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Abstract

Based on the bias-corrected MRI GCM data, the trend and impact of climate change in the Central Plain
Basin of Thailand during present period (1979-2006), near future (2015-2039) and far future (2075-2099) were
determined and presented. The air temperature will increase, but the relative humidity will decrease. The
rainfall and the inflow to the reservoir will increase. The evapotranspiration and irrigation water demand will
increase. The impacts of climate change to dam operation using the general rule curves (rules before year
2012) and the flood rule curves (rules in the flood year 2012) were studied. In Bhumibol Dam, the amount
of water deficit and number of deficit years will decrease in the near future and the far future. In Sirikit Dam,
the amount of water deficit and number of deficit years will increase in the near future and decrease in the
far future. For the possible adaptation measures for mitigating the problems due to impacts of the future
climate change, the non structural and structural measures were recommmended for implementation.

Keywords: Impact of climate change, reservoir operation, adaptation measures, Bhumibol dam, Sirikit dam
UNAnga

uneuithiaueradnuuwiltuasnansenuresnsuasuasgiionmaluiiuiiguihnanansessemelne
Tu 3 ranalaundrsartagdu @ a.e. 1979-2006) Franatewipalng @ a.a. 2015-2039) uwazdiaarauianing
@ . 2075-2099) Iaglideyaanuuudiassgiioinialanvesantuifoggdesingwesuszimaduiiinisusu
uirrueudeud nuhgumgfionnmnfiutuasanududuivsaranas Usnahdusasdvlnadneiadu
awfisdu Uinusnmsmessmeresiindduararudesnnivalssnuasifisdu fnsfnvmavesnistiinnst
Ufthnureserafiui 2 wuu fo nasiiiluiliveidonnauisdend a.m.2012 waznasildfumanisaiisan
fimnTulud ae2012 nuhiuiiildhandouginatsdvinauessuadithunueaud svanasiataa
owarlnduarlng fuiflithanideudiifsivinauarsundifthnauesufiasdiuiuludsnaowaslndus

ranastatewAalng  InisiausuuznnsmMsusuiuieustimUagm Suinnnuansenuresnisilieunlas
pliomalusannaunasnsilaldlassasauayldlassasaieti lUujos

o

AdALY: HansenuveINTUdsuLUaagionna, nsUfoRnuveseaiuln, insnsuTus, Waugina,
WoudSNA

1. Introduction adequate for summer rice and caused water deficit

The climate change induced direct affect to in many irrigation projects. Though in the Central
reservoir operation and irrigation areas in the Central ~ Plain, two large reservoirs, i.e., Bhumibol and Sirikit
Plain Basin or Chao Phraya Basin particularly in the ~ Dams,can store large water amount to be used dur-
dry year when the reservoir storage amount is not NS dry period and most of agricultural areas are in

*Corresponding author; e-mail: Tuantan.K@chula.ac.th



14

Vol. 11 No. 2 March - April 2016

the irrigation project areas, water allocated is limited
and caused water shortage during dry season.

This paper presents the study result of Research
Project on Impact of Climate Change on lIrrigation
Systems and Adaptation Measures (Dam Operation
Analysis), Final Report, done by Water Resources
System Research Unit, Faculty of Engineering, Chu-
lalongkorn University, February 2013. The research
had been conducted under the good collaborations
from Japan Institute of Irrigation and Drainage (JIID)
and Royal Irrigation Department (RID) of Thailand [1].

2. Objective of study

The objective of the study is to analyze the im-
pacts of the climate change on reservoir operation
on agriculture and irrigation areas in 3 time periods:
present (1979-2006), near future (2015-2039) and far
future (2075-2099). The study comprised of water/
agricultural data collection and statistical analysis,
GCM data modification to study area conditions, wa-
ter balance analysis to determine water deficit con-
ditions and recommended possible adaptation mea-
sures.

3. Study area

The study area is in the Greater Chao Phraya River
Plain or Central Plain Basin. The Chao Phraya-Tha
Chin Group River Basin is the most important and
the largest group river basin in Thailand and consists
of 8 main river basins; namely of Ping, Wang, Yom,
Nan, Sakrae Kang, Tha Chin, Chao Phraya, and Pa
Sak. It covers the major areas in central and north-
ern regions of Thailand. The boundary of study area
is shown in Figure 1.

4. Study area

The climate conditions in the study area are sum-
marized as shown in Table 1. The monthly average
precipitation of the study area are shown in Table 2.

5. Reservoir operation rule curves

Due to the large flood event in year 2012, RID
had improved the reservoir operation rule curves as
general (old) and flood (new) rule curves are shown
in Figure 2.

6. Methodologies used

1) Hybrid bias correction method for MRl GCM
Model (Japan), 2) rainfall - runoff analysis (Inflow to
reservoir), 3) water demand estimation and 4) Water
balance of reservoir.

7. Study result
7.1 Hydrological data analysis
7.1.1 Bias corrected MRI-GCM climate data

Hybrid bias correction method was applied to
correct the bias of raw MRI GCM output rainfall data
in Bhumibol and Sirikit dams.

7.1.2 Climate change

Mean air temperature and relative humidity in
Bhumibol dam in present, near future and far future
are analyzed and shown in Figure 3.

The results show that annual mean air tem-
perature values tend to increase in near and far fu-
tures. In present period, the annual mean relative
humidity values have trend to increase and widely
fluctuate. In near and far futures, the annual mean
relative humidity values have trends to decrease and
less fluctuate.

7.1.3 Rainfall change

The annual mean rainfall in Bhumibol dam has
a trend to increase with decreasing range in variation
in near and far futures as shown in Figure 4.

7.1.4 Rainfall-Runoff analysis

The inflow to Bhumibol Dam during present,
near future and far future are shown in Figure 5.

7.1.5 Evapotranspiration and irrigation water de-
mand

The annual evapotranspiration and irrigation
water demand of Bhumibol Dam in present, near
future and far future periods were estimated and
shown in Figures 6 and 7.

7.2 Dam release data analysis

With reservoir operation using the general rule
curves, the values of monthly reservoir operation of
Bhumibol Dam in present, near future and far future
periods are shown in Figure 8.
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Figure 1. Boundary of study area (Central Plain Basin of Thailand).

Table 1. Climate conditions in Chao Phraya River Basin.

Climate parameters

Range from average monthly data  Average annual data

Temperature (°C) 24.6 - 31.5 28.1
Humidity (%) 59.0-82.0 73.0
Wind Velocity (knot) 1.2-6.3 3.3
Cloudiness (0-10) 2.7-8.9 6.3
Pan Evaporation (mm) 122.8 —243.5 1 890.0

Table 2. Average monthly precipitation in Chao Phraya River Basin (Unit : mm.).

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Wet  Wet
Annual
Season Season

59 143 117 125 169 236 144 28

6 6 12 29 935 142 1076
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Figure 2. General and flood reservoir operation rule curves of Bhumibol Dam.
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Figure 3. Trend of annual air temperature and relative humidity of Bhumibol Dam.
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Figure 4. Trend of annual mean rainfall of Bhumibol Dam.
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Figure 5. Trend of annual inflow of Bhumibol Dam.
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Figure 6. Trend of annual evapotranspiration of Bhumibol Dam.
18000
16000 1 Slgpe=143.436 Slope=-15.119
& 14000 - Slope =-56.599
2
~
= 12000
o
% 10000
2
ope =88.557 =:5 847
g 8000 Slope =:5.8
@ pe =-31.278
o
_ 6000
@
= ope =-25.621
=z 9000 ) Slope =-9.272
lope =59.879
2000
o 4
o N [ L= [} o N L= L= o o o (=2
r~ «© o o - o~ Ll =T u 0 ~ w0 n
o o o o o o o o o o o o o
-t - - ~ ~ o~ ~ ~ ~ ~ ~ ~ ~

Figure 7. Trend of annual water demand of Bhumibol Dam.
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Table 3. Annual and seasonal water deficit of Bhumibol Dam using general rule curves (Unit : Mm3).
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Figure 8. Comparison of reservoir operation of Bhumibol Dam using general rule curves in present,

near and far future.

Period Dry Wet Annual No. of Deficit year
Present 625.16 1097.76 1722.92 14
Near Future 35096 1011.86 1362.83 6
Difference -2742 -85.9 -360.1 -8
Far Future 491.25 868.40 1359.64 4
Difference -1339 -2294 -363.3 -10

Table 4. Annual and seasonal water deficit of Sirikit Dam using general rule curves (Unit : Mm3).

Period Dry Wet Annual No. of Deficit year
Present 4147 171.78 213.24 7
Near Future 4436 21949 263.85 12
Difference 2.9 47.7 50.6 +5
Far Future 33.55 104 .49 138.04 3
Difference -79 -67.3 -75.2 -4

7.3 Impact from climate change and
reservoir operation on water deficit

The impacts to water deficit due to dam op-
eration using the general rule curve under new cli-
mate conditions (change in water demand and sup-

ply) were assessed. The summary of annual and sea-
sonal water deficit conditions in Bhumibol Dam and

Sirikit Dam are shown in Tables 3 and 4, respectively.
In Bhumibol Dam, the amount of water deficit and
number of deficit years will decrease in near future
and far future. In Sirikit Dam, the amount of water
deficit and number of deficit years will increase in
near future and then decrease in far future.
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8. Possible adaptation measures

For the possible adaptation measures for miti-
gating the problems due to impacts of the future cli-
mate change, the following non structural and struc-
tural measures should be considered for implemen-
tation. The recommended non structural measures
are to monitor climate warning, adjusting crop pat-
tern and agricultural area, adjust reservoir operation
rule curves, have more participation of stakeholders/
water users, disseminate knowledge and improve
telemetering system. The recommended structural
measures are to improve irrigation efficiency, im-
prove watershed management, prepare temporary
water storage (such as ponds), promote reforesta-
tion, increase reservoir storage (via enhancing dam
embankment, dredging sediment and sediment con-
trol).

9. Conclusion

Based on the bias-corrected MRI GCM data, in the
Central Plain Basin of Thailand, the trend and impact
of climate change during 3 periods (present, near fu-
ture and far future) were determined and presented.
The air temperature will increase and the relative
humidity will decrease. The rainfall and the inflow

to the reservoir will increase. The evapotranspira-
tion and irrigation water demand will increase. The
impacts of climate change to dam operation using
the general rule curves (rules before year 2012) and
the flood rule curves (rules in the flood year 2012)
were studied. In Bhumibol Dam, the water deficit
and number of deficit years will decrease in the near
future and the far future. In Sirikit Dam, the water
deficit and number of deficit years will increase in
the near future and decrease in the far future. For
the possible adaptation measures for the future cli-
mate change, the non structural and structural mea-
sures should be considered for implementation.
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