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Abstract Seasonal forecast is growing in demand, as it provides valuable information for deci-
sion making and potential to reduce impact on weather events. This study examines how opera-
tional climate prediction systems can be reliable, producing the probability forecast in seasonal
scale. A reliability diagram was used, which is a tool for the reliability by comparing probabili-
ties with the corresponding observed frequency. It is proposed for a method grading scales of 1-
5 based on the reliability diagram to quantify the reliability. Probabilities are derived from
ensemble members using hindcast data. The analysis is focused on skill for 2 m temperature and
precipitation from climate prediction systems in KMA, UKMO, and ECMWF, NCEP and JMA.
Five categorizations are found depending on variables, seasons and regions. The probability
forecast for 2 m temperature can be relied on while that for precipitation is reliable only in few
regions. The probabilistic skill in KMA and UKMO is comparable with ECMWEF, and the reli-
abilities tend to increase as the ensemble size and hindcast period increasing.
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Table 1. Summary of data from five operational centers.
KMA UKMO ECMWF NCEP IMA
System GloSea5 System4 CFS2 JIMA/MRI-CPS2
CONFIG Atmos UMS.6 UM10.3 IFS Cycle 36r4 GFS4 IMA-GSM
Ocean NEMO3.4 NEMO3.0 GFDL MOM4 MRI.COM
Atmos N216L385 T 255191 T126L64 T 519L60
RES Ocean ORCA025L75 ORCAIL42 1/3°-1°L50 Plon, 3'532'0'501”
HOST Init Atmos ERA-Interim ERA-interim CFSR JRASS
Ocean NEMOVAR ORA-S4 CFSR MOVE/MRI.COM-G2
Reference MacLachlan et al. (2015)  Molteni et al. (2011)  Saha et al. (2014) Takaya et al. (2018)
HCST Period 19(9210~§glo 19(923;}2:) 15 19(8310~}2/r0)10 19(8232;53 10 19(7396~}2/§))10
ENS for each time 3 3/7 15/51 4 5
Init times/month 4 4 1 5 2
ENS size/month 240 276 / 644 450 / 1530 560 360
Init times/total 7 7 1 5 2
ENS size/total 420 483 450 560 360
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(a) Reliability Diagram

(b) Perfect Case
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Fig. 1. Examples of reliability categorization. (a) is a schematic of a reliability diagram without any data points. The thick
diagonal line indicates perfect reliability. The horizontal and vertical lines are the climatological frequency and the dotted line is
no skill line. The grey area marks a region where the forecast data has a positive value in Brier skill score. From (b) to (f) are
examples of each case. (b) is ‘perfect’, (c) is ‘still very useful’, (d) is ‘marginally useful’, (¢) and (f) are ‘not useful’ and
‘dangerously useless’ cases.
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Table 2. Five categorizations of reliability.
Category Reliability Description
| Perfect The uncertainty range of the reliability slope includes the perfect slope and falls
into the skillful BSS area
2 Still very useful The uncertainty range of the reliability line at minimum slope > 0.5
3 Marginally useful The slope of the reliability line > 0 and not includes the perfect line
4 Not useful The slope of the reliability line cannot be distinguished within its uncertainties
from 0
5 Dangerously useless The reliability line <0
Ehd 359 oWl E(Below Normal, Normal, Above 3 J8 RS2 AF Weisheimer and Palmer (2014)
Normal)7} #Zol|A dAsH= Rl Hlwste] dvl XM= RDE &8 AT 2A4E NEE RS ol&st
v AABIAEAE 2t gE 5] HS5S S8 o of Agststal 7 |22 dero] kel e
FHoE 2ol WHORE, Hd AF LAMean  dASAES A Tt F F A= WS AAISA
Squared Error) ¢} H|=8k W02 53 35 Ve HA 7195e 71To R st AFHT ALH 7],
7F A= Al HAgk BS (Brier Score) 7} &, & A AA dE&S 3EHAEE o), Hd v H
€ d3e] 100% v} $3ks A= 00] H, iz d o]shE FiEstar, Wd v Wele A As
100%E EXE 4% 19 & 7Ktk Bsol| 7Iwtel & sAAo® wjde & 229 57F FLs H
o] BSS (Brier Skill Scorey= BS2| 713712 reference =5 35Est] Yl &3t BE #e HeE o
2 vlastel, BE o Zo] AW W lo] HES # sk 9l(Ranking) WEE ol g3ATh 32919 2}
AFHelth, T B53} 2ol BE A 4% B9 8 o> F8L 7817, Bootstrap /WL ol
Hisl B3] 9I0Q 495 2E 658 AS(Fabe o] FA9 2 HRS Helse] AAIANL AL
Alarm), #Z0X Weptont ol &atA] 55k Z-9-Miss) sk AES 10009 eIt o] AL Fal A
g xgool, Avh} B VIRE A5 AFAEA Y AYIAMI 03} W9(75% confidence) T3}
52 EX=A9 HE B Probability of Detection 3 YE wHe] 2x =g vejste] s7)e] 4lg
(POD), False Alarm Rate (FAR), Threat Score (TS) = 5592 YUK Table 2). 223 ©]& ECMWF
5] 2% Wl A A2 Azte] Al AXTe] Ao AT W
olgfgt g& S WH ZF RD (Reliability Diagram) A A 3T}
2 FE S FEx F) UH AA AZA UE Figures 1b-fi= AlZ % 194 5553714 44" 7
dHIE(y F)E FA ke WHEOE, Fig. ladlA] Hol Lo izt JAIE RAY. Joz A3l glo] o =3
= 71&717F 190 iz s J el dAjshd gt & tib] d3elA yehd HE grolw, M FAle
of| Z(Perfect Forecast)e] 3L, thzha fldl] EA)3tH 2 g T el 2= AT 4S5 gF 779 49
I A F, ofefoll fsHH FHa GFF Ao 3 Z 3ot njE gty SR AAE ke HF S
A& 4 9lt). Figure ladlA] 712 A3 A= A AAe] 92 Weolt}. Figure 1be EAS (East Asia)
= 7154 2 FEG3%eIH, 3N 29 BSS7TE AYY] & oAES AFIY AvE AFE I5F
¥ s e R HAAe S EE U (Perfect)> AP I AL 2t WLI7F dF A izt
Eill= tizbd s 7155 A g8 T #tolH 7] A(Perfect line)S EFHala BSS7F o] kel 71
4 BA B giv] {83 SAA 9] ARE A o] St o R Z FdE wjolt), Figure lc= SEA
3l 714 (No skill line)olth. &, &8 o= A7} (Southeast Asia)®] F& A&S AFIH 25F(Still
A F9THBSS>0) o SOk A4S FEF very usefu)?] 9= APS| L] 2} WAt
o Zo B & 05 ool A8 BAE S E S fET 5
RDE o7 22)=g Eo /MR 2 A7 Fo| %85 o2 L £} Figure 1= NAS (North
£ BT 5 Qe de 2ole 4% P B 3 Asidl WEF ALL AZYH 35T (Marginally
yoleh it o] W afxE F £4AAE useful) ARIE A o2} HATF Ha 0 9
A L F A FHol AW FFHoT oF] A, = climaologyE TFFA o} 7154 w4 3
F REA] Y NFS AN FA @k o] BRT 8% IS0t perfect lineS ZTHHA L

Atmosphere, Vol. 30, No. 2. (2020)



146 @ 7|5l S oM 0] 73 A A g 5 AlE = ot

(@) KMA (b) UKMO
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Fig. 2. The reliability map of 2 m temperature from (a) KMA, (b) UKMO, (¢) ECMWF, (d) NCEP and (¢) JMA on below DJF
(upper left), above DJF (upper right), below JJA (lower left) and above JJA (lower right). Green, blue, yellow, orange and red-
colors are shaded based on reliability categorization from perfect to dangerous forecast.
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Fig. 3. Same as Fig. 2 except for precipitation.
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Fig. 4. Histogram of the numbers of regions in each reliability category for different centers. (a) is for 2 m temperature and (b)
is for precipitation, and red color is for KMA, blue is UKMO, green is ECMWF, purple is NCEP and orange is JMA.
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Table 3. The number of regions that is initialized from different initial dates of KMA, UKMO on five reliability categories
summed over all four events for 2 m temperature (T2M) and precipitation (PRCP).

Category of reliability

Center Initial date T2M PRCP
1 2 3 4 5 1 2 3 4 5
Early 5 13 44 13 9 1 4 26 12 41
KMA Original 3 29 37 10 5 2 9 21 22 30
Late 2 27 48 5 2 4 5 28 19 28
Early 0 19 49 11 5 2 3 31 14 34
UKMO Original 5 24 48 5 2 1 7 18 22 36
Late 2 24 55 2 1 0 6 45 15 17
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Fig. 7. The reliability map of 2 m temperature from ECMWF for different ensemble sizes and hindcast period. (d) is ‘Fig. 4’ in

Weisheimer and Palmer (2014).

Table 4. Same as in Table 3, but for that is based on different ensembles of UKMO and ECMWF.

Category of reliability

Center Total Runs T2M PRCP
1 2 3 4 5 1 2 3 4 5
KMA Total 240 | 20yrs/StcE03/1init04 3 29 37 10 5 2 9 21 22 30
UKMO Total 276 | 23yrs/StcE03/1init04 5 24 48 5 2 1 7 18 22 36
Total 644 | 23yrs/StcE07/1init04 9 30 29 10 6 1 8 11 16 48
Total 270 | 18yrs/StcE15/1init01 3 9 24 14 34 3 6 15 19 41
ECMWF Total 270 | 30yrs/StcE09/1init01 1 15 33 27 8 0 13 31 28 12
Total 480 | 30yrs/StcE15/1init01 4 29 29 11 11 2 9 20 14 39
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