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Abstract. Estimating river discharge using climate model output can aid in analyzing the potential impacts of
climate change on water-related disasters. This study aimed to explore the uncertainty in simulated streamflow
using the non-hydrostatic regional climate model (NHRCM) outputs in Thailand. The NHRCM was simulated
at 5- and 2 km resolutions. To estimate runoff, two land surface models (LSMs) were employed: the Meteoro-
logical Research Institute–Simple Biosphere Model (MRI-SiB) in NHRCM and the Simple Biosphere including
Urban Canopy (SiBUC). The NHRCM rainfalls captured the seasonal pattern of rainfall in the upper Ping River
Basin, although they were underestimated. The 2 km NHRCM had less rainfall, but it captured the local topog-
raphy better than the 5 km model. This difference in rainfall affected the simulated streamflow. Furthermore,
the uncertainty of the simulated streamflow was influenced by the different runoff schemes used by the LSMs.
For instance, MRI-SiB incorporates a direct infiltration structure from the surface to the second soil layer and
estimates subsurface runoff using hydraulic diffusion and gravitational flow, while SiBUC uses a gravitational-
only subsurface runoff approach. These variations led to significant disparities in surface and subsurface runoff.
Future work should enhance the accuracy of rainfall from climate models and runoff from LSMs for assessing
the potential impacts of climate change on water-related disasters.

1 Introduction

As global warming continues, water cycle variability and
extremes will increase, causing more frequent and severe
water-related disasters such as floods and droughts (IPCC,
2021). The impact of climate change is expected to vary
by region, making local projections crucial. Climate models,
such as general circulation models (GCMs) and regional cli-
mate models (RCMs), are the primary tools for assessing the
potential impacts of climate change. RCMs are often used
to investigate the local impacts of global warming owing to
their high spatial resolution, which enables the capture of re-
gional climatic features.

To mitigate and develop adaptation strategies against
water-related disasters, estimating the extent to which river

discharge will change owing to global warming is cru-
cial. Much research has utilized runoff from climate mod-
els output to predict changes in future river discharge (e.g.,
Hirabayashi et al., 2021). The runoff can also be estimated
by land surface models (LSMs) using meteorological outputs
from climate models.

Nevertheless, estimated streamflow from climate models
could be uncertain because of, for example, biases in the
meteorological data and parameterization and structures of
LSMs. Understanding the reasons for uncertainties in the
model will aid in improving streamflow estimation. Past
studies suggest that evapotranspiration (e.g., Haddeland et
al., 2011), and snow accumulation and melt schemes (Beck
et al., 2017) in the LSMs are major uncertain factors in simu-
lated streamflow. However, the impacts of runoff schemes in
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LSMs as a source of uncertainties are still not well studied.
This study aimed to explore to what extent runoff process
representations in LSMs impact streamflow estimation.

2 Methodology

2.1 Regional climate model output datasets

This study used the output of a non-hydrostatic regional cli-
mate model (NHRCM; Sasaki et al., 2008) with enhanced
spatial resolutions of 5 and 2 km (RCM05 and RCM02, re-
spectively) simulated for Thailand. RCM05 covered all of
Thailand, and RCM02 included only the northern region, as
shown in Fig. 1a. The 5 km model was nested in the general
circulation model MRI-AGCM 3.2S (Mizuta et al., 2012),
and the 2 km model was nested in the 5 km model. The out-
put of the historical climate simulation from 1990 to 1999
was employed here.

2.2 Study area

The target area of this study is the upper part of the Ping
River Basin in northern Thailand, as shown in Fig. 1b. It has a
total catchment area of approximately 26 100 km2. The main
dam in this basin is the Bhumibol Dam. The Ping River is
a major tributary of the Chao Phraya River, Thailand’s most
important river basin.

2.3 Land surface models

Here, the outputs of two LSMs, the Meteorological Re-
search Institute-Simple Biosphere model (MRI-SiB, Hirai et
al., 2007) and the Simple Biosphere model including Ur-
ban Canopy (SiBUC; Tanaka et al., 2005) were analyzed.
MRI-SiB was incorporated into the NHRCM. Both LSMs,
which were developed based on the Simple Biosphere model,
have common structures, including the discretization of soil
into three layers and the use of the Richards equation to es-
timate soil moisture. However, their details vary, such as,
SiBUC estimates subsurface runoff solely on gravitational
flow, whereas MRI-SiB also incorporates hydraulic diffu-
sion, and MRI-SiB has a direct infiltration structure from the
ground surface to the second soil layer (Tinumbang et al.,
2023).

2.4 Flow routing model

This study used a flow routing model 1K-FRM, developed
based on the 1-D kinematic wave theory, to convert total
runoff (surface and subsurface runoff) into river discharge. A
coupled SiBUC and 1K-FRM (Yorozu and Tachikawa, 2015)
was employed here. The 1K-FRM was also used to convert
the MRI-SiB runoff into river discharge.

Figure 1. (a) Domain of NHRCM 5 and 2 km and (b) study area in
the upper part of Ping River Basin, Thailand.

Figure 2. Reproducibility of climatological mean of monthly rain-
fall.

2.5 Observation data

The observed rainfall from the Climate Hazards Group In-
fraRed Precipitation with Station data (CHIRPS; Funk et al.,
2015) was used here. The observed daily inflow at the Bhu-
mibol Dam obtained from the Electricity Generating Author-
ity of Thailand was also employed.

2.6 Research framework

This research is divided into three sections: evaluation of
RCMs rainfall, comparison of the water budget estimated by
the two LSMs driven by the RCMs output, and evaluation
of the streamflow estimated by LSMs runoff. The water bud-
get estimated by MRI-SiB was obtained from the RCMs out-
put dataset. While the water budget by SiBUC was simulated
here using precipitation, air temperature, specific humidity,
downward short-wave and long-wave radiation, air pressure,
and wind speed data from the RCMs output. The analysis of
the water budget and streamflow driven by the RCM05 out-
put was published in our previous study (Tinumbang et al.,
2019).
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Table 1. Ten-years-mean annual water budget. P, ET, and ROF in-
dicate rainfall, evapotranspiration, and runoff, respectively.

Datasets LSMs Annual amount
(mm)

P ET ROF

RCM05
MRI-SiB 663 649 47
SiBUC 663 610 67

RCM02
MRI-SiB 638 625 33
SiBUC 638 541 105

Figure 3. Annual mean of runoff components estimated by MRI-
SiB and SiBUC. Qs and Qsb represent surface runoff and subsurface
runoff, respectively.

3 Results and discussion

3.1 Rainfall evaluation

A comparison of the ten-year-mean monthly rainfall from
observation and the RCMs is shown in Fig. 2. Overall, the
RCMs rainfall could reproduce the seasonal cycle of obser-
vation in this basin well, with most rainfall occurring during
the rainy season (May–October) and very low rainfall dur-
ing the dry season (November–April). However, their amount
was underestimated. The annual mean of observed rainfall in
this basin is more than 1100 mm. In contrast, the rainfall from
the RCM05 and RCM02 was 663 and 638 mm, respectively,
as shown in Table 1.

3.2 Water budget comparison

A comparison of the water budgets estimated by the LSMs
driven by the outputs of RCM05 and RCM02 is shown in Ta-
ble 1. MRI-SiB estimated higher evapotranspiration and sub-
sequently, lower runoff, than SiBUC. The MRI-SiB runoff
driven by the RCM02 output was lower than that gener-
ated by RCM05. This was likely because RCM02 had less
rainfall. The SiBUC runoff, however, exhibited the opposite
trend. This could be due to the differences in runoff charac-
teristics between the two LSMs, as shown in Fig. 3.

Figure 4. Spatial distribution of annual rainfall (a), MRI-SiB
runoff (b), and SiBUC runoff (c) in 1992. Left and right panels show
the result from RCM05 and RCM02, respectively.

https://doi.org/10.5194/piahs-386-75-2024 Proc. IAHS, 386, 75–79, 2024



78 A. F. A. Tinumbang et al.: Uncertainty in simulated streamflow using runoff driven by the outputs

Figure 5. Comparison of saturated hydraulic conductivity between
MRI-SiB and SiBUC.

Most of the MRI-SiB runoff was generated as subsurface
runoff, whereas the SiBUC runoff was dominated by sur-
face runoff. These variations in runoff characteristics sug-
gest a disparity in runoff schemes, particularly in infiltration
capacity between the two LSMs. Because MRI-SiB gener-
ated more subsurface runoff than SiBUC, it seemed to have a
higher infiltration capacity. As more rainwater infiltrates the
soil, more rainwater evaporates, contributing to higher evap-
otranspiration from MRI-SiB than from SiBUC.

To determine why the SiBUC runoff driven by RCM02
was higher than that driven by RCM05, the spatial patterns
of rainfall and runoff were analyzed in detail. Results from
1992 were selected for the analysis. This year, RCM05 and
RCM02 had similar basin-average rainfall values of 597 and
581 mm, respectively. However, as shown in Fig. 4a, their
spatial distribution varied significantly. The RCM05 rainfall
which was close to the basin-average value, shown in orange
color, spread throughout the basin. In contrast, the RCM02
rainfall varied significantly between the western and eastern
regions. RCM02 rainfall was significantly higher in the west-
ern area, which is the high-elevation zone, than in the eastern
area, corresponding to the low-elevation zone.

This difference in rainfall appears to have a more signifi-
cant impact on the SiBUC runoff than that on the MRI-SiB
runoff, as shown in Fig. 4b and c. The SiBUC runoff driven
by RCM05 and RCM02 was 52 and 86 mm, respectively,
whereas the MRI-SiB runoff was 25 and 18 mm, respec-
tively. The grids showing high value by the SiBUC runoff
correspond to high rainfall. In contrast, the grids showing
high MRI-SiB runoff, such as in the northern region, closely
matched the high saturated hydraulic conductivity, as shown
in Fig. 5. Since subsurface runoff predominates in MRI-SiB,
greater values of saturated hydraulic conductivity indicate a
higher infiltration rate and increased runoff.

Figure 6. Comparison of annual mean daily river discharge (Q).
Values indicate mean discharge.

3.3 Streamflow evaluation

Figure 6 compares the mean daily streamflow between
the observation and simulations. Overall, all simulated dis-
charges were underestimated owing to the underpredicted
RCMs rainfall. The estimated discharge by MRI-SiB and
SiBUC runoff driven by RCM05 was 74 % and 57 % less
than the observation, and that driven by RCM02 was 75 %
and 25 % lower.

The streamflow simulated by the MRI-SiB runoff using
RCM02 was lower than that driven by RCM05 because the
RCM02 rainfall was smaller. However, the streamflow simu-
lated by the SiBUC runoff showed the opposite response be-
cause the SiBUC runoff driven by RCM02 was higher than
that driven by RCM05. This is because more surface runoff
was generated owing to more heavy rainfall in RCM02, as
discussed in the previous subsection. The discharge from
SiBUC runoff was nearly identical to the observed flow, al-
though the RCM02 rainfall was less than the observation.
This suggests that the amount of surface runoff that domi-
nates SiBUC runoff may have been overestimated.

4 Conclusions

In this study, the uncertainty in the simulated streamflow us-
ing LSMs runoff driven by NHRCMs output was explored.
The NHRCMs rainfall could reproduce the seasonal changes
in observed rainfall in the upper part of the Ping River Basin
although they were underestimated.

Both NHRCMs had similar total rainfall, though their spa-
tial patterns differed, with the 2 km model being better at cap-
turing the local topography than the 5 km model.

The uncertainty in simulated streamflow was found to be
affected by this difference in rainfall patterns and the dis-
parity in runoff characteristics among LSMs. Both simu-
lated streamflow by MRI-SiB runoff, dominated by subsur-
face runoff, underestimated the observed discharge. In con-
trast, the estimated streamflow by SiBUC runoff, primarily
from surface runoff, was underestimated when it was driven
by RCM05, while the one driven by RCM02 was close to the
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observed discharge. This suggests SiBUC seemed to produce
too much runoff because RCM02 rainfall underestimated the
observation.

This analysis revealed that the runoff scheme in LSMs
could be a major source of uncertainties in streamflow simu-
lation, unlike previous studies which suggested evapotranspi-
ration and snow representations were the primary uncertain
factors. It is recommended that the accuracy of rainfall from
the climate model and the runoff from the LSMs should be
enhanced to improve the reliability of assessing the potential
impacts of climate change on water-related disasters.
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