Vol. 28, No. 1 (2018) pp. 37-51
https://doi.org/10.14191/Atmos.2018.28.1.037
pISSN 1598-3560  eISSN 2288-3266

Atmosphere. Korean Meteorological Society I o 1 =2

am* . EHedh . ZHEAMY . oy
V=R 7)d sk A A 2w A s, Pl shar o 8- g ekst
A 20173 1Y A

0¥, 749 2018 1€ 129,

#

—_

Prediction Skill of East Asian Precipitation and Temperature Associated
with El Nifio in GloSeaS Hindcast Data

So-Min Lim"*, Yu-Kyung Hyun", Hyun-Suk Kang", and Sang-Wook Yeh”

UEarth System Research Division, National Institute of Meteorological Sciences, Jeju, Korea
Y Department of Marine Sciences and Convergent Technology, Hanyang University, Ansan, Korea

(Manuscript received 10 November 2017; revised 12 January 2018; accepted 2 February 2018)

Abstract In this study, we investigate the performance of Global Seasonal Forecasting Sys-
tem version 5 (GloSea5) in Korea Meteorological Administration on the relationship between El
Nifio and East Asian climate for the period of 1991~2010. It is found that the GloSea5 has a
great prediction skill of El Nifio whose anomaly correlation coefficients of Niflo indices are over
0.96 during winter. The eastern Pacific (EP) El Nifio and the central Pacific (CP) El Nifio are
considered and we analyze for EP El Niflo, which is well simulated in GloSea5. The analysis
period is divided into the developing phase of El Nifio summer (JJA(0)), mature phase of El
Niflo winter (D(0)JF(1)), and decaying phase of El Nifio summer (JJA(1)). The GloSea5 simu-
lates the relationship between precipitation and temperature in East Asia and the prediction skill
for the East Asian precipitation and temperature varies depending on the El Nifio phase. While
the precipitation and temperature are simulated well over the equatorial western Pacific region,
there are biases in mid-latitude region during the JJA(0) and JJA(1). Because the low level pres-
sure, wind, and vertical stream function are simulated weakly toward mid-latitude region,
though they are similar with observation in low-latitude region. During the D(0)JF(1), the pre-
cipitation and temperature patterns analogize with observation in most regions, but there is tem-
perature bias in inland over East Asia. The reason is that the GloSea5 poorly predicts the
weakening of Siberian high, even though the shift of Aleutian low is predicted. Overall, the pre-
dictability of precipitation and temperature related to El Nifio in the GloSea5 is considered to be
better in D(0)JF(1) than JJA(0) and JJA(1) and better in ocean than in inland region.
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et al., 2007, 2009; Kug et al., 2009; Yuan and Yang,
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= el 7]2o] oS gRlstith. 1eal
“}"k T+ 7FA =] El Nifiog 32314 %t‘jr“q
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Fig. 1. The anomaly correlation coefficient for sea surface
temperature anomaly during winter. Dotted area indicates
statistically significant values at the 90% confidence level.

Table 1. The anomaly correlation coefficient between Nifio
indices in observation and the GloSea5 and the standard
deviations of Nifio index in observation and the GloSea5
during winter.

Anomaly correlation Standard deviation

coefficient Observation GloSea5
Nifio3 0.97" 1.084 1.474
Nifio3.4 0.96™" 1.162 1.517
Nifio4 0.97™ 0.846 0.950

*:: 90% confidence level.
o 95% confidence level.
1 99% confidence level.
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Fig. 2. Nifio3 (blue line) and Nifio4 (red line) indices in (a)
observation and (b) the GloSea5 during winter. Dots are
individual ensemble members and dashed line indicates
0.5°C.
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2009; Ren and Jin, 2011). ©] 5 Kim et al. (2014)&
=& 3 7| SHEAo) 7 Jo] Hriw &
7l Kug et al. (2009)°] -2 A+3E Nifio3 A5
7} 1 ool AH3tE Nifio4 ARt 34 F
1% % El Nifio, Y2 A3} Nifiod A7} 1 ©]
oA A13lE Nifio3 ARt 34 SelH Y El
Nifio2 g e]git}. o] W& A &sd 47|17 5
o= Atstd ghol Al e drid ez dezl
El Nifio @A slxc} A AA ) &, SEES El
Nifio 24 sl 1991/92\d, 1997/983 ALHo|x, =
ElE ek El Nifio B4 & 1994/95d, 2009/103 A
S$Ho] ") webA Kug et al. (2009)2] He] W
3 gt 7]ZREAdol Hlseh YIS Hdta &
71 Yeh et al. (2009)9] A< WS o] &ALt o]
e 4H 2 ARE Sl 73 Nifo3 |59}
Nifio4 X|45 o] &3tHFig. 2a). Nifio3 *|57} 0.5°
olate] zke 7EXHA] Nifio4 AFETE W SE 5ok
El Nifio2 7238}, Nifiod A|<=7F 0.5°C o)4e] 7k
S 7FAWA Nifio3 AEtt 2 Zej# 9k El Nifio
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Table 2. List of the eastern Pacific (EP) and the central Pacific (CP) El Niflo years in observation.

CP El Nifio

EP EI Nifio
JJA(0) 1991, 1997, 2002, 2006
D(0)JE(1) 1991/92, 1997/98, 2002/03, 2006/07
JJA(1) 1992, 1998, 2003, 2007

1994, 2004, 2009
1994/95, 2004/05, 2009/10
1995, 2005, 2010
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Fig. 3. The anomaly correlation coefficient for precipitation (left panel) and temperature anomaly (right panel) during summer
(upper panel) and winter (lower panel). Dotted area indicates statistically significant values at the 90% confidence level.

2004/05'd, 2009/10%d #&3 o] ETH(Table 2). ol &
HR FejEF 2 ZefH Y El Nito ¥4 siolxs ¢
Xste E5S HolBng FEAo|= Yeh et al. (2009)
o] A= ol g&tgdon, SEH Y El Nifio= EP El
Nifio, =Bl % El Nifio= CP El Nifio®2 59 3}ith.
GloSea52] EP El Nifio®} CP El Nifio 85 Zo}r.7]
28l Nifio3 A=} Nifio4 A5 -3} tH(Fig. 2b).
GloSea52] EP El Nifio 24 dll= 1991/92'd, 1994/95
W, 1997/98%, 2002/03, 2003/04'd, 2006/07d,
2009/10% ALHo]3, CP El Nifio ¥4 sl& 2004/
05 A-&Ho|t}, &3 Hl3l] EP El Nifio ¥4 3|7}
wWo] Bol¥] 3 CP El Nifio #4Y 8H7} A BolH o]
5 Table 1914 & 4 9%o] #=HT} GloSeas52]
Nifio3 A4~ ¥&Z°] Nifio4 Xl—r«l HEZRT 34
e bE A 1994/95E 3 2009/108 2 2E X EP El
Nifio 312 2 E 7] wlZo|th. 1283 2003/04d 2]

A= AE HFZES EP El Nifo a2 YERA
s %*J% el wa}l El Nifio 24 s|= A=A
&S Fx ). aBEE B A= GloSeasdl

A o}
¢]3}az, EP El Nifio %

gk Aol HA] @& CP El Nifiog A
Lo e FotAlol A 4

712 gt dE45e A9 e o]F Y=
El Nifio= EP El NifioZ ¢Jv]dit}, #=3F 553 1)
2E 93 GloSea59] El Nifio &4 sl%= *Jrz»} 5
d3Al 4839 2m, El Nifio BA dlE 71582 1
o]dell El Nifio7} 2&3l7] Al&sle 52 S El
Nifio 27| JEHJIA0)NE A sla, ©]F El Nifio
7} dHAska A4 o2+ AE3S El Nifio 247
ALHDO)IF(1)), 282 A =3 El Nifio7} 4
E8le= o522 El Nifio 2157] d5dJJA1)E
EPATH(Table. 2). 2, 199113, 1997, 2002, 20063
AEEH-2 JIA©0), 22 3o ALH-2 DOYF(), 1992
9, 19989, 20034, 2007d oJEH& JJA(1)°] Hh

3.2 SOfAjo Z= H 7|2 olsMs
lNiﬁo Aol wE FolAol A4 F 7129 o
Z4%5S B7)ol A GloSeas<] O%EZUr ALd &
ofAlo} Zh & 7] 20 it oS4 %5S TSI th(Fig.
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Fig. 4. The composite map of precipitation anomaly (shaded) during developing phase of El Nifio summer (JJA(0)), mature
phase of El Nifio winter (D(0)JF(1)), and decaying phase of El Nifio summer (JJA(1)), and the overlaid contours denote
climatological precipitation during summer and winter. The units are mm day™" and contour interval is 2 mm day™. Dotted area
indicates statistically significant values at the 90% confidence level.
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A3 FARE BES HolA W Q% FF A9 F=
T AANE B G g AdelA 04 o3 4. El Nifo2| &gt & o 2E[0f mE
ACC #te] YeRdthFig. 3c). <1537 AgHe 7] ZO0fA|OF 2= &l 7|2
28 I MElBF A GolA 04 o142 ACC #e
el fromet o E3des B & dem, Adke 41 8=

t2A4 g vt QlExtelul RiEoA T f-ou|gh El Nifioe] @&&7], A7 2 g7 Yehde=
A4S & F AhFigs. 3b, d). AFH 7122 5 FoRAoF A A 5SS ®BI] Slel WA
A= WS A3 dgolA 04 o172 ACC kel D(O)JF(1), JJA(1) A171€] 73 §8788 Avrsitt
| Exshs AS B 5 o, EAEEYG A9 (Fig. 4). &Z2] JJIA©0) Al71dlE W& ¥ HRoAHR
- frelmsA Jeptal dEolAlel  E QEAfelY Rhee}l T HH-E AA dd AEH
=9 ACC el Uetde 2S5 & S AG7A WA o A A SR ShFig. 4a).
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Table 3. The correlation coefficient between Nifio index and the Siberian High Index (40°-60°N, 80°-120°E), and the Aleutian

Low Index (40°-60°N, 160°E-160°W) during winter.

Siberian high index

Aleutian low index

Observation GloSea5s Observation GloSea5
Nifio3 -0.39" -0.35 -0.51" -0.70™"
Nifio3.4 -0.39" —0.34 —0.54" -0.73"™
Nifio4 -0.36 -0.29 -0.52" -0.73"™"
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Fig. 8. The regression map of sea level pressure anomaly with Nifio3 index for the period of 1991/92~2010/11 winters. Unit is
hPa and dotted area indicates statistically significant values at the 90% confidence level. The regression maps of sea level
pressure anomaly with Nifio3.4 and Nifio4 indices are very similar to that of Nifio3.4 (not shown).
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