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Introduction and Project Overview

Suppakorn Chinvanno

Southeast Asia START Regional Center
Chulalongkorn University
Bangkok, Thailand 10330.

The Background and Rationales

Climate change in the future due to the increase in atmospheric carbon dioxide may alter the
climate pattern in the Southeast Asia region. The impact of the climate change could affect
many sectors in the natural system as well as in the socio-economic structure. Among many
sectors that could be affected from climate change, water resource and agricultural system
rank among the top significant sectors in the countries of the Mekong River region, as water
and agriculture are foundation of the societies in this region. Livelihood of vast number of
people depends on the availability of water and agriculture. Change in the climate system
could bring vulnerability to communities in the Southeast Asia.

Understanding the impact of climate change would help the countries to be in better position
to plan for adaptation well ahead of time in order to cope with future impact and minimize the
potential vulnerability that may occur to various social groups to minimal. In addition, as
most of the countries in the lower Mekong region had ratified the United Nation Framework
Convention on Climate Change (UNFCCC), the countries are obligated to study impacts of
climate change on various social and economic sectors and report those in the National
Communication to UNFCCC.

The study of impact of climate change is considered to be the area that has not yet been
widely conducted in this region. Scientists who work in this area of study are still limited in
terms of number and, in many cases, also limited in capability. The CAPaBLE Scientific
Capacity Building/Enhancement for Sustainable Development program under initiative of
Asia Pacific Network for Global Change Research (APN) under the support of Japanese
government, has main objective to enhance scientific capacity for developing countries of this
region, would help fill the gap for the future study in the area of climate change.

Southeast Asia START Regional Center (SEA START RC), with financial support from Asia
Pacific Network for Global Change Research (APN) under the CAPaBLE program, had
conducted the capacity building activities during the year 2004, which focused on the
researchers in Lao PDR and Thailand. The implemented CAPaBLE program was under the
title “CAPaBLE CB-01: Building Capacity of Mekong River Countries to Assess Impacts
from Climate Change — Case Study Approach on Assessment of Community Vulnerability
and Adaptation to Impact of Climate Change on Water Resource and food production”
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The Climate Change

Impacts of climate change may not be clearly realized until several decades from now. In
such a long-term study into the future there are many factors and uncertainties that are very
difficult to predict and therefore study approach needs to take into consideration such
uncertainties. At the moment the approach of using scenarios to project the condition in the
future is the approach that the Intergovernmental Panel on Climate Change (IPCC) has
recommended member countries to use. The more the scenarios used the more robust and
resilience the country may have to respond to future climate change.

The climate scenarios used as foundation for these training workshops are result from the
research project Assessment of Impacts and Adaptations to Climate Change (AIACC)
Regional Study # AS07 - Southeast Asia Regional Vulnerability to Changing Water Resource
and Extreme Hydrological Events Due to Climate Change.

The climate scenario was generated using mathematical modeling technique in simulating
future climate scenarios under different atmospheric greenhouse gas condition, mainly CO,.
The climate model used in this study is Conformal Cubic Atmospheric Model, which is
developed by CSIRO of Australia. The atmospheric CO, conditions used for this simulation
are the concentration of CO, at 360, 540 and 720 ppms, which under IPCC SRES scenario
AT1FI would be around the middle and the end of this century.

Three 10-year daily climate scenarios for precipitation (mm d'), maximum and minimum
temperature (°C), wind speed (m s) and solar radiation (W m™) were generated for mainland
Southeast Asia (5 — 35° N and 92 — 110° E). These were generated for a baseline decade
(1980’s) and for two elevated CO, regimes, 540 and 720 ppm. Four sub-domains in the region
where detailed impact and vulnerability studies had been carried out by SEA START RC,
namely the Lao PDR part of the Mekong, the Northeast Thailand part of the Mekong, the
delta part of the Mekong, and the Upper Chao Phraya Basin, were the main focus of this
climate scenario development. In each of these sub-domains the original CCAM rainfall
output at 0.1° was empirically readjusted using the observed daily weather data obtained
during the baseline period (1980-89 for Thailand and Viet Nam, and 1983-92 for Lao PDR)
using non-linear regression between cumulative observed and modeled rainfall.

Climate scenarios of this study indicate that the region in general is expected to be slightly
warmer and possibly wetter when the atmospheric CO; is raised to 540 ppm. On average
over the region, the daily maximum temperature would be changing by +0.5 °C. Some
simulated ‘cooling’ effect could be due to more cloud in the region. When the CO; is further
elevated to 720 ppm, most of the region is expected to be significantly warmer by about 1 °C
relative to the baseline period. The nighttime temperature would be more affected especially
during the cool period of the year (Dec-Jan-Feb) and the number of cool days should be
significantly less. Rainfall is also expected to more prominently increase, especially nearer to
the coast.

The climate of the Lao PDR part of the Mekong is expected to be most affected by elevated
atmospheric CO, where the area would be clearly warmer and wetter, especially during the
wet period of the year (March to August). Mean rainfall during the wet period could be up by
over 30% both at 540 and 720 ppm CO,. On the other hand, the Upper Chao Phraya River in
Thailand is expected to be least affected by elevated CO,, where only temperature increase is
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clearly seen, but rainfall is expected to only increase during the dry period of the year
(September to February).

The climate data from these climate scenarios were used for further analysis, particularly, as
input to hydrological model and crop model to analyze the impact of climate change on water
resource and agriculture production in Lao PDR and Thailand under the CAPaBLE CB-01
capacity building activities.

The Capacity Building Activities

The capacity building activities under this CAPaBLE CB-01 were conducted in form of
training workshop programs under the theme “The study of Future Climate Changes Impact
on Water Resource and Rain-fed Rice Production”. In these training workshops, participants
from Lao PDR and Thailand would learn the theoretical foundations on the future climate
scenario under different CO, concentration and analysis on the impact of future climate
change on water resource and agricultural production. The training workshops include
computer lab work with analytical tools and followed by pilot research exercises on real case
study.

The objective of these training workshops is to build personnel as well as institutional
capacity in Lao PDR and Thailand to be able to conduct research and study on climate change
and its impact in multiple scale and various aspects.

The training workshops conducted under CAPaBLE CB-01 were:

APN CAPaBLE CB-01 First training workshop: Course A “The Study of Future
Climate Scenario and Impact of Climate Change on Hydrological Regime”

During 12-30 January 2004, at Burapha University, 12 scientists from both
government line agencies as well as academic institutes from Lao PDR and Thailand,
namely Hydro-Meteorological Department, Science Technology and Environment
Agency (STEA), Department of Hydrology and National University of Laos (NUL),
from Lao PDR as well as Meteorological Department, Burapha University,
Ubonratchathani University, King Mongkut Institute of Technology and Khon Kaen
University, from Thailand attended the training workshop under the title “The Study
of Future Climate Scenario and Impact of Climate Change on Hydrological Regime”,
to work on the analysis of high resolution climate scenarios of Mekong River Basin
under different CO, concentration and study the use of computation modelling
technique to simulate future hydrological regime in various major river basins in Lao
PDR and Thailand under different climate scenarios. The main software tool used for
the hydrological study is the SEA-BASINS/VIC hydrological modelling system
developed by SEA START RC and University of Washington. The workshop was
organized at Burapha University.

APN CAPaBLE CB-01 Second training workshop: Course B “The Study of Impacts of
Climate Change on Rain-fed Rice Production”
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During 23-29 February 2004, at Ubonratchathani University, 10 scientists from both
government line agencies as well as academic institutes from Lao PDR and Thailand,
namely Environmental Research Institute (STEA), National Agriculture and Forestry
Research Institute (NAFRI), from Lao PDR and Khon Kaen University, Department
of Agriculture, Department of Land Development, Meteorological Department, from
Thailand attended the training workshop under the title “The study of impacts of
climate change on rain-fed rice production”, to work on the use of climate scenarios to
analyze yield of rain-fed rice production by using crop analysis tool developed by
Multiple Cropping Center of Chiang Mai University, Thailand. The workshop was
organized with co-operation from Chiang Mai University and Ubonratchathani
University.

The Pilot Research Exercise

As part of the APN sponsored CAPaBLE Scientific Capacity Building/Enhancement for
Sustainable Development Program CB-01 “Building Capacity of Mekong River Countries to
Assess Impacts from Climate Change — Case Study Approach on Assessment of Community
Vulnerability and Adaptation to Impact of Climate Change on Water Resource and Food
Production”, in the following up to the APN CAPaBLE CB-01 training workshops, the
scientists who participated in these workshops further conducted research exercise using the
tool, data and know-how from the workshop to conduct the research exercise on number of
topics as follows,

e Climate Change Scenario for Thailand

e (Climate Change Scenario for Lao PDR

e Impact of Climate Change on Hydrological Condition in Nam Mun watershed,
Thailand

o Impact of Climate Change on Hydrological Condition in Nam Ngum watershed, Lao
PDR

e Impact of Climate Change on Rain-fed Rice Production in Sawannaket Province:
Analysis of Climate Change Impact on Low-land Rice Production in Lao PDR

o Climate Scenario Verification and Impact on Rain-fed Rice Production in Thailand

o Impact of Climate Change on Rice Production in Tung Kula Field, Thailand

o Impact of Climate Change on Maize, Sugarcane and Cassava Production in N.E.,
Thailand

The research exercise under this CAPaBLE CB-01 program would help these scientists to
enhance their capacity in the studying on climate change and its impact in multiple scales and
various aspects; and also will be available resource to support the future preparation of the
Second National Communication to UNFCCC which will emphasize substantially more on
the impacts of climate change on natural system and human society than its first generation.

The finding results from these pilot research exercises were presented at the synthesis
workshop, which was held at the end of July 2004.
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The Synthesis Workshop

The Synthesis Workshop in Vientiane, Lao PDR on 29-30 July was the conclusion of the
CAPaBLE CB-01. The scientists who had participated in the training workshops and
conducted research exercise using the tool, data and know-how learned from the workshops,
presented their findings and lessons learned from their research exercises. The event was
organized by SEA START RC with co-operation of Science, Technology and Environment
Agency (STEA) of Lao PDR.

The research finding as well as methodology and lesson learned were shared among other
participants from relevant agency who participate in this workshop too.

The result from this capacity building activity may lead to a better understanding on long term
change in water resource and agriculture production due to climate change and adaptation
strategy to impact of climate change can be better preparation to cope with future situation.

The initiative under this CAPaBLE program is by no mean the ultimate study of the impact of
climate change on water resource and agriculture in the countries, but the organizer hope that
it will initiate more studies along this line with more sophisticate climate and hydrological
scenarios. In addition, this capacity building activity would not only initially establish
scientific capacity to number of Thai and Lao scientists, which would help fill the gap for the
future study in the area of global change research, but also has initiated the cooperative
between the scientists, which could become a network of scientific community for the future
cooperation to study the impact of climate change in broader scale for the region. This group
of trained people may also be able to support the future preparation of the next Second
National Communication to UNFCCC which would emphasize substantially more on the
impacts of climate change on natural system and human society than its First generation. r
resource and agriculture in the countries, but the organizer hope that it will initiate more
studies along this line with more sophisticate climate and hydrological scenarios. In addition,
this capacity building activity would not only initially establish scientific capacity to number
of Thai and Lao scientists, which would help fill the gap for the future study in the area of
global change research, but also has initiated the cooperative between the scientists, which
could become a network of scientific community for the future cooperation to study the
impact of climate change in broader scale for the region. This group of trained people may
also be able to support the future preparation of the next Second National Communication to
UNFCCC which would emphasize substantially more on the impacts of climate change on
natural system and human society than its First generation.
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Summary on Climate Change in Lao PDR and Thailand and
Potential Impact on Water Resource

Anond Snidvongs
SEA START RC, Thailand

Wirote Laongmanee
SEA START RC, Thailand

Oulaphone Ongkeo
Dept. of Irrigation, Ministry of Agriculture, Lao PDR

Keophusone Phonhalath
National University of Laos, Lao PDR

Vivarath Sihabouj
National University of Laos, Lao PDR

Boontium Lersupavithnapa
Ubonratchathani University

Abstract

Climate scenarios of this study indicate that the region in general is expected to be slightly
warmer and possibly wetter when the atmospheric CO, is raised to 540 ppm. On average
over the region, the daily maximum temperature would be changing by +0.5 °C. Some
simulated ‘cooling’ effect could be due to more cloud in the region. When the CO, is further
elevated to 720 ppm, most of the region is expected to be significantly warmer by about 1 °C
relative to the baseline period. The nighttime temperature would be more affected especially
during the cool period of the year (Dec-Jan-Feb) and the number of cool days should be
significantly less. Rainfall is also expected to more prominently increase, especially nearer to
the coast.

The climate of the Lao PDR part of the Mekong is expected to be most affected by elevated
atmospheric CO, where the area would be clearly warmer and wetter, especially during the
wet period of the year (March to August). Mean rainfall during the wet period could be up by
over 30% both at 540 and 720 ppm CO,. On the other hand, the Upper Chao Phraya River in
Thailand is expected to be least affected by elevated CO,, where only temperature increase is
clearly seen, but rainfall is expected to only increase during the dry period of the year
(September to February).
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Summary of Potential Impact of Climate
Change on Water Resource

Anond Snidvongs
Southeast Asia START Regional Center
Chulalonglorn University
Wirote Laoungmanee Culaphone Ongkeo
Southeast Asia 3TART Regional Center Irrigation Department
Chulalonglkorn University Ministry of Agriculture
Keophusone Phonhalath Vivarath Sihabouj Boontium Lersupavithnapa
Departrnent of Civil Engineering Departrnent of Irrigation Engin eering Faculty of Agriculture
Mational University of Laos Mational University of Laos Ubon Ratchathand University

CAPaBLE CB-01 Phase I Synthesis Workshop, Vientiane, Lao PDR, 29-30 July 2004

Southeast Asia

START Qutli
utline
Regmnal Centre

*Scenario-based assessments of impact, vulnerability and adaptation
(V&A)

*Conformal Cubic Atmospheric Model (CCAM) as a climate scenario
generator for Southeast Asia

*SEA START RC climate scenario for SE Asia generated by CCAM
*Variable Infiltration Capacity (VIC) Model for hydrological
simulation

sImpacts some some fiture ¢limate scenario on water in Nam Hgum
and Nam Thuen {L.ao PDR) and Chi-Mun Bagins (Thailand)

Southeast Asia
START  Different Types of Climate Change Studies
Reglona[ Centre
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Southeast Asia " "
starT Climate Change is a Slow, Complex and Very

"Regional Centre. Uncertain Process

=At present atmospheric CO, is about 370 ppm and increased by about
2-3 ppm per year

At the increasing rate of 1% per year, atmospheric CO, will be double
in every about 70 years

*No one knows for sure how GHG emission will be in the future,
subjected to several social, economic and political factors

*Besides, there are many other factors in the earth system, that also
control climate, such as the ocean, aerosol, etc., and these factors are
subjected to changes as well

*30 then how can we ‘describe’ the earth climate in the future several
decades from now?

Southeast Asia

START ; :
e e Scenario as a way to describe the ‘Future’
Regional Centre

‘What is scenario?

*Descriptions of future condition that are based on a number of factors
that are internally consistent and put together according to some
scientifically acceptable logics

*Something to compromise between projection and prediction

*May or may not use mathematical models, but mathematical
technique usually has more advantage for generating scenarios gince it
can put together large number of factors and processes in quantitative
way

Southeast Asia 5 4 .
START Why Use CSIRO’s Conformal Cubic Atmospheric

B s Model (CCAM) as Scenario Generator in This Project?

Regional Centre

oIt is a stretched grid regional climate model, and therefore minimizing
“bouncing’ effect at the boundary

*It address both climate change and climate variability

oIt generates daily climate output which is necessary for downstream
modeling of water and crop production, for examples
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Southeast Asia .
& TART CCAM for Southeast Asia
Reg—mnﬂ Eemre

Some Important Features
+18 vertical levels
+Final output domain:
5°-35°N and 92°-110° E
*Qutput rezolution was interpolated to 0.1°
{about 10 km)

Some Selected Outputs

*Daily max, min and avg T (°C)
«Specific humidity (kg'kg)
«Heat flux (W/m?)

*Pressure (hPa)

*Cloud cover (%)

*Rainfall (mm/d})

*Wind speed {m/s} and direction
*Radiation (W/m?)

Southeast Asia
START Statistical Adjustments of CCAM Qutputs
"Regional Centre.

*CCAM output for daily minimum and maximum temperature, and
wind speed are quite satisfactory so no adjustment are needed

Daily rainfall from CCAM can be off by as much as 100% especially
at wet locations along the coast, such as Chantaburi

South i
X Observed and CCAM Min and Max
Reglonal Centre Temperature

Oy 30 B0 90 120 460 430 20 M0 20 20 30 WO

Oy 20 ED 90 120 450 180 210 20 0 0 0 0
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Southeast Asia

i:;n:‘ C‘:ﬂ; Statistical Adjustment of CCAM Rainfall

- ———— — |
*Thailand use 1980-89 as basehne and 33 stations to cahibrate and 6
stations to verify
*Lao PDR use 1983-1992 as baseline and 8 stations to calibrate, no
verification

SoutheastAsia - CCAM Rainfall Output Verification

STAR'T
Regmnal Centre
8000 —r B0 *
w [——raz ot [——rac
& & o] = 5 & o] ==
EE i
55 4000 A 52 4000 A
©ow © o
2000 A ﬁ 2000 1 _—/—-:-_
1 18 35 52 1 18 35 52
Week Week
8000 2 . su00 1%
L&) |——a s o
5 & - = - & o
i EZ
25 4000 A £ 5 4000 A
2 e
M00 1 __,_F 2000 1
1 18 35 52 1 18 35 52
Week Week
Southeast Asia
START START-1 Scenario
Regmna[ Centre
Available Now:

*Lao PDR (LLA) 10 baseline and 20 fiture scenarios
*Thailand (TH) 10 baseline and 20 future scenarios

Will be Available in Future (ongoing adjustment and verification):
*Cambodia
*Viet Nam
sMyanmar
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Southeast Asia

S T/ART IPCC SRES Scenario
Regmnﬂ Eemr:
(a) COz emissions (b) CO2 concentrations
L 1300
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Southeast Asia
START Example of START-1 Scenario (Thailand)
Reglonﬂ Eentre

1.0z Baseline 1980-8%
360ppm | THOA" | THOE | THOC | THOD | THOE® | THOF |THOG |THOH |THOI | THOI®

Rain 10 9 3 7 6 5 4 3 2 1
T-maz 8 3 1 2 7 6 9 5 4 10
T-min 2 7 10 3 4 5 2 9 & 1

1.5z Scenario 2040-49 (A1FT)
540ppra | TH1A™ | THIB | THIC | THID | TH1E" |THIF |THI1G |THIH |[THII |TH1I

Eain 10 9 3 # & 5 4 3 2 1
T-max 4 6 2 5 1 7 ) 8 3 10
T-min o] 3 & 2 & 1 4 8 9 2

2.0z Scenarie 2070-79 (A1FT)

F20ppm | TH2A® | TH2E | TH2C | TH2D | TH2E® | TH2F | TH2G | TH2H | TH2I TH2T*
Rain 10 9 8 7 3 5 4 3 2 1
T-max 3 6 4 8 2 1 10 7 ) 9
T-min 5 4 7 2 10 9 1 [ 2 3
Southeast Asia
START
chlong Eentr:
0 Savanakhet
ko
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Southeast Asi
STA R T Hottest Day Temperature

Regmn: = entre

]128-32
[ 132-36
I 36 - 40
gase Line - 40-44 2X Maximum Temperatue
. 446
Southeast Asia
START
*Regional Centre. Temperature Change
MeX Tem p No. of day Temp =33
S 2% 1 2
Chiang Fai 41.88 43.57 175 B
Chiang Mai 4215 41.58 e 170
Kon Kean 43,08 42.83 149 144
Sakon Nakorn 42.43 41.49 1M1& e
Chainat 4354 42.58 135 Thh
MNakorn Sawan 4322 43.04 it =
Southeast Asia

START Annual Rainfall for Wet Year Baseline and
Regional Cente Rainfall Change in 2 Future Scenarios

Base Line (04) 1.5X(14 - 04) 2X(2d - 0J)

[ | .

-1000-300 50 50 300 1000

Annual Rainfall Wet Year
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Southeast Asia
START, Variable Infiltration Capacity Model

Rzgmnﬁ Eentm
DEM River Mebwork GIS Templates
and Flowy
*Land use/cover
*Elevation
*Soil
*River network

Climate Forcing (from
CCAM)

*Rainfall
*Temperature

*Wind

VIC outputs

*Surface and subsurface
runoff

*Channel flow/discharge
*Soil moisture

Diischarge
Climate

%’"??tgs.'; Simulated Discharge under Diefferent Climate
 — 1y Scenarios

Nam Ngum at Tha Ngon N

e £.|..-' - —r

am Thuen at Kham Keut Chi-Mun at Ubon

o

2000

am — i

S 1500 1

e —
. ANN==] v |
sl

— 720 o

102 3 4 5 & 7 8 85 M0 # 12 12 02 4 8 & 7 3 8 4011 12

Southeast Asia
START,
Reglonﬁ Ecnl'm

Overall Conclusion

*Human and technical capacity to donduct study on climate change
impact on water resource are now available in Lao PDR and
Thailand

*More works needed to be done in each county, including using
more climate scenarios, more locations, etc.

*Baseline dailty meteorological data (e.g. 1980-89) are very critical
for the adjustment of climate model result
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Welcome to Lao PDR

Synthesis Workshop
The Study of Future Climate Change Impact on
Water Resources and Rain-fed rice product
Vientiane Laos 29-30 July 2004

Qulaphone Ongkeo
Deparment of Irrgation
Ministry of Agriculture and Forestry

China
Location
Lat. 13.91°-22.51°
£ Lon. 100.08°- 107.68°
Myanmar (Burna) Vietem
Laos
Area: 236,800 km?
Population: 5,000,000
Thailand
Cambodia
Bru
Mal;
Topography

In Laos, mountains and sloping lands account
for about 80% of the total land area

Digital Elevation Model

[ 1249-415
L | 416-572
0 573-721
722 . 8GR
B 869 - 1018
B 1019-1177
B 17s- 1365
B 1366 - 1632
B 1633 - 2806
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Forest cover

Forest cover has declined from 70%. to 47% over the last
50 yrears azn canse clear cut lowland forest to make
permanent agriculture, shifting cultivation, constructing
reservolr,.

Rainfall from CCAM
+1 to 3% +8 to 12%

Compartison rainfall level between in the region at 1xC02 at present time, 1.9%xC02 and 3xC02 levels in the future

Rainfall from CCAM

+1 to 13% +13 to 24%

Companson rainfall level between in Laos at 1xC 02 at present time, 1.5xC02 and 2xC02 levels in the future
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Observe station

Luangphabang
.
« Xiengkhuang
Xa}‘aboub'-
Phonhong
.
« Vientianc

Savannakhet + *

« Pakse

v ‘
Luangphabang
. o
Sy « Kicngkhuang -
Xayabouly ™ e =
, Phoahoag;

« Vicizne

.
Savamnakher 48

« Pakse

Adjustment Rainfall from CCAM

+1 to 9% +15to 17%

Provincial bnd
Previneial brd

M_CCAM_P_105C02 AdLOCANP 20002

B 736.. 1008

- | 1008 - 1281

:mm_nsg: "-w-ass-
2009 - 2371 2095 - 271 . 2099 - 2371
2371 - 2044 2071 - 2044 2871 - 2044
dd . 218 26442018 2644 - 2018
016 - 3180 2616 - 3232 2016 - 3870

Compatison rainfall level between in Laos at 1xC0O2 at presenttime, 1.5%C02 and 2xC02 levels in the future
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Impact of Climate Change

+1 to 9% +15to17%

I
&1
Provincial bnd 9 Prowncial bnd
Adi_CCAM_P_ 152002 e B Adj_CCAM_P_20xCO2
. 505738 *x 540738
B 738 - 1008 = . E?Sﬂrﬂﬂg
1000 - 1281 =) . | 1009 - 1281
£ 1211584 £ 12w - 1584
1554 - 1826 1554 - 1826
1826 - 2008 Lad = 1828 - 2009
2086 -2371 | 2000 - 2371
2371 2844 23712644
26442016 - 2018
2016 - 3232 2016 - 3670

Comparigon rainfall level between in Laos at 16502 at present time, 1.5xC02 and 2xC02 levels in the future

Maximum temperature from CCAM

+3 to 4%

-1%

Provincial bnd
Provineial bnd Provincial bnd Max. Temp. 2.0xC02
Max Temp. | 0xC02

%, M. Temp. 18502 % o 2495.2697
® 2428-2697 . i e 2697.2867
® 2697-2867 28673016 28.67-30.16

2867-30.16 & 3016-3235 e 30.16-33359
® 3016-3275

Caompatison maximum termperature level between in Laos at 1x502 at present tire, 1.5xC02 and 2xC02
levels in the future

Minimum temperature from CCAM

+4to 9%

Provincial bad
Min Temp, | IxCO2
» 1265-1508

Provincial bid ‘?
Min Temp. 2 0xC02 e
& 13821508

% :g?::“; s 1505-1715
) 1715- 1943 17151943
® DA . 1943-2332 . 1943-2443

Comparison minimum temperature level between in Laos at 16202 at presenttime, 1.5xC02 and 2xC 02
levels in the future
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Wind Speed from CCAM

1% +3 to 4%

e

Comparison wind speed level between in Laos at 1xC02 at presenttime, 1.5:xC032 and 2xC02 levels in the future

The End

Thank you for your attention
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Impact of Climate Change on Rainfed Lowland Rice Production in
Savannakhet Province, Lao PDR

Thavone Inthavong
National Agriculture and Forestry Research Institute, Vientiane, Lao PDR

Attachai Jintrawet
Multiple Cropping Center, Faculty of Agriculture, Chiang Mai University, Thailand

Suppakorn Chinvanno
Southeast Asia START Regional Center, Chulalongkorn University, Thailand

Anond Snidvongs
Southeast Asia START Regional Center, Chulalongkorn University, Thailand

Abstract

This study had an objective to estimate the impact of climate change on rice
production in rainfed lowland rice growing area in Savannakhet Province, which is one of the

six important rice-growing areas in Lao PDR.

The MRB Rice Shell of the CERES-Rice Model was used to simulate the impact of
climate on processes that control growth, physiology and morphology of rice. The rice
variety ‘Tha Dok Kham 1° (TDK1) which was an improved variety widely grown in the area
was used in this study. The model was run for present baseline climate (at 360 ppm CO,) and
at 1.5 times (540 ppm CO,) and at 2 times (720 ppm CO,) to represent some future climate
scenarios. The daily climate from Conformal Cubic Atmospheric Model (CCAM) was
empirically rescaled using the observed data at 8 meteorological stations in Lao PDR using

the Sigmoid Curve Relationship before the adjusted climate were used to drive the rice model.

The results showed that the production of TDKI rice under present climate
(360 ppm CO,) without any uses of fertilizer was between 1,800-5,100 kg/ha. However, the
future climate change driven by elevated CO, under this study had only a very small effect on
rice production as the production at 540 and 720 ppm CO, remained to be 2,000-5,900 and
2,000-5,600 kg/ha, respectively.
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(Impact of climate change on rainfed lowland rice production
in Savannakhet province, Lao PDR)

Thavone Inthavong', A.T.C. Jintrawet?, S.P.K. Chinvanno®, and A.N. Snidvongs”,

! National Agriculture and Forestry Research Institute, Vientiane, Lao PDR
* Multiple Cropping Center, Chiang Mai University, Thailand
* Southeast Asia START Regional Center, Chulalongkorn University

o at %)
U0 (Abstract)

mn%naﬂﬁﬁ@mséﬂwa!‘aamasmTﬁtﬁnLﬁﬂﬁnnsﬁueaﬂnﬂnﬂJnuUﬂ Sz
auﬂuag(uaﬂﬂﬂ@é}ﬁuﬁnmsﬁméﬂmnﬁﬂn‘fuLamﬁijjTaiamﬂjwﬂnmj lungo9ere
nSuyewo S9duiiolu 6 ﬁijjTﬁgﬁgn i fignduesy sUvs.

LUUA%599 MRB Rice Shell CERES-rice Model  Y&finutgiEatunay
moasl;:uf'ﬁtuznsﬁuaajm:UUJmLUgaswﬂuzgummméﬁugsuannﬂndﬂggﬁmaﬁn
dgnaudivto, ﬂ“llJUL]UELUﬂmflﬂﬁﬂU?ﬂﬂéf‘iﬂ EoE QU900 GULH0
(physiological and morphological processes) ESﬂ&UaﬁntgﬂﬂiﬂQEiﬂﬂgl(TDK1)
é‘jtﬁmnaﬁnLéﬂﬁugjﬁﬁﬁugﬁnLgoﬁijjéjﬁﬂa. naugnga tduu tEdumaga g
ﬂﬂUU;]UELUjLZT‘iJJgUESﬂS‘IEJEma nanuoulodoengay (CO,), toundiioldan
CO, ﬁmnﬁnmmo‘fmaawsjﬁn @iatie 360ppm wa &1 CO, WuEy 1.5
wnen ludsduidiu 540ppm o @ugy 2d@fa®u 720ppm Fuaa CO,
rﬁ"mmsﬁmnananLﬁugnTBSQUQQQ. guqanummaﬁmaasm‘tﬁmnu’.uuwgl
299 Conformal Cubic Atmospheric Model (CCAM) tdiinuinatioduiadjust)
ﬁugynq;ummaﬁ‘tﬁﬁmnﬁamn?n 8 asnﬂﬁqq‘]ﬁﬁuﬁnmwg‘]%%uLaarn"“a
Yz Wantfonagazhuedogogaoauatiiu (slope wae Intercept) Toenls
Sudugognaudiofivavy Sigmoid curve relationship gaz tdukigaastwedo
C)"’jzn'ﬂaLgﬂ‘fnmnmmasmmmm{]naUgaswﬂquuaﬂmcﬂnmmﬁo.

Gugognaudnan tosesos Wi iy SaduereSoafianoas widran suua®
asgwﬂﬂ‘fﬁaswﬂuwummm?nLaaﬂw?ﬁnﬁﬁasﬁu CO, wWaify 360ppm Tudiy
g9 Lo YazzrannauniiSdy (NPK=0) tdazeoylidiuga: SuaesSaida
TDK1 ﬁanJnnguci 1800-5100kg, sianﬁnmsé’mgﬂw%‘fﬁa3wﬂquu8ﬂmoﬂ%1“
T CO, diafiu 540 gaw 720ppm ﬁanJm;LUjmmiﬂjﬁmﬁnﬁssJ, £Q) 2000
-5000kg gz 2000-5600kg DaUs A
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1. ®3A (Introduction)

?ﬁﬂﬂujﬁsm5UU8LEOLﬁUﬁijjﬁjgjajmﬂjﬂl‘lﬂﬂﬂjﬂﬁj s, gﬁnasmdﬂj
Lgﬂﬁamﬂﬂﬂﬂmﬁ'ﬁ 1550 ;9 17°10°N Latitude u;amé?:uu;ag 104°40" m=a 106°50°
Lontitude. ﬁﬁnﬁgnLgﬂ‘fmsgnﬂﬁ(mn%’t’ln) Yzuau 103,396ha, cas ﬁnﬁgn
Lgﬂ‘fnasgmagj 20,155ha  (2000). anaﬁnﬁﬁﬁugnsﬁaummmﬂnu’.fuaﬁtu
Eaduboy wsu unaf’umgﬂﬁugj Bu:  suodivgiaosnat-1(TDK-1), Twu
9U-1(PG-1), &£-10(RD-10) gasanaﬁiné‘uj]é"m?manﬁj. selionzwwesy
Gueszdiog/tuasndag 2000-3000kg/ha stmSveauauiu e 3000-5000kg/ha
a%mﬁméﬂmamasguﬁj, selionzwweoyduoss ods subae ﬁﬂ‘ll]UL]lJlIUﬂ
YRS wY 9N 0. vanaanffugydiolitivnatantuegio By Ywuhndy
oy GND9YLHY é’n‘cﬁéﬂjaawLéj’ngTﬁllﬁﬁnmsﬁmgﬂTmaQﬁjﬂ'ﬂa. HPVRETALS)
Eagud Jﬁ'ﬁﬂ?ﬂﬁﬂUsmn 42517610, Tuﬁﬁnmsﬁméﬂeaﬂasgmu%ﬂn Yzlau
336,037 tou (J.M Schiller et al 2000).

aswﬂuagummcﬁagmAaYngaﬁijjasmﬁnnmamaﬂnnsngj‘fﬂLeoﬁtao
WU9INI0 AEZ4- (HuRosswaugueinaodugy, aaﬂugué”nmnmj, QUMY
QBLé}'JgSiOIJTZJ"IEJ‘jﬂd‘i 25 §939(CY). awavgaoaavanlunauivio, gzvounay
UJUI;LUjmﬂj?ajéfﬂjwﬂsmsma36nm3§0283ﬁ023ﬁadﬂj§] c&ﬂnnjaa‘iimﬁg@nﬁn
genzgz@azeaqruaiiuiiu (geno-typic characteristic) vonfivtiolaciayy (Bu:
gumzAL(Tmin Tmax), &9ung(Solar radiation), aztvgsenanvaulodoenis
(CO) rﬁ'ﬁgﬁnﬁnmmm, 8090 &7 08990910 1819500(Sunshine hours) gaie %"ﬂj,
Tnﬁﬁjéﬁ'maj‘t5@811313211118jwsé’jjﬂua%mé’umngaéu CO, Wogruounauy
ez Esg (photosynthethic process) { H.G.S Centeno et al 1995IRRI).
YeSuawvituinaunseaebocondasiiy,  TosszwasuonaswanoaSudn
ESjtamﬁijj Uaﬁmnn%’ﬂnamiﬁﬁ miigensa 170000, Soudivdinasguannag
N9 AN IU9IN ﬁmUUJUI;LUjI;Lc'J 1700-230004. asgﬂmguﬁn diagdoy
W e %ﬂ@@?ﬂﬁﬂmﬁanm (Inthavong.TV et al 2003).

suiiniEag ontrgrsduuusmo  Alisols(AL), Cambisols(CM),
Luvisols{LV), Arenosols{AR), Acrisols(AC), Solonnez{ZN), Solonchak{SC)
Regosols(RG) g5z Fluvisols(FL) (Soil survey and Land classification,1998). Gu
soulnegaziduEaay, ﬂaﬂuqauﬁugnaajﬁum‘%, Foutigneudiobugay,
Zudubu, aaﬂ.lmoaﬂmm‘fnmnﬁm;néﬂnE’)fum‘é], Yelingea pH20 g990usou
TaigﬁnﬂudJnnguci 4.8-6.5.( Mats Olsson).
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ﬂ‘lﬂéﬂa‘lﬁﬁ?‘OUsﬁjLwéLSE]QOE]BLUE‘TUﬂsﬁ]‘UESﬂﬂ‘lUUL]TU&Uﬂasw‘lqu.ljﬁ"l

nao C%ﬁuﬁﬂﬂsgmé‘mﬂﬂ%aﬂ?ﬂLEOﬁjﬂJJﬂTZJ‘IIEJESﬂ&ﬂajasmﬁﬂﬂstﬂﬂwfmﬂﬂgﬁé
tUU2%299 MRB Rice Shell CERES-rice Model togiiinaudiofivaszmnaagdu, &o
GaE YUDNI0. ﬂ“lfUE]"lC]EwLﬂ\tﬁﬂﬁéﬁﬂm‘mﬂﬂtﬁﬂII.UjESjS‘]EJﬂ‘mUSfU\iQaﬁﬁm
12(CO,) ?ﬁﬁ]‘lﬂd‘l?sﬁﬂ“mU;]fUI;LUﬂLZﬁ'.ngZlJTlJS‘lU‘iaC]é'ULﬁﬁjh‘l‘-ﬂ‘lﬂﬂ‘mesmsﬂﬂ
Gomagdrugozamen®, naudiveuansiyn aar nwudlgonasSusamnound
vegaodaye. naveaceswtdnifiossndu 3 Scenario & GuweSoda
Wzswwynoniotuoawssviooniolhas CO, f5usueanaodiafiy
360ppm, BuaeSodatugauadiofienodaga CO, au@ugy 1.5 dig aangaty
Ysaduiiu 540ppm e SugzSadaluguadiofininsasn CO2 se@udy 2
L?ﬁ'ﬁ@ﬂﬂﬁiﬂ?ﬂdsgﬁmﬁn 720ppm.

2. gUenol daw dnau (Material and method).
2.1. ieoioonsEnh gae szuﬁgmgﬂ'fu sUUR.

niusygeolitnonsdniesy  sUYs II..UITU\I:5§j(:]‘l.lm“l1JUL]1JllUjm‘lﬂ5‘]1J
QUABWL, NAUNEIILRoWeEUWVATY, g'agasgswmﬁﬁuﬁwjgﬁlaﬁmﬁumn
aydn (Length of Growing Period -LGP) ga¢ aswﬂumuﬁnnw%wmmm,
Squenoudoy 6 wobood: AEZ1-ozzwwysomionuiidy, Jaoaug
Sumane, a‘nmsqjmmémdﬂ 8 S9zv Tugogdovdogeinnanadouiiva, navda
mjwﬂnmtﬁnssna;]jmﬁs, Lt‘imemﬁﬁaswﬂuwuénmﬂaﬂgén, astiuaoawgy
Wonsa 800u Suids, éagasgsﬁﬁnﬁwﬁaﬁa?}mﬁumnLw%tqm (LGP) ¢ty
aemdag  210-2403v, ﬁnﬁgnLgﬂﬁaﬁﬁn‘cﬁaﬁﬁuﬁwtéﬂnLemﬁaﬂag}maﬂ
898079 Baw (Hosdsluseogmanqufimn.  AEZ2- wowwvyuoanaadugy,
ﬁamugué“n N8, qnmsqjjuamg‘i]ﬁsian‘faiygj]‘fnasmdﬂj & ma 258939, Naw
BanaquaneacSuines g onanmbo s swase odoviieeywonannagmagday
oqSulin cow Leoﬁijjan%'n, LGP glusemday 180 ;19 210 Ju. Zﬁfutq]ﬂtg‘iﬁ
a%ﬁn‘tﬁﬁnﬁgnLgﬂ‘fnuaaj‘igsjsqﬁ 1ENEY LEO?]]AﬂwJﬂOJj%"U. AEZ3- (208090
yuomi0dugy, guSudaunasmamany, guasyugluasndag 8-25 S99, noy
(§ag oniiseogiudinaquannio: wodi@otgduyy, aeagidatly caw
gouiieeaguens@iudy, LGP gluaemong 210-240 S, aﬁ'nﬁgmgﬂsian%g
c&ﬂunsnsﬂnLgaﬁijjaajaaajﬁﬁaﬁtg, aymua%ﬂu%sg. AEZ4- (goge
wwwI9ma0sugy, Jaswsguvsunamanios, sanmsqjmaméi]ﬁ, gou e
N1 25 939, LGP gluaemday 180-2103u, nou@agedsaiuoy, senly
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vzgo ooz Souilieey usoyga@Elu. ailanﬁq:wLéﬂﬁa%ﬁn‘tﬁﬁgwﬁa?}ﬂan,
FLNIVVLLO 08T ?ﬁjZUJﬂ gamuSy. AEZ5- tgoszwiwyuoanaodiy, I
aaﬂugué‘nmmg, Qnmswﬂum%ﬂdﬂ 8§ S99 lugagdovdoseinng na Goviua,
LGP sigqemda 2403y, Wugoyu]y, astivadaugyndii000s. AEZ6-wo

8.

2rwwPUNI08ugu, gunsyu tnunda 268929 nasw@onlud, LGP udunda

a-
L=

18031, NaUEa9WAaNEUIVEN 299029370 EN 9 LgI9SEESy, S

=13

q:nLﬁﬂﬁaﬁﬁn‘tﬁaﬁﬁijj@%Uﬂé'n ooz figu]s@ansdu.
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2.2, augmug{mg‘w‘w%ﬂﬂu sUUa (Rainfed Lowland rice cropping calendar )

asgmug!méﬂmuﬁﬂn "anrﬁa‘wllﬁauﬂné‘%ﬂﬁugdj@wmamﬁﬁn%’wﬁ
Zﬁém‘ll]l;wflsgﬂ, ﬁﬁéajﬁasgamgugn 1T %IJQO, NWATU VL D90 B (D6
GoriannlutdSnauSfinauatuoy Length of growing period (LGP) 299390
999 Bee NAUNsE0, O 1987 & ﬁtg'uﬁ:ugsg LGP giutiuaanoaaiisona
go9uf(Precipitation rate) @iaify eniieasBonmasauoaosauaoss iuaas
(0.5xPET) idigvnazuss. ‘tagsﬁﬁaaﬂugué‘n (Humid period) slutseedigo
oag ougegut tandagoomasauotngauanasiaans (PREC rate > PET rate).
ﬂﬂﬂ%ﬂ%ﬁmﬂﬁﬂ LGP wiumEyrantavsidonagagd diaffomSnieensa iy
29930099908 Ua0a 2lu9ag({ PREC<=5.0PET) taz LGP ga0ingaa
$9028Q08Y Cay %ﬂ@cﬂfuLﬁsaaﬂugué‘nﬁﬁgﬁnﬁumﬁssmdﬂ 100LL.

gjﬁ]‘l.ljz‘?l,ajassjsLaaﬂﬁﬁﬂél/wtljtﬂtléjﬁﬂaﬁ asganntéﬂmnﬁaﬂmﬁamn
wanesemo siuEubutusendageafion 11 na 9901 &luszmdagnag
2991091 Jua n9 nagdoudioszwa. %ﬂﬁtéﬂtg‘iﬁ%b(]um‘iu&ﬁwl;l;.lJ'flJéléSﬂ Bu:
ﬁijanueajﬁﬁaﬁ‘cg asgmmw%wwnﬁuﬁn‘m (99f0di11) waedudity
nosdutdSvYeduauuitugs, ﬁuﬁgméﬂ?mamﬁjwﬁﬁmén Na9GuRO0A
Suin Lﬁﬂﬂ?ﬂﬁgﬁdsﬁmnmnasLzﬁ'gswa;jj(PotentiaI Evapo transpiration)
tugognagidouwsn tas S]ngm‘lfuLwﬂsgﬂ&ﬂﬂé‘lﬂd‘lwﬂﬂgﬂﬂ( T e ils il
18 m19 19). ffnﬁgnLéﬂ‘fmaorﬁjwﬁasmﬁnnmaa ISAEY mAijanLamwﬂanﬁs
naghonaSudn wudulueafiolt 15 ma 17. YeSvaunaunsaaseaqudidy 4
zna;om‘é]ﬁj tugafiali 40 (ﬁmﬁanqm) IENEY asgmngmgﬂmn%'ﬂn(asgmﬁ)
éan?ﬁgqsgnquUSQﬁaﬁ 42 (hagidangas). éanﬁnﬁgn@ﬂmemmmmﬁs
?J]‘lﬂ?ll“mm‘iLﬁlJSSﬂa;]ﬂLmﬁS éOﬂQBSBLOQQESﬂHQULﬂMBQHlIﬂIEJ“lOﬁatﬁﬂgﬂ‘j
ﬁjﬁﬁéﬁﬂ@ﬂms@u ‘tc“iﬁmnU:quu’.Ujmagomélﬁj‘fnéagﬁwLasmgm, Ui Uaunay
ardonioy uay amugué‘n%j.
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F1g.2. %Uﬁ]% BRE 1T TUEINIEIE L UED R Ee) D8 TEDR %B;}E']"]U%JE’] FEA1M1 ﬁan .

3. guu9va99 MRB Rice Shell CERES-rice Model.

MRB Rice Shell CERES-tice Model Yafinusigdalunauaanas wdunsdiv
Eﬁjﬂ"lﬂtl]ll&Uj@swﬂquuﬁﬂﬂﬂaé]ﬁuﬁﬂmsﬁaLg“l(tllLEQ?ﬁjﬂJJj%sZJ‘IﬁUU%LQQ, Jo
Tadisrgiuiitaualgda tuarons wBuees oByiaot Gun:

3.1. OU s @ué’nauuugajﬁuTuneomAijjeajmeagaemﬁuue:eo.
@uﬁnaanwﬂjﬁmg—mﬁamanvsmeciﬂjt]néfu: aoauEnea9gudu (soil
depth), dio&u(soil texture), %2993UE307(%O0M), Bngmaunan NPK, Juiif
Se2990u(pH20) waw 5"’11'3 tofnuaEatuguuatagg(model) Toourlg Soil
data tool (Shuild) @0 DSSAT. Uﬂj@ﬂﬁﬂasﬂsﬂﬁﬂaﬂtéﬂ: Se990u, nuazUay
v#, nauBinacacos tudy aﬂnﬁjﬁﬁnﬁguqnwpaﬁ, ud@nﬁnasns%gﬁﬂa%iﬁtﬁn
ﬁnnsﬁu§nu’.sﬂ@]ﬁuﬁineaﬂmuaﬂaasm‘fmeaﬁﬂmg.
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3.2. guodiucda (Rice Varieties)
uuaﬁmé%ﬁoana?}-uTDKn é‘jtﬁnunaz"umgﬂﬁUQj, Lﬁﬂtg"lﬂ‘IUJD,
Do9guci135-1 405u(t€anas), sonn, leéﬂaqﬂUﬂUﬂﬂﬂasmdﬂj 95-110 B98ulio,

Tustindennovgsnueigutuioscu(N) g9, eas Jaowivnwdianwssio
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3.3, §JJHZ}UJJJ8‘13’]‘IO ( Climate Data)
gumnwmummaﬁaﬁﬁnﬁn%‘fénéﬂTnc&uuﬁasg‘t511.31': Yeduauuithu (rain-
fally, @Umsmﬂum%@@-%j@ﬂ {(min. and max. temperature), &sg ﬁ)’ﬂé"u’.aﬂ ( Solar
Radiation). gynéjﬁﬂa\tﬁaﬂnmaﬂsmwﬂ Conformal Cubic Atmospheric
Model(CCAM) a%mé’uwﬂummm?nféjLEQmEmLﬁfussznajﬂa, fifeeua0s99
Grid cell @afi 60km x 60km. gynﬁﬂﬁﬂa‘cﬁﬁnmmﬁaﬁu (down scale)
Uidezuoeey Grid cell @=fiy 10km x 10km Towuatsgyvyuanaoeasiy
fitioF9iitainay dunaSosan Godifutugosd 1980-1999 £99 8 SENRMETH N
ﬁnmwgﬁnaamamﬁamma, WontfionasmstwzSogamaudiofiu  (slope
gaE intercept) navaiuautdSyoaududivesnaviiofivauy  Sigmoid curve
relationship gse Eiﬂaglwsé’aﬁjn'ﬂa‘tSﬁnn‘@]‘fétgﬂTumnaﬂaasmmﬂmm{]ﬂu.Uj
g99asuwyU9 a0 Wwoawziueazequaiio. nweroazwidniliooonidy
3 Scenario & ﬁfumsé’c)Léﬂ?ﬂaswﬂquumma‘fmamUsjﬁﬂ?ggn%ﬁa‘fﬁﬁiﬂ
CO, #iludugananidiafiy 360ppm, Sugzsowatugauadofienodann CO,

gy 1.5 @i wnanluysadudy 540ppm gas Guasdoalueauadion
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ga95 01"
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DIoeang2. Inseuseanavdjucdy CO; fimandrsdviunsfivniiviuasdoga
Tueodign jgmeaduneen.

Scenario ﬁ)’nansesjmfuuju LU9CO, BiTutueanae
1 gewrvyusanodsqdiu. CO, Tuduganan turosadsgdiu@infiu 360ppm
o o A ' L '
2 FEUNYUDNI0NUE CO, ey 1.5 wesman COs mﬁ‘fud&ﬂ@uu

(1.5xCOy) cinFiy 540ppm.

o P - A ' L
3 FEUNYUDNI0NUE COs uey 2 wovmnan COs mﬁ?md&ﬁ;ﬁm
|
(2xCC,) @nnfin 720ppm .

4.8UM16%0 gaw 399U (Results and Discussion)
4.1. BURSEU(Results)

Sugomnaudnaa tosesoy Wi diudedueeS odafianoazwtdaansouay
699 MRB Rice Shell CERES-rice Model angldzswavynoanin tuoaqdzqdy
fiflastiv CO, Winify 360ppm ituersSog twasnsas 1800-5100kg/ha, selio
newavggsfuosSodagonlne asfioansda 2000kg/ha, noudadiudivenay
46.76% Eajﬁnﬁgﬂngﬂﬁjmﬁm, ﬁnﬁg?ﬁasﬁmmswﬂugﬁnasmdﬂj 2000-
3000kg JUzuau 24,83%, siauﬁnﬁg?ﬁasﬁmmswﬂummgndﬂ 3000kg ﬁijl;l;ci
0.14%. ﬁﬂUJumJUgj3ﬁ0m3wﬂ028jﬁnm§m§ﬂﬁmQastmﬂnu’.um‘zlaaj fo
azlonzwwes slvasborniofionsyluologigyd eo9lamau Lao-IRRI
g 2000 Lﬁndﬂﬁaaw‘iﬁaﬁﬁnﬁ sefonewiwggsduazdoregluaznoag
3000kg Eutiia. ﬁneaﬂmn%ﬂaﬂ‘c6gjsmﬁzﬁtﬁnﬁﬂsqa] Fig.6 é’ﬂﬂa_juﬁ':
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4. sV (Conclusion)
E"maajﬂﬂnénaﬂﬁﬁnmﬁuemmnt{]uaujaswﬂuwummméﬁuﬁnmsﬁa

LE"]?U"]?U"IE]IJTIJLEC]?J]ﬂZUJﬂTZJ‘I828?&23?3”2)131]1]%20LZJ‘I?UZ)"] selionzwavgo9iiv
aediomedivguisastives) CO, Jaygdivgusan 360ppm iy 540ppm
(1.5xCOy). aﬂmesmwsjm@ﬂnﬁa‘hmjmmgummmw.uemﬁ:umnm. 95
ua98i 18 tunaug ez sa9e99@o( Photosynthethic active radiation-PAR) 990
Dmaaefy, awousSotusilusqsoosansiody, gogmvezoaaditulisimsy
mngmgﬂ 08 YeSuauvidusaoinaasdy, JolafigndomSatieaodiuGente
zﬁ“tmmaéﬁ‘uaﬁmé’umngn Eauauify. soifigoualonay, Wossbusay CO, man
Wuguidy 720ppm(2xCO,) BugonaudnaatdozsoWidiudaseionzwaggg
ﬁnmsﬁmgﬂuﬂnﬁana?ﬁuﬁoﬁj ﬂ‘lfl]thfUII.UﬂESﬂaUEU‘iUﬂJ.US‘m‘lO?ﬂmeﬂD‘l
aoaude nau9aoiBuaamoiis sdun s Gio suodudaderiao.
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Impacts of Climate Change on Rice Production in Kula Ronghai
Field

Vichien Kerdsuk
Research and Development Institute, Khon Kaen University, Thailand

Sahaschai Kongton
Land Development Department, Ministry of Agriculture and Cooperatives, Thailand

Attachai Jintrawet
Multiple Cropping Center, Faculty of Agriculture, Chiang Mai University, Thailand

Abstract

The objectives of this study are 1) to pilot study the potential of climate
change impacts on KDML105 rice 2) to study adaptation of rice farmer to climate
change situations and 3) to propose the short and long term policy for rice production
in Tung Kula field. The study uses MRB-Rice shell, which link the CERES-Rice
model V4.0 and spatial databases. We use simulated weather data from the CCAM
climate model, which cover three periods (year 1980-89, 2040-49 and 2066-75). The
simulation setting are as follows; growing KDML105 rice on Junel by direct seeding
method and set CO; concentration at 1.5, 2.0 times of normal year (year 1980-89 ) in
the year 2040-49 and year 2066-75 simultaneously.

The results shown that climate change have positive impact on KDML105 rice
yield in Tung Kula field in the future. The rice yield is higher under climate condition
at CO, when CO; increase to 1.5 time and 2 times, with little deviation from year to
year under each period. The comparison of simulation result in cultivating KDML105
rice by having planting date changed from 1 June to 15 May shows that KDML105
rice yield is significantly reduced.

The recommend from this study are: 1) the government have to the master
plan to improve KDML105 rice variety to a suitable for Tung Kula field. 2) It has
work plan for protecting the area from flood. And 3) Studying a suitable of planting

methods and managements for KDML105 rice in the future.
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Climate Scenario Verification
and Impact on Rain-fed Rice Production

Chitnucha Buddhaboon
Prachin Buri Rice Research Center, Bansang, Prachin Buri, Thailand

Sahasachai Kongton
Land Development Department, Ministry of Agriculture and Cooperatives, Thailand

Attachai Jintrawet
Multiple Cropping Center, Faculty of Agriculture, Chiang Mai University, Thailand

ABSTRACT

Three selected provinces for conducting the research to verify climate scenarios and
its’ potential impact on rain-fed rice production were Chiang Rai, Sakonnakorn and Sakaeo
province. They were located at high, medium and low latitude along Maekong River Basin
(MRB), Thailand. Climate data were separately generated to be three scenarios by the
Conformal Cubic Atmospheric Model (CCAM) under governing of SEA START RC
(Southeast Asia START Regional Center), base year line (1xCO,, 1980-1989), 1.5xCO,
(2040-2049), and 2.0xCO, (2066-2075). While the observed weather data were recorded and
provided by the Department of Meteorology. Simulated and observed weather data of each
location were compared and were used to run simulation model for assessment their impacts
on rice production. Yield of KDMLI105 rice variety was simulated by MRB-rice shell.
Weather comparisons found that the observed annual rain fall tended to be slightly higher
than simulated value. The agreements between observed and simulated value of minimum and
maximum temperature were good. The seasonal pattern of the temperature was also good
agreement. Simulated rice yields on the best year line were not significant difference to
observed yields. The agreement between simulated and recorded rice yields was good.
Simulated rice yields under three climate scenarios were not significant difference. Even
though, the average rice yields of 2.0 CO, scenarios tended to be slightly increased, compared
to other two scenarios, but it was also higher standard deviation. Over three locations of 1.0,
1.5 and 2.0 CO; scenarios, the average rice yields were 2522 (+216), 2552 (+270) and 2836
(+540) kg ha™, respectively. In addition, dry, medium and wet year scenarios did not affect on

rice yields.
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Introduction

Over the last century, both industrial and agricultural sectors were rapidly developed
to meet world population consumption demand. One of by products of those anthropogenic
activities was green house gases (GHGs). They contributed rising the global temperature
(Matthew et al, 1995). Global climate phenomenon was changing due mainly to those GHGs,
especially CO, concentration. It has been increasing at the rate of about 1.5 ppm year”
(Keeling et al, 1984).

Climate is an important factor affecting on agricultural sector. They ultimately affect
on every day lively hood of human. Preparation for the future, weather generator can be used
to simulate future climate of our planet base on recent anthropogenic activities and base on
possibility way to be occurred. Another recent advantage technology is crop model. It can be
used to simulate the growth and yield of plant under given necessary inputs, soil properties,
weather data, genetic coefficient of target plant, and management of plant cultivation further
developing a decision.

Agricultural sector as well as security in food supply for world populations is partly
affected by risk and uncertainty of weather behavior (Semenov and Jamieson, 2000). The
validated crop simulation models and stochastic weather generator are becoming an integral
part of a decision making system. For example, DSSAT is a tool for a risk assessment in a
crop production and developing a decision support system (Tsuji et al, 1998).

From Chiang Rai province in the north to Sakaeo province in the east region of
Thailand is an area of MRB. Most of the peoples in the area are rice growers. They produce
rice for their consumption and sell the exceed product for their expenses in every day lively
hood. The question is that, what would be happen on their product, if the climate would be
changed in the future. Yield predictions under a large uncertainty of future weather have to be
derived not in terms of point predictions, but in terms of probability distribution of yields. For
example, the next season rice yield of an area will be 4 ton hectare™ and a standard deviation
of 0.5 ton hectare™. Stochastic weather generators and crop simulation models offer a way
deriving such a probabilistic distributions (Semenov and Jamieson, 2000).

Three provinces along MRB were selected as the representative of low, medium and
high latitude of rice production area for conducting the research. The Climate Scenario
Verification and Impact on Rain-fed Rice Production was conducted for, (1) analyzing and
checking similarity of simulated and observed weather data, (2) simulating rice yields of
study areas on the base line year and verify against actual yields, (3) simulating rice yields of
the study area on the future climate scenarios and (4) summarize the impact of climate change
on rice production under given scenarios.

Sites selection

Three provinces of Thailand located along the MRB were selected (Figure 1). They are:

1. Chiang Rai province, the total area is 1,151,837 hectares. Agricultural activity covers
area of 359,271 hectares with a proportion of rice field of 180,490 hectares. The
average yield of 2,800 kg ha”(Center for Agricultural Information, 2000). Weather
station coordinate to observe weather data of the province is located at 99.80° E and
19.96° N. The simulated weather data set to be a representative of that coordinates to
compare with the observed data is the generated weather of the grid number 2260 of
the CCAM.

2. Sakonnakorn province, total area is 931,795 hectares. The activity of agriculture
covers area of 374,415 hectares. The rice field proportion is 317,317 hectares with the
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averaged yield of 2,263 kg ha™ (Center for Agricultural Information, 2000). Weather
station coordinate to observe weather data was located at 104.13° E and 17.15° N.
While the grid number of generated weather data to compare with the observed value
is the data set of the grid number 3384.

3. Sakaeo province, area of the province was 719,514 hectares. Agricultural activities
cover area of 310,276 hectares. It is partly covered by 131,959 hectares of paddy field
(Center for Agricultural Information, 2000). The productivity of rice field is 1,844 kg
ha™'. The coordinate of weather station to observe weather data is located at 102.58° E
and 13.70° N, which covered by the grid number of 5436 of simulated weather data
generated by CCAM.

[ ] Thailand

Research sites

[ ] Chiang Rai

[ Sakonnakorn

[ | Sakaeo

Maekong River Basin

300 0 300 600 Kilometers
e

Figure 1. Maekong River Basin, map of Thailand and selected sites of the research in the
basin

Data collections

Input data sets to simulate rice yields were soil data, weather data, crop management
techniques and genetic coefficient of specific rice variety. Soil chemical and physical
characteristics were provided by Department of Land Development, Ministry of Agriculture
and Cooperative. They were the soil characteristics of paddy field in Thailand, and updated
by a group of soil experts. Soil file was show in the attached appendix.

There were two sources of weather data to be compared. The first source is observed
weather data. It was provided by the Department of Meteorology. The data sets of three
selected provinces for conducting the research were recorded during the year of 1980 to 1989,
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except Sakonnakorn province there was no 1980 data set to be provided. The second source of
simulated weather data set was provided by SEA START RC. CCAM was run to generate
data set. It was separated to be three scenarios. Those scenarios were 1.0xCO, (CO; 360 ppm
of carbon dioxide) base year line scenario, 1.5xCO, (CO; 540 ppm) and 2.0xCO, (CO; 720
ppm). They were determined to occur during 1980-1989, 2040-2049 and 2066-2075,
respectively.

The detail of crop managements was determined by File X. It was a specific format for
running the DSSAT model. A set of common cultural practice of the present recommendation
for rice production of Rice Research Institute, Department of Agricultural, Ministry of
Agriculture & Co-operatives was applied. Crop managements comprised of crop cultivars,
planting field, initial condition of the field before planting, planting detail (method and plat
density), water management, and both organic and inorganic fertilizer application. The model
allows user to modify the environment e.g. solar radiation, maximum/minimum temperature,
and amount of rain fall. Beside weather data of three scenarios, the concentrations of CO,
have to be modified depending on climate scenario before running MRB rice shell.

Rice genetic coefficient is consisted of development coefficients and growth
coefficients. Development coefficients determine rice basic vegetative phase, critical
photoperiod affecting on panicle initiation, lag phase during the highest of rice plant tillering
to panicle initiation and grain filling period. Growth coefficients are potential spikelet per
main culm at anthesis stage, potential single grain weight, tillering ability compared with IR
64 and temperature tolerance. These coefficients were experimented and were calculated by
rice researcher and rice modeler. The examples of four mentioned input data sets were shown
in the appendices.

Materials and Methods

Materials

1. A computer set;
System: Microsoft XP Professional V.2002
Processor: Intel Pentium M 1.4GHz
RAM: 256 MB
Hard Drive: 40 GB

2. MRB Rice shell

3. Program crop model DSSAT v.4

4. ArcView progam

Methods

Collected data sets were reformatted in to suitable form and allocated before running
model. Simulated and observed weather data sets were compared to check similarity.
Maximum/minimum temperatures were calculated to find a mean value and its’ standard
deviation. Line graph of maximum/minimum temperatures of simulated and observed weather
data were plotted to see similarity of seasonal pattern. There was no observed solar radiation.
It was calculated from sun shine hours and maximum/minimum temperature.  So that solar
radiation comparison was not made.

The observed weather data of base year line (CO;, 360 ppm) collected during 1980 to
1989 were used to simulate rice yields to compare with simulated rice yields under generated
weather data from the CCAM. The observed weather data were collected from the weather
station with in the selected provinces. For unbiased comparisons, the recorded weather data
set from a weather station was compared with a generated weather data set at a weather grid
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area (10x10 km) covering that station. The weather data, soil properties, rice genetic
coefficient and rice area within the selected grid were input to simulate the rice yields for
making comparisons (Table 1). Beside simulated rice yields of selected grid comparisons, the
simulated rice yields under simulated weather data and recorded yields over all rice area of
the province in the same period were also compared. KDML105 rice variety was a
representative of rice cultivar in three selected provinces. It was a weakly photo sensitive
variety. Harvesting date varies from 10 to 30 November depending on plating date and
latitude of paddy field. Transplanting method was a common planting technique with a
spacing of 20 x 20 centimeter and 3 plants per hill. Ammonium sulphate was broadcasted on
flooded field at the rate of 38 kilogram of nitrogen per hectare. Fertilizer application was
made two times, during tillering period. Rice plant was cultivated under rain-fed condition.

Table 1. Coordinate of weather stations, grid number of weather data from the CCAM, which
covers the weather stations and number of soil group in paddy field covered by the weather

grid
Weather station Co ordinate WSTA code | Soil | Soil series
E N (CCAM) | group
Chiang Rai 99.88 19.96 2260 5 Hang dong(Hd)
Sakonnakorn 104.13 17.15 3384 17 Roi et (Re)
Arunyapratate (Sakaeo) 102.58 13.70 5436 17 Roi et (Re)

Source: Data from CCAM weather grid and soil group map of Department of Land
Development and Department of Meteorology

Future climate scenarios were generated by the CCAM weather generator base on the
existing climate of the past decade (1980-89) and recent anthropogenic activities. Extreme
anthropogenic activities of world populations were reasonable to generate the extreme
phenomenon, one and a half time of CO, concentration of the base year line (540 ppm), and
two times of CO, concentration of the base year line (720 ppm). Two future scenarios were
expected to occur in 2040-2049 and 2066-2075, respectively.

Rice yields under dry year, medium year and wet year of each scenario were
simulated to compare the impact of those scenarios. Precipitation was a criterion to separate
dry year, medium year and wet year. Less amount of precipitation refer to dry year, medium
year and wet year for more rain, respectively.

Results and discussions

The results of the research were separately explained for four parts. The first part
showed simulation and observed weather data comparisons. Precipitation characteristics
comprising of amount of rainfall, maximum rainfall per day, and numbers of rain fall days
were compared. Maximum/minimum temperatures pattern were also compared to see
seasonal pattern similarity. The second part was rice yields comparison. Simulated rice yields
under generated weather data from CCAM and under observed weather data on base year line
were compared. More over, simulated rice yields over the rice areas of the province were also
compared with the recorded yields. The third part was simulated rice yields under future
climate scenarios to evaluate the impact of climate scenarios on rain-fed rice production. The
fourth part was the effect of the selected dry year, medium year and wet year on rice yields.
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Simulated and observed weather data comparisons

Chiang Rai weather data comparisons

Annual rain fall, maximum rain fall per day and average temperature was not
significant difference between simulated and observed weather data. The agreement of
seasonal pattern of temperature was good (Figure 2). Average of annual rain fall, maximum
rain fall per day (Figure 5) and average temperature of simulation (Figure 4) were 1,413 (+74)
mm, 63 (+12) mm and 24.4 (+0.6) °C, compared with 1,648 (+23) mm, 102 (+33) mm and
24.7 (+0.2) °C of observation, respectively. Number of rain fall day per year of observation
weather data (140 +8 days) was higher than simulation data (115 +8 days). Consideration of
maximum/minimum temperature, the gap between maximum and minimum temperature of
simulation (32.0 +0.8 - 16.7 +0.5 °C) was greater than observation (30.7 +0.3 - 18.8 +0.2 °C).
However, average temperature was not significant difference between simulated and observed
weather data.

There was a good agreement of observation and simulation weather data in term of
annual precipitation and daily temperature pattern (Figure 6). But in terms of precipitation
distributions (Figure 3) and the gap of maximum and minimum of air temperature would be a
little readjusted for more accurate generation scenario.

Temperature (°C)
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1 31 61 91 121 151 181 211 241 271 301 331 361
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Figure 2. Seasonal pattern of observed and simulated minimum/maximum temperature
comparison of Chiang Rai province, 1981 (TMAXOB = maximum
temperature of observation, TMINOB = minimum temperature of
observation, TMAXSI = maximum temperature of simulation, TMINSI =
minimum temperature of simulation)
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Figure 3. Simulated and observed amount of monthly rain fall comparisons of Chiang
Rai province, 1981 (RainOB = observation rain fall RainSI = Simulation

rain fall)
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Figure 4. Minimum/minimum and average temperature of observation and simulation
weather data comparison of Chiang Rai, 1981 ( I = standard deviation)
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Figure 5. Annual rain fall, maximum of rain fall per day and number of rain fall day
per year of observation and simulation comparison of Chiang Rai province,
1981 (I = standard deviation)
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Figure 6. Comparisons of observed and simulated weather data of Chiang Rai province during

1980-1989, A = maximum temperature, B = minimum temperature C = annual rain
fall and D = number of rain fall day per year.
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Sakonnakorn weather data comparisons

There was no significant difference of annual rain fall, maximum rain fall per day
(Figure 10), maximum/minimum and average temperature of simulated and observed weather
data (Figure 9). The agreement of seasonal pattern of temperature was good (Figure 7). Even
the average ten years of annual rain fall of observation (1,576 mm) was higher than
simulation in term of average value, but standard deviation (286) of which was high, so that
there was no significant difference. Same as Chiang Rai province, there was a significant
difference of the number of rain fall day per year. The average ten year of rain fall day of
simulation was 89 (+9) days per year compared with 130 (+10) days of observation. The over
all agreement of weather data between simulation and observation was good, both quantity
and seasonal pattern (Figure 11), except the distribution of precipitation (Figure 8).
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Figure 7. Seasonal pattern of observed and simulated minimum/maximum temperature
comparisons of Sakonnakorn province, 1981 (TMAXOB = maximum
temperature of observation, TMINOB = minimum temperature of
observation, TMAXSI = maximum temperature of simulation, TMINSI =
minimum temperature of simulation)
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Figure 8. Simulated and observed amount of monthly rain fall comparisons of
Sakonnakorn province, 1981 (RainOB = observation rain fall, RainSI =
Simulation rain fall)
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Figure 9. Maximum/minimum and average temperature of observation and simulation
weather data comparison of Sakonnakorn province, 1981 ( I = standard

deviation)
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Figure 10. Annual rain fall, maximum of rain fall per day and number of rain fall day per
year of observation and simulation comparison of Sakonnakorn province, 1981
(I = standard deviation)
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Figure 11. Comparisons of observed and simulated weather data of Sakonnakorn province
during 1980-1989, A = maximum temperature, B = minimum temperature C =
annual rain fall and D = number of rain fall day

Sakaeo weather data comparison

The agreement of seasonal pattern of temperature was good (Figure 12). The annual
rail fall and the number of rain fall day per year was not significant difference between
simulation and observation data (Figure 15). Maximum rain fall per day of observation was
84 (+20), which was higher than 48 (+14) of simulation (Figure 15). The maximum/minimum
and average temperature of observations were 33.4 (+0.3), 23.3 (+0.2) and 28.3 (+0.3) °C,
which were higher than 31.9 (+0.6), 20.6 (+0.3) and 26.2 (+0.5) °C of simulation, respectively
(Figure 14). The agreement of precipitation pattern of simulation and observation was good,
in term of rain fall distribution compared with the other two provinces (Figure 13). The over
all agreement of weather data between simulation and observation was good (Figure 16).
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Figure 12. Seasonal pattern of observed and simulated minimum/maximum
temperature comparisons of Sakaeo province, 1981 (TMAXOB = maximum
temperature of observation, TMINOB = minimum temperature of
observation, TMAXSI = maximum temperature of simulation, TMINSI =
minimum temperature of simulation)
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Figure 13. Simulated and observed amount of monthly rain fall comparisons of Sakaeo
province, 1981 (RainOB = observation rain fall, RainSI = Simulation rain
fall)
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Figure 14. Maximum/minimum and average temperature of observation and
simulation weather data comparison of Sakaeo province, 1981 ( I = standard

deviation)
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Figure 15. Annual rain fall, maximum of rain fall per day and number of rain fall day
per year of observation and simulation comparison of Sakonnakorn
province, 1981 (I = standard deviation)
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Figure 16. Comparisons of observed and simulated weather data of Sakaeo province during
1980-1989, A = maximum temperature, B = minimum temperature C = annual
rain fall and D = number of rain fall day

Rice yields on the base year line

Comparison of simulated rice yields under generated and under observed weather data
of the base year line was not significant difference (Figure 17). The rice yields under
simulated weather data were 2,984 (£195), 1829 (+77) and 1,956 (+241) kg ha™! compared
with 2,984 (+195), 1,871 (+156) and 1906 (+39) kg ha™ under observation weather data of
Chiang Rai, Sakonnakorn and Sakaeo province, respectively. Beside the effect of soil fertility,
there is a tendency for rice yield to be higher at higher latitudes (Mathews et al., 1995).
Comparison of simulated rice yield under generated weather data with recorded yield (of
Office of Agricultural and Economic) found that recorded yield at Chiang Rai was slightly
higher than simulated yield. Vice versa, simulated yields under observed weather data were
slightly higher than recorded yield at Sakonnakorn and Sakaeo province. How ever, over all
agreement between recorded and simulated yield was good (Figure 18).

64
Chinvanno, S. and Snidvongs, A. (eds.) 2005. The Study of Future Climate Changes Impact on Water Resource
and Rain-fed Agriculture Production.
Southeast Asia START Regional Center Technical Report No. 13



Rice yield (kg ha™)

4000
O Average M Maximum [ Minimum
[= .
3000 - Standard deviation
2000 -
1000 -
o L
Obs Sim Obs Sim Obs Sim
Chiag Rai Sakonnakorn Sakaeo

Figure 17. Comparison of simulated rice yields under observation and generated
weather data on base year line (1981-89) of Chiang Rai, Sakonnakorn and
Sakaeo province
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Figure 18. Comparisons of recorded rice yields and simulated rice yield under generated
weather data from CCAM weather generator over all rice area of the province, A =
Chiang Rai, B = Sakonnakorn and C = Sakaeo province.
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Rice yields on the future climate scenarios

The research found that the rice yields were not significant difference between the 1.0
CO; (base year line), 1.5 CO; and 2.0 CO, scenarios of over three locations, Chiang Rai,
Sakonnakorn and Sakaeo province (Figure 19). The base line year of Chiang Rai gave
simulated rice yield of 2,768 (+394) kg ha™!, while the rice yield under 1.5 CO, and 2.0 CO,
scenarios were 2,844 (+517) and 3,455 (+986) kg ha™ (Figure 20-22), respectively. How ever,
the average rice yield of Chiang Rai tended to be increased due to CO, concentration
(Matthews et al., 1995).  Simulated rice yields under three CO; scenarios of Sakonnakorn
were 2,363 (+540), 2,311 (+508) and 2,433 (+797) kg ha' (Figure 23-25), where as simulated
rice yields of Sakaeo province were 2,435 (+£869), 2,500 (+783) and 2,619 (+970) kg ha'l,
respectively (Figure 26-28).
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Figure 19. Simulated rice yields under three scenarios of three provinces

Effect of dry, medium and wet year

Effect of dry, medium and wet years of each scenario on three locations was
quantified. The research found that the dry, medium and wet year selected from generated
scenarios did not affect on rice yields. The average yields over three scenarios of three
provinces were 2,609, 2,655 and 2,651 kg ha with the average standard deviation of 739,
756 and 856 kg ha of the dry, the medium and the wet year, respectively. Consideration of
CO; concentration, it tended to increase on rice yield the research found that the average rice
yields over three provinces were 2,534, 2,568 and 2,814 kg ha'! of 1.0, 1.5 and 2.0 CO,,
respectively. How ever, standard deviations were also high. There was a research found that
doubling of CO; could increase yield by 34% for ORIZA1 and 21% for SIMRIW model
(Matthews et al., 1995).
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Table 2. Simulated rice yields under selected dry, medium and wet year of three scenarios in
Chiang Rai, Sakonnakorn and Sakaeo province

Locations Scenarios Selected years
Dry Medium Wet
Yield | SD Yield [ SD Yield [ SD
— kgha' | kgha' — | kgha'
Chiang Rai 1.0CO, 2685 537 2340 399 2781 638
1.5CO, 2834 480 2678 480 2700 574
2.0CO, 2553 875 3402 1104 3248 975
Sakonnakorn 1.0CO, 2544 557 2459 591 2635 1083
1.5CO, 2644 887 2257 617 2355 842
2.0CO, 2615 1137 2771 1400 2812 1384
Sakaeo 1.0CO, 2421 732 2481 743 2456 720
1.5CO, 2657 623 2633 671 2360 681
2.0CO, 2527 823 2878 796 2516 803

In addition, rice yields were simulated under 1,264 mm of annual rain fall, 33.4 °C
and 21.7 °C of average maximum/minimum temperature of driest year, compared with rice
yields under 1,547 mm of precipitation, 32.4 °C and 21.5 °C of average maximum/minimum
temperature of wettest year of Sakaeo province. There was no significant difference between
two simulated yields, 2,593 (+1,037) kg ha™ for wet year and 2,595 (+1,043) kg ha™ for dry
year. Considering of precipitation amount during rice growing period, there was 925 mm for
wet year and 1,043 mm for dry year. It indicated that the distribution and amount of rain fall
during growing period was more significant than the total amount of rain fall.

Conclusions

The research found that overall agreement between simulated and observed weather
data was good in terns of seasonal pattern. Distribution of rain fall (the number of rain fall day
per year) and the amount of rainfall in some area has to be a little readjusted.

There was not significant difference between rice yields under simulated and observed
weather data on the best year line. There was a good agreement between recorded rice yields
and simulated rice yield under generated weather data from the CCAM. The rice yields under
three scenarios 1.0, 1.5 and 2.0 CO, were not significant difference, how ever; it tended to be
higher when CO; concentration was increased. The rice yields under dry, medium and wet
year were also not significant difference due mainly to amount of rain fall during growing
period. Chiang Rai paddy field gave higher yield than Sakonnakorn and Sakaeo province.
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Appendix A

Weather data file

*WEATHER DATA : XXXX

@ INSI LAT LONG ELEV ~ TAV ~ AMP REFHT WNDHT
2043 20. 35 99.85 -99 00.0 0.0 -99 -99

@ATE SRAD TMAX TMIN RAIN

40001 14.45 23.89 9.16 .00
40002 15.22 21.54 8.30 .00
40003 15.56 20.11 3.06 .00
40004 15.43 22.25 3.90 .00
40005 14.32 24.05 4.27 .00
40006 15.37 25.15 4.79 .00
40007 15.27 23.92 6.82 .00
40008 15.74 23.51 7.39 .00
40009 15.81 23.72 7.44 .00
40010 15.69 21.21 8.45 .00
40011 15.35 20.26 6.36 .00
40012 16.72 19.11 5.18 .00
40013 17.15 19.42 5.00 .00
40014 16.95 20.81 3.13 .00
40015 17.38 22.42 1.66 .00

40016 17.13 24.78 .36 .00
40017 17.18 25.99 .83 .00

40018 16.79 28.03 1.93 .00
40019 17.13 29.52 2.76 .00
40020 17.09 29.07 4.37 .00

40021 15.11 28.28 10.71 .00
40022 14.66 26.39 7.83 .00
40023 15.34 26.61 6.34 .00
40024 16.17 30.64 7.22 .00
40025 16.19 31.94 8.39 .00
40026 16.63 34.13 11.72 .00
40027 15.55 33.61 12.82 .00
40028 16.08 32.52 9.34 .00
40029 16.80 31.36 9.33 .00
40030 10.59 23.21 8.81 .00
40031 15.07 29.42 9.22 .00
40032 15.02 29.12 10.15 .00
40033 11.79 25.06 11.12 .00
40034 13.80 24.47 10.61 .00
40035 13.82 24.15 8
40036 16.31 25.89 6.66 .00
7
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Appendix B

Soil data file

*THRI250000 DLD LO 180 Phen (Pn) ***

@SITE COUNTRY LAT LONG USDA FAMILY

NONGKHATL THAILAND 0.000 0.000 L-sk,mixed, subactive,iso Aeric Plinthic Paleaquults

@ sCoM SALB SLUl SLDR SLRO SLNF SLPF SMHB SMPX SMKE

BN 0.13 9.3 0.20 87 1.00 1.00 IBO0O1 IBOO1 IBOOL

@ SLB SLMH SLLL SDUL SSAT SRGF SSKS SBDM SLOC SLCL SLSI SLCF SLNI SLHW SLHB SCEC
14 Ap 0.107 0.236 0.373 0.50 1.34 1.49 0.85 15.9 43.3 0.0 0.07 4.7 3.7 5.2
40 Btl 0.227 0.357 0.391 0.01 0.26 1.43 0.62 44.5 50.6 5.0 0.05 5.1 4.1 9.8
41 Btl 0.227 0.357 0.391 0.00 0.26 1.43 0.62 44.5 50.6 5.0 0.05 5.1 4.1 9.8
77 Btc 0.083 0.140 0.386 0.00 0.31 1.45 0.48 34.5 40.0 70.0 0.04 4.9 3.7 7.1
120 BCgl 0.059 0.099 0.390 0.00 0.31 1.44 0.31 33.6 42.3 80.0 0.03 4.8 3.7 7.1
180 BCg2 0.062 0.102 0.383 0.00 0.27 1.46 0.60 36.8 37.3 80.0 0.05 4.9 3.7 7.7

*THRI170000 DLD SALO 93 Roi Et (Re) ***

@SITE COUNTRY LAT LONG USDA FAMILY

KALASIN THAILAND 0.000 0.000 Fine-loamy,mixed, subactive,iso Aeric Kandiaquults

@ sCoM SALB SLUlL SLDR SLRO SLNF SLPF SMHB SMPX SMKE

BN 0.13 9.6 0.20 84 1.00 1.00 IB0O0O1 IB00O1 IBOO1

@ SLB SLMH SLLL SDUL SSAT SRGF SSKS SBDM SLOC SLCL SLSI SLCF SLNI SLHW SLHB SCEC
19 Ap 0.127 0.241 0.333 0.50 0.61 1.61 0.33 20.5 11.6 0.0 0.03 5.2 4.6 2.5
38 BA 0.129 0.245 0.336 0.05 0.61 1.60 0.06 21.0 16.2 0.0 0.01 5.5 4.5 2.0
40 Btgl 0.147 0.260 0.337 0.01 0.40 1.60 0.03 25.0 9.6 0.0 0.01 5.5 4.4 2.9
50 Btgl 0.147 0.260 0.337 0.00 0.40 1.60 0.03 25.0 9.6 0.0 0.01 5.5 4.4 2.9
74 Btg2 0.141 0.255 0.337 0.00 0.45 1.60 0.04 23.5 13.3 0.0 0.01 5.0 4.0 3.3

93 BCg 0.110 0.210 0.33 0.00 0.62 1.61 0.05 20.5 14.2 20.0 0.01 5.1 4.0 3.1
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Appendix C

Crop management file (File X)

*EXP.DETAILS: DTSP8502RI EFFECTS OF APPL. N & ENVIR. ON RICE

*GENERAL
@PEOPLE
-99
@ADDRESS
-99
@SITE
-99
*TREATMENTS  —=mm—m—m—— e FACTOR LEVELS----———————-—
BN R O C TNAME. . st vttt e ininennnnnns CU FL SA IC MP MI MF MR MC MT ME MH SM
'1100 0-0-0 NPK 11 0 1 1 1 0 1 O 0O O 0 1
1 10 0 38 kg ha-1 of applied N 11 0 1 1 1 1 1 0 O 1 0 1
'3 1 00 75 kg ha-1 of applied N 11 0 1 1 1 2 1 0 0 0 0 1
41 0 0 113 kg ha-1 of applied N 11 0 1 1 1 3 1 0 0 0 0 1
!'51 0 0 150 kg ha-1 of applied N 11 0 1 1 1 4 1 0 0 O 0 1
! 61 0 0 188 kg ha-1 of applied N 11 0 1 1 1 5 1 0 0 0 0 1
*CULTIVARS
@C CR INGENO CNAME
1 RI TRO0O01 KDML 105
*FIELDS
@L ID FIELD WSTA.... FLSA FLOB FLDT FLDD FLDS FLST SLTX SLDP ID SOIL FLNAME
1 DTSKO0001 29467101 -99 0 IBO0O 0 0 00000 -99 51 THRIO30000 -99
QL . oiiia XCRD v.ovvvnnnn.. YCRD ..... ELEV . ..iiiinnnn. AREA .SLEN .FLWR .SLAS
1 0.00000 0.00000 0.00 0.0 0.0 0.0 0.0

*INITIAL CONDITIONS

Qc PCR ICDAT ICRT ICND ICRN ICRE ICWD ICRES ICREN ICREP ICRIP ICRID ICNAME
1 RI 71145 500 -99 1.00 1.00 1.0 0 0.00 0.00 100 15 -99

@C ICBL SH20 ©SNH4 SNO3

1 5 0.374 10.0 0.7
1 8 0.374 10.0 0.7
1 19 0.341 5.0 0.5
1 28 0.369 3.0 0.3
1 38 0.369 3.0 0.3
1 51 0.344 3.0 0.3

*PLANTING DETAILS

QP PDATE EDATE PPOP PPOE PLME PLDS PLRS PLRD PLDP PLWT PAGE PENV PLPH SPRL
PLNAME

1 71165 -99 75.0 25.0 T H 20 0 5.0 0 25 25.0 3.0 0.0
-99

*IRRIGATION AND WATER MANAGEMENT
@I EFIR IDEP ITHR IEPT IOFF IAME IAMT IRNAME

1 -99 -99 -99 -99 -99 -99 10 -99
@I IDATE IROP IRVAL IIRV

1 71213 IR003 50.0 0

1 71213 IR009 100.0 6

1 71213 IR008 2.0 0

1 71213 IR010 0.0 0

*FERTILIZERS (INORGANIC)
@F FDATE FMCD FACD FDEP FAMN FAMP FAMK FAMC FAMO FOCD FERNAME

1 71214 FE002 APOl6 10 19 -99 -99 -99 -99 -99 -99
1 71246 FE002 AP012 1 19 -99 -99 -99 -99 -99 -99
2 71246 FE002 APOl6 10 37 -99 -99 -99 -99 -99 -99
2 71276 FE002 APO12 1 37 -99 -99 -99 -99 -99 -99
3 71246 FE002 AP016 10 56 -99 -99 -99 -99 -99 -99
3 71276 FE002 AP012 1 56 -99 -99 -99 -99 -99 -99
4 71246 FE002 AP016 10 75 -99 -99 -99 -99 -99 -99
4 71276 FE002 AP012 1 75 -99 -99 -99 -99 -99 -99
5 71246 FE002 AP016 10 94 -99 -99 -99 -99 -99 -99
5 71276 FE002 AP012 1 94 -99 -99 -99 -99 -99 -99

*RESIDUES AND ORGANIC FERTILIZER
@R RDATE RCOD RAMT RESN RESP RESK RINP RDEP RMET RENAME
1 71145 RE0O1 500 0.53 -99 -99 -99 15 -99 -99

*ENVIRONMENT MODIFICATIONS
QE ODATE EDAY ERAD EMAX EMIN ERAIN ECO2 EDEW EWIND ENVNAME
1 71160 A 0.0 A 0.0 A 0.0A0.0A0.0MZ2.0A0.0A0.0

*SIMULATION CONTROLS
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@N GENERAL NYERS NREPS START SDATE RSEED SNAME.......eitiiineennnn
1 GE 2 1 S 71160 2150 Effects of appl. N & envi
@N OPTIONS WATER NITRO SYMBI PHOSP POTAS DISES CHEM TILL
1 OP Y Y Y N N N N N
@N METHODS WTHER INCON LIGHT EVAPO INFIL PHOTO HYDRO NSWIT MESOM
1 ME M M E R S C R 1 G
@N MANAGEMENT PLANT IRRIG FERTI RESID HARVS
1 MA R R R R M
@N OUTPUTS FNAME OVVEW SUMRY FROPT GROUT CAOUT WAOUT NIOUT MIOUT DIOUT LONG CHOUT OPOUT
1 OoU N N Y 7 N N N N N N N N N
@ AUTOMATIC MANAGEMENT
@N PLANTING PFRST PLAST PH20L PH20U PH20D PSTMX PSTMN
1 PL 71001 71371 71 90 20 71 10
@N IRRIGATION IMDEP ITHRL ITHRU IROFF IMETH IRAMT IREFF
1 IR 30 50 100 IBOO5 IBOO1 10 0.50
@N NITROGEN NMDEP NMTHR NAMNT NCODE NAOFF
1 NI 30 50 25 IB001 IBOO1
@N RESIDUES RIPCN RTIME RIDEP
1 RE 100 1 20
@N HARVEST HFRST HLAST HPCNP HPCNR
1 HA 0 71365 100
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Appendix D

RICE GENETIC COEFFICIENTS

*RICE GENOTYPE COEFFICIENTS: RICER030 MODEL

COEFF DEFINITIONS

VAR# Identification code or number for a specific cultivar.

VAR-NAME Name of cultivar.

ECO# Ecotype code for this cultivar points to the Ecotype in the ECO
file (currently not used).

Pl Time period (expressed as growing degree days [GDD] in gC above

!

!

!

!

!

!

!

!

! a base temperature of 9¢C) from seedling emergence during which
! the rice plant is not responsive to changes in photoperiod. This
! period is also referred to as the basic vegetative phase of the
! plant.

I P20 Critical photoperiod or the longest day length (in hours) at
! which the development occurs at a maximum rate. At values higher
! than P20 developmental rate is slowed, hence there is delay due
! to longer day lengths.

! P2R Extent to which phasic development leading to panicle initiation
! is delayed (expressed as GDD in @C) for each hour increase in
! photoperiod above P20.

! P5 Time period in GDD @C) from beginning of grain filling (3 to
! 4 days after flowering) to physiological maturity with a base

! temperature of 9gC.

! Gl Potential spikelet number coefficient as estimated from the

! number of spikelets per g of main culm dry weight (less lead

! blades and sheaths plus spikes) at anthesis. A typical value

! is 55.

! G2 Single grain weight (g) under ideal growing conditions, i.e.

! nonlimiting light, water, nutrients, and absence of pests

! and diseases.

I G3 Tillering coefficient (scaler value) relative to IR64 cultivar
! under ideal conditions. A higher tillering cultivar would have
! coefficient greater than 1.0.

! G4 Temperature tolerance coefficient. Usually 1.0 for varieties

! grown in normal environments. G4 for japonica type rice growing
! in a warmer environment would be 1.0 or greater. Likewise, the
! G4 value for indica type rice in very cool environments or

! season would be less than 1.0.

!

@VAR# VAR-NAME........ ECO# Pl P2R P5 P20 Gl G2 G3 G4
! 1 2 3 4 5 6 7 8
TRO001 KDML105 IB0001 502.31233.0 386.5 12.8 45.7 .0270 1.00 0.95
TR0O002 KDML105Jun IB0001 580.01344.0 390.0 12.7 75.0 .0238 1.00 1.00
TRO003 KDML105Jul IB0001 580.01000.0 390.0 12.7 75.0 .0238 1.00 1.00
TR0O004 KDML105Aug IB0001 580.0 100.0 390.0 12.7 75.0 .0238 1.00 1.00
TRO005 NIEW SANPATONG IB0001 495.81283.4 364.2 12.7 40.7 .0277 0.70 0.85
TRO006 SUPANBURI 60 IB0001 540.0 154.7 497.0 11.9 77.7 .0280 1.00 1.03
TRO007 CHAINAT 1 IB0001 570.0 122.8 334.8 11.9 63.1 .0278 1.00 1.00
TRO008 DOA 1 IB000O1 388.5 20.0 381.8 12.0 73.8 .0275 1.10 1.15
!
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Appendix E

Map of simulated rice yield under generated scenarios of Chiang Rai, Sakonnakorn and
Sakaeo province

Rice yield under 1.0 CO2 (kg/ha)
I 1523 - 2509
I 2509 - 3098
3098 - 4132
[] District boundary

S
10 0 10 Kilometers

]

Figure 20. Simulated rice yield under the base year line (1.0 CO, scenario) of
Chiang Rai province

Rice yield under 1.5 CO2 (kg/ha)
I 1468 - 2627
I 2627 - 3439

3439 - 4671

[] pistrict boundary

10 0 10 Kilometers

1

Figure 21. Simulated rice yield under the 1.5 CO; scenario of Chiang Rai province
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Rice yield under 2.0 CO2 (kg/ha)
I 1862 - 2904
I 2904 - 4195

4195 - 6046

[] District boundary

S
10 0 10 Kilometers

1

[ | District boundary

Rice yield under 1.0 CO2 (kg/ha)
B 1782 - 2197

I 2197 - 3416

3416 - 5045

30 Kilometers

1

Figure 23. Simulated rice yield under the 1.0 CO; scenario of Sakonnakorn province
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Rice yield under 1.5 CO2 (kg/ha)
I 1749 - 2166
[ 2166 - 3309
3309 - 4922
[__] District boundary

10 0 10 20 30 Kilometers

[_] District boundary

Rice yield under 2.0 CO2 (kg/ha)
I 1827 - 2177

N 2177 - 3427

3427 - 5920

10 0 10 20 30 Kilometers

Figure 25. Simulated rice yield under the 2.0 CO; scenario of Sakonnakorn province
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Rice yield under 1.0 CO2 (kg/ha)
I 1776 - 2291

N 2291 - 3348
3348 - 5122
[ | Sub_district boundary
N
w E
20 0 20 4’0 Kilometers
S

Figure 26. Simulated rice yield under the 1.0 CO; scenario of Sakaeo province

Rice yield under 1.5 CO2 (kg/ha)
I 1801 - 2329
I 2329 - 3290
3290 - 4983
[ | Sub_district boundary

N

20 0 20 40 Kilometers

S

Figure 27. Simulated rice yield under the 1.5 CO; scenario of Sakaeo province
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Rice yield under 2.0 CO2 (kg/ha)
I 1906 - 2785
[ 2785 - 3718
3718 - 5694
[ | Sub_district boundary

20 0 20 40 Kilometers w %% E

Figure 28. Simulated rice yield under the 2.0 CO; scenario of Sakaeo province
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Potential Impact of Climate Change on Maize, Sugarcane and Cassava
Production in N.E. Thailand: Case study at Khon Kaen province

Mr. Vinai Sarawat
Khon Kaen Field Crop Research Center

Mr. Sukit Ratanasriwong
Roi Et Agricultural Resources Service Center

Mr. Sahaschai Kongton
Land Development Department
Ministry of Agriculture

Abstract

Comparison between the yields of maize, sugarcane and cassava among the scenarios
of GHGs generated by CCAM models using as input to analyze the impact of climate change
at Khon Kaen province as the representative area of NE. The results from the models show
that under different scenarios of CO, conditions affected the flowering and maturity days of
maize and some characterization of sugarcane and cassava phenology. Effect of with and
without fertilizer application is determined separately. The result of the simulation using
scenarios of 1.5 — 2X of CO, derived from CCAM models developed in Australia shows
relatively change with maximum temperature increased 1-2 °C while precipitation increased
when compared to 1X scenarios.

It is found that climate change increased maize and sugarcane yield in Khon Kaen but
decreased for cassava. Applying fertilizer could reduce the fluctuation of impact and even
reduce 2 — 4 anthesis days and 3 — 10 maturity days. The period of sugarcane development is
shorter while CO, increase however cane biomass at 14 ™ leaf stage shows slightly increase. It
is obvious that for wet year biomass at 14 ™ leaf stage decrease while CO, increased. Both
sucrose and stalk yield showed the same trend as biomass at 14 h leaf stage for dry year at 2X
CO; has noticeable increased. Storage root yield of cassava evidenced decrease in the dry and
median year but remarkable increased for the wet year while first branching date generally
decrease between 1.5 and 2X compare to 1X. In case of harvest index show that it decreased
while CO, increased but contrast with maximum LAI except in dry year.

The analysis of potential climate change impacts of 3 crops, despite its limitations,
suggests that Thailand is exposed to the risk of such negative effects. Since the impacts of
climate change are expected to occur over a long-term horizon, vulnerability and adaptation

also depends on the structural change in the agriculture sector in the future. It is difficult to
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envisage the structure of agriculture in Thailand over the next 50 — 100 years. Nevertheless, it
was forecasted that about 40 — 50 % of population would still be dependent on the agriculture
sector over the next 25 years. The major economic crops in Thailand would probably remain
the same, though others crops such as fruit tree and market vegetables will increase. Livestock

would also be important in the future soon.
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Researchers

& Sahaschai Kongton (Lpp. BANGKOK)
®Vinai Sarawat (poa KHON KAEN)
¢ Sukit Ratanasriwongs (poA. ROIET)

Objective of the Study

4 To analyze the climate impacts on maize
cassava and sugarcane using crops
simulation model

% To propose the short and long term
policies for agriculture sector in Thailand
to adapt to climate change
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StudyArea

¢ Khon Kaen (16.78°N-102.95"E)

Scope of the Study

# Collect and analyze the basic information

& Collect and review the studies conducted
at domestic and international level

¢ Prepare attribute and spatial data base
# Generate input data for crops model

% Northeastern is emphasized with 3 major
crops

INPUT DATA

@ CLIVATE

& soiL

@ GENETICS COEFFICIENT
@ SPATIAL DATA
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SOIL DATA

Upland and Low Land Soil Series
(US. Soil Taxonomy)

*THUL 9830015 DLD LS 210 Maha Sarakham{Msk})dk
ESITE COUHTRY LAT LOHG SCS FAMILY
MAHASTHRAERY THATLAHD 0.000 0.000 loamy,=siliceous,subactive,iso Oyagquic{irenicjHaplu

@ SCOM SALE SLU1 SLDR SLRO SLHF SLPF SMHB SMPX SMEE
BH 0.14 7.2 0.40 d4.0 1.00 1.00 IBO001 TB001 THOO1

@ SLB SIMH SLLL SDUL SSAT SRGF SSKS SBDM SLOC SLCL SLSI SLOF SLNI SLHW SLHE SCEC

SADC
23 Ap 0.024 0.142 0.311 0.500 10.06 1.68 0.54 2.5 12.0 0.0 0.030 5.4 5.0 2.9
38 RE 0.0247 0.151 0.309 0.200 10.45 1.69 0.16 2.0 1a4.2 0.0 0.010 9.6 5.1 1.5
50 E 0.043 0.137 0.309 0.010 11.23 1.69 0.01 2.0 11.6 0.0 0.010 6.6 5.9 0.9
10 E 0.043 0.137 0.309 0.000 11.23 1.69 0.01 2.0 11.6 0.0 0.010 6.6 5.9 0.9
95 Bt1 0.104 0.218 0.325 0.000 1.31 1.64 0.08 15.3 12.5 0.0 0.010 6.0 4.8 3.3
130 Bt2 0.111 0.226 0.329 0.000 1.01 1.62 ©0.05 16.8% 15.3 0.0 0.010 5.4 4.0 3.8
180 Bt3 0.105 0.216 0.327 0.000 1.14 1.63 0.07 16.3 12.1 5.0 0.010 5.1 3.6 3.4
210 Bt4 0.134 0.248 0.335 0.000 0.55 1.60 O0.09 22.0 13.2 0.0 0.010 4.6 3.6 4.7
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Climate Data
(CCAM Simulation)

» CO,x1 1980 -1989
» CO,x 1.5 2040 - 2049
» CO,x2 2066 - 2075

*YEATHER DATE : XEXY
B INSI LAT LONG ELEV

3781 16.35 102.85 -99

BDATE SRAD THAX THIN RAIN

BO154 15.39 34,50 22.66 17.77

80155 15.87 33.77 22.56 16.66

80156 15.52 32.53 22.03 26.91

80157 14.00 31.51 22.01 12.97

BO158 15.74 32.91 Z21.65 16.11 =

80159 16.72 32.55 21.85 17.45 C I I mate Data

80160 15.85 32.35 22.24 20.45

80161 14.43 30.28 22.07 12.76

80162 16.22 31.40 21.98 1z2.19

80163 16.72 31.45 21.70 16.41

BO164 15.57 29.79 21.63 12.37 " "

80165 15.69 30.18 21.89 .00 CCAM S I t )

80166 17.77 32.32 22.44 .00 ( Imu a Ion

80167 15.66 30.87 21.37 14.86

BO168 16.22 30.78 22.57 B.75

80169 16.63 30.15 21.80 15.18

80170 14.70 30.03 21.79 14.64

80171 16.32 29.90 21.75 12.87

80172 15.76 29.30 21.45 10.50

80173 14.59 27.60 21.45 15.21

80174 15.52 28.36 21.43 13.31

80175 14.21 27.96 21.38 12.52

80176 15.60 25.52 21.44 16.66

80177 13.54 27.73 21.71 17.51

80178 14.15 27.52 21.84 12.12

80179 16.93 28.90 21.55 8.06
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Climate Input Data for Scenarios

SRAD Tmax Tmin Rain
Dry 15.5 31.9 21.4 895.0
Median 15.2 31.8 21.7 911.0
Wet 15.1 30.7 21.0 1001.0

GENETICS COEFFICIENT

¢ Maize (Single Cross Hybrid)
¢Cassava ( KU 50)
e Sugarcane utnong 2)

Maize

GVARH VRHAME.......... ECH# pl p2 P5 G2 G3 PHINT

! 1 2 3 1 5 6

THO006 SW 3601 IB0001 280.0 0.500 1050. 824.0 8.20 48.00

Gassava
ENGEND NAME_ . TYPE DUBL DUER DESP PHCX SHPE SHEX SHPX SWB L#fs I4IP LALX LAMA LAL3 LIS LFLI
! 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15
290001 Default 1 44.1 35.3 0.0 27.5 1.0 3.00 30.0 _650 1.21 235 300 60 50 240 10
vCoo01l EUs0 1 200.0 1000.0 0.0 271.5 2.5 2.80 8.0 _750 1.45 350 400 m 70 2715 130

Sugarcane

EVARE VAR-HEME........ Eco# P1 RATPT LFMAX [:3 PIl PI2 DTPI

1 1 2 3 4 5 6 kd

IB0001 HCo376 sco001 8500. 5.0 11.0 1.0 109.0 169.0 1526.

IBO002 UTOHG2 sc0001 8500. 5.0 11.0 2.0 109.0 169.0 1526.

IB0003 GEOFF'S FAV sc0001 8500. 5.0 11.0 1.0 71.0 133.0 800.
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Comparison between different climate scenario
oh maize yield
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Maize in Dry Year
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Sugarcane

Comparison between different climate scenarios
on sugarcane yield
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Sugarcane in Dry Year
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Sugarcane in Wet Year

CO,1.5x 25
A AT E"}—ﬂ ;
VAAEi'z AR T
L e Y L
AR GAYRA=E
b aendl
=
/4 L)
 atF Y
Lime (el
1§42 ”(’J =
¥ Ul
L Yield (trai)
i e -
| EECIEEE B 211 - 240
B Gas-aa2 I 241-270

90
Chinvanno, S. and Snidvongs, A. (eds.) 2005. The Study of Future Climate Changes Impact on Water Resource
and Rain-fed Agriculture Production.
Southeast Asia START Regional Center Technical Report No. 13



Cassava

Comparison between different climate
scenarios on cassava yield

—o—Dry —¢— Med —o—Wet

Tondrai
16
14 - \
= -$
12
10 -
B T T
1x 1.5% 2%
co,
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Cassava in Dry Year
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—4— Dry —4—Med —4— et —a—Dry —+—hd —4— it

Kgirai Tonlrai
1800 =

Maize Sugarcane

B0
1400
1200

1000

—8— Dy —s— hlad —8—1at
Ton/rai

- Yield Comparison between
Scenarios on Maize

* Sugarcane

o Cassava and Cassava

F e A6 =g

CONCLUSION

€ Maize: Generally yield drop at climate condition of
CO, = 1.5x and increased again at climate
condition of CO, = 2x

& Cassava: Generally yield decreased for median
and dry year scenarios

@ Sugarcane: Generally yield increased but drop at
climate condition of CO, = 1.5x in wet year
scenario

CONCLUSION [cont)

’Higher temperature for TMAX at median and
dry year

@ still enough rain for the next century

@ Maize Cassava and Sugarcane should be developed

for heat tolerant
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Summary of Potential Impact of
Climate Change on Rain-fed
Agriculture in Lao PDR and
Thailand

Attachai Jintrawet, Scil Sciences Dept, & Multiple Cropping Center,
Chiang Iai Univ,, Chiang a1

Thawone Inthavong, MAFET Lans FDIE

Chitnucha Boodhaboon, FCERC, CARDE, Prachinbury, MOAC, Thailand
Zahazchal Kongtong, Joi1l Survey, Land Dev. Dept, MOAC, Thailand
Vinal Sarawat, EEFCRC, OARDZ, Ehon Eaen, DOA, MOAC, Thailand

sukit Eatanasriwong, EEAgS, OARDE, Eoi Et, DOA, MOAC, Thailand

Southeast Asia

S TART

Wichien Eerdsuk, EDI, Ehon Eaen Univ., Ehon Eaen, Thailand.

IHBF . IGEF WLRF
Regional Center

Rice yield (kg ha') and population

5,000
i CNX = 1.6 Millions
2,500
0 s [ liapec] ol Tl s Tl S Tomalm T vl o Ty, [ [ | T |
1974 84 94 00

OAE, 1975-2001
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Need for Modeling, Systems Approach

— Complex problems, Interdisciplinary Research Needed
— Increased demands for agricultural products

— Increased pressures on natural resources

— Rapid changes in technology, ...

— Globalization of trade, economies

— Information needed for decision making

— Gap between information needed and that created by
disciplinary research

— Trial & Error approach to agricultural research is
inadequate

— Integration of knowledge is essential

Hoogenboam, 2003 and 2004.

Process of Simplifying

Real == Behefs == Conceptual => Mathematical == Computer
World e Model Model Model

7 Wity = Wt-13 + frvie- 11T Dl -Dvlie- 1)

¥ 1M1t 1K) B 13
UseAnEATNATTALA T ML E

g o

wunlu

AT

GRET LY

96
Chinvanno, S. and Snidvongs, A. (eds.) 2005. The Study of Future Climate Changes Impact on Water Resource
and Rain-fed Agriculture Production.
Southeast Asia START Regional Center Technical Report No. 13



State Variable Approach

asai3znau

« gnuilsvanvadszuy (State variables)

« dansuaarnmaiuan (Forcing Function)

o ANUATH [ UUINATDITZUDTUALANUATW [ LIDEA
(State of the system in the future depend upon the

current state)

Crop Model Concepts

Production
f situati ; coz
situation \ ]
feﬁ factms*_.l radiation
1 p 0tential = femperdiure
crop characieristics
-physiciogy, phenology
-canopy architectire

hmmng facrors.j A

2 | attainable @ b: nutrients
» -nitrogen
¥ield increasing
HEASHFES e

reducing factors: Weeds
ik . :
pests

3 | actual |™
> diseases
Yield protecting meastres pollutants
I I i | I >
1500 ' s000 '' 10,000 '' 20,000 Production level (kg ha'l)

Somree: World Food Production: Biophysical Factors of Agricultural Production, 1992
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Davtime dry bulb air temperature/nisht-time dry bulk air temp erature/paddy water temp erature
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Davtime dry bulb air temperature/nisht-time dry bulk air temp erature/paddy water temp erature

TABLE |

Girain yield, componenits of yiekd, total above ground omass and harvest index for flooded rice (v, 1R-30) plants grown in controlled environment chambers
at Gainesville, FL in two CO, concentrations and thres temperature reatments

Total above

0, Temperature'  Grain yield Grain yield Panicles Filled geain Grain mass Harvest"
(pmolmol '} (°C) (Mg per ha) (g per plant)  (no. per plant) (a0, per panicle)  (mg per seed)  ground biomass  index
(g per plant)

330 28/21425 18 343 5.1 M5 174 127 0.42
M27131 42 1 87 7.7 15.2 6.2 0.32
40/33(37 F 1] -

L 2R[21425 84 165 50 7.7 {.11] T.49 0.42
W 43 m 6.4 186 6.7 6.27 0.29
4003337 o 0 = - . L

F-Values

C(, concentration 04 NS 04 NS L3 NS 1.5 NS 1.9 NS 1.2 NS 0.3 NS

Temperature 185" 18.5** 16.5** .0 03" 1.7 17.0%*

00, = Temperature 0.0 NS i NS 1A NS 0 NS 0.0 NS

* Day/might/constant paddy water

0.0 NS 0.2 NS

"Based on 15 individual plants from three separate rows. The values are slightly differena if the average grain yield is divided by the average tolal above-ground

biomass

*High iemperature ireated planis failed durning mid-stem extension prior to anthesis. Biomass sccumulation also ceased about this time
**, * Sigmificant ai the 001 and 0.05 probability levels, respectively. NS, not significant.

Baker ef af, 1992, Agriculiural and Forest Meteoralogy, 60: 153-166,

Modular Structure

Plant Module

IR Py L
Bate Caleulation
Integration
Cnatpt
Cloze

Weather Module
Rate Caleulations

Soil Water Module

Initiali=atinn
Rate Caleulations
Integration
Onatptt
Close

Hoagenbaom, 2003 and 2004.
I

R v\

Spatial component
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A New Modular Version of DSSAT Cropping System Models

Overview of the components and modular structure of the DSSAT
cropping system model v4.0.

Prman’ Mody k

Main
Program

Tevta 1117

Fanllzir ¢pplidiler
]
Land Unit
Moduls
o

Golimbroger & Catber

Tem plale Grop Models
Eonbear

ai
ol - Planl = Almoaphe e

Fei1h Blisiaebiry

“ : H EREFGAD Planl fampials FlaniModules

SUBETOR Fotie

Hoogenboom, 2003 and 2004,

DSSAT /O

Validation /

Anabyzis
Seascnal Strategy|

Anslysia
Crop Rotation /
— Sequence |—
Analyzis
| |Spatial Analysia/] |
GIS Linksgs

DSSAT User Interfiice

(G

Jones af al, 2003, European Journal of & gronomy 18: 235-265.
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Approach to simulate rice production

Characteristics Attributes

Total area 800,000 km?
Rice area 80,000 km?2
People 55 Million

GIS & Model Integration Approaches

a editw sy avatzm | TR
T | Model
A .l 1
' @
:
c Conmmom SefTuare svibem
G IS = preprocescing
b T :
[T prprr— Sulfmars saatam 1 pestprocessing *
GIS - Model i
File Exchange
t
i

Harthamp ef af, 1999, Agronomy Journal 91761772,
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MRR shell 1.0 Interface Structure

S0ILs Roi Et Series
_ DSSAT 4.0
" CMOD29 KORA EILE-X &
OTHER INPUTS
WEATHER. {:
S } KKKU
CROP MODEL
; DSSAT CERES-Rice
TREATMENT Traavhoitd
- Var2, lowN ¥
‘ OUTPUT FILES ‘
DISTRICT | Khon Kaen *
I 8
( MRB GIS i - el
-
Li‘."” US.E Land cover t
| ANALYSIS ] .I RRIT !
PROGRAMS
GROSS
CQSTS & ; = MARGIH
o File No. 2 - -

Multiple Cropping Center, Chiang Mai Univ., Thailand.

Landusa/l andcaver
WATER

[ | EVERGREEN NEECLELEAF FOREST
EVERGREEN BROADLEAF FOREST
DECIDUDLS BROADLEAF FOREST
MIXED FOREST
WOODLAND

| WOODED GRASSLAND

7| CLOSED SHRUBLAND

[T OPEN SHRUBLAND
GRASSLAND
CROPLAND

[~ | BARE GROUND

[T URBAN AND BUILT-UP

Locations

Chiang Rai

ET=n
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Various scenarios for 1.0xC02, 1.5xC02, & 2.0xC0O2

Irrigation Rainfed Irrigated

TDE EDNIL105 TDE EDNL105

Rice variety

Weather data WTH || CCAM | | WTH | | CCAM WTH || CCAM WTH || cCan

Fertilizer and crop residus management

oI o N

S b

}@%’“ RGP
1 11 “ L .
| ) | | | . SRk
1.0xCO2 2000 1.5xC02 2.0xC02 2080
1980-——1989 2040-——2041 2066-——2075

CAPaBLE Studies in Laos PDR & Thailand
1.0xCO2 1.5xCQO2 2.0xC0O2

Thawvone (Rice)
* Suwannaket

Wichien (Rice)
* Onset of rains, dry spills Sirmilar rice vields for dry,
* Saltand sand median and wet years

Chitnucha (Rice)
= Chiang Rai (CR)

* Sakonnakarn (SH)

* 53 Kaew (50

Winal (Cassava)
= Khon Kaen

SUkit (Sugarcane)
= khon Kaen

zahaschal (Maize)
= khon Kaen
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Impacts of the changes (Based on CCAM)

* Dry-median-wet CCAM weather scenarios appear
have little impact on rice yields.

* Double CO2 and higher temperature appear to
have negative impact on rice yields.

+ Slight impact on rice production during the next 40
years, lower rice yield may be expected thereafter.

* CERES-Rice model predicts longer crop
durations.

Impacts of high rainfall

* Flooding and soil erosion
* More leaching of soil nutrients

* Less etficiency of chemical fertilizer

* Need higher energy to dry the harvested
products.
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Summary

« It 1s possible to use a process-oriented rice
model alone with MRB-rice shell to simulate
rice production options under various climatic,
edaphic, and management conditions

» Need to develop warning systems.

» Need some fund for more fun, network building
and data sharing.

Further analysis

Variables 1.0xCO2 1.58G 02 2.0xC0O2
Of interest 1980-89 2040-49 2066-75
Dry Mean + SD

Median

Wet
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Evaluation of Crop Models for
Intended Applications is
Critically Important

» Conduct sensitivity analysis of model, critically
evaluate results based on existing knowledge, trends
» Demonstrate ability to re-create results from
existing and/or new experiments
» Do conclusions from model agree with
conclusions from experiments?
» Evaluate using independent data
* Be careful and ensure that inputs are accurate
» Be cntical; characterize hmitations

What’s next?

« Website for Spatial modeling at
http://mceweb.agri.cmu.ac.th

* MRB-Rice shell updates thru the website

» More analytical functions with MRB shell

« Allow local language interface modification.

« CERES-Rice model testing with other CCAM

* More crops to be added under DSSAT4 shell,
http://www.icasa.net

» May be a training program on DSSAT4 &
MRB shell in May 2005
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Annex 1

Workshop Agenda
29 July 2004
Opening Session

0900 - 0910 Background of CAPaBLE CB-01 Implementation

Mpr. Suppakorn Chinvanno, CAPaBLE CB-01 Program coordinator
0910 - 0920 Welcome and Opening Address

Mr. Sakhone Chaleunvong

Vice-Chair of Science Technology Environment Agency
0920 - 0945 Group photo session & coffee break

Technical Sessions (Parallel Sessions)

0945 - 0955 Objective, program and expected outcome of the workshop
Mpr. Suppakorn Chinvanno, CAPaBLE CB-01 Program coordinator
0955 - 1010 Scenario based approach for the assessment of climate change impacts,
vulnerability and adaptation
Dr. Anond Snidvongs, Chulalongkorn University

Session A: Modelling of Potential Impact of Climate Change on Water Resource
(Facilitator: Dr. Anond Snidvongs)

1010 - 1200 Model results verification and finalizing impact output
Lunch
1300 - 1630 Summary & Discussion: Potential impact of climate change on major river
basins in Lao PDR and Thailand

Session B: Modelling of Potential impact of Climate Change on Rain-fed Agriculture
(Facilitator: Dr. Attachai Jintrawet)

1010 - 1200 Model results verification and finalizing impact output
Lunch
1300 - 1630 Summary & Discussion: Potential impact of climate change on rain-fed
agriculture in Lao PDR and Thailand

30 July 2004
Presentation Session (Joint Session)
Theme 1: Future Climate Scenarios Used in CAPaBLE CB-01 Project

0830 - 0850 Future Climate Scenario in Thailand
Mpr. Wirote Laongmanee, SEA START RC, Thailand
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0850 - 0910 Future Climate Scenario in Lao PDR
Mr. Oulaphone Ongkeo, Department of Irrigation, Ministry of Agriculture
and Forestry, Lao PDR

Theme 2: Potential Impacts of Climate Change on Hydrological Condition

0910 - 0930 Potential Impact of Climate Change on Hydrological Condition in Mun
River Basin - Thailand
Dr. Boontium Lertsupavitnapa, Ubonratchathani University, Thailand
0930 - 0950 Potential Impact of Climate Change on Hydrological Condition in Nam
Ngum River Basin - Lao PDR: Impact on inflow to Nam Ngum Reservoir
Ms. Keophusone Phonhalath, National University of Laos, Lao PDR
0950 - 1010 Potential Impact of Climate Change on Hydrological Condition in Nam
Thuene Watershed - Lao PDR
Mpr. Vivarath Sihabouj, National University of Laos, Lao PDR

Theme 3: Potential Impacts of Climate Change on Rain-fed Agriculture

1010 - 1030 Potential Impact of Climate Change on Rain-fed Rice Production in
Thailand
Myr. Chitnucha Buddhaboon, Ministry of Agriculture, Thailand
1030 - 1050 Coffee Break
1050 - 1110 Potential Impact of Climate Change on Rice Production in Tung Kula Field,
Thailand
Dr. Vichien Kerdsuk, Khon Kaen University, Thailand
1110 - 1130 Potential Impact of Climate Change on Maize, Sugarcane and Cassava
Production in N.E. Thailand
Mpr. Sahaschai Kongton, Mr. Vinai Sarawat and Mr. Sukit Ratanasriwong,
Ministry of Agriculture, Thailand
1130 - 1150 Potential Impact of Climate Change on Rice Production in Sawannaket
Province - Lao PDR
Mr. Thavone Inthavong, National Agriculture and Forestry Research
Institute, Lao PDR
1150 - 1215 General discussion

1215 - 1330 Lunch
1300 - 1400  Registration for Participants and Guests of the Project Conclusion
Event

CAPaBLE CB-01 Phase 1 Conclusion Event

1400 - 1420 Introduction to Asia Pacific Network for Global Change Research
and background of CAPaBLE capacity building program
Dr. Anond Snidvongs, APN Liaison Officer for Southeast Asia
1420 - 1430 Special Address - APN Lao PDR
Mr. Chanthanet Boualapha, Science, Technology and Environment
Agency, on behalf of Mr. Phonechaleune Nonthaxay, APN Focal Point -
Lao PDR)
1430 - 1440 Special Address - APN Thailand
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Dr. Asdaporn Krairapanond, Ministry of Natural Resource and
Environment, (on behalf of Dr. Plodprasob Surasswadi, APN Focal Point
- Thailand)
1440 - 1500 Keynote Speech: Obligation of UNFCCC Non-Annex 1 Countries in the
Study of Impact of Climate Change
Dr. Asdaporn Krairapanond, Ministry of Natural Resource and
Environment, Thailand
1500 - 1520 Framework and Direction in Study of Impact of Climate Change and
Achievement of CAPaBLE CB-01 Capacity Building Program
Mpr. Suppakorn Chinvanno, CAPaBLE CB-01 Program coordinator
1520 - 1540 Summary of Potential Impact of Climate Change on Hydrological Condition
in Lao PDR and Thailand
Dr. Anond Snidvongs, Chulalongkorn University, Thailand
1540 - 1600 Summary of Potential Impact of Climate Change on Rain-fed Agriculture in
Lao PDR and Thailand
Dr. Attachai Jintrawet, Chiang Mai University, Thailand
1600 - 1610 Closing Remark
Mpr. Chanthanet Boualapha, Environmental Research Institute, STEA, Lao

PDR
1610 - 1630 Group Photo Session
1630 - 1800 High Tea & Cocktail Reception
1800 - 2000 Farewell Dinner
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Annex 2

List of Participants

Research Participants (Lao PDR)

Mr.Vivarath Sihabouj
Lecturer

Faculty of Engineering
National University of Laos

Ms. Keophusone Phonhalath
Lecturer

Faculty of Engineering
National University of Laos

Mr. Oulaphone Ongkeo

Lecturer

Department of Irrigation

Ministry of Agriculture and Forestry

Ms. Chithdavone Southammavong

Meteorologist
Meteorology and Hydrology Department
Ministry of Agriculture and Forestry

Mr. Soulideth Souvannalath

Coordinating Officer

Water Resources Coordination Committee
Secretariat

Prime Minister's Office

Mr. Thavone Inthavong

GIS Specialist

National Agriculture and Forestry
Research Institute

Ministry of Agriculture and Forestry

Research Participants (Thailand)

Dr. Boontium Lersupavithnapa
Assistant Professor

Faculty of Agriculture
Ubonratchathani University

Dr. Vichien Kerdsuk

Researcher

Research and Development Institute
Khon Kaen University

Mr. Sukit Ratanasriwong

Roi Et Agricultural Resources Service
Center

Department of Agriculture

Ministry of Agriculture and Cooperatives

Mr. Vinai Sarawat

Khon Kaen Field Crop Research Center
Department of Agriculture

Ministry of Agriculture and Cooperatives

Mr. Sahaschai Kongton
Land Development Department
Ministry of Agriculture and Cooperatives

Mr. Chitnucha Buddhaboon

Prachinburi Rice Research Center
Department of Agriculture

Ministry of Agriculture and Cooperatives
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Resource Persons

Mr. Wirote Laongmanee
GIS Specialist

SEA START RC
Chulalongkorn University

Mr. Suppakorn Chinvanno
Program Coordinator
SEA START RC
Chulalongkorn University

Mrs. Bouangeun Oudomchit
Meteorology and Hydrology Department
Ministry of Agriculture and Forestry

Mr. Manolat Soukhanuvong
Meteorology and Hydrology Department
Ministry of Agriculture and Forestry

Mr. Chansamoud Keosoutha

Head,

Department of Irrigation Engineering
National University of Laos

Mr. Bounhome Silimanotham
Lecturer

Department of Irrigation Engineering
National University of Laos

Mr. Bounngeun Paseuthkoun
Lecturer

Department of Irrigation Engineering
National University of Laos

Mr. Loekham Thammalat

Lecturer

Department of Irrigation Engineering
National University of Laos

Mr. Somphone

Lecturer

Department of Irrigation Engineering
National University of Laos

Dr. Anond Snidvongs
Director
SEA START RC

Chulalongkorn University

Dr. Attachai Jintrawet
Associate Professor
Multiple Cropping Center
Chiang Mai University

Observers

Mr. Souvanh Talavong

National Agriculture and Forestry
Research Institute

Ministry of Agriculture and Forestry

Mr. Phetdavone
Water Resource Coordinating Committee
Office of Prime Minister

Mr. Chanthalangsy

Water Resource Coordinating Committee
Secretariat

Office of Prime Minister

Ms. Pailin Boukaew

Water Resource Coordinating Committee
Secretariat

Office of Prime Minister

Mr. Phonepaseuth Phoulipan
Technical Officer
Lao National Mekong Committee

Mr. Khampraseuth Keomany
Student

Department of Civil Engineering
National University of Laos

Mr. Khamvanh

Student

Department of Civil Engineering
National University of Laos
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Invited Guests

Mr. Chanthanet Boualapha Ramkhamhang University
APN SPG Member Thailand
Environmental Research Institute
Science, Technology and Environment Dr. Jariya Boonjawat
Agency APN SPG Member
Lao PDR Associate Professor
Chulalongkorn University
Mrs. Latsamay Sylavong Thailand
Program Manager
IUCN - Lao PDR Mr. Kamol Sukin
Science and Environment Correspondence
Dr. Asdaporn Krairapanond The Nations Multimedia Group
Senior Environmental Officer Thailand
Ministry of Natural Resource and
Environment Ms. Rutchanee Uerpairojkit
Thailand Third Secretary
Royal Thai Embassy
Dr. Kansri Boonprakob Vientiane
IPCC Council Member Lao PDR

Associate Professor
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