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Error diagnosis and Assessment of Sub-seasonal forecast using GRAPES-GFS
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Abstract Using the analysis and predictions of leading 35 days related to Global and Regional
Assimilation Prediction System (GRAPES)-Global Forecast System (GFS) during the period from
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September 2018 to August 2019, we diagnosed the prediction errors and evaluated the extended
forecast capability to provide a numerical weather guidance for the prediction with the sub-seasonal
timescale. Result show that, GRAPES-GFS could capture the spatial distribution characteristics of
2m temperature and 500hPa geopotential height during winter in 2018 and summer in 2019,
however there exists large system bias related to 2m temperature analysis in the desert plateau areas
which have the thermal forcing effect significantly, especially in arid areas of Africa. Related to 2m
temperature, the Root-Mean-Square Errors (RMSE) of leading 1 to 3 weeks predictions approximate
to the linear growth. GRAPES-GFS posses the high prediction skill in the East Asia and Austria but
have the lower prediction skills in the ocean areas compares with the land areas. Related to 500hPa
geopotential height, when leading 1 to 3 weeks predictions, there exist higher prediction skills in
low latitude than in high latitudes of East Asia. Also, the prediction skills of the tropics is much
lower than other regions and the northern hemisphere is higher than the southern hemisphere.
Related to the Madden-Julian Oscillation (MJO), it is found that, GRAPES-GFS can reproduce the
propagation characteristic of spatial-temporal variations related to the upper and lower zonal wind
and can capture the location of strong convective activity signals. However, the Outgoing Long
Wave Radiation (OLR) positive anomaly is much weaker and the negative anomaly is much
stronger. GRAPES-GFS have a skillful MJO forecast for 11 lead days when it is useful for ACC
>50% and for the selected two strong MJO cases, GRAPES-GFS could describe the MJO
propagation process exactly but have a stronger signal during MJO developing and decaying period.

Key words 2m temperature, 500hPa geopotential height, MJO, GRAPES-GFS model, sub-seasonal
forecast
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IR RUBE R R AT AR Mo — 1 DX R SR LA PR R AR AT T30, & e 7 R AT
(1~10d) AT CFRE LA LD BB ISR, FEBA 5 Ik ¢ U 3% A 45 Hh bt 2 =5 BL/E F o
SR, H AT A G055 R S TR 1A TR Kol 5 2 10 RAA, WRE—HZ M
RZETT PR — B R AT 55 1723 VA0, 2% 52 RHS A TE AL 28 TR 1) OG7E o BRI A 1%
STk 0y (European Center for Medium range Weather Forecasts, ECMWF) f§Hi, w50k
I TR RE AR 10 S8R TH 2 2 J, KRB R 35 A G 3T IR T it R T
ZEHT 4 1 (ECMWEF, 2016). % EEHZKF2#Fi (National Academy of Sciences, NAS) il &
S AR TR B AT R, R SRR I S SR S B T A H R OR TR B TR K P
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NOAA) THIR BRI HETREN TR RS, JHRALHEAT 3-4 B Rk S (Zhuetal.,
2017). FES G RIEE REM RS TURAT ST (2018-2020 )7, tH BIRfAHE B < R 2
FOME SR AU AR AR T TR A 9 AR R S TRHRAI 72 1) B AT 55 A BOC R B A DA AR

A BRSO BB PR HoCa A 2 R FH R AR AT T o o 8 o 21 ot ik o 5 [ 1R 51,
FHLIFRE T 4 FMZERH 30K 1iE H HUE Wifk 4 (Tractonetal., 1989). ECMWFITj&
TIBH FEM ARG, InE A H AW HEAT 1 RALKRES: (Palmer et al., 1988; Yamada
etal., 1991). &HfE R TR H LX) KRR TR Al 45 R TR, KA R AR
T YMEE R, HXTHT7-10 R KR EEFR LY 3 0 Ptk e 71 o€ 1 3K R PRk 2k . Zhu
2 (2018) JETNCEP & RREATIIN AL (NCEP GEFS), WHili VHFRIRE (SST) #iaxt
-4 B R E IR R YERE I Romm, S5 53, TE SR SST e 77 58 il $2 = MJIO Tk
B, AEx 2milld BERIFE K PR B3R m AN K. #E—2P M, LisE (2019) SRHAINCEP 4x3kiE&
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H-F3 i R E v igia 4 AN 2k, i BORHE R R i f b B E AR
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(B BRI, DAE AT I SRR B 0 M s D3 — D7, $R BRARRE T 22 0 K/ INh 43 A4S 21 1) 2 [ R 25
AT 5] e B AT A HES ] AR R BT g HCHE 4 1 LI B 25 BR B0 2H 6 DR AR 6 ) 2 B
k. FEARBTTH, AvEE MIO BITIHRAEE /7, AT /RE X (15°S-15°N) 20 R Z=5 A o id
JEPE AR HELL AL PR J5 1Y) OLR . 200hPa A1l 850hPa £fi [7] Xtk 174 ik EOF, #x A4 i EOF(CEOR),
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ASCEELT 2018 4EAZE (2018 4F 11 H . 12 H J% 2019 4F 1 H)#1 2019 4F B Z£(2019 4F
6 H. 7 A+ 8 A) It 2m I A1 500hPa 7 35 5 37 A BIEAT b B0, B GRAPES-GFS
S HTZE 2m IR H P 5 H e B E %k (NCEP/INCAR Al ECMWF 43 #T %0kD) 3ET
XTEE,  ATIXT GRAPES-GFS B BRIV 20 VP4l . 455K B, GRAPES-GFS B A
Wt 4Bk 2m R EAEARGT . JB BRI AP AR BRI AN 2 R 0 A, IRRE L 42 Bk 2m
i JEE PR 28 T s B R 22 [ B0 2 ) 0 AT RRALE, 18] 1 (al-a8, b1-b3). #E—2Pith, i 1 e ANE Bt
BE AT ARARE FE , FRAT KR AL R BOCR B & o AL R BT A R (Buizza, 1994;
Kim £, 2004):
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Fig.1 The global seasonal average of daily 2m temperature (units:* C) . (al) and (b1): 2m temperature from GRAPES-
GFS during winter in 2018 and summer in 2019 respectively; (a2) and (b2): 2m temperature from NCEP/NCAR
reanalysis during winter in 2018 and summer in 2019 respectively; (a3) and (b3): 2m temperature from ECMWF
reanalysis during winter in 2018 and summer in 2019 respectively.

R 1 GRAPES-GFS 5 HAth 43 Hr kL1 2m iR FEAE AN RIZE AT IR AH L R 2L s
Table 1 Similarity coefficients of season-mean 2m temperature among three groups of analysis/reanalysis data

QERCERE ¢

= GRAPES-GFS H1 NCEP/NCAR GRAPES-GFS #1 ECMWF
F

CES 0.95 0.87

A2 0.96 0.89




(a1) Winter Difference:Grapes minus NCEP (a2) Summar Difference:Grapes minus NCEP
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Z W34 (a2): 2019 4FH % GRAPES-GFS 5 NCEP/NCAR 2 Z[#1434ii: (b1): 2018 4F4Z% GRAPES-
GFS 5 ECMWF Z Z )70 4ii; (b2): 2019 4FH 2= GRAPES-GFS 5 ECMWF Z 2734 o

Fig. 2 The global seasonal average error of daily 2m temperature (units: ~ C) . (al) and (a2): The difference of 2m
temperature between GRAPES-GFS and NCEP/NCAR during winter mean in 2018 and summer mean in 2019
respectively; (b1) and (b2): As in (al) and (a2) but for the difference of 2m temperature between GRAPES-GFS and
ECMWEF.

Time Series of different analysis
South East China (25N-35N, 105E-120E)

Arid Region of Africa (15N-30N,10W-30E)

28 T 40 :
—— GRAPES 15.01 — GRAPES 30.78
26 | — NCEP 15.51 i 38 [|— NCEP 24.52 1
24 || — ECMWF 16.59 36 | —— ECMWF 23.84
22
34
20
32
18
S 16 o ¥
o < 28
g M 5
=]
2 12 2 26
S %
8 10 Q 24
£ §
@ 8 = 22
£ S
~ 6 U
4
18
2
16
0
2 14
4 12
-6 10
8 | L . | | . . . 8 | . . L | I L .
Dec Jan Feb Mar  Apr May Jun Jul Aug Dec  Jan Feb Mar Apr May Jun Jul Aug
2018 2019 Date 2018 2019 Date

B 3 [ 2R 1 XS AR T2 X H P2 2m i EE R TR 81 CRz: - C o vy, AR B il AR AN F) 0 Hr
FORH 2m IR FP A, BRaE P IR ROR A A R 2m R P I E .
Fig.3 Time series of daily 2m temperature over South East China and Arid Region of Africa (units: - C). The different



lines indicate the daily 2m temperature series with different analysis data and the numbers in the legends indicate

mean 2m temperature of the whole reforecast period.
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Fig. 4 Seasonal mean of 500hPa geopotential height and its corresponding error (units: gpm). (al) and (a2): 500hPa

geopotential height from GRAPES-GFS during winter in 2018 and summer in 2019 respectively; (b1) and (b2):

500hPa geopotential height from NCEP/NCAR reanalysis during winter in 2018 and summer in 2019 respectively;

(c1) and (c2): The difference of 500hPa geopotential height between GRAPES-GFS and NCEP/NCAR during winter

mean in 2018 and summer mean in 2019 respectively.
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Fig.5 Relative error of daily 2m temperature sub-seasonal predictions for weeks 1,2,3 and 4 (units: ~ C) . (al-a4)

represent the relative errors of leading 1 to 4 weeks predictions referred to the GRAPE-GFS analysis respectively;
(b1-b4) is as in (al-a4) but for the reference field NCEP/NCAR,; (cl-c4) is as in (al-a4) but for the reference field
ECMWEF.
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Fig. 6 RMSE of 2m temperature forecasts during weeks 1, 2, 3 and 4 (land only) over the global area, Northern
Hemisphere(NH) and East Asia(EA) for (a) leading 1 week, (b) leading 2 weeks, (c) leading 3 weeks and (d) leading
4 weeks. The different lines indicate the RMSE series over different regions and the numbers in the legends indicate

the mean RMSE of the whole reforecast period.
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Fig. 7 TCC of 2m temperature forecasts during weeks 1, 2, 3 and 4 for (a) leading 1 week, (b) leading 2 weeks, (c)
leading 3 weeks and (d) leading 4 weeks. The numbers in the right title indicate the mean TCC over the global
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Fig. 8 The PAC time series of 500hPa geopotential height forecasts during weeks 1,2,3 and 4 over the global area,
Northern Hemisphere(NH) and East Asia(EA) for (a) leading 1 week, (b) leading 2 weeks, (c) leading 3 weeks and
(d) leading 4 weeks. The different lines indicate the PAC series over different regions and the numbers in the legends

indicate the mean PAC skill of the whole reforecast period.
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Fig. 9 TCC of 500hPa geopotential height forecasts during weeks 1, 2, 3 and 4 for (a) leading 1 week, (b) leading 2
weeks, (c) leading 3 weeks and (d) leading 4 weeks. The numbers in the right title indicate the mean TCC over the

global areas.
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Fig.10 Composite evolution of the basic elements related to MJO averaged over 158-159 derived from GRAPES-
GFS model (upper line) and NCEP/NCAR (following line) including 850hPa zonal wind anomaly(Figure al,a2),
200hPa zonal wind anomaly (Figure b1, b2) and the OLR anomaly(Figure c1, c2).
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Fig. 11 The seasonal average of OLR anomaly (units: w/m?). (al) and (b1): OLR from GRAPES-GFS during summer
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Fig.12 Anomaly correlation coefficients by lead days for the basic elements related to MJO averaged over 153-
159N including 850hPa zonal wind anomaly, 200hPa zonal wind anomaly and the OLR anomaly.
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Fig. 13 The first mode (EOF1) and second mode (EOF2) of EOF of 155-15N averaged OLR, 850-hPa zonal winds
(U850), and 200-hPa zonal winds (U200) obtained from GRAPES-GFS analysis data and NCEP/NCAR analysis

data. All variables are normalized and 20d band-pass filtered.
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Fig. 15 The RMM index phase space diagram plots derived from MJO products of Australian Bureau of Meteorology
(ABOM). NCEP/NCAR reanalysis data and leading 6 days predictions of GRAPES-GFS respectively for (a) the
period November 13, 2018 to January 20, 2019 and (b) the period April 15, 2019 to June 12, 2019.
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