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Forecasting Brown Planthopper Infestation in Korea using Statistical Models

based on Climatic tele-connections

Kwang-Hyung Kim*, Jeapil Cho and Yong-Hwan Lee'

Climate Research Department, APEC Climate Center, Busan 48058, Korea
'Disaster Management Division, Rural Development Administration, Jeonju 54875, Korea

ABSTRACT: A seasonal outlook for crop insect pests is most valuable when it provides accurate information for timely management
decisions. In this study, we investigated probable tele-connections between climatic phenomena and pest infestations in Korea using a
statistical method. A rice insect pest, brown planthopper (BPH), was selected because of its migration characteristics, which fits well with
the concept of our statistical modelling — utilizing a long-term, multi-regional influence of selected climatic phenomena to predict a
dominant biological event at certain time and place. Variables of the seasonal climate forecast from 10 climate models were used as a
predictor, and annual infestation area for BPH as a predictand in the statistical analyses. The Moving Window Regression model
showed high correlation between the national infestation trends of BPH in South Korea and selected tempo-spatial climatic variables
along with its sequential migration path. Overall, the statistical models developed in this study showed a promising predictability for
BPH infestation in Korea, although the dynamical relationships between the infestation and selected climatic phenomena need to be
further elucidated.
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Fig. 1. Annual infestation area of brown planthopper in South Korea before adjustment (Before) and after adjustment (After). Data
adjustment was made for the period of 1983-1991 based on the critical impact of a new pesticide introduction around 1992.
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Table 1. 10 climate variables of the APCC seasonal climate forecast
used in the study

Variable Description
PREC Precipitation
M Temperature at 2 m
T850 Temperature at 850 hPa
U200 Zonal wind at 200 hPa
V200 Meridional wind at 200 hPa
U850 Zonal wind at 850 hPa
V850 Meridional wind at 850 hPa
7500 Geopotential height at 500 hPa
SLP Sea level pressure
SST Sea surface temperature
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Table 2. List of global climate models comprising the APCC seasonal climate forecast

Global climate model

Institution (country)

Model resolution Ensemble size'

CWB Central Weather Bureau (Taipei) T42L18° 10
GDAPS F Korea Meteorological Administration (Korea) T106L21 20
HMC Hydrometeorological Centre of Russia (Russia) 1.125° x 1.40625° 20
IMA Japan Meteorological Agency (Japan) T95L40 31
CANCM3 Meteorological Service of Canada (Canada) 1.41° x 0.94° 10
CANCM4 Meteorological Service of Canada (Canada) 1.41° x 0.94° 10
NASA National Aeronautics and Space Administration (USA) 288 x 181 9
NCEP NCEP Climate Prediction Center (USA) T62L.64 15
PNU Pusan National University (Korea) T42L18 5
POAMA Centre for Australian Weather and Climate Research T4TL17 10

/Bureau of Meteorology (Australia)

Ensemble size: Repeated simulations with nearly identical initial and boundary conditions from each global climate model

*T: Horizontal resolution, L: Vertical resolution
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Table 3. Selected MWR models (climate model - climate variable) with the model equations for each month and lead-time

Month 1 month lead 2 month lead 3 month lead

JAN PNU - PREC

(y=-35263xPREC+153564.4)
FEB PNU - U200 CWB - SLP NASA - PREC
(y=55746.1xU200-102707) (y=49052.3xSLP-46406178.6) (y=32050xPREC-43944.3)
CWB -Z500
MAR (y=-200896x7500+58569143.6)
MSC_CANCM4 - V200
(y=-20263.8xV200+17750.5)
APR NASA - PREC
(y=17640.7<PREC+164774.3)
JMA - SST
MAY
(y=-158758xSST+48107353.6)
NCEP - V200
JUN (y=27259xV200+97504.6)
TUL POAMA - T2M

(y=-48849.6xT2M+13957746)
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Fig. 2. Temporal correlation coefficients of MWR models selected
for each month and lead-time. Temporal correlation of the
predicted infestation area of brown planthopper by each MWR
model was examined by comparing with the observed infestation
area for the period of 1983-2014.
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Fig. 3. Comparison between predicted infestation area of brown planthopper by a MWR model (NCEP-V200, Jun, LT=1) and observed

infestation area (OBS) for the period of 1983-2014.
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Fig. 4. (A) Migration routes obtained by trajectory analyses by Otuka(2013) and (B) selected climate variables and locations of the MWR
models that are temporally coinciding with the estimated migration routes of brown planthopper. Hit frequency on the map indicates the
number of years hit the specific location with the selected MWR models during each cross-validation.
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