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Abstract 

Nowadays, the hydrological cycle which alters river discharge and water availability is affected by climate change. 

Therefore, the understanding of climate change is curial for the security of hydrologic conditions of river basins. The main 

purpose of this study is to assess the projections of future climate across the Upper Ayeyarwady river basin for its 

sustainable development and management of water sector for this area. Global Ten climate Models available from CMIP5 

represented by the IPCC for its fifth Assessment Report were bias corrected using linear scaling method to generate the 

model error. Among the GCMs, a suitable climate model for each station is selected based on the results of performance 

indicators (R2 and RMSE). Future climate data are projected based on the selected suitable climate models by using future 

climate scenarios: RCP2.6, RCP4.5, and RCP8.5. According to this study, future projection indicates to increase in 

precipitation amounts in the rainy and winter season and diminishes in summer season under all future scenarios. Based 

on the seasonal temperature changes analysis for all stations,  the future temperature are  predicted to steadily increase with 

higher rates during summer than the other two seasons and it can also be concluded that the monthly minimum temperature 

rise is a bit larger than the maximum temperature rise in all seasons. 
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1. Introduction 

Climate change is a global phenomenon and one of the most interesting issues exhibited by three prominent signals, 

that is: (1) global average temperatures are gradually increasing; (2) changes in global rainfall patterns: and (3) rising of 

sea levels [1]. Increasing atmospheric carbon dioxide, other greenhouse gases, and human activities like land use 

changes, production of industrial effluents and other activities due to the development of society cause to change in 

global as well as regional climate [2]. The impact of climate change such as precipitation and temperature changes may 

lead the world to a more serious risk of storms, droughts, floods, and other events each year [3]. Due to the impact of 

climate change, water resources are facing uncertainties at the regional, national, and local levels [4]. Since the 1970s, 

global mean temperatures have increase 0.2˚C per decade and global mean precipitation increased 2% in the last 100 

years with a high probability of warming of more than 2˚C over the next century [5]. Myanmar consists of eight major 

physiographic regions: The Ayeyarwady Delta, Northern Hilly Region, Central Dry Zone, Rakhine Coastal Region, 

Eastern Hilly Region, Southern Coastal Region, Yangon Deltaic Region, and Southern Interior Region [6]. Climate 

change impacts on rainfall intensity and rainfall pattern are significantly changed in some parts of the country because 

climate change is depending on the topographical condition in Myanmar [7]. 

According to the record by Department of Meteorology and Hydrology of Myanmar, climate change impact on 
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different regions of Myanmar have been recorded based on some observed trends such as increase in mean temperature, 

an increase in overall rainfall in most areas, late onset and early termination of the south-west monsoon. Myanmar is 

one of the most vulnerable countries by changes in temperature and precipitation and it is expected that the security of 

water resources in Myanmar’s river basin will face significant risks and vulnerability due to climate change [8]. Change 

of future temperature and precipitation trend are likely to have impact on the water resources of river basins. In 

Myanmar, Ayeyarwady river is the country’s main and largest river and Ayeyarwady river basin is one of the world’s 

top thirty high priority river basins, owing to strong biodiversity and high vulnerability to future pressure [9]. Therefore, 

it is essential to quantify and understand climate changes of this river basin in Myanmar and those likely to occur over 

the coming century. This is also a starting point that Myanmar’s stakeholders can use to plan for more summer monsoon 

rainfall in agriculture, hydropower, conservation areas, dams and flood management.  

It is impossible to respond the increasing greenhouse gases concentration rates in the atmosphere without the use of 

Global Climate Models (GCMs) [10]. It has been widely used climate models to predict the future meteorological 

parameters changes such and precipitation and temperature [11] and are needed to provide projections of future climate 

change on two-timescale, near term, and long term, and to evaluate how realistic the models are in simulating the recent 

past [2]. GCM simulation errors relative to observed climate variables are large. Hence, it is important to make correction 

procedure for the raw climate model outputs to produce better climate projections [12]. With these expected changes on 

future climate and water availability in the basin, appropriate adaptation and management strategies are to be developed. 

For climate change adaptation, both seasonal and annual climate projections are one of the key matters, because of 

significant effect on water availability and crop yields by seasonal precipitation and temperature changing. During 

summer, high rainwater increases water insecurity and stress and high seasonal temperature increases water scarcity 

[11].  

2. Location and Present Climate of Upper Ayeyarwady 

The Upper Ayeyarwady is situated at 15˚30’- 28˚50’ north latitude and 93˚16’- 98˚42’ east longitude and covered 

by Kachin State, Mandalay Division, the western part of Shan state and Southeastern part of Sagaing Division [13]. 

There are fourteen selected stations in my study area such as Hsipaw, Katha, Kyaukme, Lashio, Mandalay, Meikhtila, 

Moegaung, Moekok, Myitkyina, PutaO, Sagaing, Shwebo, Yamethin, and YeU. The study area is shown in Figure 1. 

Sagaing is the outlet of the Upper Ayeyarwady River and the watershed area for this Upper Ayeyarwady River is 152,264 

km2. Upper Ayeyarwaddy consists of some parts of Central Dry Zone and the Northern Hilly Region. The Central Dry 

Zone is a large inland swath of the country that is prone to extreme heat events and drought. Further inland is the cooler 

Northern Region which experiences heat waves, droughts, and floods (which can lead to landslides). Because of its 

higher elevation, the Northern Hilly Region has the lowest mean and maximum annual temperature for the hot and cool 

seasons.  

 

Figure 1. Location of the Upper Ayeyarwady River Basin 
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2.1. Precipitation  

The collected daily precipitation data from the Department of Meteorology and Hydrology (DMH) for selected 

fourteen stations were analyzed, firstly and the variation of precipitation amount is wide within the basin. In Figure 2, 

monthly precipitation in Moegaung is the highest although all the stations have high precipitation from May to October. 

High precipitation is usually received for all stations from June to October which is the monsoon period of the basin. 

 

Figure 2. Average monthly precipitation for the period 1981 to 2015 

This following Figure 3 shows the average annual precipitation from the year 1981 to 2015. Among the precipitation 

stations, Putao has the highest annual precipitation and the dry zone area such as Mandalay, Meikhtila, Sagaing, Shwebo, 

Yamethin, and Yeu have the lowest annual precipitation. The average annual rainfall varies from 778mm to 4140mm 

within the basin. 

 

Figure 3. Average annual precipitation for the period 1981 to 2015 

2.2. Temperature 

Figures 4 and 5 show the basin’s average monthly maximum temperature and average monthly minimum temperature 

from fourteen meteorological stations covering the whole basin for the baseline period 1981-2015. From this analysis, 

it was found that wide variation in both maximum and minimum temperature of the basin at a spatial scale. For example, 

the average monthly maximum temperature occurs in May at Yamethin which is about 40.6°C and the average monthly 

maximum temperature about 20.75°C is occurred in January for PutaO station. 
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Figure 4. Average monthly maximum temperature  

The hottest month is observed in April which is about 35.5°C on average over the basin and the coldest month is 

January with the value of 10°C on average over the basin. With the value of 26.5°C, the average minimum temperature 

is the highest in June at Sagaing station. And then, January was also the lowest with an average minimum temperature 

of 5.7°C at Moegok station during the baseline period for the whole basin. 

 

Figure 5. Average monthly minimum temperature 

According to the average annual maximum and minimum temperature shown in Figure 6, the dry zone stations such 

as Mandalay, Meikhtila, Sagaing, Shwebo, Yamethin, and YeU have the highest annual maximum and minimum 

temperature over the basin. 

 

Figure 6. Average annual maximum and minimum temperature 
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3. Methodological Framework 

The summary of methodology applied to complement this study is shown in the Figure 7 and the detailed procedure 

to achieve the objective of the study is explained.  

 

Figure 7. Methodological Framework 

4. Materials and Methods 

4.1. Global Climate Models (GCMs) 

The Coupled Model Inter-comparison Project Phase 5 (CMIP5) is a new generation of state-of-the-art global climate 

models which developed by the World Climate Research Program (WCRP) modeling council. The new generations of 

GCM simulations are becoming available at the time of the 5th assessment report (AR5) of IPCC [12]. They are the 

primary tools that provide reasonably accurate global, hemispheric, and continental-scale climate information and are 

used for weather prediction and climate simulation and projection under increased greenhouse gas concentrations [14]. 
Global climate models from the CMIP5 archive are intended to use in this study. The CMIP5 is newly developed data 

to conduct the research. It can promote the reliability of simulations of recent models, enhance the understanding of 

climate processes and their effects, and provide the future projections with two time scales: near term and long term 

[15]. Out of downloaded GCMs from CMIP5, only 10 GCMs (CanESM2, CCSM4, CMCC-CMS, GFDL-CM3, GFDL-

ESM2G, MIROC ESM, MIROC ESM CHEM, MPI ESM LR, MPI ESM MR, MRICGCM3) are found to be suitable 

after checking the model compatibilities. Different GCMs have different grid-sizes and their coverage area is also 

different. This is why to apply a multi-GCMs approach rather than a single or a few GCMs [16].  

4.2. GCM Models Selection 

Many GCMs project global climate variables under different scenarios but their resolution, representativeness of the 

study domain and availability of data to the public make one to carry out some analysis before selecting particular GCM 

for the study purpose [17]. There is growing agreement that the climate change impact studies should be initiated by an 

ensemble of multi-GCMs analysis [18]. In comparison to the climate change impact studies in the earlier period of this 

century, more multi-GCMs approach studies are found in later years. However, careful and wise decision in selecting 

GCMs is required in either single GCM or multi-GCMs climate study. There are four main approaches in the selection 

of GCMs depending on the study requirements such as selection based on resolution, selection based on available data, 

selection based on previous study and selection based on the degree of performance indicator [4].  

4.3. Selection of Bias Correction Method 

Climate models are using to understand and quantify the cause and effect of climate change on water resources and 

other sectors. There are many uncertainties in the process of climate change impact assessment. Climate variables 

simulated by GCMs often do not agree with the observed time series due to systematic model errors [19]. Bias correction 

procedure is carried out for the purpose of minimizing the difference between simulated and observational data [20]. 

Among several bias correction approaches, the most common bias correction method is the linear scaling method. The 

linear scaling approach is a method that makes the output of climate models useful for basin scale. This approach 

operates with monthly scaling values based on the differences between observed and historical run values. Precipitation 

is typically corrected with equation (1) and temperature with equation (2) on a monthly basis [21]: 

Pcor,m,d = Praw,m,d ×( µ(Pobs,m) / µ(Praw,m))   (1) 

Tcor,m,d = Traw,m,d + µ(Tobs,m) − µ(Traw,m)          (2) 
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Where Pcor,m,d and Tcor,m,d are corrected precipitation and temperature, and Praw,m,d and Traw,m,d are the raw precipitation 

and temperature.  µ(-) represents the expectation operator (eg., µ(Pobs,m) represents the mean value of observed 

precipitation at given month m) [21]. 

4.4. Performance Indicators to Evaluate Bias Correction for Suitable Climate Model Selection 

The performance of the bias correction method is checked by some performance indicators such as coefficient of 

determination (R2) and root mean square error (RMSE) between historical GCMs data and observed ground date of 

respective GCM after bias correction. R2 values vary from 0 to 1, with values closer to 1 indicating better agreement 

between the data in comparison. Typically, R2 that is bigger than 0.5 can be considered as a reasonable value [22]. 
RMSE is the most commonly used error statistics test and closer to zero indicates better performance of the model [23]. 

Models with as much variance as observation, least RMSE, and largest correlation are assumed to be the best performers 

[24]. Depend on the degree of agreement on performance indicators; GCM with the higher agreement is selected.  

4.5. Climate Change Scenarios 

For CMIP5, the climate projection scenarios are named as RCP scenarios which are used in the most recent IPCC 

Fifth Assessment Report (AR5) [24]. Four different scenarios for climate change projection are represented as RCP2.6, 

RCP4.5, RCP6.0, and RCP 8.5 and were proposed considering the effect of variability in the emission of greenhouse 

gases, aerosol concentrations in the atmosphere, Land-use change, population changes, changes in GDP, technological 

advancement as a whole [25]. The Representative Concentration Pathways emphasize on their primary purpose to 

provide time-dependent atmospheric greenhouse gas concentrations projections [26]. Here, the climate variables from 

RCP2.6, RCP4.5, and RCP8.5 scenarios were collected and used in climate projection for all selected GCMs to cover 

the low, medium and high ends of future climate projections. RCP scenarios are images of how the world is likely to 

envolve in the future in terms of greenhouse gas. The basic concept is that of RCPs, which are expressed in terms of 

watts per square metre of radiative forcing (W/m2). RCP2.6 is called a low or peak-and decay scenario in which the 

radiative forcing is assumed to reach maximum in the middle of the twenty-first century and then it decline into normal 

level of 2.6 W/m2 [27]. RCP4.5 is a stabilization scenario that leads to moderate greenhouse gas concentration levels 

[28]. RCP8.5 scenarios is known as high scenario which described by the radiative forcing throughout the 21st century 

before reaching a level of about 8.5W/m2 at the end of the century [29].   

5. Results and Discussions 

5.1. Selection of Suitable Climate Models for Each Station in Precipitation and Temperature 

The statistical parameters used for the performance of bias correction method by linear scaling approach in best 

climate model selection are coefficient of determination (R2), root mean square error (RMSE). The parameter values 

before and after bias correction are compared. Improvement in the higher value of R² and the lower of RMSE is the 

criteria for the best result. Table 1 shows the lists of best climate model which is selected based on the results of thirteen 

models and statistical results of each station in precipitation. Here, BC means before correction and AC means after 

correction. Linear scaling method could improve the performance of parameters but there is no significant trend and the 

performance of R2 and RMSE values are lower in precipitation. 

Table 1. Lists of Suitable Climate Models and Statistical Results of Each Station in Precipitation 

Stations GCM Model 
R2 R2 RMSE RMSE 

BC AC BC AC 

Hsipaw CanESM2 0.3725 0.5521 110 73 

Katha CCSM4 0.2646 0.4837 126 106 

Kyaukme CanESM2 0.3686 0.5133 131 95 

Lashio CanESM2 0.3403 0.5128 123 78 

Mandalay CanESM2 0.1629 0.4002 137 68 

Meikhtila MIROC-ESM-CHEM 0.2547 0.4161 111 58 

Moegaung CCSM4 0.1774 0.5583 130 101 

Moegok CanESM2 0.3616 0.6079 196 143 

Myitkyina GFDL CM3 0.4496 0.6831 172 129 

PutaO GFDL-ESM2G 0.2823 0.7822 403 196 

Sagaing CanESM2 0.131 0.4354 145 61 

Shwebo CanESM2 0.1189 0.4139 144 67 

Yamethin CanESM2 0.1674 0.4931 108 110 

YeU CanESM2 0.1674 0.439 143 74 
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Table 2 and Table 3 show the lists of best climate model and the statistical performance of each station in maximum 

and minimum temperatures unbiased data and biased data using linear scaling methods. The performance of linear 

scaling method for both maximum and minimum temperature is good in all climate models with good correction results 

with observed data. The correction relationships before and after simulation for maximum temperatures are increased in 

all stations with values ranging from 0.512 to 0.786. According to the list of best climate models for the minimum 

temperature shown in Table 3, MRI CGCM3 has comparatively better R2 value in most of the stations and the values 

range from 0.659 to 0.958. 

Table 2. List of Suitable Climate Models and Statistical Results of Each Station in Maximum Temperature 

Stations GCM Model 
R2 R2 RMSE RMSE 

BC AC BC AC 

Hsipaw GFDL CM3 0.262 0.659 4 2 

Katha GFDL CM3 0.178 0.515 5 2 

Kyaukme MPI ESM MR 0.674 0.679 2 2 

Lashio MPI ESM MR 0.656 0.582 3 2 

Mandalay MPI ESM MR 0.698 0.709 5 2 

Meikhtila GFDL CM3 0.493 0.786 5 1 

Moegaung GFDL CM3 0.155 0.618 5 1 

Moegok MRI CGCM3 0.586 0.512 4 2 

Myitkyina MRI CGCM3 0.667 0.578 3 2 

PutaO MRI CGCM3 0.291 0.707 6 2 

Sagaing GFDL CM3 0.277 0.645 5 2 

Shwebo MPI RSM MR 0.727 0.725 4 2 

Yamethin GFDL CM3 0.506 0.785 5 1 

YeU MPI RSM MR 0.666 0.723 4 2 

Table 3. List of Suitable Climate Models and Statistical Results of Each Station in Minimum Temperature 

Stations GCM Model 
R2 R2 RMSE RMSE 

BC AC BC AC 

Hsipaw MRI CGCM3 0.262 0.659 4 2 

Katha MRI CGCM3 0.823 0.888 3 2 

Kyaukme MRI CGCM3 0.841 0.951 4 1 

Lashio MRI CGCM3 0.228 0.958 6 1 

Mandalay MRI CGCM3 0.912 0.938 3 1 

Meikhtila MRI CGCM3 0.742 0.928 2 1 

Moegaung MPI ESM MR 0.903 0.939 2 1 

Moegok MRI CGCM3 0.842 0.935 6 1 

Myitkyina MRI CGCM3 0.856 0.946 3 1 

PutaO MPI ESM MR 0.905 0.947 2 1 

Sagaing MRI CGCM3 0.783 0.927 3 1 

Shwebo MRI CGCM3 0.771 0.907 3 1 

Yamethin MRI CGCM3 0.88 0.94 2 1 

YeU MRI CGCM3 0.836 0.868 3 2 

According to the model performance indication of selected fourteen stations for precipitation, R2 values for dry zone 

stations cannot give satisfied values if compared with values for northern hilly region stations. Therefore, it can be said 

that GCMs are not so good for the projection of precipitation in the dry zone area of Myanmar. Based on the statistical 

results of precipitation and temperature, the results of maximum and minimum temperature indicate that the linear 

scaling approach could improve R2 value to an acceptable limit for all fourteen stations within the basin. The 

performance of RMSE is lower in precipitation than in temperature using the linear scaling method because the RMSE 

values are high for precipitation before correction and there is no significant change after correction. Therefore, it can 

be noticed that GCMs are more reliable in the simulation of temperature rather than precipitation and the performance 

of linear scaling method for maximum and minimum temperature are good in all climate models. 
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5.2. Analysis of Future Precipitation Changes 

5.2.1. Average Seasonal Precipitation 

The seasonal changes are one of the key matters that should be incorporated in climate projection studies and such 

analysis can also be found in several types of research [14]. Future precipitation changes for GCM-scenario 

combinations with respect to the baseline were done using the period change approach of 25-year time segments centered 

on three prescribed future periods of the Near Future (2021-2045), Middle Future (2046-2070) and the Far Future (2071-

2095). Figure 8 shows the box and whisker plots of the average seasonal precipitation change projected under three 

periods for the summer season in Myanmar, compared to the observed data with baseline period (1991-2015) for all 

RCPs. The average future projection is calculated based on the selected fourteen stations within the basin. Currently, 

Myanmar has a tropical monsoon climate with three seasons and the seasonal climate in Upper Ayeyarwaddy River 

Basin is classified as summer from 16 February to 31 May, rainy (Monsoon) from 1June to 30 September and winter 

from 1 October to 15 February.  Here, the first quartile, Q1, is the 25th percentile. The second quartile, Q2, is the 50th 

percentile or median and third quartile, Q3, as the 75th percentile. Future seasonal precipitation changes have expected 

to decrease on average within the basin under all RCP scenarios. 

 

Figure 8. Projected average seasonal precipitation for summer season 

The average seasonal precipitation for the wet season is described in Figure 9. Under RCP2.6, the future average 

seasonal precipitation has a higher increasing trend than the two other scenarios although all three RCP scenarios are 

expected to increase if compared with the baseline period. 

 

Figure 9. Projected average seasonal precipitation for rainy season 
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The average seasonal precipitation changes by three time periods for the winter season are described in Figure 10 

and precipitation is expected to increase under all RCP scenarios. For all RCPs, the rainfall increased in amount, the 

lowest and highest value of the precipitation varies between about 110mm to 680mm.According to on average overall 

analysis for ten GCMs, the box and whisker plots of each time period indicate that precipitation in summer is seen to 

reduce further while it is seen to increase in rainy and winter season.  

 

Figure 10. Projected average seasonal precipitation for winter season 

5.2.2. Average Monthly Precipitation 

The projected changes of monthly precipitation are analyzed by making a fraction with the precipitation of base 

period and projection was also made under three future periods: Near Future (2021-2045), Middle Future (2046-2070) 

and Far Future (2071-2095). The variation of future changes in precipitation for Near Future (2021-2045) is presented 

in Figure 11. If the fraction value is 1, there is no change in future and if the value is larger than 1, future precipitation 

has an increasing trend and less than 1 means that precipitation will decrease in future. The projected changes in all the 

time period indicate the decreasing trend in March, April and May (summer season) and it is observed that the rainy 

(monsoon) and winter season are getting wetter in future. The highest rate of increase in rainfall is generally observed 

in November under all RCP scenarios. The variations of precipitation changes in RCP4.5 and RCP8.5 are more than 

that of RCP2.6 with an obvious trend. 

 

Figure 11. Projected average monthly precipitation as a fraction of base period for Near Future 

 Average monthly precipitation as a fraction of base period for Middle Future (2046-2070) within the basin is shown 

in Figure 12. The monthly precipitation has decreased for RCP2.6 in January and for RCP8.5 in December and it has 

decreased significantly for the month Marth to May under all RCP scenarios. From January to May and December for 

all time periods, the average monthly precipitation fluctuates and the increasing trend occurs from the months of June 

to November. 
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Figure 12. Projected average monthly precipitation as a fraction of base period for Middle Future 

The projected precipitation for Far Future (2071-2095) has also increasing trend in January for RCP4.5 and RCP8.5, 

March to May under all climate scenarios and December for RCP8.5 according to Figure 13. All RCP scenarios highlight 

that the future monthly precipitation will increase with the higher rate at February and September to November. March, 

April, and May are months where precipitation is expected to decrease and some minor increase precipitation is expected 

to increase in January, June, July and August in all of the scenarios under all future periods. 

 

Figure 13. Projected average monthly precipitation as a fraction of base period for Far Future 

5.3. Analysis of Future Temperature Changes 

Maximum and Minimum temperature changes are initially stated to understand the future climate variation in terms 

of both monthly scale and seasonal scale.  

5.3.1. Average Seasonal Maximum and Minimum Temperature 

Seasonal maximum and minimum temperature changes are highly important to understand the long-term climate 

change impact on the region. The temperature for three scenarios, RCP2.6, 4.5 and 8.5 are projected with selected 

suitable GCM models based on the average values of selected fourteen stations within the basin and compared with the 

baseline period (1991-2015). The future projections of average seasonal maximum and minimum temperature in 

summer, rainy and winter season are shown in Figure 14, Figure15 and Figure 16 respectively.  
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Figure 14. Future projection of average seasonal temperature for summer season 

Maximum temperature increases with the rate of nearly 4˚C under RCP8.5, 2.5˚C under RCP4.5 and 2˚C under 

RCP2.6 compared from 1981 to 2100 for the summer season. For minimum temperature, about 4˚C under RCP8.5, 

2.5˚C under RCP4.5 and 1.5˚C under RCP 2.6 will be exceeded from 1981 to 2100.   

 

Figure 15. Future projection of average seasonal temperature for rainy season  

The projected maximum temperature varies from 1˚C to 3˚C under all RCP scenarios at the end of the 21st century 

for the rainy season. Change in minimum temperature also varies depending on future scenarios. Under RCP2.6, the 

minimum temperature is predicted to increase from about 1˚C in near future to 1.5˚C in far future. About 1.5˚C for near 

future, 1.7˚C for middle future and 2.5˚C for far future are projected to increase under RCP4.5. For RCP8.5, the 

increasing amount varies in the range of 1.5˚C to 3.5˚C by 2100 after comparing the baseline period.  Here, it can be 

projected that the intensity of temperature depends on the scenarios and is higher under RCP8.5 than RCP 4.5 and 

RCP2.6. 

 

Figure 16. Future projection of average seasonal temperature for winter season 
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Maximum temperature is projected to reach about 3.5˚C in RCP8.5, 2˚C in RCP4.5 and 1˚C in RCP2.6 for the winter 

season at the end of the 21st century. And then, the projected change in minimum temperature is likely to slightly increase 

in all climate scenarios. With reference to the projected average seasonal temperature results, both maximum and 

minimum temperature in the upcoming century is likely to a significant increase in all three RCP scenarios 

5.3.2. Average Monthly Maximum and Minimum Temperature 

Figures 17 and 18 show the changes in the basin’s average monthly maximum and minimum temperature from the 

year 2020 to 2100 for Near Future related to the baseline period (1981-2015) under three RCP scenarios. In all months 

except January and February, the monthly maximum temperature is projected to increase; while for January and 

February a slight decrease in average temperature can be observed. Here, May is found to be the hottest month with 

nearly 2˚C. The average monthly minimum temperature is expected to increase in the range of 0.45-1.5˚C, 0.7-1.5˚C 

and 0.9-1.6˚C respectively by all climate scenarios. 

In Middle Future from Figures 19 and 20, both average monthly maximum and minimum temperature are 

forecasted to increase under all RCP scenarios except maximum temperature for RCP2.6. The high increment of average 

maximum temperature will increase up to about 3˚C of RCP8.5, 2.5˚C of RCP4.5 and 2˚C of RCP2.6. The high 

increment of average minimum temperature will also increase up to about 3˚C of RCP8.5, 2˚C of RCP4.5 and 1.5˚C of 

RCP2.6. The average monthly maximum and minimum temperature for Far Future which are shown in Figures 21 and 

22 are projected to increase with the highest increasing rate about from 3˚C to 4˚C under RCP8.5, nearly 1.5˚C to 2.5˚C 

will increase under RCP4.5 in far future. But, the maximum temperature and minimum temperature is likely to change 

in the range of about 0.5 ˚C to 1.5˚C  and 1˚C to 1.5˚C respectively under RCP2.6. These all figures indicate that both 

maximum and minimum temperature will increase in the whole year for all future periods, not including January and 

February in Near Future. 

  

Figure 17. Changes in average monthly maximum temperature for 

Near Future 

Figure 18. Changes in average monthly minimum temperature 

for Near Future 

  

Figure 19. Changes in average monthly maximum temperature for 

Middle Future 

Figure 20. Changes in average monthly minimum temperature 

for Middle Future 
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Figure 21. Changes in average monthly maximum temperature for 

Far Future 

Figure 22. Changes in average monthly minimum temperature 

for Far Future 

6. Conclusion 

Nowadays, it is very important to study the assessment of climate change impacts on river basin level by analyzing 

the different climate scenarios. In this study, the thirteen global climate models (GCMs) of CMIP5 experiment are 

considered to investigate the uncertainty in the future climate scenarios based on observed records. The correction 

procedure using linear scaling approach is used to identify the difference in trend changes and intensity gaps between 

observed ground data and simulated climate variables. According to the model performance results as the coefficient of 

determination (R2) and root mean square error (RMSE), a suitable climate model among ten GCMs is selected for each 

station in order to make the future projection. Future climate (2020 to 2100) under different climate change scenarios 

are projected under RCP scenarios by using model results from historical simulation (1981 to 2005). The box and 

whisker plots of each time period indicate that maximum values of precipitation are expected to increase in rainy and 

winter season and decrease in summer. Change amount the projected changes of 75th percentiles, median, 25th 

percentiles, and minimum values are not unidirectional and vary depending on RCP scenarios, climate models and time 

periods. The same pattern can be seen in the average monthly precipitation changes for the whole basin under all 

scenarios, with March to May and December showing a decreasing trend and January, February and June to November 

is an increasing change. But the intensities are varied depending on the scenario and rate of change under RCP2.6 is less 

than RCP4.5 and RCP8.5. 

In term of seasonal changes, both maximum and minimum temperature will increase by the highest rate in summer 

under most of the RCPs. The intensity of increase in summer is more likely to higher than rainy and winter season 

corresponding to their scenarios. In monthly temperature changes, the slight decrement about 1˚C occurred in January 

and February for maximum temperature and a slight increment about 1.5˚C is from March to December for maximum 

and from January to December (the whole year) in minimum temperature which is in near future under all climate 

scenarios. The monthly temperature changes for middle future and far future under all RCP scenarios are also estimated 

to exceed with the increasing rate after comparing with the baseline period. The overall conclusion of this research is 

that it is estimated as the Upper Ayeyarwady area will be encountered excessive precipitation especially in the rainy 

season and extreme temperature especially in the summer season for future. Myanmar’s climate is still under the effect 

of RCP2.6 condition and therefore, it is necessary to control and reduce this situation. If not, consequences of climate 

change such as more violent weather phenomena, rising sea level, flooding, drought events, and other risks will suffer 

more and more corresponding to the RCP scenarios that will face in the future. 
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