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Abstract Statistical forecast models for the prediction of the summertime Changma precipi-
tation have been developed in this study. As effective predictors for the Changma precipita-
tion, the springtime sea surface temperature (SST) anomalies over the North Atlantic (NA1),
the North Pacific (NPC) and the tropical Pacific Ocean (CNINO) has been suggested in Lee
and Seo (2013). To further improve the performance of the statistical prediction scheme, we
select other potential predictors and construct 2 additional statistical models. The selected pre-
dictors are the Northern Indian Ocean (NIO) and the Bering Sea (BS) SST anomalies, and the
spring Eurasian snow cover anomaly (EUSC). Then, using the total three statistical prediction
models, a simple ensemble-mean prediction is performed. The resulting correlation skill score
reaches as high as ~0.90 for the last 21 years, which is ~16% increase in the skill compared to
the prediction model by Lee and Seo (2013). The EUSC and BS predictors are related to a
strengthening of the Okhotsk high, leading to an enhancement of the Changma front. The NIO
predictor induces the cyclonic anomalies to the southwest of the Korean peninsula and south-
easterly flows toward the peninsula, giving rise to an increase in the Changma precipitation.
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Table 1. List of potential predictors selected in the forward-stepwise regression procedure. Each potential predictor has high
correlation with Changma precipitation (which is significant at the 90% confidence level).

Selected predictors Areas Period
North Atlantic 1 (_4?8801 o 53(;??;15‘?1\1) 4/6-4125
Northern Pacific change 160°~210°E, 20°~35°N (_48/1;;_/2?1) 0)
Central Pacific NINO 160°~140°W, 15°S~10°N 4/1~4/20
Northern Indian ocean 67°~85°E, 11°~22°N 4/16~4/30
Bering Sea 175°E~165°W, 55°~65°N 3/12~3/31
Eurasian Snow Cover (_2?1 (N)g(?ffé ()SO(I)ENE(()):I:Q 0°N) 3/1~5/31
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Fig. 1. The areas for the selected predictors.
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Changma regression model & Observation data for station precipitation anomaly

3 — Observation

= = m st Regression model
= v w 2nd Regression model
2k 3rd Regression model | —

Normalized values

94 95 9 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
years

Fig. 2. Observed precipitation anomalies (black solid line) and predicted precipitation anomalies (1% regression model : blue
dashed line, 2™ regression model: red dashed dot line, 3" regression model: yellow dashed dot dot line). The dotted lines
represent 0.43 and —0.43, respectively.

Changma regression for station precipitation anomaly (Simple ensemble mean)

&}

‘ s Observation —— Prediction‘

Normalized values

94 95 9% 97 98 99 00 O 02 03 04 05 06 07 08 09 10 11 12 13 14
years

Fig. 3. Observed precipitation anomalies (red bars) and ensemble mean precipitation anomalies (blue bars). The dotted lines
represent 0.43 and —0.43, respectively.
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Table 2. A contingency table for validation of the simple ensemble prediction. The abscissa is prediction results and the
ordinate is observations. The above, normal, and below cases are divided by the value + 0.43 after standardization. The
percentage value at the bottom is the ratio of correct forecast years (i.e., diagonally located element) to the all years.

Prediction
Above Normal Below
1996, 1997, 2006,
Above 2009, 2011 2001, 2003
. 1998, 1999, 2000,
Observation Normal 2004, 2008, 2013
Below 2005, 2007 1994, 1995, 2002,

Percent = 81%

2010, 2012, 2014
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Fig. 4. Correlation maps of (a) the BS (contour, CI: 0.1), (b) the EUSC and (c) the reversed NIO for the KMA 60 stations
anomalies during 15 June~31 July for 1994~2011. The GPCP anomalies (contour, CI: 0.3 mm day ") regressed against (d) the
BS, (e) the EUSC and (f) the reversed NIO for 15 June~29 July for 1994~2011. The 90% confidence area is shaded with red
color (a positive correlation) and with blue color (a negative correlation).
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(a) 850—-hPa GPH anomalies (BS)
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(b) 850—hPa GPH anomalies (EUSC)
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Fig. 5. The 850-hPa GPH anomalies (contour, CI: 1 m)
regressed against (a) the BS (contour, CI: 0.1), (b) the EUSC
and (c) the reversed NIO during 15 June~29 July for
1994~2011. The 90% confidence area is shaded with red
color (a positive correlation) and with blue color (a negative
correlation).
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