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Statistical Forecast of Early Spring Precipitation over South Korea
using Multiple Linear Regression
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Abstract : A statistical forecast model for early spring (March and April) precipitation over South Korea is
developed by using multiple linear regression method. Predictors are selected among the forty five large-scale
atmospheric and oceanic indices. Because the model is meant to use for real-time forecast, the predictors
are chosen from the indices that have statistically significant lag correlation with observed early spring
precipitation. The selected predictors of early spring precipitation are North Pacific Pattern with 6-month
lead, Siberian High Index with 5-month lead and Indian Ocean Basin Mode Index with 3-month lead from
March, and they are statistically independent. We applied leave-two-out cross validation. According to the
regression map between these indices and synoptic circulations around Korean peninsula, these indices
represent the induction of early spring rainfall by controlling East Asian jet and low level moisture flux. The
regression coefficients for each training period show that three indices affects evenly at every forecast year and
they show stable variability, indicating that the influence of each index does not depend on training period.
The developed statistical model significantly predicted early spring precipitation over South Korea (r=0.63,

p-value<0.01). Also it marks 61% of hit rate according to the three-category deterministic forecast.

Key Words : statistical prediction model, spring precipitation, seasonal prediction, climate index, South

Korea
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Table 1. Description of the Coupled General Circulation Models (CGCM) used participates in APCC 3-month
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Figure 1. Temporal correlation coefficients of GPCP and APCC 3-month Forecast models with respect to early
spring precipitation over South Korea (Shaded). Dotted area shows temporal correlation coefficients significant at
95% confidence. Climatology for MA precipitation of each models are shown in contour.
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Table 2. 45 indices collected for statistical model of early spring precipitation over South Korea.

f
Index Reference . #?
indices
Arctic Oscillation (AOI), Southern Oscillation (SOI), North
Pacific Pattern (NPI), Pacific Decadal Oscillation (PDO), North
Atlantic Oscillation (NAO), Pacific North American index (PNA),
Antarctic Oscillation (AAO), Atlantic multi—decadal oscillation National Oceanic and Atmospheric Adminis-
(AMO), Multivariate ENSO Index (MEI), Tropical Northern tration, Earth System Research Laboratory,
Atlantic Index (TNAI), Tropical Southern Atlantic Index (TSAI), | Physical Sciences Division 22
Western Hemisphere Warm Pool (WHWP), Trans—Nino index (httpi //www.estl.noaa gov/psd/data/cli-
(TNI), NINOI.2, NINO3.4, NINO4, NINO3, Oceanic Nino mateindices/list)
Index (ONI), Atlantic Meridional Mode (AMM), Quasi—Biennial
Oscillation (QBO), Tropical Pacific SST EOF (TPSST), Atlantic
Tri—pole SST EOF (ATSST)
National O icand A heric Admin-
Indonesia Sea Level Pressure (ISL), Equatorial Southern Oscilla- . atl(?na c.eamc an . tr,HOSP erie mlfl
o istration, Climate Prediction Center (http:// 2
tion index (ESO) .
www,cpc, ncep.noaa.gov/data/indices/ )
National O icand A heric Admin-
Scandinavia (SCAN), Polar/Eurasia (POL), Western Pacific Index | atlc?na C.eamc an . U.HOSP erie ml?
) . istration, Climate Prediction Center (http:// 4
(WP), East Atlantic/Western Russia (EAWR)
www,cpc. ncep, noaa.gov/data/ teledoc/)
Japan Agency for Marine—Earth Science
Dipole Mode Index (DMI) and Technology (http://www,jamstec.go.jp/ 1
frege/ research/d1/iod/)
Okhotsk High Index (OHI) Tachibana ez l,, 2004
Northern Oscillation Index (NOI) Schwing et al,, 2002
Western North Pacific Subtropical High Index (WNPSH) Xiangetal,, 2013
North East Asia Summer Rainfall Anomaly (NEASRA) Leeetal., 2005
Regional Monsoon index1 (RM1) Lauetal,, 2000
Regional Monsoon index2 (RM2) Lauetal,, 2000
Webster and Yang (WY) Webster and Yang, 1992
Western North Pacific Monsoon Index (WNPMI) Wang and Fan, 1999
16

East Asia Summer Monsoon Index (NEASMI)
East Asia Jet Stream (EAJS)

East Asia Winter Monsoon Index (EAWMI)
Eurasia pattern Index (EUI)

Indo—Pacific Warm Pool (IPWDP)

Indian Ocean Basin Mode index (IOBM)
Siberian High index (SHI)

Indian Ocean Dipole Mode Index (I0D)

Leeetal., 2005

Yang et al,, 2002

Jhun and Lee, 2004
Wallace and Gutzler, 1981
Wangand Mehta, 2008
Yang eral., 2007

Gong et al,, 2001

Saji ez al,, 1999
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Figure 2. Time lagged Temporal Correlation Coefficients (TCCs) between early spring precipitation over South
Korea (ASOS) and 45 indices (Table 2). Filled colors indicates level of confidence for TCCs. month (0) in X

axis indicates month in same year with MA preciptation and month (-

1) means month in one year before MA

precipitation.
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Table 3. Climate indices selected as predictors and Temporal Correlation Coefficients (TCC) between each

indices and MA precipitation over South Korea.

Climate index (Reference) Definition Lead month from March TCC
North Pacific Index Area averaged SLP over North Pacific area 6month 0467
(Trenberth and Hurrell, 1994) (30~65'N / 160~220°F) (September) :
Siberian High Index Area averaged SLP over Siberia Smonth 0 447
(Gongetal., 2001) (40~60°N / 70~120°E) (October) )
Indian Ocean Basin Mode Index EOF 1st mode PC over Indian Ocean 3month 0.43*
(Yang etal,, 2007) (=20~20°N / 40~110°E) (December) ’

(significant at *: 95%, **: 99% confidence level)

Table 4. Temporal Correlation Coefficients between each predictors.

North Pacific Index Siberian High Index Indian Ocean Basin Mode Index
North Pacific Index 1.0 0.17 —0.03
Siberian High Index 0,17 1.0 —0.1
Indian Ocean Basin Mode Index -0,03 -0.1 1.0

(significant at *: 95%, **: 99% confidence level )

A FolEh 50 AR ES Btk mixete g
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Figure 3. Time-series of early spring precipitation over South Korea (OBS) and normalized
predictor indices (Contours).

N =33 (1981~2013)

Fori=1~j-1, j+2~N
YoBsi = aNPI; + ﬁSHll + yIOBM; + C

.
@, B vji G

.

Yprej = ajNPIj + ﬁjSHIj + YjIOBMj+Cj

Figure 4. Schematic diagram for leave-two-out cross validation. N is total number of years and i is years for
training period. yossi is observed early spring precipitation anomaly over South Korea and NP, SHI, IOBM;
are predictors during training period. a, B, y are regression coefficients derived from training period using least
squares method. These regression coefficients become a;, 8;, yito predict early spring precipitation anomaly
over South Korea(yprej).
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Figure 5. Regression coefficient fields between precipitation data (GPCP (a~c), CRU (d~f) and ASOS (g~i))
and predictor indices. Contours in Figure 5a~c are early spring precipitation climatology. Dotted area denotes
where temporal correlation coefficients are significant at 90% confidence level.
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Figure 6. Regression coefficient field between 850hPa geopotential height and each predictor (a~c, Shaded).
Dotted area denotes where temporal correlation coefficients are significant at 90% confidence level. Contours
at upper panels show climatological 850hPa geopotential height during early spring. Lower panels (d~f) are
regression coefficient field between 850hPa g-flux and each predictor. Thick arrows are where temporal
correlation coefficients are significant at 90% confidence level.
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Figure 7. Regression coefficient field between 200hPa zonal wind and each predictor (Shaded). Dotted area
denotes where temporal correlation coefficients are significant at 90% confidence level. Contours show
climatological 200hPa zonal wind during early spring.
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Figure 9. Time series of early spring precipitation anomaly over South Korea from observation (black,
rectangular) and forecast of statistical prediction model (red, circle).

Table 5. 3x3 Contingency table between observation and MLR prediction.

Hit Rate 61% Forecast
False alarm Rate 20% Above Normal Below
1983, 1990, 1991,
Above 1996, 1998, 2002, 1985, 1999, 2003
2012
1988, 1997, 2004, 1982, 1989,
OBS Normal 1992, 2010 2009, 2011, 2013 1995, 2005
1981, 1984, 1987,
Below 2007 1986, 2000, 2001 1993, 1994, 2006,
2008
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