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Bias Correction for GCM Long-term Prediction using Nonstationary
Quantile Mapping
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Abstract

The quantile mapping is utilized to reproduce reliable GCM (Global Climate Model) data by correct systematic
biases included in the original data set. This scheme, in general, projects the Cumulative Distribution Function
(CDF) of the underlying data set into the target CDF assuming that parameters of target distribution function
is stationary. Therefore, the application of stationary quantile mapping for nonstationary long-term time series
data of future precipitation scenario computed by GCM can show biased projection. In this research the Nonsta—
tionary Quantile Mapping (NSQM) scheme was suggested for bias correction of nonstationary long-term time
series data. The proposed scheme uses the statistical parameters with nonstationary long—term trends. The
Gamma distribution was assumed for the object and target probability distribution. As the climate change
scenario, the 20C3M (baseline scenario) and SRES A2 scenario (projection scenario) of CGCM3.1/T63 model
from CCCma (Canadian Centre for Climate modeling and analysis) were utilized. The precipitation data were
collected from 10 rain gauge stations in the Han-river basin. In order to consider seasonal characteristics,
the study was performed separately for the flood (June~October) and nonflood (November ~May) seasons.
The periods for baseline and projection scenario were set as 1973~2000 and 2011 ~2100, respectively. This
study evaluated the performance of NSQM by experimenting various ways of setting parameters of target
distribution. The projection scenarios were shown for 3 different periods of FF scenario (Foreseeable Future
Scenario, 2011~2040 yr), MF scenario (Mid-term Future Scenario, 2041 ~2070 yr), LF scenario (Long-term
Future Scenario, 2071 ~2100 yr). The trend test for the annual precipitation projection using NSQM shows 330.1
mm (25.2%), 564.5 mm (43.1%), and 634.3 mm (48.5%) increase for FF, MF, and LF scenarios, respectively.
The application of stationary scheme shows overestimated projection for FF scenario and underestimated
projection for LF scenario. This problem could be improved by applying nonstationary quantile mapping.
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Fig. 1. Process for implementing Nonstationary Quantile Mapping
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Table 1. Specifications of Rain Gauge Stations

x 48 7H-AIQE T E(H L 375° x 91% 3.75°) 9] digh 47
jel Aoz FdH o] glom, CGCM31/T63 g2
128 x 64 7H9-AIRF 1 E(HE 281° x 9% 2.81°)0l of
g 637 AAFoE A Ak ATl = 7
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HEA ] 291 A2 Alvbe] 2.9] HdRk7]17H2011~2100%)
of thate] NSQM7 W& a8ttt

Code Rain gauge Latitude Longitude Elevation (m) Observation Start date
100 Daegwanryeong 377417 128°43 7 772.4 1971.08.01
101 Chuncheon 3754 1277447 76.8 1966.01.01
108 Seoul 377347 12657 85.5 1907.10.01
114 Wanju 3720 ° 12757 150.7 1973.01.01
127 Chungju 36758 127577 113.7 1973.01.01
202 Yangpyeong 3729’ 127°30 474 1973.01.01
203 Icheon 37716 127°29 ' 90.0 1973.01.01
211 Inje 3804 128710 198.7 1973.01.01
212 Hongcheon 37417 127537 146.2 1973.01.01
221 Jecheon 37°09 1287117 263.1 1973.01.01

0 15 30 60 90 120
P e 0 meters

Fig. 4. Rain Gauge Distribution in the Han-river Basin
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Table 2. Thiessen Coefficient for the Rain Gauge
Stations

Rain gauge Thiessen Coefficient
Daegwanryeong 0.080
Chuncheon 0.157
Seoul 0.048
Wonju 0.047
Chungju 0.047
Yangpyeong 0.153
Icheon 0.090
Inje 0.248
Hongcheon 0.078
Jecheon 0.052
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Fig. 5. Time Series of Accumulated Precipitation for Observation (1973~2010)
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Fig. 6. Time Series of Accumulated Precipitation for GCM Baseline Scenario (1973~2000)
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Fig. 7. Time Series of Accumulated Precipitation for Original A2 Scenario
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Table 3. Trend Analysis Result from Mann-Kendall Test (Original A2 Scenario)

Original A2 Scenario (2011~2100)
Season Trend with 90% confidence interval | Trend with 95% confidence interval p-value
Flood season Increasing Increasing 0.0001
Nonflood season Increasing Increasing 0.0001
4645 H#8%9% 20134 8J] 839



Table 4. Precipitation Projection by Periods and Cases

Case Baseline (Obs) [mm] | FF Scenario [mm] MF Scenario [mm] LF Scenario [mm]
Original GCM 1077.9 1097.5 (1.8%)" 1269.1 (17.7%)" 1402.4 (30.1%)"
Case 1 1309.1 1103.7 (-15.7%)" 1350.7 (3.2%)" 1487.9 (13.7%)"
Case 2 1309.1 1342.2 (2.5%)" 1640.9 (25.3%)" 1794.8 (37.1%)"
Case 3 (NSQM) 1309.1 1639.2 (25.2%)" 1873.6 (43.1%)" 1943.4 (48.5%)"
Case 4 1309.1 1794.7 (37.1%)" 1875.1 (43.2%)" 1788.5 (36.6%)"

increasing/decreasing ratio between projection and baseline periods
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Fig. 9. Precipitation Projection by Seasons and Periods
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Fig. 10. Box Plots for the Precipitation Projections with 95% Confidence Level
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