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ABSTRACT

This project was designed to evaluate the current status of subseasonal prediction
and predictability and thereby provide results that can contribute to develop suitable
prediction systems for a subseasonal time scale. In this study, three models
(ECMWF, NCEP, and ECCC) that have common forecast specifications (e.g., initial
date and interval, lead time, reforecast periods) are selected to provide a consistent

evaluation.

The first aim of this project is to evaluate the general performance of reforecast,
real-time forecast, and multi-mode ensembles (MMEs) of 3 models for 11 variables
and 12 verification regions. In terms of climatology, the models display a disorganized
long-term mean (LTM) pattern for some regions and variables and tend to
underestimate interannual variation. Similarities in LTM spatial patterns decrease,
although absolute biases increase as lead times increase, in all three models;
however, this was expected. Predictability measured by signal to noise ratio (SNR),
which is different from actual prediction skill, was the highest for NCEP but lowest
in ECCC for the same ensemble size and references. Prediction skill analysis
suggests that forecasts are reliable up to 2 or 3 weeks in most regions; the ECMWF
has the longest predictability among three models. There is clear dependency
between prediction skill and the months, regions, and variables; the features are
very similar for reforecasts and real-time forecasts. Interestingly, global subseasonal
prediction skill during boreal winter season was shown to be dependent largely on
the variability of the ENSO, and the association becomes clearer with longer lead

weeks. From the comparison of the four varying MME methods, which have different



combinations of reference period and weightings, we found that the grand ensemble
merging MME (MME_g) has a skill that is at least comparable to, and perhaps even
better than, the ECMWF model.

The Madden-Julian Oscillation (MJO), one of major sources of subseasonal
predictability, and the Ural blocking affecting cold surges in East Asia were
investigated to verify the skill and climatic features simulated by the models.
According to the verification based on the prediction skill of the MJO, the ECMWEF,
NCEP, and MME closely resembled observations while the ECCC model
underestimated the intensity, eastward evolution speed, and life cycle of the MJO.
The prediction skills for the lead time, season, phase, amplitude, and the location
of the MJO convection showed contrasting results based on the model and variables
used. However, the ECMWF model outperformed in detecting the highest MJO
prediction skill.

It is suggested that a modified index for Ural blocking be applied for subseasonal
forecasts. Individual models succeeded in capturing Ural blocking with one week
of lead time; however, as this increases the skill decreases. Although predicting
a blocking event 3-4 weeks ahead is not reliable, the performance can be improved
by up to two weeks by applying a simple MME.
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Table 1. Description of subseasonal forecast models.

Time " " Fest. Refest Refcst Refcst.
Center Range Resolution | Ens. Size Frequency Period Ens. Size | Frequency
ECCC | R aays | ORRH Ty weekly | 1995-2014 4 weekly
Tco639/319 past 20
ECMWF | 46 days L9] 51 2/week years 11 2/week
T126 . .
NCEP | 44 days L&A 16 daily 1999-2010 4 daily
2HEA 2 Ao V1 AR 27 BPEE o2 ARt FUT DAY,

Q) ol sgs= ﬂrﬂxﬂf'ﬂ_x}iﬂ YO = 3. ofeTE] oS ofFA il 2
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Table 2. Description of four multi-model ensemble variations applied in this study.

Abbr, Dl\/'IAf\?ItI%?P];\%VIE Reference period Merging type

MME_c | SCM_c/PMME_c common (1999-2010) individual model equal weighted

individual model o )
MME_e | SCM_e/PMME_e original/extended period individual model equal weighted

. grand ensemble merged/
MME_g | SCM_o/PMME g common (1999-2010) individual model ensemble size weighted

MME_w | SCM_w/PMME_w | common (1999-2010) ug:\g/ﬁlg model root ensemble size

E27Z Aook= WS tgoi, & Ao ASE S EE7S Yo
93l 500 hPa9] A=A O & k= Cheung et al. (2013, 2015)°l4 AR&%
T+ 227

HA S v pAske] 285kt WA offo] (1) (2)F SAl9 W

_ Z(Aen)-ZGe0) . —10m
ZGN(Q) = pry— < /deglat )]
265() = LAl 2009 5 0

where 1 € [0,357.51°F, py= 80°N+A, p,= 60°N+A, ¢,= 40°N+A, A=-6°,-3°,
0°, 3°, 6° latitude
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O LEPS (Linear Error in Probability Space)
LEPS= SEHE ASShe A5 59 stUE, A& +4 & #3322} T10f 4485t
© 45 GEEE 119 ATE HFERt o= off Ao= FAE K Potts et al.,, 1996).

LEPS = [3(1—|P; — P,| + P} — Py + PZ — P,) — 1] X 100

A7|1M Pi= d59 74 BE #E 5ol Py = IS0 FF 2ETTE UEhd

o} LEPS A4= -100~100 HYo] Bx35}11, 1000 7RSS £ oot}

Table 3. 2-by-2 contingency table for categorical forecasts.

Event observed
Yes No
Yes A B
Event forecast
No C D
O Bias
Biaste °|HIE7} #Z0f vlof| A= AEEU=A] ofHH € ASEJ=AE ST

Table 39 7182 ARgsto] ofefe} o] EAT 4= glct.

Bias = (A+B)/(A+C).

120} 2 ghe T30l ]3] A% o) SE A2 oS 1} A AL B Hl
9 A% ojEE A2 g

O SR (Success Rate)
2 7H|11E] AEE HISoR= v Teolal R WARl XA FA| dlE Al

< 7HIAEE 9 BleR FEY Ag= 0014 12] ¥ ool B2 A2 o=

A 1/3 olehe TR H= AT Aol Wob AT 4 glal, 1/3~2/39] ¥ele
ST, 2/3 o2 &2 Aoz e & .



O ROC (Relative Operating Characteristics)
ROC= 7H| 18] A HE HFol=t 2] AAEe= ALEA, LFH-EFAR)

AFBHR ¥ Uehdct. o, AFELHR)IS U4 Lol A F ot 2
Hgol 1 QAR(FARE Yotk %e A 3 olirt B4 vlgolh. 438 %2

2 QRG] ¥eE wEld ROCTT £ £2 dEo|th ROC AF0] 3k
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3t 7HE] 932 Qulgit. ROC 2320] 0.5& HRQ} FAR7} 5YS 392 &
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O HSS (Hiedke Skill Score)
HSS= M &0 Hlsf &9 HILE Brictks JE=A], offie} o] ezl

(AD — B(C)
[A+C)(C+ D)+ (A+ B)(B+ D)]

HSS = 2

HSS7H 19 77h2%8 A2kt o122, 0o 7Pl A ot 1 Aol ulge,
0Tt A24% AR 3 JHA=S ek

|

O BSS (Brier Skill Score)
Brier score (BS)= &3t =410 Aol =745 ofgfje} o] Yepdct

1n
— A2
—né (pi —0p)
=1

Pi (7 dlZo] ShEoln] B Oi A BEORA o[HES} SRS A] 1,
SASA] 9k T 02 Z=t) meh BSel glo] BHeSE ozl X4ZE°l e
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BS — BScim _ BS

BSS = =1-
0- BSclim BSclim

BSSY] 79, ~co0llA] 171419] 3k 7HIm] 29] BSs 715gte] ojstol olEtt A
Fut} oj&450] Holle ehdich. BSsgo] 19] F7he4 djEiko] 22 AL
ougit,

B ATl ALY 150] AES A% WMOSIA A 127 Ao Erel
(Table 4) Hh3le] AAIBIAOH, o]2 Fo) 9% B dA7ele] vl Solq Ay S
¥ 4 9l Ao okt

Table 4. Geographic domain of 12 regions verified.

Regions Latitude Longitude

Globe 90°S-90°N 0°-360°E

Tropics 20°S-20°N 0°-360°E

S. Extratropics < 20°S 0°-360°E

N. Extratropics > 20°N 0°-360°E
East Asia 15°N-60°N 75°E-150°E

South Asia 10°S-35°N 60°-140°E
North America 10°-75°N 190°E-310°E
South America 60°S-10°N 270°E-330°E
Australia (or Australasia) 50°S-0° 110°E-180°E
Australia + S. Pacific 50°5-20°N 110°E-260°E
Russia (or Northemn Eurasia) 40°N-80°N 25°E-190°E
East Middle 10°N-45°N 25°E-75°E
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increasing lead days from 1 to 32 over Globe, Tropics and East Asia domains for three models
during all year round.
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Figure 5. Predictable days derived from three different combinations of reference period and ensemble
size for three models in three regions. Calculations are based on “0. Original™: original period
and ensemble size, “1. 1999-2010" common period and original ensemble size, “2. Common’:
common period and ensemble size.

Table 5. SNR based predictable days derived from the test of “2. Common”™ common period and
ensemble size for four variables and three models over two regions.

Model T2M PREC 2200 7500 Mean
ECCC 12 7 N 10 10
Globe ECMWF 15 10 17 13 14
NCEP 19 16 23 16 19
ECCC 1" 9 " 1" 10
E. Asia ECMWF 14 12 15 13 14
NCEP 17 17 19 15 17
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Figure 6. Distribution of predictable days defined as the day when ACC exceeds 0.3, 0.4, or 0.5 over
3 regional domains for three models for 11 variables. Blue, orange and green dashed lines
indicate the forecast time range for ECMWF, ECCC and NCEP, respectively.

E oM S28 FANEARS £ ol&/E AHE A St Al BP9 oS A
212 E.9 Aol A gk APAIZE 5UQ0 YU AlFo R 7YX WA Hdf 45771 F
Hatgks 7okl olF AT 7|4 37] 2R3t vlEo] Table 20014 AAIEE 47}

H W SHATt Figure 7-& 4711 W50l sl & 77HA]

ERdith. tfRE9] dEARE HeERE P
9 ‘}017} 2121% 24 oﬂé—*é% F 153 AR ASo] 7t & FES ARt
1, AATte] F7FIEE o APAgto] Aok d5449] Hlgo] EolErt. HE
Hg F ECMWFE tE & 230 Hlg| AtHoR &2 &S 457 fAstL
£35] PRECOl| ti3t 5442 toh 2 & o] vlsf &3] &t 470 MME 7'H9] 154

< ECMWEFeF A9 BlsHAY &2, o] $ SCM_g7t 7V & dl54dE 2=t
SCM_g= YE ol vlgolo] 715AE F= 7IHeE, /i B8 F 7P =2 d54
53 7P B AR 2 7IAE= ECMWFS] g3o] A 283t Ao dokg,
3 QA a HoflA GBI %0], PRECO] F4H dl&Ad5-2 thE W] H]5) &3]

I

EojA|AL 53] 15 ARGARIOIAM B W= 0.5 o9 disAdE Hol=d Wl =

é

e
1
1o
[
—Ll
é
ns
oL
filo
1
gz
e



3. Kot g AL oSN "ot 21

1501 M = 0.500 mR[A] F5he d5AdES vk 2200 474 W & 7P w2

=1
4 dl5dse E]lth

Weekly ACC: Globe

(a) T2M (b) PREC
0 2.0

e ¢ W \4 . ' e ¢ o = o
%G\!\/ 60\4\/ 60\}‘9 90\3‘/ ?‘G\&“ ‘QO%? (,/GC’O %G‘!\/ 60‘}‘/ %0"!\99@\3\/?’6@ \\C’%? ?,00

(c) Z500 (d) Z200
0 2.0

1.0 - 1.0 B
05 - 05 o "
| | | . w
w2
1 I ] | w3
oo N | wa
o I ? G 3 4 ° O
%G\!\/ QP\I\/ %D\I\B’ 0\!\, G\‘ﬁ‘ ‘\03 %GO %G\!\/ %0\3‘/ %c,\&‘} 0\3‘/ G\.ﬁs ‘.\Qt %00

Figure 7. ACC of 4 variables over Globe for 7 simulations (4 SCMs and 3 models) for 4 lead weeks.
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Weekly ACC: T2M, DJF, Week 2
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Figure 9. (Left) Timeseries of ACC of T2M for the period of DJF 1998/99-2010/11 for 4 simulations
(SCM_c and 3 models) over (a) Tropics and (b) East Asia domains for 2-lead week and ONI
index for same period, and (Right) Correlation between ACC timeseries for 4 simulations and
ONI index. E and L marks denote El Nino and La Nina year, respectively.
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Weekly ACC: PREC, DJF, Week 3
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Figure 10. (Left) Timeseries of ACC of PREC for the period of DJF 1998/99-2010/11 for 4 simulations
(SCM_c and 3 models) over (a) Globe and (b) Tropics domains for 3-lead week and ONI
index for same period, and (Right) Correlation between ACC timeseries for 4 simulations
and ONI index. E and L marks denote El Nino and La Nina year, respectively.
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Figure 11. Correlation between ACC timeseries of SCM_c for 4 variables over 12 domains and ONI
index for Correlation the period of DJF season for 4 lead weeks. The top, left, bottom and
right triangles represent for 1-lead, 2-lead, 3-lead and 4-lead week, respectively.
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Figure 12. Temperal variation of correlation between ACC timeseries of SCM_c and 3 models for 4
variables over Globe and East correlation domains and ONI index for the period of DJF season.
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Figure 14. (Upper) Prediction skill dependent on different simulations, lead weeks, variables, and
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prediction skill relative to the top performer.
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Figure 15. Regional variation of prediction skill of T2M for 7 simulations (4 MMEs and 3 models) verified
from 4 metrics for 4 lead weeks.
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Figure 17. Frequency of 7 simulations counted as a top ranker in terms of lead weeks, variable, metrics,
and regions.
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Figure 18. The composite maps of intraseasonal anomalies of OLR (negative anomaly depicts active
convection, unit: W/m2) from the (a) observation (o) MME (c) ECCC (d) ECMWF (e) NCEP
reforecast during 1999~2010 at lead week1, with reference to WH (2004) when the
amplitude of MJO index is greater than 1.0.
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Figure 19. Same as in Figure 18 but for the period of May to October during 1999~2010.
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Figure 20. Same as in Figure 18 but for the period of November to April during 1999~2010.
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Figure 21. Longitude-MJO phase hovmoller diagrams of latitudinal mean (15°S-15°N) OLR anomalies
from observation, ECCC, ECMWF, NCEP, and MME during all year round from 1999~2010.
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Figure 22. Prediction skills of anomalous OLR and geopotential height at 200 hPa simulated by ECCC,
ECMWEF, NCEP, and MME over the tropics (20°5-20°N for OLR) and northern extratropics
(20°-90°N, H200) as function of the lead time by calculating spatial correlation coefficient
with the observed pattern.
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Figure 23, Prediction skills of anomalous OLR simulated by ECCC, ECMWF, NCEP, and MME over the
tropics (20°5-20°N for OLR) as function of the lead time by calculating spatial correlation
coefficient with the observed pattern. Blue/red bar indicates the strong/weak (amplitude
greater/less than 1.0) MJO.
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Figure 24. The percentage variance of geopotential height at 200 hPa anomalies accounted for by the
RMM index during MJJASO from the observation (left) and the MME during lead time 1
to 4. The percentage variance is defined as (corr.(RMM1,GPH200) + corr(RMM?2,GPH200)?) *100
(Kim et al., 2018).
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Figure 25. Same as in Figure 24 but for NDJFMA.
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Figure 26. Composite of 7500 ((a): contour), Z500 anomalies ((a): shaded), and T2m anomalies ((b):
shaded) for UB events during DJF 1999-2010.



Figure 27. Lead-lag composite of Z500 (contour) and Z500 anomalies (shaded) for UB events during
DJF 1999-2010.
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Figure 28. Ratio of number of ensemble members predicting DJF UB to total number of ensemble
members of ECMWF (top), ECCC (middle), and NCEP (bottom) with different lead week.
Marker indicates observed UB event. Note prediction years (x-axis) differ among models.
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Figure 29. BSS for probabilistic UB forecast of each model.
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Figure 30. Skill score considering different number of ensembles for a UB event to occur.
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Figure 31. Ratio of number of ensemble members predicting DJF UB to total number of ensemble
members of MME from 1999/2000 to 2009/2010 with different lead week. Marker indicates
observed UB event.
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Figure 32. BSS for probabilistic UB forecast of each model and MME.
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Figure 33. 7500 composite for DJF UB events from 1999/2000 to 2009/2010 (Contour: observation,
Shaded: MME).
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Figure 34. Multi-model ensemble spread (shaded) and composite of 7500 (contour) for DJF UB events
at different lead weeks.
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