF S2i s Hh %
HHLE 2 KA =4EKRIR A LA, RILB 22 Rt 5 A3, B 2 K
PSRRI AR A T 2 KA.

# 1 CMA-B) #UF1 ECMWF 18 20(5 Bl S AE RISE 4 B3 45 Pl Ak 27 r (1% LA 0L
Table 1 Comparison details of CMA-BJ model and ECMWF model information and the
corresponding pre-processing in the RISE system for Beijing Winter Olympic
CMA-BJ 1 ECMWF £
KA RAEXEEETR R RREUE TR
KPR M3 AR, S 3 AE MU 0.125 B, =78 0.25 &
FEESHEER 59 ), sigma [l 19 )2, K
B L NEER R, —RK 24k 12 /NIEMER, —R 21K
KRBT KoK 18h $] 72h A% K 240h
I HER B LM TER  3F 3-6 /N TR
RISE AL A HREBY MG FE  35.4732 oN ~ 43.16960N
111.31 0E~122.380E 35.25 0N ~43.250N
111.25 oE ~122.50E
SEI PSS AT FEE RIS R BC—K 4 ¥k (B 00UTC. 03UTC. 12UTC. 18UTC) HU—K 2 &
(A ooUTC. 12UTC)
AL FREIE IR AR 3F 1 /NIFEIRE B 1 /NN RS
(CRJH LA I RN A A T71E)
TRACEERT ] £ 20~30 435 4 56 7rkh

7E RISE X B ARG XILA, 3km 43 ¥E% CMA-B) #5301 0.125 £ 955 ECMWF #R I =
By A ik —8, BrEAb-A6AER S PR - AR AR RHE (B 2), {H2 ECMWF i
P AR U7 AR 20 % 7-8 AN A, JE BRFRIX A LA P e U (1) Ao A i A 4~ 1 g
M, GRS I FRE X m R 2 R N KR S (B 2b), CMA-B) X
b e P DU T B i s bt (B 2a).

K 2 RISE & B R G IX IR [ 9 (a) CMA-B B 2X,  (b) ECMWF B i, Bafr: oK
Fig.2 Topographic height of (a) CMA-BJ model, (b) ECMWF model in the region of RISE Winter
Olympics system. Unit: meter
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T3 U, XEEE AL 928 oK (B RERP. & 2177 K GEd 15), i
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AR sl s OO B R A AR, IR PRRE Bl s A I RISE K A TR AE st s 3 b AN TR A

(BREA%TSE, 2021), PAF4i%~Z (Mean-Absolute-Error, MAE) AT & FRifE (RS,
2019), XFHCAER ML T 5T AR AE 5471 100m 5 730 A8 s Skl Tt se 5 ARk
1-24 /NS TR iR 22

3 AR S0 B KRGS 7 R0 i 45
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&l 3a F1E 3b 73 JZ5 1 T 2021 4F 12 H 29 H 07:00UTC CMA-BJ F1 ECMWF #5203 5 37 # i
2-m i . HT CMA-B) B PRE B IEH, BEREMRKIN X Z T ECMWF 150 (R 1), X
AL A T RS b, BRI (A1 48— R A 2021 4 12 H 29 H 00:00UTC, A (i
IS (8] 9 07:00UTC. & 3¢ A& 3d M| 7325 th T 2T CMA-BJ 10T 537 AL T ECMWF 15
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H ECMWF Tl 5K K FHRIE X (REEBEE X)) L BI-CMA (i (), fFEHERZER. 2
T, I (R A TR 1 B A PR k51T 1B 2 JE rT LA R, JET CMA-BJ A1 ECMWF AN [H]
B 5L RISE 2-m 5B 40 AT 77 BT R B0 S IR 40 Ak (1) 23 (8] A A RFAIE, - 0% S i 53 %
HEFNLBGES (B 3¢ d)o BAREE S MEAET 3, (E5E BFE 2R,
HRAEVRA [ Shub B IR AR R 0 X 4. iR 45 R i B SN RISE 28
—WIRE RAE T AT SR B EAEH, (AN DAB R AR A 28— Y105, RISE B Ko
R E AT A5 IR AR . = 7 FRER RIS 3BT 7 o PR R E AR LN (1 1 Ty 3 AR T
DU, 76 WL IUAR B ) b 7 ) 32 AR A

Kl 3 (a) CMA-BJ Fll(b) ECMWF R f{IHIE 2-m iR FEREATY 513, ()BT CMA-B) Fil(d)5E T
ECMWF 1075 5¢37 1) RISE M1 2-m iR B2 50 37, B 5 [A] 04 20211229 00:00UTC+7h,
RISE 43 #T i)}y 20211229 07:00UTC, Hifi: oC

Fig.3 Surface 2-m temperature field of (a) CMA-BJ model, (b) ECMWF model, and the
corresponding RISE surface 2-m temperature analysis product based on CMA-BJ model, (d)
ECMWF model as NWP backgrounds. The model background time is 20211229 00:00UTC+7h, and
the RISE analysis time is 20211229 07:00UTC. Unit: oC
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B (/N fE+6h Fl+24h TIRATRL, L CMA-B) Al ECMWF AN[E] 10T 563773 1 RISE
TR TR 45 RAFAE R £ 5] (B 4b-d. f-h), KA CMA-B) 5 531 RISE i 6-24h Filfi
SEEAHANT AL (B 4j-D. BRI S, T cMA-BI R 51, KK HFEX RISE +6h i i
R F AR AE-180C LR, 1% T ECMWF 1 523711 RISE +6h I & FiRk £ °~-170C ([ 4b.
). LL CMA-B) AT 547, RISE +24h Tif (Valid time: 20211230 07:00UTC, B 5T [E]
FF 15:00) Gk I X FRER i -180C DL MR (B 4d), 1 LA ECMWF AR S350,

T 5K TV HI X I B ARAE 20 8-140C,  HL 2R R S R0 e 500 0L P52 PR ARG BE v (1T 4h).

K 4 RISE RGEHLTHT 2-m iR ZHR 7, (a)-(d)FET CMA-B) U 5147, (e)-(h)#E: T ECMWF
XEF, ()-)IWEZRNER. . = = WTHH+1h. +6h. +12h, +24h T
5 R, RISE FZHRIN H] 20211229 07:00UTC, Hifii: oC

Fig.4 Surface 2-m temperature forecasts of RISE system, (a)-(d) based on CMA-BJ model
background, (e)-(h) based on ECMWF model background, and (i)-(I) are their differences. The first,
second, third and fourth lines are +1h, +6h, +12h and +24h forecast results, respectively. The
initial time of RISE system is 20211229 07:00UTC. Unit: oC
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Rl 20211229 00:00UTC; HAESEBRIGINLSS M F, —R 2 X HTH ECMWF #5280 BER H
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FEFARR 22N TR 00 B 570iR 2 (B 5a, HERAIEGAsSZLl), XA TR
HEHTIEIAN T RISE ks BERlA TRk PR RE S T IETHYE - . 94h, CMA-BJ Il ECMWF 1 5%
W HLTE 2-m 5 SRR R Z 50K (] 5a, WAL ML RELE), X2 R AR U A s
BruuFEAFE R R 250 (B 2), R B A T 2-m AT B S AT 2-m A7 7R R I 22 5
BRI, SXARIL T RISE RGH K s 7 HR il & o A AN TR B AR AR 35, T DATE S5 40 %
TR 45 R ) it b R $R T Ll XS A b JE S PR P TRk 4 Ak 7K S A afe 1« TR+
FH 23 #E % ECMWE B, 5K 5K 1138 X FIAE PRFEIX 1) s PR R B 15 LRI, ELASE X 1 T
2 KA T bRk s B BRI 2 oK (& 2b),  HS2hr L 3R A BFEIX S FEIY 3km X 3km
FeAT, BRI ECWMF AR 7R SE PR B IK 5K 138 IX [ M THT 2-m 35 B R ™ iR 22 1R K, {5
o 2-m LR R = Y RS T 35 . CMA-BY AR AR X BE vk, 8143585 RISE RS A
FI KRRl B AR S5 AT LAA 21 A 40 A4 L 22 S/ L R R I T

I 5 RISE &5t 20211229 07:00UTC 4R F/MFIT LEARIE S5 HE, (@), (b) XUE .. IhALAR AR
2, BEARRRONTIARIN 20 MREZNF IR TS FaiR 22, UM RISE REGUE T AR 5
Pi#) 100m 73 HEEG 7 iR 72, FRRON RISE SR ML 557 iR 22

Fig.5 Comparison results of RISE system test for the case initialized at 20211129 07:00UTC. (a)
temperature, (b) wind speed. The ordinate is the error and the abscissa is the forecast hours. The
dashed lines are the original model background errors, the solid lines are the RISE 100m



resolution test product errors based on different backgrounds, and the bars are the RISE real-time
product errors
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Fig.5 Same as Fig.3, but for the surface 10-m wind. Vector arrows are drawn every 30 grid points
in order to prevent arrows being too dense. Unit: m/s
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Fig.7 Same as Figure 4, but for 10-m surface wind field forecast
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Table 2 The analysis errors of RISE system based on different NWP backgrounds. FDP19 and ALL
represent the verification results of Winter Olympic FDP 19 stations in high mountain area and all
stations in the whole complex terrain area
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Fig.8 Scatter diagram of RISE temperature analysis and observation based on CMA-BJ model
background, (a) A1489 station at mountain foot , (b) A1703 station on mountainside, (c) A1701
station at mountain top. Corr represents the correlation coefficient between analysis and
observation; (d)-(f) are the same as (a)-(b), but based on ECMWF model background
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Fig.9 Same as Fig.8, but for the wind speed
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Fig.10 The mean temperature forecast errors (left coordinate, MAE: oC) and error reduction rate
(right coordinate, ECMWF background minus CAM-BJ background: %) of RISE system from
February 4 to March 13, 2022. Results of (a) Winter Olympic FDP 19 stations in high mountain
area and (b) all stations in the whole complex terrain area
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Fig.11 Same as Fig.10, but for the wind speed
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Fig.1 Technical scheme of (a) temperature and (b) wind field for RISE system, (c) scheme of the
comparison test
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Olympics system. Unit: meter
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Fig.3 Surface 2-m temperature field of (a) CMA-BJ model, (b) ECMWF model, and the
corresponding RISE surface 2-m temperature analysis product based on CMA-BJ model, (d)
ECMWF model as NWP backgrounds. The model background time is 20211229 00:00UTC+7h,
and the RISE analysis time is 20211229 07:00UTC. Unit: °C
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Fig.4 Surface 2-m temperature forecasts of RISE system, (a)-(d) based on CMA-BJ model
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Fig.5 Comparison results of RISE system test for the case initialized at 20211129 07:00UTC. (a)
temperature, (b) wind speed. The ordinate is the error and the abscissa is the forecast hours. The
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Fig.7 Same as Figure 4, but for 10-m surface wind field forecast
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Fig.8 Scatter diagram of RISE temperature analysis and observation based on CMA-BJ model

background, (a) A1489 station at mountain foot , (b) A1703 station on mountainside, (c) A1701

station at mountain top. Corr represents the correlation coefficient between analysis and
observation; (d)-(f) are the same as (a)-(b), but based on ECMWF model background
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Fig.9 Same as Fig.8, but for the wind speed
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Fig.10 The mean temperature forecast errors (left coordinate, MAE: °C) and error reduction rate

(right coordinate, ECMWF background minus CAM-BJ background: %) of RISE system from
February 4 to March 13, 2022. Results of (a) Winter Olympic FDP 19 stations in high mountain

area and (b) all stations in the whole complex terrain area
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