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Development of a long-range flood risk outlook using seasonal prediction in South Korea
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Introduction Analysis and Results

* Floods are one of the most common and frequent natural disaster
events in the world.
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A statistical seasonal prediction model for the North East Asian
summer (June-August) monsoon (NEASM) is developed in this study. The
precipitation in the northern part of East Asia [100°-150°E, 15°-50°N]
during summer is the forecast target. For this, NEASM is newly defined to
represent the precipitation amount and its related physical process which
had been rarely focused on in previous studies. Multi-variate empirical
orthogonal function analysis based on precipitation and geopotential
height is used to define the NEASM and three leading modes are analyzed
and predicted. The leading three modes represent the NEASM variation in
association with the western Pacific subtropical high; zonal/meridional
wave transport from the Eurasian Continent/western Pacific subtropical
high; and dipole pattern of air pressures in the OKhotsk Sea and
northwestern Pacific, respectively. Through examining physical processes
of each mode, three predictors are selected by means of stepwise forward
regression method. Then three PCs are predicted by multiple regression
equation, separately. The forecast sKkills (i.e.,, temporal correlation
coefficient) for each mode are 0.82, 0.73, and 0.80 from 1979 to 2011,
respectively. Spatial forecast fields are obtained by multiplying predicted
PCs and loading vectors of precipitation from observation. In the targeted
area, area-averaged temporal correlation coefficient skill of predicted
precipitation is 0.36, compared to the observation, which is quite
improved from that by only dynamical models.

1. Introduction

The precipitation in the North East Asia (NEA) is concentrated during
summer (June-August) due to the nearly east-west-elongated rainbelt
built by the North East Asian summer monsoon (NEASM) circulation. The
summer rainbelt system is varied along the meridional direction in East
Asia (Wang et al., 2008) because some part of rainfall system in the mid-
latitude region is affected by the air-mass of the high-latitude as well as
those from the low-latitude (Seo et al., 2012). In addition, many low-
variable teleconnection climate patterns such as Western Pacific
subtropical high (WPSH), ENSO and NAO affects the NEA rainfall system

differently from that in the South East Asia (Wang et 2008, Seo et al. 2012).

The climate in the mid-latitude region is more difficult to predict in
seasonal-scale than that in the low-latitude region by dynamical models
(Wang et al.,, 2013). Thus, the NEASM should be distinguished from the
traditional East Asian summer monsoon (EASM) that is focused on the
rainfall in the southern part of the East Asia for proper application of
seasonal forecast, although the forecast skill of the NEASM would be lower
than that of the traditional EASM.

This study aims at defining a new index of the NEASM and seasonal
forecast on the NEASM precipitation by statistical methods. In order to
predict NEASM, each PC is target, dependently. Predictors are selected
from variables which can enforce the evolution of each mode from the
world. Many statistical models to predict the traditional EASM had applied
topical oceanic forcing, but this study also include the forcing of other
boundary variables from mid- and high latitudes.

2. Defining a new index, NEASM

A Multivariate Empirical Orthogonal Function (MEOF) is used to define
the target, NEASM. The target of the forecast is the precipitation. Thus,
precipitation itself and geopotential height at (GPH) 850-hPa are analyzed
to get the target, Principal Components (PCs) of the ‘NEASM'. GPH is
included to contain the physical mechanisms of the rainfall system. The
more variables could be used to define the NEASM as did in the Wang et al.
(2008) but we only used two variables to focus the seasonal forecast on
the ‘rainfall’ itself. Three leading modes are target in this study (Figs. 1-3).

v MEOF domain: [15°N-50°N, 100°E-140°E]

v' Variables: Precipitation [GPCP v.2.2], GPH-850 [NCEP-DOE R2]
v Training period: 1979-2011 JJA mean

v Target modes: 3
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Fig. 1. Loading vectors of the 15t MEOF mode of Fig. 2. Same as the Fig. 1 but for the 2"¢ mode.
the East Asian summer (a) precipitation [mm (a) JJA prep md3 (b) JJA HBSO md3
day!] and (b) 850-hPa GPH [m] anomalies; and '
(c) corresponding PC time series (unitless).
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3. Selection of predictors
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Predictors are selected from the
leading correlation maps between each £ o[ ¥ . /| ¢
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PCs and variables (Figs. 4-6). These oL ... .. . ¥
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correlation maps show evolutionary Fig. 3. Same as the Fig. 1 but for the 3 mode.
mechanisms of each NEASM mode.

Among potential predictors (yellow box), predictors are selected
(magenta box) through stepwise forward regression to increase forecast
skill (TCC). A predictor is defined as a time series of area averaged
anomalies those contain only grids exceed a threshold value (0.3) in the
corresponding area. Each PC has three predictors (Table 1). These
selected predictors are deeply involved in the evolution of each mode.

Anomaly
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R

° § Fig. 4. Leading correlation maps between PCs and
variable anomalies: (upper) SLP, (middle) SST/T2m,
(lower) snow cover/sea ice. Anomalies of (left)
Jan/Feb mean, (center) Mar/Apr mean, and
%1 (right) tendency from Jan to Apr are used. Among
5 9-10 potential predictors (yellow box), 3
predictors (magenta box) are selected.
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Table 1. Selected three predictors for PCs. [JF] means Jan/Feb, [MA] means Mar/Apr, and [MA-
JF] means tendency from Jan to Mar.

1 JF] Eastern Pacific SLP [MA] Europe Temp. MA-JF] Eastern Pacific Temp.
2 'MA] Arctic SIC
3 MA-JF] NAO

'MA] Indian Temp. 'MA-JF] Okhotsk Sea SLP

MA-JF] Indian Ocean SLP [MA-JF] North Atlantic SST

4. Prediction

Using three potential predictors, each PC is predicted by multiple
regression method (Fig. 7). The forecast skill, TCC are 0.82, 0.73, and 0.80,
respectively. In the training period, hindcast data is produced through a
leave-three-out cross validation strategy to reduce a over-fitting problem
in someway.

Forecast spatial fields are reconstructed after forecast of each PC with
loading vectors from real world. This forecast data is compared with
observation through TCC (Fig. 8). The area averaged TCC is 0.36 from the
new model that is quite reliable and stabilized. Potential maximum TCC
through three modes in this region is 0.46 (TCC between observed
precipitation and reconstructed fields from observation).
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Fig. 7. Predicted time series [orange line] for
the (a) 1%, (b) 2", and (c) 39 mode with PCs
from observation [black line].

Fig. 8. Map of TCCs between observed
precipitation and reconstructed MEOF modes
from prediction (1979-2011).
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