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Abstract Climate change has a great influence on 
hydrologiccycle and water resources. General 
Circulation Model (GCM) is generally used for 
assessing the impact on natural disasters such as floods 
and draughts due to climate change. To improve the 
reliability of future climate prediction by GCM, it is 
effective to correct the bias of that output. From the 
viewpoint of water management, bias correction for 
runoff generation data is required. In this study, bias 
correction was performed for the MRI-AGCM3.2S 3-
hourly runoff generation data from 1982 to 2001, by 
applying Quantile-Quantile Mapping (QQM) method. 
The target area was Oyodo river basin in Kyushu 
Island, Japan. Due to an unavailability of runoff 
generation observation, land surface model SiBUC 
was utilized for creating reference runoff generation 
data by using meteorological data such as APHRO_JP 
precipitation data and JRA-55 reanalysis data. The 
effect of the bias correction was evaluated by 
calculating the river discharge utilizing river routing 
model, 1K-FRM. As a result, the simulated river 
discharge using bias-corrected runoff generation data 
showed an improvement compared with that using the 
original one. However, it was found thatthe simulated 
river discharge using bias-corrected runoff was 
overestimated compared with that using reference data 
especially on high flood events. Therefore, QQM 
method was independently applied for high runoff 
generation data and low data by setting threshold 
values for reference data and original data, 
respectively. The overestimation result was improved 
by this advanced approach. 
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Introduction 
 
 Climate change has a great influence on 
hydrologic cycle and water resources. General 
Circulation Model (GCM) is generally used for 
assessing the impact on natural disasters such as floods 
and draughts due to climate change.To improve the 
reliability of future climate prediction by GCM, it is 
effective to correct the bias of that output.However, 
compared with bias correction for precipitation and 
temperature, there are few studies on bias correction 
related to river discharge. 
 Bias correction method for the MRI-
AGCM3.2S 3-hourly runoff generation data using 
reference data created by land surface model SiBUC 
was initially proposed by Duong[1]. Bias correction to 
runoff generation data showed an improvement in 
river discharge simulations. However,in bias 
correction of runoff generation data, Duong pointed 
out further works needed to be done, for example, 
considering their temporal distribution pattern. 
 Based on these backgrounds, the purpose of 
this study is to revise bias correction method for runoff 
generation data and simulate river discharge more 
precisely.In this study, bias correction was performed 
for the MRI-AGCM3.2S 3-hourly runoff generation by 
followingDuong’s study and the effect of bias 
correction was evaluated by simulating river discharge 
utilizing flow routing model 1K-FRM. 
 
Methodology 
 
Observational datasets are needed to apply bias 
correction method to GCM runoff generation data. 
However, runoff generation observation cannot be 
available. Instead,in this study,reference data is created 
by land surface modeland it is used as pseudo-
observation. In addition, the effect of bias correction is 
not evaluated with runoff itself but with simulated 
river discharge by corrected runoff. Based on these 
matters, the flow of this study is shown in Fig. 1.The 
MRI-AGCM 3.2S 3-hourly runoff generation data is 
used as GCM runoff generation data. Quantile-
Quantile Mapping (QQM) method was selected as the 
bias correction method by following Duong’s 
study.Then, the river discharges are simulated by using 
original GCM runoff generation data, reference data 
from land surface model SiBUC and bias-corrected 
runoff generation data. Duration curves are drawn by 3 
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Fig. 1 The flow of t
 

Fig. 2 The study area- Oyo

Simulation Design 
 
A. Study Area 
 
 The target area in this 
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Fig. 4 Schematic image of water budget in the green 
area model of SiBUC 
 

 

 

 

 
 In this model, after precipitation reaches the 
ground, some of the water infiltrates through the soil 
following Darcy’s law and the rest becomes surface 
runoff. Sub-surface runoff is calculated from the third 
layer of the soil. Runoff generation is the total sum of 
surface runoff and sub-surface runoff. It is used as 
input into flow routing model 1K-FRM. 
 
D. Data 
 

1) GCM Runoff Generation Data 
 GCM data used for this study is 3-hourly 
runoff generation data from the super-high resolution 
(20-km) atmospheric general circulation model MRI-
AGCM3.2S. It is one of the latest atmospheric GCMs 
based on a model jointly developed by the Japan 
Meteorological Agency (JMA) and the Meteorological 
Research Institute (MRI) [4]. The MRI-AGCM 
provides data for three climate experiments: present 
climate experiment (1979-2008), near future climate 
experiment (2015-2044), and future climate 
experiment (2075-2104). The data used for future 
projection were based on the Special Report on 
Emissions Scenarios (SRES) A1B scenario. In this 
study, only the output of present climate experiment is 
used. 
 
 

2) Meteorological Data 
 The meteorological data to force land surface 
model SiBUC includes seven components: 
precipitation, air temperature, specific humidity, 
surface pressure, wind speed, long wave radiation and 
short wave radiation. 
 In this study, the product of the Japanese 55-
year reanalysis (JRA-55) project was utilized to use as 
inputs to SiBUC. The Japanese 55-year Reanalysis 
(JRA-55) is the second reanalysisproject conducted by 
Japan Meteorological Agency (JMA) 
 
Table. 1 List of variables used in the green area model 
of SiBUC 
Symbol Definition Units 

 
 

soil moisture stores  
root depth 

- 
M 

 
 

soil water content at saturation  
water density 

- 
kg m-3 

 
 
 

 

direct evaporation of water from 
the surface soil layer 
 
abstraction of soil moisture by 
transpiration 

kg m-2 
s-1  

 

kg m-2 
s-1 

 
 
 

 
 

 

infiltration into the upper soil 
layer 
 
flow between soil layer 
 
gravitational drainage from 
recharge layer 

ms-1 

ms-1 

ms-1 

 
using more sophisticated Data Assimilation system 
based on the operational system as of December 2009, 
and newly prepared past observations [5]. 
 However, JRA-55 precipitation and surface 
radiation data are forecast data, not reanalysis data. 
Therefore, other data sources are considered to use as 
substitution. 
 For precipitation data, the Asian Precipitation 
- Highly-Resolved Observational Data Integration 
Towards. Evaluation of Water Resources 
(APHRODITE’s Water Resources) project was 
selected. APHRODITE’s Water Resources project was 
conducted by the Research Institute for Human and 
Nature (RIHN) and the Meteorological Research 
Institute (MRI/JMA) from 2006 to develop state-of-
the-art daily precipitation datasets on high-resolution 
grids covering the whole of Asia [6]. In this study, 
precipitation data to force land surface model for 
Kyushu area was extracted from the APHRO_JP 
V1207 [7] dataset with spatial resolution of 0.05 
degree. Temporal resolution of APHRO_JP 
precipitation data is daily.  
 And the Surface Radiation Budget (SRB) 
dataset was used as long wave radiation and short 
wave radiation.Surface Radiation budget (SRB) 
dataset is produced and achieved by the NASA 
Langley Research Center Atmospheric Sciences Data 
Center (NASA/GEWEX). It is produced on a 1 
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Fig. 5 Schematic representatio
 
Bias Correction For GCM Run
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Fig. 6-b Duration Curves o
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B. Results 
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Fig. 9 The effect of bias cor
generation data 
 
 Fig. 10 shows the duratio
from 1982 to 2001 at Kashiwad
River basin in 5 kinds of simulate
addition to the colors of Fig. 9, the
the result of reference data. In the h
all the two patterns could redu
compared with before revision. In P
that are closer to reference da
Therefore, they showed an improv
river discharge by applying groupin

d values are set for 
respectively.In this 
is larger than the 

s is set to be smaller 
than the threshold 

shown in Table. 2, 
were applied in this 
d for high runoff 
independently. This 

method. 

Threshold value of 
reference data 

Applying 10% value 
rom largest on each 

month of each cell 

Applying 10% value 
rom largest on each 

month of each cell 

of 4 kinds of runoff 
dicates the result of 
one indicates that of 
one indicates that of 
at of pattern2. By 

d, itcan be possible 
neration data at the 
mple QQM method.

 
rrection on runoff 

on curvesof 20 years 
da station in Oyodo 
ed river discharge.In 
e blue line indicates 
high peak discharge, 
uce river discharge 
Pattern 1, the results 
ata were obtained. 
vement in simulating 
ng QQM method. 



THA 2019 International Conference o
“Water Management and Climate Chang
23– 25 January 2019, Bangkok, Thailand

Fig. 10 The effect of bias correct
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