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Introduction 

 

 

SEA-EU-NET 
The main aim of the first phase of the Framework Programme 7 (FP7) funded SEA-
EU-NET project  which started on 1 January 2008  was to establish science, 
technology and innovation cooperation between the EU and ASEAN regions. One of 
the primary targets of the second phase of the project, running until September 2016, 
is to stimulate deeper and more productive cooperation in three selected global 
societal challenges of mutual interest: Health, Food and Water. These thematic areas 
are of complementary interest for both regions: they account for the largest share of 
co-publications as well as for the joint participation in the Research and Development 
Framework Programmes of the European Union. 
 

STI Days 
In 2014, SEA-EU-NET 2 initiated a forum like event, the so called ASEAN-EU Science 
Technology and Innovation Days in order to bring together researchers, scientists, 
science policy makers, innovative companies and other stakeholders from ASEAN 
and EU countries for a yearly three-day conference on science, technology, and 
innovation issues. The ASEAN-EU STI Days 2015 are the second edition of this 
event, which is focusing on presenting ASEAN research excellence to European 
stakeholders as well as on raising awareness for the current developments in S&T in 
Southeast Asia. 
 

The Publication 
The publication Excellent Science in ASEAN  Best selected papers and posters 
from young ASEAN scientists on Water, Food and Health  is a result of a paper and 
poster competition, closely linked to the ASEAN-EU STI Days 2015. The main aim of 
this call for papers was to provide a possibility for young ASEAN researchers to 
publish and to introduce their scientific research to a wide European audience. The 
authors of the three best papers and two best posters were invited to Paris to take 
part and present their fields of research to the participants of the event. Further highly 
evaluated papers and poster abstracts on Food, Water and Health are to be read in 
this conference paper. 
 

Future Plans 
A next book is planned to be published back-to-back with the next ASEAN-EU STI 
Days in Hanoi, in 2016. Hopefully both the series of STI Days and the connected 
publications will be successful and popular enough to experience further editions.
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Climate change impacts on hydrology and rice yield in 
Northeast of Thailand 

I PUTU SANTIKAYASA1, 2, SANGAM SHRESTHA2 
 
1 Water Engineering and Management, School of Engineering and Technology, 
Asian Institute of Technology (AIT), Thailand 
2 Department of Geophysics and Meteorology, Bogor Agricultural University, 
Indonesia 
 

Abstract 
 
The impact of climate change on rice yields in Thailand was investigated. The SWAT 
basin scale, continuous time model was used as the hydrological and crop model 
under four climate models (CGCM3, CSIRO-KM3, ECHAM5, HADCM3) based on 
two IPCC s A1B and A2emision scenarios for the period 2011  2040 (2020s), 2041 
 2070 (2050s), and 2071-2099 (2080s). The mean value of ensemble model for the 

temperature was +0.8, +1.7 and +2.7 oC under A1B, on the period of 2020s, 2050s 
and 2080s, respectively. Under A2, the temperature was +0.8, +1.7 and +3.3 oC on 
the period of 2020s, 2050s and 2080s, respectively. The respective value for 
precipitation was +2.1, +8.7 and +3.0 %, under A1B and +1.7, +8.3 and +13.0 % 
under A2. The SWAT model was calibrated for the period of 1998  2000 and 
validated for the period of 2001  2006. The SWAT model shows the good 
performances to simulate the stream flow and the rice yield. On the impact 
assessment of the future climate to the stream flow, the stream flow is expected to 
increase about 4.3, 18.1, 6.2 % under A1B and about 1.1, 14.1, 28.1 % under A2, for 
the period of 2020s, 2050s and 2080s, respectively. The impact of future climate on 
the rice yields shows that the rice yields is expected to decrease about 0.43, 4.07 and 
4.99 % under A1B in the period of 2020s, 2050s and 2080s, respectively. Under A2, 
the rice yield is expected to decrease about 0.71, 4.06, and 6.52 % on the period of 
2020s, 2050s and 2080s, respectively. This study provides a useful input to effective 
planning of water resources of the study area. The study is focusing on the impact 
assessment of climate change to rice yield using the low-cost assessment tool and 
in the low level area. 
 
Keywords: climate projection; climate change; rice yield. 
 

Introduction 
 
Thailand has a strong tradition of rice production. It has been known as the world s 
second largest exporter of rice and over 80% of the Thailand population eats rice as 
their main meal. Nonetheless, Thailand suffered more than USD $1.75 billion in 
economic losses related to natural disaster during the period of 1989-2002 in which 
about USD $1.25 billion (71%) was from crop yield losses (Asia 2009). Climate 
change was indicated as the causes of the increasing the intensity of natural disaster 
such as water deficit, flood, storm, pest and diseases in Thailand. Climate change 
directly affected precipitation and temperature, with rise in temperatures leading to 
water deficit and floods in the future, changing soil moisture status, and pest and 
disease incidence (Chinvanno, Suppakorn, and Center 2010). In Thailand, the drier 
spells in the middle of the wet season causes the damage of plants on the earlier 
growth stages and floods at the end of the wet season affects the plant on the 
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harvesting stages. Furthermore, increasing temperature causes the increasing of 
spikelet sterility in rice and reducing the yield (Wassmann and Dobermann 2007). 
The impacts of climate change on rice production in Thailand have been assessed 
by previous researches. It was estimated that the yield of Thai rice was expected to 
decline about 18% in the 2020s because of alterations in temperature and rainfall 
cycle and through changes in soil quality, pests and diseases as the impacts of 
climate change (Babel et al. 2011). Results from the Mekong Wetlands Biodiversity 
Conservation and Sustainable Use Programme (MWBP) (2005) indicated that many 
rice growers in the basin area faced the risk of losing paddy fields from floods and 
droughts due to climate change. The government of Thailand prepared an action plan 
on global warming mitigation and raised public awareness on the impacts of climate 
change (Setsiroot 2007).  
Analysing the crop production in a watershed needs the information of the water 
availability which is used in the agriculture on the production processes. These 
components are challenging because it is needed to evaluate the water availability 
and design the infrastructure of the agricultural system. As the natural process, the 
complex processes in the watershed scale are difficult to understand and simulate. 
For the past decade, the model approach was used to predict the hydrological 
processes. Hydrology models have the capability of predicting the complex nature of 
processes as well as the powerful tool to understanding the process. The tools are 
also effective to assess the effect of change on land use, climate, and management 
in the future. 
 Among the commonly used hydrological watershed models is the Soil and Water 
Assessment Tool  (SWAT), a robust hydrologic model successfully employed in a 
number of watersheds. SWAT is a public domain watershed scale model developed 
by the Agricultural Research Service of the United States of America s Department 
of Agriculture (USDA). The model was developed to predict the effects of land 
management on water, sediment, nutrients, pesticides, and agricultural chemicals in 
small to large complex basins.  
Applications of SWAT have expanded worldwide over the past decade, especially in 
the United States and the European Union on predicting the stream flow. There is 
little research on the use of SWAT to predict the crop yield especially in the tropical 
climatic conditions of Thailand. The reason may be scarce data, not only temporal 
but also spatial scale for modelling in watershed hydrology. However, accurately 
assessing the hydrological processes in Thailand is a very important task because 
clearly understanding and predicting them is essential for appropriate watershed 
management as well as the agricultural system. 
This study analysed the impact of climate change on the rice yield in Northeast 
Thailand. Three different future time period, 2011 2040 (2020s), 2041 2070 (2050s) 
and 2071 2099 (2080s), were chosen for the climate change impact assessment at 
three provinces of Northeast Thailand. 

 

Materials and methods 
Study area and data description 
This study was conducted in northeast of Thailand. The basin comprises almost 19 
provinces located in Northeast area. These provinces lie between latitude 14.5o to 
17.5o North and longitude 102.12o  104.9o East (Figure 1). The area lies in the 
Mekong River Basin (MRB). Mekong River flows along the borders of Lao-PDR; run 
along Thailand border in eastern part of the country and then runs to Cambodia. MRB 
covers the area in Thailand about 184 x 103 km2 (MWBP 2005). In the Thailand area, 
about 80% of the population in the MRB have agriculture as their main activity and 
sources of life hood and rice is the most predominant crop in the area. 
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In the study area the climate is characterized as a sub humid tropic. The wet season 
ranges from May to October and the dry season range from November to April. The 
mean annual precipitation in the study area is 1134 mm. The average temperature in 
the region ranges from 19.6 oC  30.2 oC. Maximum daily evapotranspiration is about 
10.94 mm day-1 in April. The minimum evapotranspiration is 0.34 mm day-1 in June. 
In this study, several data were used to assess the impact of climate change on rice 
yield in the North East of Thailand. The data includes the spatial, meteorological, 
hydrological and agronomic data. The spatial data includes the Digital Elevation 
Model (DEM), soil, and land use. The meteorological data includes the precipitation 
and temperature. The hydrological data includes the stream flow and the agronomic 
data includes the cultivar and yield production. The detail of data is summarized on 
the Table 1 and Table 2. 
 
Table 1: Summary data used on the assessment 
Source: Babel et al. (2011) 

Data Component Sources 

Spatial Digital Elevation Model (DEM) 90 m 

x 90 x 

U.S. Geological Survey 

 Soil Map FAO database  

 Land use Map  

Meteorological  Precipitation (1980  2007) Thai meteorological Department 

 Temperature (1980  2007)  

Hydrological Stream flow (1980  2007) Thai meteorological Department 

Agronomic  cultivar 

yield 

 

 
Table 2: Crop growth characteristics and other input data for model calibration and 
validation, Rice Research Centre, Ubon Ratchathani. NPK: relative concentrations of 
nitrogen, phosphorus and potassium; DAS: days after sowing 
Source: Babel et al. (2011) 

Data Calibration Validation 

Seeding date 8 Aug 1996 28 Aug 1996 

Transplanting date 5 Sep 1996 26 Sep 1996 

Plant density (m-2) 27 27 

Flowering date 3 Nov 1996 18 Nov 1996 

Treatment Rainfed Rainfed 

Fertilizer application (Mixed NPK 16:16:8) 

96 kg ha-1 31 DAS 

(Mixed NPK 16:16:8) 

96 kg ha-1 31 DAS 
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Figure 1: The location map of study area 
 

 

Climate scenario 
This study used the future climate scenario constructed by Southeast Asia START 
Regional Centre at Cualongkorn University - Thailand, as the input to the SWAT 
model for forecasting future rice yield. The future climate model was predicted using 
the Global Circulation Model (GCM) ECHAM5 (Table 3). To increase the resolution 
from global to local extent, the dynamic downscaling was applied. The GCM output 
was further downscaled at the regional level using the regional climate model (RCM) 
PRECIS (providing regional climates for impact studies) for the study area at 25 × 25 
km.  
The predicted future climate scenario was applied to the calibrated SWAT model for 
the study sites to determine the impacts on rice yield during the 3 future periods. The 
impacts were then determined by computing the changes in the yield averaged for 
each of the 3 future decades (2020 2029, 2050 2059 and 2080 2089), with respect 
to the yield as obtained for the actual daily weather data collected for 10 consecutive 
years from 1997 to 2006 for each of the 3 sites. 
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Table 3: Global climate model used in this study  

Source: IPCC 2007 

Model Research center Resolution IPCC scenario Period 

ECHAM 5 MPI, Germany Atmospheric  

(1.87o x 1.87o) 

Ocean  

(1.5o x 1.5o) 

A1B1, A22 (2011-2040) 

(2041-2070) 

(2071-2099) 

HadCM3 Hadley 

Center, UK 

Atmospheric  

(2.5o x 3.75o) 

Ocean  

(1.25o x 1.25o) 

A1B, A2 (2011-2040) 

(2041-2070) 

(2071-2099) 

CSIRO-MK3 CSIRO, 

Australia 

Atmospheric  

(1.9o x 1.9o) 

Ocean  

(1.9o x 1.9o) 

A1B, A2 (2011-2040) 

(2041-2070) 

(2071-2099) 

CSIRO-MK3 CSIRO, 

Australia 

Atmospheric  

(1.9o x 1.9o) 

Ocean  

(1.9o x 1.9o) 

A1B, A2 (2011-2040) 

(2041-2070) 

(2071-2099) 

CGCM3 CCCMA, 

Canada 

Atmospheric  

(2.8o x 2.8o) 

Ocean  

(1.4o x 1.0o) 

A1B, A2 (2011-2040) 

(2041-2070) 

(2071-2099) 

1 Rapid economic growth with balance between fossil and non-fossil energy sources 
2 Regionally oriented economic development 

 

Soil and Water Assessment Tool  
Soil and Water Assessment Tool (SWAT) is a basin-scale, continuous-time model 
that operates on a daily time step with the objective of predicting the impact of 
water/land and agronomic management measures on hydrologic cycles and the 
accompanying sediment, nutrient and pollutant loadings in un-gauged watersheds 
(Arnold et al. 1998). The model is physically based, computationally efficient, and 
capable of continuous simulation over the long time periods. SWAT comprises the 
sub-modules of each component such as weather, hydrology, plant growth, nutrients, 
pesticides, bacteria, and land management.  
The SWAT model was preferred over other models for this study because its 
emphasis on water management. Simulation of irrigation water on cropland can be 
simulated on the basis five alternative sources: stream reach, reservoir, shallow 
aquifer, deep aquifer, or water body external to the watershed. The irrigation 
applications can be simulated for specific dates or with an auto-irrigation routine, 
which triggers irrigation events according to a water stress threshold. SWAT deals 
with irrigation as a water input as well as uses the precipitation as natural water inputs 
into a speci c hydrological unit.  
The successful application of SWAT under irrigated cropping systems can be widely 
found around the world. Santhi et al. (2005) used SWAT to investigate the irrigation 
water demands and water savings in irrigation projects in Texas, and the results 
proved that SWAT model is a useful tool for regional planners and irrigation 
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managers, the successful experiences of which can be applicable in other irrigation 
systems. Ficklin et al., (2014) was applied SWAT on the assessment of the impact of 
the climate to the irrigation on agriculture area in San Joaquin Valley, California, USA. 
SWAT was also used to investigate the impacts of climatic changes on the 
hydrological cycles and agricultural water supply and demand. For example, 
Rosenberg et al. (2003) used SWAT and HUMUS model to examine the potential 
influences of climatic change have on agricultural productivity and irrigation water 
supply in the coterminous area, in USA. Numerous studies have shown the 
application of SWAT in heavily irrigated areas under either humid (Immerzeel, Gaur, 
and Zwart 2008, Gosain, Rao, and Basuray 2006) or arid climates (Bouraoui et al. 
2005). However, in this study, both volume and timing of irrigation were assumed to 
be uniform within the study sub-basins. 
The SWAT model divides the area as the sub watershed which is spatially implicit 
simulation unit as the Hydrological Response Unit (HRU). HRU consists of a set of 
homogeneous combination of land use, soil and management features, being 
determined by users based on either dominant area or user-speci ed criteria. The 
soil water content of each HRU is calculated using the equation 1. 
 
Ὓὡ Ὓὡ В ὖ ὖ ὉὝ Ὀ ὗ  . (Equation 1) 
 
where SWt is the nal soil water contents; SW0 is the initial soil water content; t is the 
time (day); Pday is the precipitation; Rsurf is the surface runoff; Eta is the actual 
evapotranspiration; Dseep is the soil percolation and Qgrw is the return ows.  
The hydrologic balance is simulated for each HRU, including canopy interception of 
precipitation, partitioning of precipitation, snowmelt water, and irrigation water 
between surface runoff and infiltration, redistribution of water within the soil profile, 
evapotranspiration, lateral subsurface flow from the soil profile, and return ow from 
shallow aquifers. SWAT simulates surface runoff volume and peak runoff rates by 
using daily or sub-daily precipitation. In this study, the modifying Soil Conservation 
Service (SCS) curve number method is used.  
The potential ET was calculated using the Penman-Monteith approach. Recharge 
below the soil pro le is partitioned between shallow and deep aquifers. Return ow 
to the stream system and evapo-transpiration from deep-rooted plants was calculated 
from the shallow aquifer. Furthermore, the water recharges to the deep aquifer was 
assumed as the water lost from the system. 
In SWAT, the phonological plant development was calculated based on daily 
accumulation of heat units. The potential biomass is based on the method developed 
by Monteith and Moss (1977). A harvest index is used to calculate the crop yield. The 
plant growth was estimated based on the combination factors of temperature, water 
and fertilizer stress. However, the detailed of root growth, micronutrient cycling and 
toxicity responses were not calculated by SWAT model.  
The plant growth in SWAT is controlled using the heat unit concept. Each degree of 
the daily mean temperature above the base temperature is one heat unit. Therefore, 
to reach one growth cycle, SWAT used the accumulated of the heat unit. The heat 
unit accumulation for a given day is calculated by following the Equation 2, as: 
 
ὌὟ Ὕ  Ὕ          ύὬὩὲ            Ὕ  Ὕ  .. (Equation 2) 
 
where HU is the accumulated heat unit in a given day, Tave is the mean temperature 
(oC) and Tbase is the plant s base or minimum temperature for growth.  
 
To estimate the biomass production, SWAT model uses the leaf area development, 
light interception and conversion of intercepted light into biomass assuming a plan 
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species-specific radiation- use efficiency. The amount of daily solar radiation 
intercepted by the leaf area of the plant is calculating using the Beer s law as Equation 
3, as: 
 
Ὄ πȢυὌ ρ ÅØÐὯὒὃὍ  (Equation 3) 
 
where H is the amount of intercepted photo-synthetically active radiation on a given 
day (MJ m-2), Hday is the incident total solar (MJ m-2), 0.5Hday is the incident photo-
synthetically active radiation (MJ m-2), kl is the light extinction coefficient, and LAI is 
leaf area index.  
 
The potential increase of biomass then calculated as the function of H and radiation 
uses efficiency (RUE) as Equation 4: 
 
ЎὦὭέὌȢὙὟὉ . . (Equation 4) 
 
where ̀bio is the potential increase in total plant biomass (kg/ha) and RUE is the 
radiation use efficiency (kg/ha. MJ/m2)-1. 
 

Model calibration and validation 
SWAT was design to apply on the large un-gaged basin and can be used without 
calibration (Srinivasan, Zhang, and Arnold 2010). However, the calibration processes 
is used to increase the reliability and the uncertainty of the model. The validation was 
used to test the validated model using the data which is not used in the calibration 
process. In this study, a traditional split-sample technique was conducted against 
observed stream flows of the watershed outlet gauging station.  
For the stream flow, the data from 1998 - 2000 is used for model calibration and data 
from 2001-2006 for model validation. The model parameters used for calibration 
consist of two sub-modules that are the base flow module and the surface runoff 
module. The base flow module parameters include the threshold water level in 
shallow aquifer required for return flow to occur (GWQMN) and the ground water 
revap coefficient (GW_REVAP). The surface runoff module parameters include the 
available water capacity of the first soil layer (SOL_AWC), SCS runoff curve number 
(CN2), and the Manning s n  for the main channels (CH_N2). For the crop yield, there 
are no calibration was utilized for the model. However, the performance of the model 
was evaluated based on crop yield of the model and compared with yield of year 1996 
from previous research (Babel et al. 2011). 
Two statistic were used to evaluate the model performance: Nash Sutcliffe Efficiency 
coefficient (NSE) and the correlation coefficient (R) as well as visual comparison of 
hydrographs. The NSE indicates how well the model output compared with the 
observed data, which is determined as: 
 

ὔὛὉρ
В

В
. (Equation 5) 

 
where Xi is the observed data; Yi is the simulated output; Xmean is the average 
observed data. 
 
Coefficient of correlation (R) is one statistical measurement widely used to test the 
linear relation between two variables. The R is computed as: 
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Ὑ
В

В В
..(Equation 6) 

 

where X is the observed data; Y is the model simulated output for the time period 
entered for evaluation.   
 

Results and discussion 
Model performance 

Performance of SWAT model to simulate stream flow 
The calibrated value of the SWAT parameter was summarized in the Table 4 while 
the statistic indicator is presented in Table 5. By applying the calibrated parameters, 
the model was simulated the stream flow with the accuracy about 78% compared with 
the observed stream flow. The simulated flow was substantially underestimated for 
the months September  October. However, the model was simulated the stream flow 
with good performance for the remaining months. The model shows the NSE value 
of 0.85 indicates that the model was good performance to simulate the stream flow 
during calibration period.  
During the validation period, the predicted peaks flows and the time to peak matched 
well with the observed value. However, the peak flow on the month October was 
underestimated while it plotted using the scatter diagram. The simulated flow shows 
good agreement with the observed data with the value of r2 =0.82 and NSE=0.89. In 
the most case, monthly stream flow were reasonably predicted by SWAT for the study 
area during calibration and validation period. However, stream flows were quite 
underestimated in the wet month through the period of study.  
 
Table 4: The value of parameters on calibration process 

Parameters Range (unit) Calibrated 

GWQMN 0-100 (mm) 100 (mm) 

GW_REVAP 0.02 -0.20 0.1 

SOL_AWC - 0.5 

CN2 ± 10% 10% 

CH_N2 0.01 - 0.3 0.05 

 
Table 5: The statistical value of calibration and validation 

Parameters 
Calibration Validation 

Observed Simulated Observed Simulated 

Average (m3/s) 32.6 29.9 36.8 30.9 

Peak flow (m3/s) 220.8 204.5 333.2 302.9 

Volume ( 106 m3) 86.3 87.6 97.38 90.8 

R2 0.78 0.81 

NSE 0.85 0.89 

 
A plot of observed and simulated stream flow shows that the SWAT model as 
managed to reproduce monthly stream flow relatively well. Overall, the results were 
relatively pleasing on the period of calibration and validation. 
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Figure 2: Observed versus simulated stream flow during calibration (left) and 
validation (right) period. 

 

Performance of SWAT model to simulate rice yield 
In this study, the rice yield was simulated using the SWAT model. Since there are no 
parameter was calibrated related to the crop yield, the statistical was calculated to 
assess the SWAT performance on simulated the crop yield especially rice yield. The 
rice yields at three different locations (Khon Kaen, Ubon, Roi Et) were compared with 
the simulated yield. The results show that rice yield was simulated with r = 0.71. 
However, the model slightly over predicted the yield in Khon Kaen and Udon 
provinces where models slightly underestimated the yield in Roi Et province. 
 
Figure 3: Observed and simulated rice yield in Khon Kaen, Ubon and Roi Et Provinces 

 
 
The observed and simulated yield at Ubon Ratchathani, indicated the model results 
are in agreement with the observation data. The yields simulated with the bias of 
1.3% in Khon Kaen, 1.24% in Ubon and -5.7% in Roi Et. However, the error is still 
acceptable and the model can be used to project future rice yield under climate 
change. 
 

Future climate 
In this study, the future climate scenarios are projected based on the four Global 
Circulation Models (GCMs), namely: CGCM3, CSIRO, ECHAM5 and HadCM3 under 
two climate scenarios (A1B and A2) and for two climate variables (temperature and 
precipitation). 
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Projection of future temperature 
In general, the future temperature is projected to increase by all GCM. As shown in 
Figure 4, the temperature for the period of 2020s, 2050s and 2080s is projected to 
increase about 0.8, 1.7 and 2.7 oC under A1B scenario. Under A2 scenario, the 
temperature is expected to increase 0.8, 1.7 and 3.3 oC for the period of 2020s, 2050s 
and 2080s, respectively. This result shows that in both scenarios, the temperature is 
projected to increase in the future, however, the increment will less under A1B 
scenario than A2 scenario. This is due to the fact that A1B represents medium low 
scenario which produces less CO2 as compared to A2 scenario which is high 
scenario. 
 
Figure 4: Projection of temperature from the ensemble GCM under A1B (left) and A2 
(right) climate scenarios 

 
On the monthly trend, the future temperature is projected to increase in all of the 
months (January  December), however, the increment is expected to doffer among 
the GCM (Figure 5). The highest projection temperature will occur during June under 
both A1B and A2 scenarios for the period of 2020s. Under the periods of 2050s, the 
highest projection temperature will occur during May under A1B scenario and during 
April under A2 scenario. For the period of 2080s, the highest projection temperature 
will occur during April under A1B scenario, and during April and May under A2 
scenario.  
 
Figure 5: Projection of monthly temperature from the ensemble GCM under A1B (left) 
and A2 (right) climate scenarios 
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Projection of future precipitation 
The projection of precipitation in the study was expected to have the increasing trend 
for all three periods for both scenarios A1B and A2. Comparing with the baseline 
period (1970  2000), the 2020s, 2050s and 2050s periods shows the increasing 
trend. However, the precipitation is projected to decrease in 2080s compared with 
the precipitation in 2050s in A1B scenario. On the A1B scenario, the precipitation was 
expected to increase about 2.1, 8.7 and 3.0 % on the period of 2020s, 2050s and 
2080s, respectively. Under A2 scenario, the future precipitation was expected to 
increase about 1.7, 8.3 and 13.0 % on the period of 2020s, 2050s and 2080s, 
respectively. 
However, the future precipitation was projected to decrease by several GCM under 
A1B scenarios. For example, HADCM3 was projected the decreasing precipitation 
about 10% in the period of 2020s period under A1B scenario. Similarly, in the period 
2080s, the HADCM3 was projected the decreasing of precipitation about 7.8% 
compared with the historical period. On the other hand, under A2 scenarios, all the 
GCMs were projected the increasing of precipitation on all three periods, 2020s, 
2050s and 2080s. However, under A2 scenarios, the precipitation projection by the 
CGCM3 is expected to decrease about 4% in the 2020s period.   
 
Figure 6: Projection of precipitation from the ensemble GCM under A1B and A2 
climate scenarios 

 
For the monthly trend, the future precipitation is projected to increase in the period of 
July  December for all the GCM and all the scenarios (A1B and B2). However, the 
future precipitation will increase higher under A2 scenario than A1B scenario (Figure 7). 
 
Figure 7: Monthly projection of precipitation from the ensemble GCM under A2 
climate scenarios 
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Impact of climate change on stream flow 
The stream flow is affected by the amount of precipitation falling on the area. 
Similarly, the soil water availability is largely depends to the how much water input 
i.e. precipitation to the watershed and the output, i.e. evapotranspiration, release into 
the atmosphere. Therefore, the change on the precipitation and also temperature can 
significantly affects the soil moisture content and distribution and the finally impact to 
the stream flow of the watershed.  
The variation of the stream flow was indicated by the variation of the precipitation and 
temperature in the study area. The variation on the temporal and spatial extent is 
highly influenced by the variability of the hydrological variables. That variability is 
aggregated on the variability of soil water. Therefore, the variability of the parameters 
is expected to influence the variability of soil water in any time horizon.  
The result indicated that, the future stream flow is expected to increase for the period 
of 2020s, 2050s and 2080s under both climate scenarios, A1B and A2. Under A1B 
scenario, on the 2020s period, the future stream flow is expected to increase about 
14.1 and 22.7 % by the CGCM3 and CSIRO GCM and is expected to decrease by 
0.7 and 18.7 % by the ECHAM5 and HADCM3 GCM. However, as the ENSEMBLE, 
the future stream flow under A1B scenario on the 2020s period is expected to 
increase about 4.3 % compared with the historical period. On the 2050s periods, the 
future stream flow is expected to increase by 16.7, 30.5 and 33.2 % by the CGCM3, 
ECHAM5 and HADCM3 GCM and is expected to decrease about 8.3 % by the CSIRO 
GCM. As the ENSEMBLE, the stream flow on the 2050s period is expected to 
increase about 18.1 % compared with the historical period. On the last period of this 
century 2080s, the stream flow is expected to increase by 5.6, 7.0 and 23.0 % by the 
CGCM3, CSIRO and ECHAM5, however, is expected to decrease by 11.0 % by the 
HADCM3 GCM. In the ENSEMBLE, the stream flow is expected to increase about 
6.2 % compared with the historical period.  
Under A2 scenario, in the period of 2020s, the stream flow is expected to increase 
about 6.8 and 13.9 % by the ECHAM5 and HADCM3, however, is expected to 
decrease by about 7.9 and 17.5 % by CGCM3 and CSIRO GCM. The ESEMBLE 
analysis shows that on the 2020s period, the stream flow is expected to decrease 
about 1.1 % compared with the historical period. In the period of 2050s, the stream 
slow is expected to increase about 20.3, 22.6, 4.6, and 8.9 % by the CGCM3, CSIRO, 
ECHAM5 and HADCM3 GCM, respectively, and it is expected to increase about 14.1 
% on the ENSEMBLE compared with the historical period. In the period of 2080s, the 
stream flow is expected to increase about 22.8, 1.9, 32.6 and 55.0 % by the CGCM3, 
CSIRO, ECHAM5 and HADCM3 GCM, respectively. Similarly, while assessed by the 
ESEMBLE, the stream flow is expected to increase about 28.1 % compared with the 
historical period. 
For the monthly bases, the stream flow is projected to increase during July  
November in both A1B and A2 scenarios. However, the projection of stream flow 
during October for the period of 2050s is expected to higher then period 2080s under 
A1B scenario.  
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Figure 8: Projection of precipitation from the ensemble GCM under A1B and A2 
climate scenarios 

 
Figure 9: Monthly projection of stream flow from the ensemble GCM under A2 climate 
scenarios 

 

Effect of climate change on rice yield 
According the data from previous research for the planting and harvesting date, this 
research used the similar parameters as used in the previous research (Babel et al. 
2010). In this research, the result shows that during the period of 2020s, the crop yield 
will decrease about 0.43 % under A1B scenario and 0.71% under A2 scenario. For the 
period of 2050s, the future crop yield is expected to decrease about 4.70 and 4.06% 
under A1B and A2 scenario, respectively, compared with the historical period. For the 
period 2080s, the future crop yield is expected to decrease about 4.99 and 6.52% under 
A1B and A2 scenarios, respectively, compared with the historical period. 
 
Table 6: Historical and projection of crop yield under A1B and A2 climate projection 
using ensemble GCM at three locations 

  Rice Yield (ton/ha) 

  Historical 2020s 2050s 2080s 

Khon Kaen Baseline 3.186    

 A1B  3.172 3.036 3.027 

 A2  3.164 3.056 2.978 

Ubon Baseline 2.908    

 A1B  2.895 2.771 2.763 

 A2  2.887 2.790 2.718 

Rioet Baseline 3.081    

 A1B  3.068 2.936 2.927 

 A2  3.059 2.956 2.880 
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Table 7: Historical and projection of crop yield under A1B and A2 climate projection 
using individual GCM in Khon Kaen 

  Rice Yield (ton/ha) in Khon Kaen  

  Historical 2020s 2050s 2080s 

  3.186    

CGCM3 A1B  3.089 2.976 2.898 

 A2  3.110 2.889 2.837 

CSIRO A1B  3.156 3.009 2.982 

 A2  3.026 3.026 2.912 

ECHAM5 A1B  3.150 3.016 2.895 

 A2  3.262 3.068 2.990 

HADCM3 A1B  3.293 3.145 3.333 

 A2  3.256 3.243 3.173 

 
Table 8: Historical and projection of crop yield under A1B and A2 climate projection 
using individual GCM in Ubon 

  Rice Yield (ton/ha) in Ubon 

  Historical 2020s 2050s 2080s 

  2.908    
CGCM3 A1B  2.820 2.716 2.646 
 A2  2.839 2.637 2.589 
CSIRO A1B  2.881 2.747 2.722 
 A2  2.762 2.762 2.658 
ECHAM5 A1B  2.875 2.753 2.642 
 A2  2.978 2.800 2.729 
HADCM3 A1B  3.006 2.870 3.042 
 A2  2.972 2.960 2.896 

 
Table 9: Historical and projection of crop yield under A1B and A2 climate projection 
using individual GCM in Roi Et 

  Rice Yield (ton/ha) in Rio Et 

  Historical 2020s 2050s 2080s 

  3.081    
CGCM3 A1B  2.988 2.878 2.803 
 A2  3.008 2.794 2.743 
CSIRO A1B  3.052 2.910 2.884 
 A2  2.926 2.926 2.816 
ECHAM5 A1B  3.046 2.916 2.799 
 A2  3.155 2.967 2.891 
HADCM3 A1B  3.185 3.041 3.223 
 A2  3.149 3.136 3.068 

 
As shown in the Table 6 that the crop yield in period 2020s is expected to decrease 
in the future, however, the future crop yield is projected to increase under HADCM2 
climate projection for both A1B and A2 scenario. The A2 climate scenario is also 
expected to impact on increasing of crop yield for the 2020s period. Similarly, for the 
period 2080s, the A1B climate scenario under HADCM3 projection will increase the 
future crop yield about 4.6% compared with the historical period. 
As shown in the Table 6 - 9, the decrease in paddy yield at three locations of study 
area in the future period is mainly and increasing the temperature during the future 
period.  
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Furthermore, the increasing of precipitation during August and September which is 
also impact on the decreasing of the crop yield because in those month is the 
harvesting period of paddy in all areas. The increasing of the temperature will impact 
on the decreasing of the soil moisture and affect the decreasing of the crop yield. 
 

Conclusion 
The present study assessed the future climate under two IPCC-SRES scenarios, A1B 
and A2, and the impact of climate change on the stream flow and rice yield in 
Northeast area of Thailand using SWAT model. The SWAT model simulates the 
stream flow in the study area and the rice yield using the Erosion-Productivity Impact 
Calculator (EPIC) plant growth model. It is indicated the SWAT model shows the good 
performance to simulate the stream flow. Similarly, the SWAT model shows the good 
performance on simulating the rice yield in the study area. 
The future temperature was projected to increase in all of the future time period; 
2020s, 2050s and 2080s; under both climate scenarios, A1B and A2. Similarly, the 
precipitation was expected to increase in the future period, 2020s, 2050s and 2080s; 
under both climate scenarios, A1B and A2. The stream flow is projected to follow the 
pattern of the precipitation in the future period. The increasing of precipitation is 
expected to impact to the increasing of the stream flow in the future period. 
The assessment of future crop yield under future climate indicates the decreasing of 
rice yield in the study area for the period of 2020s, 2050s and 2080s. The rice yield 
is expected to decrease about 0.43- 0.71% in the 2020s period and about 4.99  
6.52% in the end of the century period. The decreasing of the crop yield is expected 
because of the change of the pattern of precipitation during the early stage and the 
harvesting stages in the future. Increasing the precipitation on the harvesting stages, 
increase the possibilities of the flood, in which causes a failed harvest of rice in the 
area. 
It can be conclude that the results of this study provide a useful input to effective 
planning of water resources of the study area. The study is focusing on the impact 
assessment of climate change to rice yield using the low-cost assessment tool and 
in the low level area. 
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Uncertainties in SWAT extreme flow simulation under 
climate change of the Bago River Basin in Myanmar 
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Abstract 
Uncertainty in climate change impact analysis has been widely recognized. Analyzing 
it becomes an important task particularly when impact analysis results are used for 
adaptation purposes. A methodology aiming to investigate the impact of climate 
change due to impacts of uncertainty sources (the emission scenarios and General 
Circulation Models) on future extreme flows in the Bago River Basin is proposed. 
Delta change approach is applied to bias correct GCM outputs and the extreme flows 
are simulated by the SWAT (Soil and Water Assessment Tool) model. The SWAT 
model calibration and validation results indicate that the model has a good 
performance in the Bago River Basin. In the whole basin, the monthly stream flows 
are observed in increasing from May to September and peaked in September relative 
to heavy rains under two scenarios during future periods of 2020s, 2050s and 2080s. 
The uncertainty analysis results show that the uncertainty introduced from GCM 
structures is much larger than those from emission scenarios at Zaungtu and Bago 
stations. A majority of the GCMs can project an increase in stream flow for all the 
three future periods in the Bago River Basin. MIROC5 and BCCCSM1.1 project 
maximum increased stream flow changes for all the two scenarios in the whole basin. 
The highest range of uncertainty for annual stream flow is projected under RCP4.5 
scenario for the 2020s and 2050s (300 m3/s to 450 m3/s) and under the RCP8.5 
scenario for the 2080s (350 m3/s to 450 m3/s). An average value of all GCMs indicates 
a positive all seasons as well as in annual stream flow changes except summer 
season in the Bago River Basin. 
 
Keywords: climate change; GCMs; RCPs; SWAT; uncertainties. 
 

Introduction 
Industrialization and urbanization are increasing dramatically along with the 
population growth all over the world. Increased emission of greenhouse gases 
especially CO2 causes global warming. Global and regional climate have been 
changing as evidenced by increase in temperature and rainfall intensity. The impacts 
of climate change primarily driven by global warming are highly extensive, 
complicated and uncertain. Global surface temperature has risen by 0.74 ʖC during 
the twentieth century and the warming trend accelerated in the last 50 years (Arnell, 
2004). Climate change impacts, such as changes in precipitation and temperature, 
are leading to more flood and drought events each year. Climate variability and 
change have a huge effect on the general well-being of communities across the world. 
Also many living organisms are sensitive to changing climate patterns. Availability 
and variability of water resources have been affected by climate change effects. 
Climate change has affected water resources globally and regionally in the last 30 
years (Boyer et al., 2010). Particularly rainfall, known as the main driver of 
hydrological cycle, has been varying in the most parts of the world.  
The changes in climate variables such as rainfall and temperature has distributed the 
public health, industrial, irrigation and municipal water demands and the ecosystem 
(Zhang et al., 2011). 
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Representative Concentration Pathways (RCPs) are four greenhouse gas 
concentration (not emissions) trajectories adopted by the IPCC for its fifth 
Assessment Report (AR5). The pathways are used for climate modeling and 
research. They describe four possible climate futures, all of which are considered 
possible depending on how much greenhouse gases are emitted in the years to 
come. The basic concept is that of RCPs which are expressed in terms of watts per 
square metre of radiative forcing (W/ m2). Fifth phase of the Climate Model 
Intercomparison Project (CMIP5) is the principal framework for coordinated climate 
modeling experimentation supporting the preparation of the t AR5 to be released in 
2013. About 20 modeling groups from around the world are undertaking the CMIP5 
experiments and model data is being hosted on the Earth System Grid which consists 
of international data nodes and gateways.  
The impact analysis of climate change on hydrology or water resources is a wide 
issue. The hydrological cycle has been substantially influenced by climate change 
and human activities. It is therefore of utmost importance to analyze the impact of 
climate change on hydrology, particularly on a regional scale, in order to understand 
potential future changes of water resources and water-related disaster, and provide 
support for regional water management (Xu et al., 2013). Hydrological models 
provide a framework to conceptualize and investigate the relationships between 
climate, human activities and water resources (Huang, 2014). Wang et al (2006) 
stated that choosing of hydrological model is dependent on the purpose of study and 
data available. Several studies have attempted to quantify the uncertainty arising 
from a variety of sources, including future greenhouse gas (GHG) and aerosol 
emissions, GCM structure and initial conditions downscaling method and hydrologic 
model structure and parameters (Schwank et al., 2014). Boe et al., (2007) 
investigated the uncertainties associated with low-flow change, stemming from a 
combination of emission scenarios, GCM structures, statistical downscaling methods, 
and hydrologic model parameters and structure. Their results indicated that the low 
flow change was most sensitive to uncertainty in the GCM structure and downscaling 
method, but it was less affected by uncertainties due to hydrological model 
parameters and emission scenarios. Hansson et al., (2008) explained that 
investigation of uncertainty within climate change hydrological impact assessments 
has often focused on GCM uncertainty. A more common approach to investigating 
GCM uncertainty is to use a range of projections for the same emissions scenario 
derived from an ensemble of GCMs (Gardner, 2009). Countries like Myanmar, which 
are dependent on stream flow may face greater problems as uncertainty in the 
amount, timing and frequency of flows increase. 
 

Study area and data 
Study area 
This paper is conducted in the Bago River Basin. The Bago River Basin is the smallest 
river basin among the top ten basins of Myanmar, covering 91% of Bago district and 
its area is 4,883.1km2. The basin area lies within latitudes 16ʗ 40ɶ 30ɷ and 18ʗ 25ɶ 48ɷ 
N, and longitudes 95ʗ 54ɶ 39.6ɷ and 96ʗ 44ɶ 38.4ɷ E. This river basin is one of the most 
important and useful river basins in lower Myanmar for hydropower generation, 
irrigation use, fisheries and navigation use. In this study basin, a hydropower dam for 
electricity and a diversion weir for irrigation use were constructed near Zaungtu village 
in 1996 and 1998, respectively. Total number of 2,1498 stream flowing into the Bago 
River from start to end. For the purpose of flood control during the rainy season and 
the irrigation water use for summer paddy cultivation and the water supply for green 
project around Yangon area during the dry season, three earthen dams namely 
Kodukwe, Salu and Shwelaung were constructed in 2011 and opened in May, 2012 
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and the flood diversion channel from Zaung Tu weir to Moeyongyi lake was also 
completed in 2012 (Bago City Administrative, 2013) seen in Figure 1. A large part of 
the Bago River Basin almost 60% is below 47m elevation, followed by the elevation 
range of 47 to 138 (14%). The highest elevation of the sources of the Bago River is 
about 800 meters above sea-level in southern Bago Mountain Range. The area 
around Bago Mountain Range is mountainous and has steep slopes but most of the 
area is flat plain with good nutritious farm land. The river valley is mostly steep in the 
mountainous area of southern Bago Mountain range, but it decreases in elevation 
towards the south (Hlaing et al., 2008). This study area has four meteorological 
stations (Bago, Zaungtu, Kabaraye and Hmawbi) and only two hydrological stations 
(Bago and Zaungtu) locating beside the main river for stream flow data (Figure 1). 
 
 
Figure 1: Elevation ranges, meteorology and hydrology stations and location of the 
Bago River Basin 

 

Hydro meteorological data 
According to Koppen s climatic classification scheme, the climate of the Bago River 
Basin is the tropical monsoon (Am) with a heavy seasonal rainfall, high temperature, 
and distinct wet and dry seasons (Hlaing et al., 2008). The mean monthly rainfall and 
temperature regimes of all the meteorological stations used in this study for the period 
of 1975-2005 are as shown in Table 1. According to the meteorological records, 
January and December are the coldest months whereas April is the hottest month. 
The basin scale average annual values for maximum temperature, minimum 
temperature and mean temperature are 33 °C, 21 °C and 27 °C respectively (Figure 
2). Hence, the annual range of temperature is about 6.8 °C. Within the baseline 
period, Bago River Basin has had an average annual rainfall of 2,980 mm with 130 
rainy days per annum in average. The monthly distribution of precipitation is directly 
related to the southwest monsoon. The monsoon precipitation (May to September) 
comprises 91% of the yearly cumulative. With 46% of annual precipitation being 
shared between them, July and August are the wettest months for the basin. On the 
other hand, January and February are the driest months shown in Figure 3. Figure 4 
shows high flows occurring in August at both stations. The low flows can be seen in 
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January, February, March, April and December. Comparison of the two stations, 
Bago gives peak of flow in rainy season than Zaungtu except in summer and winter 
of Zaungtu (Figure 4). Seeing the distribution of observed annual average stream flow 
that Bago is higher in stream flow than Zaungtu until 2007. But the stream flow has 
been increasingly changed in Zaungtu station after 2007 (Figure 4). The period of 
stream flow data availability for the two stations is mentioned in Table 1. 
 
Table 1: Statistics of meteorological and hydrological parameters at DMH stations in 
the Bago River Basin 
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Hmawbi 2541 33.1 21.7 27.4 - 17.1 96.0 22 

Tmean= mean temperature, Tmax= maximum temperature, Tmin= minimum temperature 

Meteorological parameters are between 1975 to 2009 

Hydrological parameters are between 1990-2009 

 
Figure 2: Distribution of average monthly Tmax, Tmin and Tmean for the whole Bago 
River Basin for 1975-2005 (the baseline period) 
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Figure 3: Distribution of average monthly precipitation for all the meteorological 
stations and the whole Bago River Basin 

 
Figure 4: Distribution of average monthly stream flow at all the stream flow stations 
in the Bago River Basin for 1990-2009 (the baseline period) 

 

Spatial Data of the study area 
The spatial data required for developing a physically based hydrological model are: 
Digital Elevation Model (DEM) (Figure 1), Land use and Soil types (Figure 5). 
  
Figure 5: Land cover and soil types of the Bago River Basin in the year 2010 

 
 
This study is used 10m resolution DEM of the whole basin created from topographic 
maps and channel survey maps by using some steps. The land cover and land use 
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map used is developed from 30m resolution raster data with projection of 
WGS_1984_Zone_47N from USGS with the use of image processing for the year of 
2010. In this basin, grass is the most dominated land cover type contribution more 
than 32% of the total area. Open land is almost 28% of the study area. The other 
major land cover types in the basin are agriculture 18% and forest 10% of this area 
in 2010 year. Lake, River and Thistle are less percentage contributions in this area. 
For soil map, Digital Soil Map of the World (DSMW) is produced for the whole basin 
soil map. This soil map is a resolution of 1: 5000,000 scales and good quality as well 
as soil maps from SOTER website. As per DSMW, only three major classes of soils 
are found in the Bago River Basin shown in Figure 5. The dominate soil types are 
Eutric Gleysols (Ge37-2/3a), Eutric Gleysols (Ge50-2/3a) and Nitosols (Nd55-2/3b) 
seen in Figure 5.  
 

Methodology 
Figure 6: Research methodology framework 
 
 
 

 

 

 

 

 

 

 

 

 
 
 
 
 

  

Meteorological 

Data 

Global 

Climate 

2010-99 

Observed 

T & Pr 

1975-2005  

Delta Change 

Approach 

 Forecasting 

Climate Change 

scenarios 

Step 1 

Meteorological 

& Hydrological 

stations 

Meteorological & 

Hydrological Data 

1990-2009 

10 m DEM 

30m Land cover map 

2010 (USGS) 

DSMW 2010 

SWAT Model 

Setup 
Calibration 

and 

Validation 

SWAT Calibrated Model 

Impacts of Climate Change 

on Water resources 

Step 2 Uncertainty analysis due to GCMs 

& RCPs 

Step 3 

GCMs 

10 m DEM 

30m Land 

cover map 

2010 (USGS) 

DSMW 2010 

SWAT Model 

Setup 

Impacts of Climate Change 

on Water resources 

Step 2 

Uncertainty analysis due to 

GCMs & RCPs 

Step 3 



PART I: Papers on Water 

 

32ΧΧΧΦ 

Forecasting climate change scenarios of the Bago River Basin 
In this section, to understand the variations in temperature, the projected changes in 
both variables are analyzed for the three spells- the 2020s (2010-2039), the 2050s 
(2040-2069) and the 2080s (2070-2099) relative to the 1975-2005 climatology under 
the RCP4.5 and 8.5 scenarios. The future climate data in this study are downloaded 
from ESGF (Earth System Grid Federation) and IS-ENES, Climate4impactportal 
websites. Six GCMs that are included in CMIP5 are considered in this study shown 
in Table 2.  
 
Table 2: A list of the climate models used in this study with a brief indication of their 
origin, resolution and the number of realizations available for each climate change 
scenario 

Model 
Resolution 

(long by lat) 
Scenarios Origin 

BCC-

CSM1.1 
2.815ʗ×2.815ʗ RCP 2.6, 4.5, 6 & 8.5 Beijing Climate Center, China 

CCSM4 1.25ʗ ×0.9ʗ RCP 2.6, 6 & 8.5 
National Center for Atmospheric 

Research, USA 

MIROC5 1.40ʗ×1.40ʗ RCP 2.6, 4.5, 6 & 8.5 
Atmosphere and Ocean 

Research Institute, Japan 

MRI-

CGCM3 
1.125ʗ×1.125ʗ RCP 2.6, 4.5 & 8.5 

Meteorological Research 

Institute, Japan 

BNU-ESM 0.75ʗ × 0.75ʗ RCP 2.6, 4.5 & 8.5 
College of Global Change and 

Earth System Science 

FGOALs-g2 1.9ʗ × 1.9ʗ RCP 2.6, 4.5 & 8.5 Chinese Academy Science 

 
Time series of GCMs show a bias in simulating 20th century precipitation and 
temperature elds and, therefore, cannot directly be used to force hydrological 
models in order to assess the impact of the projected climate change on certain 
components of the hydrological cycle. In this study, the delta change/ratio method 
uses observed climate as a baseline and the capability of the GCM to produce 
simulations that are comparable to observed climate is less crucial. It is stable and 
always gives results that can be related to the present conditions. In this technique, 
the observed climate time series are adapted with estimated monthly climate changes 
from the GCM output. The future monthly temperature shifts (Tf) and precipitation (Pf) 
scaling factors are calculated by Equations 1 and 2 respectively. And Equations 3 
and 4 are then used in predicting the future meteorological parameters. 
 

Ὕ = ὝὋὅὓ ίὭάόὰὥὸὩὨ  ὝὋὅὓ ίὭάόὰὥὸὩὨ ..(Equation 1) 

ὖ = ὖὖὝὋὅὓ ίὭάόὰὥὸὩὨ / ὖὖὝὋὅὓ ίὭάόὰὥὸὩὨ (Equation 2) 

 
Where, P is used for the present and f is used for the future time period. The future 
scenarios are then generated using Equation 3 and 4. 
 

Ὂ Ὕ Ὕ έὦίὩὶὺὩὨ  Ὕ (Equation 3) 

         
Ὂ ὖὖὝ ὖὖὝ έὦίὩὶὺὩὨ   ὖ.. .. ..(Equation 4) 
 
 
In the whole study area for the future, the simulated average temperature will be 
higher than the observed temperature with peak values in the month of April under 
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both scenarios. The mean temperature is projected to be at 38.4ʗC (2020s), 38.8ʗC 
(2050s) and 39.3ʗC (2080s) in April under RCP4.5 and at 38.5ʗC (2020s), 39.4ʗC 
(2050s) and 40.8ʗC (2080s) under RCP8.5 seen in Figure 7.  
 
Figure 7: Future average monthly changes in Tmax and Tmin relative to the baseline 
period (1975-2005) under RCP4.5 and RCP8.5 in the Bago River Basin 

 
Compared to the present-day condition, Tmax over the basin is projected to increase 
by 2.9 °C by 2080s period under the high emission scenario RCP8.5 and 1.7 ºC under 
RCP4.5. Strong temperature change for all three periods (>1.8°C) appears along the 
whole basin in May and November under RCP4.5, whereas under RCP8.5, it is 
observed that strong temperature change will occur for all three periods (>2.7ºC) only 
in May. Moderate temperature change for all three periods (>1°C) appears in April, 
June, October and November under RCP4.5 and only in November under RCP8.5 
(>2ºC). Although the observed Tmax is high in April in the whole basin, the 
temperature change for April is quite moderate. However for August, the observed 
Tmax is low, but its temperature change is high in 2080s period under RCP8.5. For 
minimum temperature, except for the months of January, February, March and April 
of 2020s, all projections under both RCPs indicate an increase in Tmin. Tmin over 
the whole basin was projected to increase by 2.5°C by 2080s under RCP8.5 and 
1.3ºC under RCP4.5. Strong minimum temperature change for all periods (>1.3°C) 
appears in November under RCP4.5 and also (>2ºC) under RCP8.5 scenario. 
Moderate temperature change for all three periods (>1.5°C) appears in December 
under RCP4.5 and October under RCP8.5 (>1.8°C).  
It is also observed that mean temperature will undergo the greatest change (rise) in 
2080s period as most of the high temperature changes are observed in this period. 
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The simulations of average monthly precipitation under RCP4.5 and 8.5 scenarios 
can be compared with the baseline period of the whole basin as shown in the Table 
3. The peak of observed precipitation in the whole basin can be seen in July, but the 
simulated precipitation peaks are changed according to the scenarios. September is 
observed as a peak of precipitation amount (934 mm) in 2020s, 855 mm in 2050s 
under RCP4.5 and 826 mm in 2020s under RCP8.5. The other months of peak 
precipitation are August (691 mm) in 2080s under RCP4.5 and 806mm in 2050s 
under RCP8.5 and July (868 mm) in 2080s under RCP8.5. Under RCP4.5 scenario, 
the simulated annual precipitation amounts are observed to be 4,085 mm (37% 
increase from observed annual precipitation) in 2020s, 4,185 mm (40% increase) in 
2050s and 3,157 mm (6% increase) in 2080s. For RCP8.5 scenario, the simulated 
annual precipitations are predicted 4,116mm (38% increase from the baseline data) 
in 2020s, 4,263mm (43% increase) and 4,178mm (40% increase) in 2080s. The 
annual precipitations under RCP 4.5 and 8.5 do not show a constant trend but rather 
fluctuate throughout 2010-2099 period. Rainfall has the greatest drop of 70mm in 
May in Bago River Basin for both scenarios. The highest rise in precipitation 
fluctuation is projected for the month of September. The months of December, 
January and February showed comparatively insignificant fluctuations. The changes 
in precipitation can play important role in causing the shift of weather patterns in 2010-
2099. There can be seen the same pattern of the average monthly changes in 
precipitation for the whole basin under both scenarios that May has decreasing 
precipitation changes and September is the peak of precipitation change. The peak 
of precipitation changes of RCP4.5 is greater than those of RCP8.5 and 2020s period 
is the affected period for precipitation changes.  
 
Table 3: Average monthly precipitation (mm) in the Bago River Basin during the 
baseline period (1975-2005) and the three future periods under RCP4.5 and 8.5 
scenarios 

 

Month 

Average monthly precipitation (mm) 

Baseline RCP4.5 RCP8.5 

2020s 2050s 2080s 2020s 2050s 2080s 2020s 2050s 2080s 

Jan. 2.2 2.2 2.2 2.1 2.8 3.7 2.0 3.3 5.2 

Feb. 3.9 3.9 3.9 1.9 1.8 3.2 1.2 1.6 2.8 

Mar. 11.0 11.0 11.0 7.2 22.4 25.4 7.1 16.6 19.9 

Apr. 25.1 25.1 25.1 41.9 71.0 76.4 39.0 84.6 71.1 

May 283.1 283.1 283.1 224.6 242.5 326.8 216.7 262.8 309.5 

Jun. 597.8 597.8 597.8 687.6 716.3 649.2 741.6 801.6 738.9 

Jul. 622.2 622.2 622.2 723.5 689.9 689.1 759.8 736.6 867.6 

Aug. 604.1 604.1 604.1 770.7 798.6 691.2 818.0 852.1 833.7 

Sep. 402.6 402.6 402.6 933.8 855.0 421.7 825.9 805.7 834.8 

Oct. 159.2 159.2 159.2 538.8 516.1 163.9 476.3 519.1 362.8 

Nov. 52.2 52.2 52.2 148.5 261.1 97.0 225.7 172.1 121.0 

Dec. 6.1 6.1 6.1 4.6 7.7 10.0 3.3 7.0 10.3 

 

Hydrological modelling 
Of particular concern in this study is the Soil and Water Assessment Tool (SWAT) 
model which is widely used distributed hydrological model. Only the two hydrological 
stations (Zaungtu and Bago) are used in this study area.  
The stream flow data of 1990-2009 at these two stations are used in comparison with 
observed and simulated stream flow in calibration and validation. The outlet of the 
whole basin is selected at the entrance of Yangon River (end of the Bago River 
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Basin). The whole basin is divided into 19 sub-basins with total basin area of 4883.1 
km2. DEM calculates good watershed characteristics such as elevations, longest flow 
path, reach etc. at sub-basin level. This study uses 10% threshold for land use, soil 
and slope (limitation is 5-20% for SWAT) to reduce the number of HRUs following the 
guideline of a research evaluated by Strauch et al., (2012). The land use map of 2010 
and soil map (described in Figure 5) are loaded in ArcSWAT 2012 for land use and 
soil definition. With the combination of unique land use, soil and slope 71 HRUs for 
19 sub-basins are generated within the Bago River Basin. Before actual SWAT 
calibration and validation, various input parameters are required are required for 
sensitivity analysis. In this study, the parameters controlling the stream flow are tested 
and changed. Total 22 sensitivity parameters are analyzed for sensitivity analysis. 
The three error parameters: R2, PBIAS and NSE are used for the model performance. 
Table 3 shows the error parameter values using daily stream flow data for 
comparison. The validation is taken for 2001-2008 periods after good results of 
calibration. Checking these error parameters using monthly stream flow can be seen 
in the Figure 8. All sensitivity parameters are satisfactory at both Zaungtu and Bago 
stations in using daily and monthly data. R2 determines the agreement between 
predicted and observed variable. NS shows the goodness of fit of observed and 
simulated data with 1:1. PBIAS evaluates whether the simulated data tends to be 
larger or smaller than the observed values (Zhang et al, 2013). In this study, 
sensitivity analysis was checked by using NSE, R2and PBIAS for satisfactory of the 
calibrated parameters. Zhang et al., 2011 stated that NSE and R2 values are greater 
than 0.6 means perfect match. On the other side, PBIAS should be less than 15% for 
good predicted efficiency (Ercan et al., 2014). 
 
Table 4: SWAT performance to simulate stream flow using daily and monthly data for 
baseline period of 1991 to 2008 

Station Data 
Calibration (1991-2000) Validation (2001-2008) 

R2 NS PBIAS R2 NS PBIAS 

Zaungtu Daily 0.726 0.710 -21 0.725 0.706 -19 

 Monthly 0.812 0.815 -15 0.824 0.811 -18 

Bago Daily 0.787 0.732 -24 0.708 0.701 -22 

 Monthly 0.934 0.858 -16 0.934 0.814 -14 

 
Figure 8: Comparison between observed and simulated monthly stream flow at 
Zaungtu and Bago for calibration period 1991-2000 
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Uncertainty in Stream Flow Projections 

Uncertainty in seasonal and annual stream flow projections under two 

scenarios 
The range of change in seasonal and annual projections under RCP8.5 from their 
respective GCMs for Zaungtu station is shown in Figure 9. The range is presented 
using box and whiskers plot. The box represents the middle 50% range, while the bar 
represents the median value. The whiskers at the two ends represent the extreme 
projections. The small size of the box indicates more agreement among the GCMs 
seen in the following figures. According to these results, under RCP8.5 scenario at 
Zaungtu, the annual stream flow is predicted to increase 53 m3/s (37%) in 2020s, 57 
m3/s (40%) in 2050s and 39 m3/s (27%) gradually. The summer is also the affected 
season with decreasing changes of 35 m3/s in 2020s, 23 m3/s in 2050s and 32 m3/s 
in 2080s with average 64% decreasing change. During the rainy season, the average 
stream flow changes are higher than other seasonal flows in all periods. In the winter 
season, an increased change is varied from 80 m3/s in 2020s, 65 m3/s in 2050s and 
42 m3/s in 2080s with average percentage of 37 under RCP8.5 (Figure 9). In Zaungtu 
station, annual flow changes of RCP8.5 is always greater than RCP4.5 showing that 
30m3/s in 2020s, 41 m3/s in 2050s and 34 m3/s in 2080s respectively by checking the 
upper ends of the box boxes shown in Figure 10. All GCMs under two scenarios 
indicate increase in annual stream flow for both RCPs of all periods except RCP4.5 
of 2080s with decreasing stream flow change. During 2020s in Zaungtu, the annaul 
flow change can be increased up to 420 m3/s for RCP4.5 scenario means uncertainty. 
And RCP8.5 will be reached at high point of 440 m3/s in 2080s period.  
 
Figure 9: Changes in seasonal and annual stream flow at Zaungtu station under 
RCP8.5 for the three future periods relative to the baseline period 

 


