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Executive Summary

1. Rationale

Nan Basin is a water basin which suffers from water shortage for various activities and flood
problem depending on the precipitation amount in the dry or wet year. Water sources in the
storage is not adequate for summer irrigation which induced water shortage in many irrigation
projects even there is a big scale dam in Nan Basin. Climate Change is another factor which may
affect hydrological conditions in Nan Basin. These need research to support driving Nan basin
development to tackle present issues and new risk in the future. One main study component is the
water resources study for strategic management which requires solutions to three main questions,
ie.,

1) Any change of inflow into Sirikit Dam from past, present, future under existing

conditions and future conditions of land use and climate change,

2) Any change in water allocation and water use for various users both in and outside

basin,

3) Future water demand and supply towards sustainable development in the basin.

The Strategic Water Management Study in Nan Basin set three year target to achieve water
supply and demand management in the future for sustainable development under existing
conditions and climate change to cope with watershed conservation policy, and water allocation
within the basin and to other basin and, for socio-economical growth

The study results in the first year can be summarized as follows:

1. Siritkit Dam inflow, Storage and effects to water shortage, floods and groundwater use

2. Role of Nan Basin for water use in the Central Plain

3. Strategic management issues for Upper, Central and Lower Nan Basin

Issues for the Upper Nan Basin (Nan Province) is runoff decrease due to the decrease
of forest area in sub basins (Nam Wa, Nam Yao 2, Nan sub basin area no 3). There are flash

floods and water shortage in agriculture sector in Samun and Haeng sub basin.



Issues for Central Nan Basin (Uttaradit Province) are flooding and flash flood in Nam
Pad subbasin and Nan subbasin no 4 and water shortage for agriculture during dry season in
Klong Tron and Pad subbasin.

Issues for Lower Nan (Phichit and Phitsanulok Province) are the modification of dam
operation to fit with water demand in irrigation area, water management scheme in the rainy
season (flood problem), retention area management and flood warning system.

The study results in the second year focus on the solutions of important strategic aspects of
Nan basin such as flash flood, runoff decrease, water shortage and analysis of water security of Nan
basin. The study developed modeling of water management alternatives, rainfall forecasting in short
term and seasonal periods, relationships between runoff and land uses in sub basins, rainfall-runoff
modeling, flood modeling, water balance modeling and reservoir modeling. The modeling considers
present condition and climate change condition and various alternatives containing proposed
strategic measures such as increase of forest areas in upper Nan basin and adjustment of Sirikit
reservoir operation rule curves. From the study results on water shortage in the basin, the proposed
two measures can mitigate water shortage problems in near and far future periods. The increase of
forest areas reduces water shortage by 27% and adjustment of Sirikit reservoir operation rule curves
reduces water shortage by 44%. When using both measures, water shortage is reduced by 54%.In
addition, an urgent action needed to be done is to provide water supply for domestic uses available
to every village.

The strategic proposals in upper part, middle part and lower part of Nan river basin are
as follows.

Upper part of Nan river basin(Nan Province). Decrease of runoff caused by the

decrease in forest area exists in the upper section of upper Nan river basin, War sub river basin,
Yao 2™ sub river basin and 3" section of Nan sub basin. If forest area is increased, the runoff
will increase and water shortage will decrease by 27% (from 169.8 million cu.m. to 124.5 million
cu.m. in the near future). For flood early warning system, the prediction of precipitation and

runoff tools from satellite data can be applied to the study area. In addition, there are some



planned water resources projects of the departments in the annual plan aimed to solve water
shortage for agricultural use especially in Nam Samun and Nam Haeng sub river basin.

Middle part of Nan river basin (Uttaradit). In this area, the adjustment of the water

release rule of Sirikit Dam will decrease water shortage by 17% (from 56.81 million cu.m. to 47.0
million cu.m.). There are water resources projects of the departments in the annual plan to solve
flash flood in Pad and 4" section of Nan sub basin and water shortage in dry season in Khlong
Tron and Nam Pad sub river basin.

Lower part of Nan river basin (Phichit and Phitsanulok). In this area, the adjustment of

the water release rule of Sirikit Dam will decrease water shortage by 61% (from 106.02 million
cu.m. to 40.71 million cu.m.) . There are also some water resources projects of the departments
in the annual plan and in the Committee for National Water and Flood Management Policy’s plan

to solve water problem in the area by constructing retention area.

2.  Objectives
The objectives of the 3" year are as follows
1. develop an integrated water management system for watershed and reservoir
network under new risks and support the adaptation for the changes
2. study planning and preliminary impact assessment on economic and social aspects
due to water resources development in Nan basin and downstream areas

3. develop a strategic water management plan and training to the agencies.

3. Study procedure

In the studies in phases 1 and 2, the impacts from the land use change and climate
change on the runoff and water demand in the future were determined. However, economic
growth is another factor to be considered in the study phase 3, linking to the relationship
between economic growth and water demands especially in Central region, Nan basin and

other basins relying on water resources from Nan basin.



The scope and procedure of study of water planning for provinces in Nan basins the

study phase 3 are as follows

Scope of study

In the study of management and socio-economic impact assessment, 3 cases are

considered as follows

1.

2.

3.

Past period and existing water development projects
Future period without new development project

Future period with new development projects

Procedure of study

1.

Study water budget, water shortage and mitigation measures. Collect and review
data of water management of Bhumibol and Sirikit dams and other related
reservoirs such as inflows, water storages and releases and data of water
management of Royal irrigation department during normal and flood situations.
Collect data of water demand of sectors. Determine agricultural water demand for
each district, dividing areas into inside and outside irrigation areas based on
current land use maps. Determine water demand for irrigation and other sectors.
Analyze water balance using Chaopraya basin water balance modeling. Determine
water shortage and mitigation measures.

Study planning and assess preliminary socio-economic impacts. Area development
considering the balance of economic, social and environment aspects as integrated
and holistic aspect will lead to sustainable development to the area. Collect the data
from the past up to date of Nan basin related to economic, social, environment and
tourism aspects. Collect secondary data, researches, journals, books and website
from inside and outside the country. Collect and review development plans related
to Nan basin such as national development plan, North region development plan,
Nan basin development plan, provincial development plan, annual work plans of

agencies. Analyze and forecast the future growth of Nan basin. Link all



development plans. Estimate demands according to the future growth of Nan basin
such as labor demand, water demand, leading to integrated area management.
Determine feasibility in water management to support impacts or changes probably
occurring in the future such as climate change, economic growth and management
methods. Analyze socio-economic impacts of alternatives. Determine relationships
between economic values from water use activities in Nan basin, Chaopraya basin
and other basins. Determine the variation of water supply, water use and economic
values from water use activities under scenarios. Summarize the socio-economic
impacts and security index and prepare recommendation.

Develop water management system under new risks and support adaptation for
changes. Collect climate and hydrologic data and study results in the studies
phases 1 and 2 such as global climate model data. Determine impacts from climate
change on hydrologic conditions such as climate, rainfall and runoff. Collect reports
and information related to zoning of agricultural areas such as GIS maps.
Collect water resources development plans of the government in present and future
periods. Define new risks such as climate change, land use change and zoning of
agricultural areas. Analyze and review water management system of Nan basin and
Chaopraya basin at present from the studies phases 1 and 2 for developing water
management for dynamic change and can assess multi-dimensional impacts in the
future. Define scenarios of present and future water management to be considered
along with present and future water resources development projects. Determine the
impacts of risks in the future. Consider water management system of Chaopraya
basin along with impact scenarios simulation. Design and develop water
management system under new risks. Prepare input data such as runoff, water
demand, area data and policies. Develop relationships between input data and

output. Test and apply water management system under new risks in cases or



scenarios compared to present condition. Summarize the result of application of the
developed water management system under new risks in cases.

4. Prepare the recommendation and strategic water management plan and linkage of
basin development plan to provincial and district development plans. Apply the
developed water management system to prepare strategic water management plan
for basin, linking to provincial and district development plans, facilitating the district
officers to prepare water development plan in the area. Prepare guideline
handbooks and recommendation for strategic water management plan for basin,
provinces and districts. Compare the strategic water management with those of
foreign countries. Prepare the meetings of study result discussion and present the
developed water management plan to the center agencies or departments such as
Department of water resources. Analyze and link the recommendation for the basin

and provincial development plan.

4. Study results (year 3)

The results of the study (year 3) are water budget study, social and economic impact
assessment, water management system development and management and training plans.

The results are summarized as follows;

4.1 Water budget, water shortage and mitigation measures

4.1.1 Water budget

In the past years, annual rainfall depths in Nan basin were approximately 1,115 mm.
Dry season rainfall depths were 10% of annual rainfall depths and rainy season rainfall depths
were 90% of annual rainfall depths. In the present years, annual rainfall depths are
approximately 1,260 mm. Dry season rainfall depths are 12% of annual rainfall depths and rainy
season rainfall depths were 88% of annual rainfall depths. In the past years, annual runoff
volumes in Nan basin were approximately 22,480 million cu.m. Dry season runoff volumes were
20% of annual runoff volumes and rainy season runoff volumes were 80% of annual runoff

f



volumes. In the present years, annual runoff volumes are approximately 27,500 million cu.m.
Dry season runoff volumes are 18% of annual runoff volumes and rainy season runoff volumes
were 82% of annual runoff volumes.

Using runoff data from runoff gauging stations in the areas, the study results of runoff
volumes such as average monthly runoff, average annual runoff and average annual runoff per
unit area are as follows.

Ping basin : Average annual runoff per unit area in tributary watersheds are in the range
of 11.0-16.5 litre/s/km”. (40-8,022 million cu.m./year). The runoff in Ping basin which is regulated
from the release of Bhumibol dam, has average annual runoff per unit area in the range of 5.0-
5.5 litre/s/km’. (6,708-8,022 million cu.m./year,).

Yom basin : Tributary watershed is lower Yom basin. Average annual runoff per unit area
in tributary watersheds are in the range of 4.8-5.1 litre/s/km”. (50-3,348 million cu.m./year).

Nan basin : Average annual runoff per unit area in tributary watersheds are in the range
of 5.1-18.8 litre/s/km’. (120-10,503 million cu.m./year). The runoff in Nan basin which is
regulated from the release of Sirikit dam, has average annual runoff per unit area in the range of
8.4-10.0 litre/s/km”. (5,194-10,503 million cu.m./year).

Sakaekrang basin : Average annual runoff per unit area in tributary watersheds are in the
range of 4.1-11.9 litre/s/km”. (127-444 million cu.m./year).

Chaopraya basin : Chaopraya basin or Central basin is located downstream and
receives runoff from Ping, Yom and Nan basins in which runoff amounts are regulated by
Bhumibol and Sirikit dams. Average annual runoff per unit area is approximately 6.4 litre/s/km”.
(22,484 million cu.m./year,).

The ratios of runoff amounts from each basin at control points compared to the runoff
amount at station C2 (Nakornsawan) are determined. Nan basin has contributed runoff to the
Central basin on the average of 9,081.5 million cu.m./year as the ratio of 0.406, divided into
2 components as from Sirikit reservoir about 5,680 million cu.m./year as the ratio of 0.246 and

from lower Nan watershed about 3,723.5 million cu.m./year as the ratio of 0.16. Ping basin and



Nakornsawan watershed have contributed runoff to the Central basin on the average of 9,457.5
million cu.m./year and 1,592.4 million cu.m./year respectively as the ratio of 0.427 and 0.060
respectively.

From the study results on the effects of forest areas on the runoff in each year in Nan
basin, covering upper, middle and lower areas, it is found that the runoff yield rates decrease as
comparison from the runoff-rainfall ratios in the year 2,000 (initial forest areas) and in the year
2,006 (decrease forest areas). In the upper area of the basin, the annual runoff and rainy season
runoff decrease by 20% and dry season runoff decreases by 5%. In the middle area, the annual
runoff, rainy season runoff and dry season runoff decrease by 30-50%. In the lower area, the
annual runoff and rainy season runoff decrease by 10-12.5% and dry season runoff decreases

by 2-5%.

4.1.2 Groundwater resources

From the study on inflow and outflow of groundwater aquifers, the groundwater storage
in the aquifers receives recharge from surface water approximately 2,505,000 cu.m./day in rainy
season and 326,000 cu.m./day in dry season. The recharges come from natural streams, direct
infiltration from ground surface. Some of groundwater flows to lower aquifers at Nakornsawan
province. The groundwater outflow exceeds inflow in dry seasons about 3-5 million cu.m./day
and the groundwater recharges in rainny seasons. The recharge from the rivers has significant
role in recharging aquifers in addition to the infiltration though ground surface. In dry seasons,
conversely, the groundwater recharges back into the rivers in the amount equivalent to the
average pumping rate. Therefore, the groundwater aquifers are useful in storing surface water

and recharging back into the rivers

4.1.3 Water shortage

Annual water shortage amounts in Nan basin in present, near future and far future

periods are on average about 102.7, 169.8 and 170.2 million cu.m. respectively. It is seen that



water shortage increases in near future and far future periods. The measures for water shortage

mitigation are presented next.

4.1.4 Mitigation measures

The appropriate water management plan under new risks defines the measures for
water shortage mitigation such as new water resources development, improvement on
management such as reservoir release regulation and forest area increase. This study presents
the improvement on reservoir release regulation, forest area increase and conjunctive use of
surface water and groundwater.

When applying the above mitigation measures such as the improvement on reservoir
release regulation and forest area increase by 20% (same area as in year 2,000), the water
shortage amounts in near future and far future periods still exceed the water shortage in present
period.

When applying the conjunctive use of surface water and groundwater, the groundwater
is used to compensate the water shortage. The conjunctive use is applied in combination with
the improvement on reservoir release regulation as still having the water shortage amounts in
near future and far future periods 90 million cu.m./year. This water amount can be pumped from

groundwater to compensate the water shortage in the lower Nan watershed.

4.2 Social and economic impact assessment due to climate water resources development in
Nan basin and downstream areas

The study presents 3 scenarios of area development in Nan basin, analyzes future
development and assesses the impacts to several sectors. The goals of area development plan
in Nan basin can be set up to be 3 scenarios as (1) comfortable living towns (2) outstanding
growth region (3) people and forest living together. However, the study also considers and
adjusts the scenarios to include the new development plans such as Thailand 4.0 project and

strategic water management plan.



An interesting study result is that Thailand, Nan basin and Chaopraya basin require
increasing water demand under scenario of Thailand 4.0 development project, more than that of
BAU scenario. However, Chaopraya basin, relying on water supply from Nan basin, requires
significantly more water demand, thus showing importance of Nan basin on development of
Chaopraya basin and Thailand.

There will be water shortage in agricultural and domestic water supply sectors from the
scenario of forest area in Nan basin under climate change in the near future period. It is found
that the water shortage in production will cause high economic loss if occurring in Chaopraya
basin since it is the major area of economic development. Chaopraya basin mainly receives
water supply from Nan basin, causing the risk if there is water shortage in Nan basin that will
then impact to Chaopraya basin.

However, the mitigation measures will reduce water shortage under climate change in
the near future period. This shows that the measures, such as increase of forest area,
adjustment of reservoir operation rule curve and conjunctive use of surface water and

groundwater, can mitigate both water shortage and also flood problems.

4.3 Development of water management system under new risks

The project study has developed the system for collecting tools and knowledge gained
since the beginning of project in phase 1. The system can show the results of water supply and
water demand according to socio-economic development scenario. The system can support
water management under new risks such as climate change, government policy and risk from
socio-economic development. The system shows the components and 3 socio-economic
development scenarios as (1) comfortable living towns (2) outstanding growth region (3) people
and forest living together. The data bases in the levels of provinces and district administration
agencies are developed according to water resources development projects and work plans,
showing the menu of groundwater and surface water supplies. The data base provides currently

updated regional data which can be taken and utilized for presenting and planning in the area



or for making decision in water resources development suitable for current water status and
water issues. In addition, the demand according to the area growth based on strategic plan will
be used to estimate water demand.

The system can present the water status according to the area development scenario
and find the measures for mitigating water problems in order to be applied along with the
development planning in both on watershed and province levels. The system can present the
computational results of water demand, water supply, water balance and water problem

mitigation.

4.4 Planning and recommendation on strategic water management linked to basin and
province development plans
4.4.1 Work performance

The study presents knowledge and understanding on meteorological and hydrologic
status in Nan basin and impacts to the central region clearly. The data of forest area change is
analyzed from satellite data, showing the forest area changes with time and location. In addition,
the impacts of forest area changes on flow patterns and runoff coefficient are determined.

The assessment of impacts from changes and new risks in the future on both physical
and socio-economic conditions under future scenarios enables to specify strategy for solving
problems and give importance to better problem solving. The economic assessment shows that
the economic feasibility is low. However, if considering social impact and water security in the
Central region, it is necessary to support these projects to create earning incomes in the areas
but it is needed to increase performance efficiency in the future in order to achieve investment
cost recovery and sustainability.

The study has experimented the capacity building of communities and district
administration agencies in collecting and using data and maps in planning and solving water
problems in their areas and enabling to propose the projects that cannot be done by

themselves to the upper level agencies reasonably. The study applied planning tools for several



future scenarios. The system estimates water demand and water supply for determining water
shortage and requirement for projects to mitigate water shortage in both present and future
periods. This study result shows the need of working mechanism in the area and mechanism
connection from lower to upper levels and vice versa in order to plan and solve the problems in

the area more efficiently.

4.4.2 Management planning

This study has analyzed the role of Nan basin to water uses in the Central region, which
is important to the future growth both within the Nan and Chaopraya basins. The runoff yield
changes due to the decrease of forest area, showing the chance of future water shortage as the
runoff coefficient decreases.

The climate change in the near future causes the trend of decreasing rainfall but
increasing the seasonal change and rainfall extreme events causing both droughts and floods.
This water status makes more difficulty in reservoir operation. In addition, the problem due to
upstream forest change reduces total runoff but increases the peak flow, increasing the risks of
flood and water shortage.

The mitigation measures for short terms are proposed such as adjustment of reservoir
operation rule curves, development of supplementary water resources in the areas for water
security and self support. The mitigation measures for middle terms are development of water
resources of several types such as water storage, weir, lake, swamp, pond and measure of
exchange between forest area and water to mitigate forest change in order to increase or
recover runoff as in the past.

In summary, the projects to be considered to solve water problem in Nan basin are as follows
Upstream area (Nan province)
® Forest management (exchange between forest area and water) for watershed

conservation in quantity and quality
® Community water management, supplementary water storage and village water

supply



® \Warning system for flood and drought
Middle area (Uttaradit province)

® Development of medium scale water resources project
Downstream area (Pitsanulok, Pichit provinces)

® Development of water retention storage project

® |ntegrated area and water management

4.4.3 Training

During the study, there was the training of study results such as potential water status
and management, tool development and knowledge transfer to the agencies,
communities and policy agencies in the forms of water forums, meeting with planning
agencies, Nan basin committees, Nan administrative Municipality and training to district
administrative organization. This makes the study realize the situation and transfer
knowledge about physical condition, impacts on physical, economic and social aspects
in present period and new risks in the future to planning agencies such that they can link
the study result to the provincial and basin development plans and utilize the study

result on their tasks during the study period.

4.4 .4 Recommendation

1. At present, holistic basin plan definition is not evident for the future. It is necessary
to develop a basin strategic framework to be used as foundation for development
and develop a mechanism to link basin plan and provincial development plan under
future scenarios and new risks.

2. Capacity building and tools for community planning are important for supporting
and solving water problems, according to the authority distribution policy.
It is necessary to develop a planning capacity of water, other resources and area

development, including the planning tools such as data and maps.



Linking of plans of communities, district administrative organization and provincial
administrative organization still lacks integrated direction. Good water resources
development plan requires mechanism, data maps for work plan and integrated
projects. It is necessary to have a provincial strategy and work agency
representatives to link plans and integrate the projects in the same basin or river
network.

It is necessary to control and foster upstream forest conservation since the
upstream areas such as Nan and Uttaradit provinces are upstream water resources
of Nan and Chaopraya basins. Continuous deforestation will change hydrologic
conditions. In addition, soil erosion and use of chemical agents in agriculture
directly affect the water quality in wide scale effect. Therefore, the measures such
as agricultural alternatives, supplementary jobs such as tourism and supplementary
water resources are recommended to be considered.

It is necessary to develop a linking mechanism between basins. In addition to the
existing water management centers, it is necessary to develop a linking mechanism
between basins and the centers, that is between Nan basin having Sirikit dam
operation and Chaopraya basin in order to prevent the uncontrolled growth. ,
it is necessary to prepare the measures for mitigating the impacts from changes of
climate, forest areas and news risks in the future.

It is necessary to develop a linking mechanism between management levels, from
top to bottom and vice versa. It is necessary to strengthen the communities and
district administrative organization to have capacity to manage the problems more
efficiently, utilize the data and maps for water demand and supply planning. There
should be a mechanism to transfer the unsolved local problem to upper authority
level such as provincial authority, basin committees or center agencies.

This will make the good coordination.



Strengthening the communities is an important factor in water management since
they are close to the problem, beneficiaries and directly affected people.
This is done through training and technical transfer, data collection, map utilization
for planning and conflict resolution with scientific reasoning. From this study project,
the development and utilization of data and maps by the communities along with the
data from the centers can be seen. This enables the communities to plan small
scale projects or cooperation with the projects developed by the centers.
In a similar manner, strengthening the basin committees is also important in higher
level water management to be able to plan water strategy in accordance with
development plan of the area, respond or adjust the maps from the centers
appropriately.

At present, there is a social demand to improve Nan to have better environment,
rehabilitate forest areas to meet the target of the government. This demand also
expands in Thai society, requiring that the good environment is necessary for
solving forest and water problems in Nan basin. The study results should be applied
to develop linking mechanism and planning at levels, helping to solve the problems
more directly and efficiently. It is necessary to develop training programs in
cooperation with the agencies, such as production of learning programs,
handbooks, in order to have permanent mechanism for planning to solve forest and
water problems in Nan basin in long term. This concept can be applied to other

basins of the country.
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Strategic water management in Nan Basin has the goal of 3 years study to achieve a plan
of water demand and supply management in the future for sustainable growth under the present
changes and new conditions of global climate change and in cope with the goals of upstream
forest conservation, water allocation for activities in the watershed and support the economic
growth in the future.

The objectives of the3™ year are set to be(1) to develop an integrated water
management system for watershed and reservoir network under new risks and support the
adaptation for the changes, (2) to study planning and preliminary impact assessment on
economic and social aspects due to water resources development in Nan Basin and
downstream areas and (3) to develop a strategic water management plan and training to the
agencies.

The results of the study are water budget study, social and economic impact
assessment, water management system development and management and training plans.

The results are summarized as follows;

1. Water budget, water shortage and mitigation measures
1.1 Water budget

In the past years, annual rainfall depths in Nan basin were approximately 1,115 mm.
Dry season rainfall depths were 10% of annual rainfall depths and rainy season rainfall depths
were 90% of annual rainfall depths. In the present years, annual rainfall depths are
approximately 1,260 mm. Dry season rainfall depths are 12% of annual rainfall depths and rainy
season rainfall depths were 88% of annual rainfall depths. In the past years, annual runoff
volumes in Nan basin were approximately 22,480 million cu.m. Dry season runoff volumes were
20% of annual runoff volumes and rainy season runoff volumes were 80% of annual runoff
volumes. In the present years, annual runoff volumes are approximately 27,500 million cu.m.
Dry season runoff volumes are 18% of annual runoff volumes and rainy season runoff volumes

were 82% of annual runoff volumes.



Using runoff data from runoff gauging stations in the areas, the study results of runoff
volumes such as average monthly runoff, average annual runoff and average annual runoff
per unit area are as follows.

Ping Basin :Average annual runoff per unit area in tributary watersheds are in the range
of 11.0-16.5 litre/s/km’. (40-8,022million cu.m./year). The runoff in Ping basin which is regulated
from the release of Bhumiboldam, has average annual runoff per unit area in the range of
5.0-5.5 litre/s/km”. (6,708-8,022million cu.m./year).

Yom Basin : Tributary watershed is lower Yom basin. Average annual runoff per unit area
in tributary watersheds are in the range of 4.8-5.1 litre/s/km”. (50-3,348million cu.m./year).

Nan Basin : Average annual runoff per unit area in tributary watersheds are in the range
of 5.1-18.8 litre/s/km”. (120-10,503million cu.m./year). The runoff in Nan basin which is regulated
from the release of Sirikitdam, has average annual runoff per unit area in the range of 8.4-10.0
litre/s/km”. (5,194-10,503 million cu.m./year).

Sakaekrang Basin : Average annual runoff per unit area in tributary watersheds are in
the range of 4.1-11.9 litre/s/km’. (127-444 million cu.m./year).

Chaopraya Basin : Chaopraya basin is located downstream and receives runoff from
Ping, Yom and Nan basins in which runoff amounts are regulated by Bhumibol and Sirikit dams.
Average annual runoff per unit area is approximately 6.4 litre/s/km’. (22,484 million cu.m./year).

The ratios of runoff amounts from each basin at control points compared to the runoff
amount at station C2 (Nakornsawan) are determined. Nan basin has contributed runoff to the
Central basin on the average of 9,081.5 million cu.m./year as the ratio of 0.406, divided into
2 components as from Sirikit reservoir about 5,680 million cu.m./year as the ratio of 0.246 and
from lower Nan watershed about 3,723.5 million cu.m./year as the ratio of 0.16. Ping basin and
Nakornsawan watershed have contributed runoff to the Central basin on the average of 9,457.5
million cu.m./year and1,592.4 million cu.m./year respectively as the ratio of 0.427 and 0.060

respectively.



From the study results on the effects of forest areas on the runoff in each year in Nan
Basin, covering upper, middle and lower areas, it is found that the runoff yield rates decrease as
comparison from the runoff-rainfall ratios in the year 2,000 (initial forest areas) and in the year
2,006 (decrease forest areas). In the upper area of the basin, the annual runoff and rainy season
runoff decrease by 20% and dry season runoff decreases by 5%. In the middle area, the annual
runoff, rainy season runoff and dry season runoff decrease by 30-50%. In the lower area,
the annual runoff and rainy season runoff decrease by 10-12.5% and dry season runoff

decreases by 2-5%.

1.2 Groundwater resources

From the study on inflow and outflow of groundwater aquifers, the groundwater storage
in the aquifers receives recharge from surface water approximately 2,505,000cu.m./day in rainy
season and 326,000cu.m./day in dry season. The recharges come from natural streams,
direct infiltration from ground surface. Some of groundwater flows to lower aquifers
at Nakornsawan Province. The groundwater outflow exceeds inflow in dry seasons about
3-5 million cu.m./day and the groundwater recharges in rainny seasons. The recharge from
the rivers has significant role in recharging aquifers in addition to the infiltration though ground
surface. In dry seasons, conversely, the groundwater recharges back into the rivers in the
amount equivalent to the average pumping rate. Therefore, the groundwater aquifers are useful

in storing surface water and recharging back into the rivers

1.3 Water shortage

Annual water shortage amounts in Nan Basin in present, near future and far future
periods are on average about 102.7, 169.8 and 170.2million cu.m. respectively. It is seen that
water shortage increases in near future and far future periods. The measures for water shortage

mitigation are presented next.



1.4 Mitigation measures

The appropriate water management plan under new risks defines the measures for
water shortage mitigation such as new water resources development, improvement on
management such as reservoir release regulation and forest area increase. This study presents
the improvement on reservoir release regulation, forest area increase and conjunctive use of
surface water and groundwater.

When applying the above mitigation measures such as the improvement on reservoir
release regulation and forest area increase by 20% (same area as in year 2,000), the water
shortage amounts in near future and far future periods still exceed the water shortage in present
period..

When applying the conjunctive use of surface water and groundwater, the groundwater
is used to compensate the water shortage. The conjunctive use is applied in combination with
the improvement on reservoir release regulation as still having the water shortage amounts in
near future and far future periods 90 million cu.m./year. This water amount can be pumped from

groundwater to compensate the water shortage in the lower Nan watershed.

2. Social and economic impact assessment due to climate water resources development in

Nan Basin and downstream areas

The study presents 3 scenarios of area development in Nan Basin, analyzes future
development and assesses the impacts to several sectors. The goals of area development plan
in Nan Basin can be set up to be 3 scenarios as (1) comfortable living towns
(2) outstanding growth region (3) people and forest living together. However, the study also
considers and adjusts the scenarios to include the new development plans such as Thailand 4.0
project and strategic water management plan.

An interesting study result is that Thailand, Nan Basin and Chao Phraya Basin require
increasing water demand under scenario of Thailand 4.0 development project, more than that of

BAU scenario. However, Chao Phraya Basin, relying on water supply from Nan basin, requires



significantly more water demand, thus showing importance of Nan basin on development of
Chao Phraya Basin and Thailand.

There will be water shortage in agricultural and domestic water supply sectors from the
scenario of forest area in Nan Basin under climate change in the near future period. It is found
that the water shortage in production will cause high economic loss if occurring in Chao Phraya
Basin since it is the major area of economic development. Chao Phraya Basin mainly receives
water supply from Nan basin, causing the risk if there is water shortage in Nan basin that will
then impact to Chao Phraya Basin.

However, the mitigation measures will reduce water shortage under climate change in
the near future period. This shows that the measures, such as increase of forest area,
adjustment of reservoir operation rule curve and conjunctive use of surface water and

groundwater, can mitigate both water shortage and also flood problems.

3. Development of water management system under new risks

The project study has developed the system for collecting tools and knowledge gained
since the beginning of project in phase 1. The system can show the results of water supply and
water demand according to socio-economic development scenario. The system can support
water management under new risks such as climate change, government policy and risk from
socio-economic development. The system shows the components and 3 socio-economic
development scenarios as (1) comfortable living towns (2) outstanding growth region (3) people
and forest living together. The data bases in the levels of provinces and district administration
agencies are developed according to water resources development projects and work plans,
showing the menu of groundwater and surface water supplies. The data base provides currently
updated regional data which can be taken and utilized for presenting and planning in the area
or for making decision in water resources development suitable for current water status and
water issues. In addition, the demand according to the area growth based on strategic plan will

be used to estimate water demand.



The system can present the water status according to the area development scenario
and find the measures for mitigating water problems in order to be applied along with the
development planning in both on watershed and province levels. The system can present the
computational results of water demand, water supply, water balance and water problem

mitigation.

4. Planning and recommendation on strategic water management linked to basin and province
development plans
4.1 Work performance

The study presents knowledge and understanding on meteorological and hydrologic
status in Nan basin and impacts to the central region clearly. The data of forest area change is
analyzed from satellite data, showing the forest area changes with time and location. In addition,
the impacts of forest area changes on flow patterns and runoff coefficient are determined.

The assessment of impacts from changes and new risks in the future on both physical
and socio-economic conditions under future scenarios enables to specify strategy for solving
problems and give importance to better problem solving. The economic assessment shows that
the economic feasibility is low. However, if considering social impact and water security in the
Central region, it is necessary to support these projects to create earning incomes in the areas
but it is needed to increase performance efficiency in the future in order to achieve investment
cost recovery and sustainability.

The study has experimented the capacity building of communities and district
administration agencies in collecting and using data and maps in planning and solving water
problems in their areas and enabling to propose the projects that cannot be done by
themselves to the upper level agencies reasonably. The study applied planning tools for several
future scenarios. The system estimates water demand and water supply for determining water
shortage and requirement for projects to mitigate water shortage in both present and future

periods. This study result shows the need of working mechanism in the area and mechanism



connection from lower to upper levels and vice versa in order to plan and solve the problems in

the area more efficiently.

4.2 Management planning

This study has analyzed the role of Nan basin to water uses in the Central region, which
is important to the future growth both within the Nan and Chao Phraya Basins. The runoff yield
changes due to the decrease of forest area, showing the chance of future water shortage as the
runoff coefficient decreases.

The climate change in the near future causes the trend of decreasing rainfall but
increasing the seasonal change and rainfall extreme events causing both droughts and floods.
This water status makes more difficulty in reservoir operation. In addition, the problem due to
upstream forest change reduces total runoff but increases the peak flow, increasing the risks of
flood and water shortage.

The mitigation measures for short terms are proposed such as adjustment of reservoir
operation rule curves, development of supplementary water resources in the areas for water
security and self support. The mitigation measures for middle terms are development of water
resources of several types such as water storage, weir, lake, swamp, pond and measure of
exchange between forest area and water to mitigate forest change in order to increase or
recover runoff as in the past.

In summary, the projects to be considered to solve water problem in Nan basin are as follows
Upstream area (Nan Province)

® Forest management (exchange between forest area and water) for watershed

conservation in quantity and quality

® Community water management, supplementary water storage and village water

supply

® \Warning system for flood and drought



Middle area (Uttaradit Province)

® Development of medium scale water resources project

Downstream area (Pitsanulok, Pichit Provinces)

® Development of water retention storage project

® |ntegrated area and water management

4.3 Training

During the study, there was the training of study results such as potential water status

and management, tool development and knowledge transfer to the agencies, communities and

policy agencies in the forms of water forums, meeting with planning agencies, Nan basin

committees, Nan administrative Municipality and training to district administrative organization.

This makes the study realize the situation and transfer knowledge about physical condition,

impacts on physical, economic and social aspects in present period and new risks in the future

to planning agencies such that they can link the study result to the provincial and basin

development plans and utilize the study result on their tasks during the study period.

4 4 Recommendations

1.

At present, holistic basin plan definition is not evident for the future. It is necessary to
develop a basin strategic framework to be used as foundation for development and
develop a mechanism to link basin plan and provincial development plan under future
scenarios and new risks.

Capacity building and tools for community planning are important for supporting and
solving water problems, according to the authority distribution policy. It is necessary to
develop a planning capacity of water, other resources and area development, including
the planning tools such as data and maps.

Linking of plans of communities, district administrative organization and provincial

administrative organization still lacks integrated direction. Good water resources



development plan requires mechanism, data maps for work plan and integrated
projects. It is necessary to have a provincial strategy and work agency representatives
to link plans and integrate the projects in the same basin or river network.

It is necessary to control and foster upstream forest conservation since the upstream
areas such as Nan and Uttaradit Provinces are upstream water resources of Nan and
Chao Phraya Basins. Continuous deforestation will change hydrologic conditions.
In addition, soil erosion and use of chemical agents in agriculture directly affect the
water quality in wide scale effect. Therefore, the measures such as agricultural
alternatives, supplementary jobs such as tourism and supplementary water resources
are recommended to be considered.

It is necessary to develop a linking mechanism between basins. In addition to the
existing water management centers, it is necessary to develop a linking mechanism
between basins and the centers, that is between Nan basin having Sirikit dam operation
and Chao Phraya Basin in order to prevent the uncontrolled growth. , it is necessary to
prepare the measures for mitigating the impacts from changes of climate, forest areas
and news risks in the future.

It is necessary to develop a linking mechanism between management levels, from top to
bottom and vice versa. It is necessary to strengthen the communities and district
administrative organization to have capacity to manage the problems more efficiently,
utilize the data and maps for water demand and supply planning. There should be
a mechanism to transfer the unsolved local problem to upper authority level such as
provincial authority, basin committees or center agencies. This will make the good
coordination.

Strengthening the communities is an important factor in water management since they
are close to the problem, beneficiaries and directly affected people. This is done
through training and technical transfer, data collection, map utilization for planning and

conflict resolution with scientific reasoning. From this study project, the development

10



and utilization of data and maps by the communities along with the data from the
centers can be seen. This enables the communities to plan small scale projects or
cooperation with the projects developed by the centers. In a similar manner,
strengthening the basin committees is also important in higher level water management
to be able to plan water strategy in accordance with development plan of the area,
respond or adjust the maps from the centers appropriately.

At present, there is a social demand to improve Nan to have better environment,
rehabilitate forest areas to meet the target of the government. This demand also
expands in Thai society, requiring that the good environment is necessary for solving
forest and water problems in Nan basin. The study results should be applied to develop
linking mechanism and planning at levels, helping to solve the problems more directly
and efficiently. It is necessary to develop training programs in cooperation with the
agencies, such as production of learning programs, handbooks, in order to have
permanent mechanism for planning to solve forest and water problems in Nan basin in

long term. This concept can be applied to other basins of the country.
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S.D. 0.0 0.0 0.0 0.0 0.0 0.0 19.4 41.7 14.2 0.0 0.0 0.0 432 14.2 48.9
Max 0.0 0.0 0.0 0.0 0.0 0.0 3.7 92.1 30.2 0.0 0.0 0.0 92.1 30.2 102.3
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
awAntna
Avg 0.0 0.0 0.0 0.0 0.0 0.0 0.2 22.4 3.1 0.0 0.0 0.0 22.6 3.1 25.7
S.D. 0.0 0.0 0.0 0.0 0.0 0.0 0.8 36.0 8.4 0.0 0.0 0.0 36.2 8.4 413
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Max 32.4 12.3 18 7.9 24.3 0.0 0.5 21.0 9.7 10.0 25.2 34.8 55.4 114.3] 1697
Min 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.1 17.0 0.0 53.5 53.5
tlifaqiiy
Avg 25.0 2.7 0.2 1.8 8.5 0.0 0.0 42 1.6 4.9 18.7 25.6 14.7 78.6 93.3
S.D. 6.8 45 0.5 2.7 8.4 0.0 0.1 7.5 29 3.1 5.1 5.7 17.3 15.7 30.6
Max 431 443 224 3.7 0.0 0.0 0.0 29.3 37.6 10.8 10.9 34.6 34.6| 1658 200.5
. |Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21.3 0.0 35.8 35.8
auAnlng
Avg 28.7 27.8 6.6 0.5 0.0 0.0 0.0 3.7 8.9 7.3 9.0 28.9 10.7 110.5 121.2
S.D. 1.7 15.4 7.2 1.0 0.0 0.0 0.0 8.3 13.0 3.6 2.8 4.1 103 35.6 43.1
Max 4338 45.0 17.7 3.2 0.0 0.0 0.0 14.6 28.8 11.0 1.1 34.3 27.2 143.4| 1706
Min 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.3 20.1 0.6 27.3 28.3
awanlna
Avg 255 25.6 5.6 1.2 0.0 0.0 0.0 1.2 7.0 7.2 8.8 28.3 8.0 102.3] 1103
S.D. 14.4 16.0 6.5 0.6 0.0 0.0 0.0 3.7 9.7 3.4 2.7 45 8.2 33.8 39.2
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el W.A b} n.A. a.A n.e .A. Wel. 8.0, A . A nadu LEIEY W9t
Max 195.6 123.0 170.2 3145 256.2 262.3 294.1 134.6 239.4 348.5 290.8 3626 1211.8| 1,364.8 | 2,304.9
. Min 27.8 0.8 82.2 135.7 31.6 0.0 35.8 31.9 56.0 58.5 20.8 32.8 498.3 280.6 778.9
Tilaqiiu
Avg 102.7 443 133.2 239.8 112.5 73.1 138.5 71.1 156.7 217.2 156.8 174.8 768.1 852.6| 1,620.7
SD 51.9 42.0 29.5 64.1 715 81.6 81.4 29.8 60.7 88.2 82.7 99.2 249.2 324.5 459.6
Max 222.1 78.2 241.0 365.4 303.6 275.7 3435 2326 335.2 4701 397.2 4625 14659 | 1,777.5| 3,203.3
. [Min 9.0 0.1 63.1 175.3 13.4 12.6 15.4 22.9 82.2 93.8 38.8 40.0 518.8 384.6 903.4
aupnlng
Avg 123.4 38.8 137.2 269.2 111.6 77.3 107.7 91.4 216.0 294.6 224.0 242.4 794.4| 1,139.2 | 1,9335
SD. 66.6 22.1 43.1 56.2 76.4 76.0 87.9 54.1 82.1 115.6 104.5 134.0 278.7 451.1 631.2
Max 382.2 116.9 172.3 331.7 221.1 210.8 241.9 152.3 315.5 499.2 4345 4425| 1,168.0| 2,107.0 | 3,250.5
Min 79.0 22.4 66.6 152.4 11.3 157 8.5 23.2 85.6 117.0 88.4 34.4 384.9 465.3 901.2
awAnlna
Avg 219.1 68.2 123.1 238.8 93.6 75.1 79.3 59.2 2228 384.8 333.8 287.4 669.2| 1516.0| 2,185.2
SD. 102.5 23.8 26.3 51.5 57.2 60.3 72.7 402 66.6 128.5 114.0 132.7 231.8 527.0 671.1
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479.2 855.3 1,136.3 623.9 30.2 1,135.3 32,71 1,601.8 41.0 144.4 -69.9 1,607.3 87.9| 1,964.6 72.9
121.6 138.6 260.2 144.4 18.7 146.0 5.4 322.7 24.0 397.2 226.5 219.9 58.7 345.2 32.7
265.8 561.2 817.1 306.6 15.3 695.5 26.2| 1,002.1 22.6 113.4 -57.4 1,081.6 96.2| 1,299.5 59.0
111.4 231.3 287.7 134.8 21.0 326.4 411 396.1 37.7 217.8 95.6 445.0 92.4 485.2 68.6
795.4 355.6 1,091.0 844.2 6.1 566.1 59.2| 1,323.1 213 733.3 -7.8 465.1 30.8| 1,120.9 2.7
247.2 48.0 412.0 240.2 -2.8 137.6 186.7 4271 3.7 223.6 -9.6 122.3 154.8 403.5 -2.1
439.2 194.0 633.2 417.3 -5.0 315.6 62.7 732.8 16.7 418.1 -4.8 322.7 66.3 740.8 17.0
165.3 107.7 219.5 152.1 -8.0 142.6 32.5 246.5 12.3 145.2 -12.1 120.8 12.2 218.9 -0.3
105.6 92.9 133.0 104.0 -1.4 26.9 -71.1 104.4 -21.5 46.4 -56.1 26.3 =711 46.7 -64.9
4.5 4.5 - - 0.2 - 0.3 - 7.6 - 257
29.8 26.5 56.2 20.1 -32.6 6.2 76.6 26.2 -563.3 6.2 -79.2 24.8 -6.2 9.1 -83.9
38.5 29.6 515 31.0 -19.6 8.8 70.3 315 -38.8 5.9 84.6 24.8 -16.2 12.4 -75.8
103.8 253 129.1 96.8 -6.7 30.4 20.0 126.0 -2.4 92.1 -11.2 30.2 19.5 102.3 -20.8
18.6 23 20.9 37.3 101.2 1.4 393.6 48.7 133.5 22.6 21.6 3.1 34.9 25.7 23.1
41.3 7.6 46.8 43.2 4.6 14.2 86.1 48.9 4.3 36.2 -12.2 8.4 10.5 41.3 -11.8
55.4 114.3 169.7 34.6 -37.5 165.8 45.0 200.5 18.1 27.2 -50.9 143.4 254 170.6 0.5
53.5 53.5 - - 35.8 - 35.8 - 0.6 - 27.3 - 28.3
14.7 78.6 93.3 10.7 =271 110.5 40.6 121.2 29.9 8.0 -45.6 102.3 30.1 110.3 18.2
17.3 16.7 30.6 10.3 -40.6 35.6 126.5 43.1 40.8 8.2 -562.4 33.8 116.4 39.2 28.0
1,211.8 1,364.8 [ 2,304.9 1,465.9 210.01 1,777.5 30.2| 3,203.3 39.0( 1,168.0 -3.6 2,107.0 54.4| 3,250.0 41.0
498.3 280.6 778.9 518.8 4.1 384.6 371 903.4 16.0 384.9 -22.8 465.3 65.9 901.2 15.7
768.1 8562.6 1,620.7 794.4 3.4 1139.2 33.6] 1,933.5 19.3 669.1 -12.9 1,616.0 77.8| 2,185.2 34.8
249.2 324.5 459.6 278.7 11.8 4511 39.0 631.2 37.3 231.8 -7.0 527.0 62.4 671.1 46.0
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904 Laltinsingand 2 -9% 447% -11% 512%
905 ¥ne (2) 37% -36% -20% -68%
906 ﬁmu -21% -95% 18% -99%
907 wsltinsiugond 3 -31% 8% -32% -20%
908 vihen -36% -78% -38% -96%
909 ¥4 17% -98% -40% -95%
910 Vit -25% -79% -33% T7%
911 Wi 4 -10% -40% 1% -39%
912 ¥intla -12% -52% -8% -64%
913 AABIATAL -9% -50% -3% -57%
914 witinuaatias 3% 15% 2% 9%
915 ¥ia -8% -68% -9% -100%
916 witinsmed 2% -30% 1% -93%
917 Wi uneus 11% 20% 14% 16%

a;uﬁ”mmmuuu -15% -46% -12% -47%

a;uﬁ”mmmunmq -10% -43% 0% -44%

@iuﬁ”mmmumq 9% 20% 1% 15%

q’uﬁ”%iﬁu 1% 5% 6% 1%
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2.3 maunla ussinidgmaninaiawaauiin
o o a o’l dl % dl [ ¥
AMFuununIsUEI st lmNnzann g lEn1azAN@ealud Auuauuan1anisuila-
UITNNANINNITANALARUYEN TAuA nsdpmumnastinlud n1st3uilganisdnnis wu nnsasuau
1 o 1 < o P dly A =2 dy 1 =2 ar
nsdaasinaingraiutiinarnisiiniunln Tnelunisdnetiaznandenisiuilaenisa uau
1 ogl 1 [~ 091 QI di/ dl 1 v oi/ ] v a a 1 =)
nsdaastinaingaiuiinaii et waznasldiiuInnasaNAuResy IneasnananeNg
o da Lo &
naasuulasiiniazuluguiniiueian
2.3.1 msuulganisaruannisianain

=3 | dl = dl a 1 091 . .
mmﬂwﬂumummmea\m@mmmimu@Nmaﬁﬂa@ﬂuﬂmmu Single  Reservoir

| |
A =

TolugiudniunisimuAsesiatiuisacuannistaeaiuuuateley 1esainlunisfnem

¥ v

NUNANE TENLIDUAANINANTUNINNANTENUABNIANANADUATT AIUUAINUNIUNANITANEN

=D,

mum(zgﬂﬁm LASATLY 2557)LL@;’ELmﬂzﬁfﬁ@g@lumu%wmﬁmm?ﬂwmL%uﬁmj Mneadiag
o a A ! , g
Faseaziae aNaznanasa bl
(Y s 1 [ s . .
1) ﬁ'ﬂgammmmsmmmmqmum (Reservoir Operation)

& [ % o” dl 1 [~3 09/ [ % d” dld ¥ o” 2 dl
1AHANTTAANTIUNIUR] aw/aALEINan TN ﬂﬂ‘]:f’]vLﬂLL’& mﬂ?mmuﬂm LU -RRNIRAE

Tugaegaru Aip9199 2-19

m1519% 2-19 Whauinsufiunalvadtuazlnaesniaderesdewesraiutinlugas gy

ALRAE 3l 2554 3l 2555

= = = = = =

= > = > = :

2 e | = | £ |2 2 | = | e |5 |2 |2 |¢

€ = Ny NS © = N 85 € = 3G =

g ’\& =1 °c g ’\& = ‘c g = = °c

’& & e e ’& & e = ’& & = e

< S = = < S = = < S = =

e @ 8S e 4 & @ v R @ .S e 4

P oS doSe I BN doSe oS N BN oS oS 2l

= = o = B = = i I = o R o

e e e |1 & @ & e e 1 & e I~ 8 1 &

C C C = C = C C C = C C C C = C
s & |& |@1&2& |& ﬁ;ﬁéﬁ 2 ga«é
awans | & QA Q@ S5e q QA = BRI = Q25 e
L%uqﬁwa 4435 | 1,798 | 7,603 | 3,590 | 11,258 | 3,776 | 9,373 | 5,573 | 3,923 | 1,915 | 6,961 | 3,161
RURINA 4918 | 2,242 | 5,930 | 3,032 | 10,234 | 5,209 | 7,287 | 4,437 | 4,305 | 2,540 | 5,241 | 2,391
AAULAY 1,412 856 391 348 2,753 2,077 610 567 896 410 345 302
{inel
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HANT9LETNNIAAN91 e w/8 AT IUTNRAR N N1 ANDTNARIAN 2555 LARIAIATN

7 2-20 waziFaunauiBuautnuatin-aan waziFuansunAudnlull 2554  wazil 2555

(Taaid 2554 ludaunuiliinnnuaztl 2555  Wusaunuinnilng) ladan1snen 2-21weagil

v
o A

N12ANEUNNT AN 11NNTdtNT 2555 TR

e deupina lutasaniunisniin 1 2565 fiknunn flunasinlnadingne Tudaengely
3,923 Fua.a. GeilerndnAnadenlsznns 12 wefidud uastieandn 2554 Uszanns
65 Lﬂ@%lf'ﬁuﬁﬁmmﬁyﬂmL%@'N%Qq@miwﬁﬂuﬁumw Lﬁémmﬁ”ﬁﬂzﬁaﬂiuﬁwqqdu
1,915 F1uaL.a. Sennndndnadeszann 6 iefiius uasienndn 2554 dezanm
49 Lﬂ@ﬁ%uﬁu@zﬂ@'@ﬂfﬂqqqmlu@@qummmﬁmmﬁyﬂLﬁuﬁﬂluﬁqaﬁuqqﬂu 6,190
Sruan.u. Aelubenar 46 189A209879 TetlerndnAadeszann 5 wefuiud

-

watasnIntl 2554 Uszunns 4 wlafidus
dl QQQ; 1 ro” = dl 1 = 09/ v 1 1

® TauRInA udaeaniunisaing I 2555 Aenunn Hlunntin lnadingnes lugaangu
4,305 1UAL.H. TetiasndnAeansrinns 12 wasidus wastieandnil 2554 1lszanan
65 afidus Bt lnadingsigegalumendanan daunmutindaes lugoangu
2,540 AMUALLH. TININNTIARALUTENL 13 1Wafidus uavtiaandnil 2554 Useann
51 wedduduariaesiigegaluneungenian deniaswiuinlugeesiug g dlu
4,673 &wau.d. Aniufenay 49 199A9INRENY TININNINANRALTTNI 3

-

wafidus uavtiasandntl 2554 Uszunns 4 1lafidus

1
a I

o dauupniiantingaunn lugasaniunisniin T 2565 Ak lannuinlvauingne
lugaenndusgs &ruau.u. GefiaandiAnadudszano 37 iwefifusf uaziiaandadl
2554 1szu1nd 67 L‘]Jﬂﬁe'ﬁuﬁﬂ?‘mmiiﬂmL%qﬁﬁq%qqqmluLﬁ@uﬁuﬂﬁﬂu s
Uaeglutaangu 410 Auau.. SetlerndnAnadenlazann 52 wefidud uaztinand
1 2554 1lszannu 80 Lﬂ'a?v'ﬁuﬁﬁmzﬂ@f@ﬂfﬁ@;qz@mhﬁﬂuﬁumﬂmﬁmmﬁjﬁ WAurinlugag
Augaly 212 Aruau.d. Asduesas 27.5 189A2N9 89 fatleandnAniaiy

&

sranns 23 wasidus waztiasndnil 2554 Uszannu 43 1lafidus
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A15199 2-20 fayan199An19ti lAe/E ALY TOURBUNEAIAN-AA1AN 2555

5 bl Tetalt 5
B |1Buna tdufu 153 ify  [Bna  |Bna |Binae g
tuh  |thaan  |Binanih |Anldnns |snanih [thaan  [USinenih |Anlanns [dwan aan iwAudn [dnldans
(81 (81 WAudn (871 &y |(8u WAudn (87u (87u (871 (81 (81
iau au.u) a1.1) (@ au.u)|au.u) a1.1) au.u) (81U au.u)|[au.u) au.u) au.u) a1.1) a1.1)
ALARULAaU WaHAAN ALAAULADY WO HAAN 2554 ALDAULADY WO HAAN 2555
Liaunfing 278 463 6,482 2,779 1,010 113 6,460 2,660 331 908 6,190 2,390
Liaudsia 245 491 4,550 1,814 512 212 4,877 2,027 437 701 4,673 1,823
Iauumiiag“ 74 48 212 169 132 84 310 267 52 27 280 237
Aadadau figuiau Aadaifau figuiau 2554 Aadaifau figuiau 2555
Liaunfing 339 319 6,577 2,744 908 98 7,328 3,528 305 281 6,190 2,390
L2iaud3ia 359 332 4,602 1,816 1,079 188 5,206 2,356 289 685 4,255 1,405
Ilauumiiag“ 114 104 235 192 225 161 383 340 56 95 237 194
ALRRLAAY NSNHYIAN ALRALLADY NTNHIAN2554 ALRALLAAY NTNHIAN 2555
%1} AUNANR 343 316 6,611 2,752 992 176 8,091 4,291 326 334 6,168 2,368
L2iaud3Aa 856 359 5,179 2,288 2,045 474 6,731 3,881 591 492 4,335 1,485
Iilauuaian 156 128 252 209 257 195 400 357 111 111 236 193
ALadaLfiau &avnau ALadaLfiau &9vau 2554 ALaReLiau &9 2555
%1} AUNANAR 843 309 7,280 3,273 2,611 626 9,584 5,784 660 255 6,554 2,754
L2iaudzAa 1,501 436 6,372 3,337 3,195 1,559 8,356 5,506 1,291 365 5,244 2,394
auuman 323 158 406 363 802 410 742 699 160 68 327 284
ALadaLiau Auanau ALaAaLAaY Auneu 2554 ALadaLiau Auaneu 2555
Liaunfing 1,434 176 8,616 4,515 2,843 776 11,487 7,687 1,576 79 7,978 4,178
L2 u3A6 1,365 369 7,269 4,312 2,341 1,831 9,118 6,268 1,234 125 6,333 3,483
Iiauuaiiag“ 487 276 618 575 899 860 893 850 373 52 647 604
ALAALLADY AR1AY ALRALLADY fa1AN 2554 AILAALLADY BAIAN 2555
Liaunfing 1,199 210 10,051 5,480 2,895 1,988 13,287 9,487 784 58 8,687 4,887
L2 URzAG 592 255 7,608 4,627 1,063 946 9,433 6,583 464 171 6,604 3,754
Iauumiiag“ 259 143 724 681 438 366 933 890 145 58 732 689
HU/adngaHu Hu/ndnaaHu 2554 PU/adngaHu 2555
Liaunfing 4,435 1,799 7,603 3,590 11,258 3,776 9,373 5,573 3,923 1,915 6,961 3,161
L2iaud3ia 4,918 2,242 5,930 3,032 10,234 5,209 7,287 4,437 4,305 2,540 5,241 2,391
auuaiasa“ 1,413 856 408 365 2,753 2,077 610 567 896 410 410 367
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A15199 2-21 WRauauBuasin wain-aan waziBuinsundunnlull 2554 wastl 2555

dau Li?rmmﬁq(ﬁm AL.Y) 1 2554 1 2555 % NAFY
deuning Usanasinidin 11,258 3,923 - 65
Bunauiean 3,776 1,915 - 49
BunmsiniAiy 9,373 6,961 - 26
BumsiniulEnng 5,573 3,161 - 43
Aeudn runasingia 10,234 4,305 - 58
runasieen 5,209 2,540 - 51
Bumsinuiy 7,287 5,241 - 28
Bunmsiniiulinng 4,437 2,391 - 46
aumatiaes o 2,753 896 - 67
Bunnsinesn 2,077 410 - 80
Bumeinuiy 610 345 - 43
Bunmenniiulinng 567 302 - 47
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a a 1 [ s [
2) NANITUTZLHUNANTZNUAINNITLTUITANLALUINAN

aNNTIATIEaNAaTnaea gL uanaeslszmalng Iaaldnanisitaumeaunaann
a 1 [3 Oa’ a o al =)

AN9LAMNFANALENAI LATNAAINNNTANaa98n W TaeFauiieulull w.A. 2553 2554 LAy 2555
o 1 dl aj dl dll [ a 1 [~3 o’J ¥ o % dl A
(A1aasususaiiad 3 1) dedaulalunisaiassaninnistinisatanusn lanuualy 2 ewla Ae

y 4 . e . , , y 4 -
Hewlad 1 nsLEunrenfusnwuLsialy (General reservoir operation) wazReawlaf 2 NsLEMNg
1 < 09} dl o 09/ ! . . dl dl ¥ o 1
B19ALTINANEIAN1919N (Flood reservoir operation) Iaaidaulan 1 laA1musnasilunisdass
tuuuriall warawlen 2 lEnnusanninaEiunisdaaaninil w.a. 2555 InediasneiBunnimn
AUAD Fuutindany LazdanInA NaaALAdLENEe9TlATaN19Talse N UNAL0TaY LARANHA

N7 LN UNANTENUAINNNTLINITBNIGIUAN AIAIFINN 2-14T94101900UNEINANITUTZ LAY

b2
o

NNILEMIE A UEUAN A
o msudwnsananuinlull w.e. 2553
- TunnstBmsdnnisenaiuindeu)InanINas 1aasungrulFNMtiuiney
4,787.1  Auau.u. Andufenar 36 199 Nqiuinevdien Inisdaeatiinaendaengi
1,017.3 ey, wazinranirgatlsemudinssan i un e nuAausINTIaA@Y 448 &1
au.. douludaanguisisuiaminfuiney 8,460.9 Auau.u. Andluwtenas 63 289ANAILAN
dl = 1 09/ 1 % % 1 a 09’
199301 Hn1sdaestinaendaenquae 3,137.3  Auan.d. uarliiinan1nn1s T aLAaLL
dl = o o a o 09/ :/I dl ' | a
HelfrauiguAun19aNaeanInNIILENIaan1ainie 2 Jeuly wudn Tudaeggelu nastsuis
' ul/ = 1 091 { { a a | dll o 09/ ' IS { 09/
anewuuialliinnslaeatingandnaAnase 121% warni1sisnnseneineadaanistivioninisaasiin
fipandnAIase 21% BAINA INTTNIMIN1IARAA NN 36 R1UALLN. AT 597.3 AuAL.N.
o o d” Y @ 1 a 1 dl o 09/ ' ! Y a 09/
AINAIAL T LTI N9LEUI9E19% WiNeaAN1stnviaN dana liinaLu i nauaaulug arugs
91 douwlugeangués nnstimsuunsialifinisdaestintiasndniunistauisgnss puasuaniion

(-1.77%) A2UNNFUTUIBNUNDIANNIUIVIONENNTUABEUNGINTN 48% TeaNNInEoELANIFHAT

Tupasiuini ugaegudiall uifenaazdaaliifafiunnmiauaaurinlugesnguisinllld
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o msudwmnsananuinlull w.e. 2554
TUN19L3MNI9AN17EIUALTN DU ANARINATY TaesiugaRulFuiufiuiney
6,066.4 &1uau.N. Anduiesar 45 wesANqiivinteden Anisdaeatiinaandaengr
3,735.1 Auau.u. douludanquisiuainiuines 13,3905 d1uau.w. Anduiesay 99
199A911q LN AeUW An1staesiinaandanauds 7,637.4  Auas.u. wazldfinganin
¥4 o e oo SO :

ANINTIALAAULN W aLTHLLNEUALNITANABNANTNNITLENIIAANI9E199e 2 Reuly wudd
Tudasngunistiiuisuuuinldiinisaeeintiesndt  23% uaznistEunsiiedanistinviaon
dagetiiioandn 47% anandy daulugaegqués nstdmsuuuialdinisdaestirtieundt 32%
LAZNNTUINIEAANIE L NEIANITHIIINENT AR ININNdY 19% AINANAL welunisLiEnng
gneiednnIstviandsa iiiAN1911uAaUEN 43.8 Auan.d. wlidiazdaesiinaaniisgauas
A4NIINITLUINIFBNMAINATY waznIsLFUIsuuLsiall Walinaslasetnazgananlut seinau

a =KX A 1 0” A = A a ' ua//

NOAANUINHUIAN UAZUIAUAAUULBNITIABUNENLU 2555 LNENIABILAEIRLYINTIL

® nrsusunsanasnunlull w.a. 2555

Tun19LEMsdANITENemNAT Tudaesiug g uiEiuiniuines 6,854 duau..

a P < o dl = 1 09} ] 1%
Anuesar 51 189ANqIiLANTedlew nNsUaestiinaentaegqii 1,914.9 A1uaL.u. uay

a 091 di al o [ a 1 u’/j di

Lifinan nAuIARAARENHeTILNEUALNI9R1A898NINNNTLETNIIE199e 2 Reula
wudn Tudaeggelu n1stsnisenstuuusialy An1sddeetingandidnase 5%  wazn1sLIung

INAYANITUNYIINLABEUNTHALNINANE3Y 18% AINATAU WANAINT N1ILTUITNAIANITUYION

genaliifanismauwaauiy IngineudsnaniduneuninisanauAaulngene 47.3 AUaLLu.
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5197 222 agtnniEwnsdanisenaiuiiudnlutl w.e. 2553 2554 uay 2555

4
1 o

dayauiuisaa | uSursuuunali | uSunsiiednnis
anafun | amwenen | S wA | 439 (@ uaal) (ATUAL.N.) Yvian (AuaLa)
aadu | gauds | aaelu | gauas aalY | 9AuAS
1 gfina | WRananin 2553 4,787 | 8,460.9 | 8,879.23 | 11,407.87 | 4,762.1 | 8,782.2
WAunn
2554 6,066 13,390.5 | 9,167.06 | 13,462.00 | 5,043.9 | 13,462.0
2555 6,854 8,687.0 9,582.06 | 11,383.27 | 5,717.2 | 7,995.5
ﬂ?mmﬁ? 2553 1,017 3,137.3 2,252.33 | 3,081.61 798.6 4,637.9
Uaas
2554 3,735 7,637.4 2,878.91 | 5,190.92 1,966.6 | 9,091.9
2555 1,915 2,010.60 1,577.1
P 2553 448 0.0 35.99 0.00 597.3 | 0.0
WIALARY
2554 0 0.0 0.00 0.00 0.0 43.8
2555 0 0.00 47.3
2 ®An | PBunwih 2553 3597.3 | 7,781.4 | 4,634.37 | 7,634.77 | 5936 |8,987.7
WAuAn
2554 4,771.6 | 9,494.5 5,063.25 | 10,640.00 | 6,598.8 | 10,640.0
2555 4,970.0 7,150.11 7,679.6
ll?a‘ﬂd”lm‘ljy’\ 2553 1,1476 | 3,711.6 2,403.14 | 3,305.28 2,341.8 | 3,110.8
Uanas
2554 5,090.0 | 5,601.7 3,677.65 | 4,542.63 3,453.7 | 4,017.8
2555 2,540.2 | 1,303.1 3,373.25 | 616.05 3,100.8 | 1,176.2
Wi 2553 186.8 | 108.7 52.17 11.68 9.5 0.7
WALARY
2554 98.0 104.7 15.93 2.47 20.2 0.0
2555 225.8 250.84 201.8

PHUILLUE ANLRASTANL TN UNALTN P3N utndaas

ARAY 34 1

=

N/A -lsifdayaieanasan1siiAged

u

2-35

LA NIUUITIALAAUILATIZNANN




1800 1600
1600 { —1l31iu 1400 4 —— T
vg 1400 4 ——awandulnd ag ——amaadulng
€ = 1200 A
2 5 2 .
2 1200 awandulna 2 amnanaulna
z & 1000 +
s 1000 o B
= S 800 1
g o g
600 1
2 2 o 4
S 400 A g /
= s
= 200 A / 2 200 4
— T—
0 L] L] L] L] L] L] L] L] L] L] 0 T L] L] L] L] L] T T T T
O N L e O I . N O S -
1 1 L
= aaaa
N) WAUNNNA ) LBWATNE
600
— ilagiiu
£ 500 4 Lo
€ —awnadulnd
E 200 1 aunadulna
2
»8
~ 300 +
,
z
=
32; 200 o y
2
=
QE 100 +o A
L
0 L] L] L] L] L] L] L] L] L]

A) WauwArtiaatingauam
5u# 2-7 wraumauunamvinadingnes luanmiaqiiu eniandulng uazeuiandulng

3 a 1 a 1 [ s o
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TnednaasanInannaIra9e 1 U g TN uNn (W.A.2522 - 2555 1i7a 1979 - 2012) aU1AA
ulnd (W.A. 2558 - 2582 viTaA.A. 2015 - 2039) LAz aUNAREUING (W.A. 2618 - 2642 38

A.A. 2075 - 2099) AMNNANIFAATIEHIBTNIULNALNN TN uNUaa8a1n a9 R LR LaziFuIn
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Fnuinlaeaainarafiuinluaqiiv euendulng wazeuiansulnaresdeugina Waugsna
uaziauLAtianingeuay uaniadgn 2-7
lun1sdiagnzinistsnnsanssluaniniaqiiu wazauranluaisilisinsnziaieas
wWefiduslngn 20 (Andian) wazilafiduslngn 80 (Aun) agnani1s3iAszinIsLTunNsene
Y o dgj
el
dl a 1 dl 09/ [~3 o OD 1 OD
- leiansuAeAsrestTNIMiAuAn dsnnindaes wariBuintinanawaauaes
Aeuning ludassingauu n1sususansuuuiallidsunsdnfuin (6,778 Auau.u.) gandn
a 1 dll o o” ' ¥ dl a { nI/ = { o’l
NN9LTNIIBICNNDAANITUITION (4,767 E1UAL.H.) TIN19UFNIa9uuuviall Annsilaesmin
1% ! a 1 dl o 09/ ! A ' @ Pl a {
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1% a { oI/ IS < o oa/ ! 1% a J dl [ % o’l
W& NsEungauuLiall Innafiuintnganda (9,176 E1uAL.N.) N1TLENNFEN LA ANIIN
1 % dl a 1 aI/ al | oil U 1 %
9N (8,121 aMUAL.N.) Tan1913Us8 9 uua R n1sUaesintiasndn (3,311 a1UaL.4.)
NN3LENNIE19 LNBARANNIWITIAN (4,330 &1ua.u.) Iaaninnsiidnnsensuuuialiiianauaauiin
168.4 §11AL.H. TWINIENNIILENIENLNDIANITUIVIINATTIARAAULININDS 264.3 RIUALLH.
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Wednnisiavianluggruiuuatiinanaaiu 142.1 Suau.u. danlugguieiuunliinenunay
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ANAILVAR 85.7 ANUAL.HN.

- wWanansanAdefidudlngn 20(Asian) 1e9lFurutAunn Eninuindaes way
BUIULNIALAAUTBIITBUNANG N13LTUN a9 uuLia I RBu i AUANgIndn (5,664
% a | Aﬂl [ og/ J % dl a | nI/
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mwane | wadals | e ailsal/ aBU | pzduean | 91a9n | dsuina
mzAuaan/ | Lawde | awNsna/ Nang wawsnI a9
widwn nae | AAaLdad | wawsnn WENUN
witla VA
2000 75.6 23.8 4.1 7.7 3.5 32.7 147.9
2050 52.3 10.1 2.7 5.0 1.1 41.7 113.3
Taifina
AN CC
2050 59.1 14.5 3.7 6.4 2.1 52.2 138.5
Auaann
CcC

#137: Nelson et al., 2009.
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ANLseing
yallisennialnaiuazipsatnagsnalan (The Rockefeller Foundation and Global
. aaa a o dl v A 1 1 dld o
Business Network, 20710) LAUBATAAAIN 2 WUIAAUANTS BAN1ANNLABNANN I LU UNTEAL
anqm (Critical Uncertainties) A 1 LLuQVINﬁ’]um?LfImLL@:Lmiﬂgﬁ@ (Political and Economic

Alignment) kag 2 ANNAIN1I0 1NNTUTURA (Adaptive Capacity)

15199 3-3 "nanalanluauam

AW Eaziden nsINadLaL AYNAINISD
LATHINA Tunsdduaa
1.lanwiapnnndaniia | lanfidiponudanilege Ngnsanans TN 49
(Clever Together) MillgroudrGaneiuienudssiiv
L da &
A iadululan
2. Tanwiemiseauan | TandilinnsasuANaInnIAigdIunans TGN A
(Lock Step) agadinen Anspouaniduaduuay

Faan Ml lHIN1INduIIND

Uszmnruuaziiauinnssylud-ein

3. Tanuuian19m1Iu TanffidoymnAuasegia atls Tadsupa 49
(Smart Scramble) ﬁmmmuﬁmiﬁmuumﬁmm

) 1 e T - s ;
4. TaNUAIANNIADN Tanfifuwsianulidupmiarssgia e | laidung A1
098l Fgeauun a0 NITNATRdHe An13
(Hack Attack) dsngauzestlsziuminlugdunse

(The Rockefeller Foundation and Global Business Network, 2010)
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gu 3-2 nanelanluaunen

(The Rockefeller Foundation and Global Business Network, 2010)

'Info Cruncher' Is

Grads' Job of Consortium of Foundations
Global Economy Choice as Data AFirst: U.S. Solar Launches Third Green
Turns the Corner Era Dawns Power Cheaper than Coal Revolution as Food
(2011) (2016) (2020) Shortages Loom (2027)
e /)0 05 200 205 2030
(Clever Together) e ® o
Radical U.S. and China Green Infrastructure Transparency International
Emission Targets Signal Reshapes Economic Reports 10th Consecutive Year
New Era in Climate Landscape of Improved Governance
Change Negotiations (2018) (2025)
(2015)
Millennium Islamic Terror Warlords Dispense Vital
Development Goals Networks Thrive in Doctors Without Borders Medicines to Southeast
Pushed Back to 2020 Latin America Confined Within Borders Asian Communities
(2012) (2016) (2020) (2028)
4. Tanwsisannuidounay 2010 O 2015 O 20 205 O 2030
(Hack Attack) N N N e
Violence Against Congo Death Toll Hits Nations Struggling with India-Pakistan
Minorities and Immigrants 10,000 in Malaria Resource Constraints Race Water War Rages
Spikes Across Asia Drug Scandal (2018) to Scale Synthetic Biology (2027)
(2014) (2021)

519 3-3 Indladzasnmanalanluauias

(The Rockefeller Foundation and Global Business Network, 2010)
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The Energy and Resources Institute (TERI, 2009)
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A5 3-5  NINBIEENBAIANTNITWINUILUNUTIUNTLEUIITANTUIULLY TUINIEUTL

v
guudtnl1mauan
Ret de::;::ion Title Hydrology

Baseline

1000 BS Baseline Scenario Standard 1985-00

Definite future

2000 2015-UMD  Upper Mekong Dam Scenario Standard 1985-00

3000 Definite future scenario Standard 1985-00

Foreseeable future situation (2030)

4000 2030-20Y  LMB 20-Year Plan Scenario Standard 1985-00

4001 2030- LMB 20-Year Plan Scenario Climate change:
20Y+CC 2011-2050

5000 2030-20Y-  LMB 20-Year Plan Scenario without Standard 1985-00
wio MD mainstream dams

6100 2030-20Y-  LMB 20-Year Plan Scenario with & Standard 1985-00
wio LMD mainstream dams in Northern Lac PDR

6200 2030-20Y-  LMB 20-Year Plan Scenario with 9 Standard 1985-00
wio TMD mainstream dams, excl Thailand

6300 2030-20y-  LMB 20-Year Plan Scenario with 9 Standard 1985-00
wio CMD mainstream dams, excl Cambodia

7000 Cam0 Early flood protection and full flood protection in Cambodia

7001 VNA Early flood protection and full flood protection in Viet Nam

7002 CamO¥Na  Combination of above

LMB long-term development scenarios

8000 2060-LTD LMB Long-term Development Scenario Standard 1985-00

8001 2060- Climate change:
LTD+CC 2011-2050

9000 2060-VHD  LMB Very High Development Scenario Standard 1985-00

ANN: ALTNUFTANIZNTINNT NN T (2554)

Eimar Kriegler waranizliaguingtuuuninaisainisndnlfinudnglszassnisldan

1
=

ag9lsfinin gdununieanlisunisaivayupedunianisimuasegiawardsan (Shared
Socio-economic Pathways (SSPs)) Iae 1A NANNIEUBINITLITIN (Challenge to Mitigation)
warn1315usa (Challenge to Adaptation) sanisilasuutlasaningdainielunisfiaisnn

NN IUBUNAR
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SSP 4

Challenges to Mitigation

Challenges to Adaptation

@aun: Kriegler, E. et al.,, 2010)

gﬂﬁ 3-4 gUuuunnaneres Elmar Kriegler
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1.

2.

R Nl et g bRl

W THuN1s N899 AR Ndena Tz U INNT
AN N ReIN T ENAUNeaTa (Energy intensity) wazillss@nsninnislduas

N19AANINAINU (Energy efficiency, Supply-Use of Energy)

. dadninfAun1sdnuiTanlnIu (Water resource supply)
% o o Y = o =
. dasnfnsnumnalulatiuazanuainisalunisasmuannmaiulat

4 o v Y o/ a2 -dl o P4 a
. °1|@'Q’m@ﬂ’]uVI?Wﬂ’m?‘l’l’]\‘lﬂ’]ﬁ‘L\‘iUﬂJ’ﬂQﬂﬁ‘zmﬂLW'ﬂﬂ’]?ﬂ\‘iVJ‘uﬂ?UIﬂ?Q@?’]\‘iLﬂﬁ:@ﬂ@ (Green

investment)

. 49R1IAAIUAIUIL LATANTIOUSIBININENTNY e (Capacity supply constraint of

human resource and core competency)

A

2 (Awareness) Lmzﬁﬂﬂmw’mﬂq@ﬁﬂuﬁ‘mmﬂ@zmmuLmzﬁ;muﬁlu

a

N13N13UFURY



A151991 3-6 NANAR (Gross Output) TULINIAUARNFNT

NANAR (Gross Output) NTAIFIU, UUILRIULINIUSIAALY

LUINILADN aasil A.A.2010 (W.A.2553); (BRSINFULNLAD %, LaRanall)
2553 2563 2573 2583 2593

1. MINmULATEgNa-d9AN | 4,621,243 | 7,013,519 | 10,341,861 | 15,191,130 | 22,314,207
muuualiinluenn (Business 5.18 % 4.75 % 4.69 % 4.69 %
as Usual: BAU)
2. snenldliilandawiniundn | 4,598,137 | 6,809,426 | 9,963,349 | 14,779,450 | 21,954,948
2 89" C Wauiuuualiix 481% | 4.63% 4.83 % 4.86 %
luaRmnann AuARTTE
3. MINmuIATEgNA-dIAN 4,598,137 | 9,428,540 | 13,408,309 | 19,315,201 | 27,839,497
e whenrulaasaniuew 1051 % | 4.22% 4.41 % 4.41 %

o

A1

Aninaunasuatiuayunsiay IHannnlssinuddaidisgnsAans (Strategic Research

Issues, SRI) 399 “Maulasuuilasnannis 1 N5 wazn1sdnnisdauwanian” s lunisdnem
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a < o aa o .
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1| WANIUTINN

WA

2 | W duudyw Bio-based technology

3 nsUssiiuAnanInaaIninens ns

14, NINELNNTEITHLR

4 Demand side management

5 Zoning

a

=~ 9 =
HNBAT, LN'ﬂ\i,ﬂWﬁ‘I Ny
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819991915, climate change

7 | #5unaln nagninisdeaisiuaulin

AU, A9AN, NNTADANT
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aAnsARa 964.13 923.01 952.01 | 961.20 896.23
UATHITIA 114.69 108.37 107.27 108.23 108.78

SINNNAMIR | 3,525.24 3,386.00 | 3,303.44 | 346238 | 3,327.02
#51UNANRIADULIY

agannufiasnisiivanisinensluaaniAeanii 4,616 au au.usell TnailA1gege

Wiy 6,162 1w au.Nsell warAAgainiy 3,222 A au.usiel lnauanesaaziasn

AHARINT TN TULEA Y AN AIAN919N 3-15
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= o & A =
M1519N 3-15 mm[ﬁm\‘im?mL‘Wﬂmimwrﬂﬂu@mm

RN adie
aaHu aquay |5l
U AIFIRn | 1,425.1| 1,318.1| 2,743.2
AGNER 805.8 49.4| 952.8
Auadn | 1,0526| 969.7 | 2,022.3
S.D. 1782 | 4281 5701
tlo AIRIEM | 1,365.6| 533.0| 1,823.0
AR 7056 | 1859 8914
ALade 8773 | 3641 12414
S.D. 191.2 119.1|  265.6
B AFIRA 825.3 108.0 873.4
AENEA 454.3 25.3 543.5
Al 638.9 489 | 687.9
S.D. 99.7 26.0 92.6
LEAWSZE| ANRIR A 427.5 38.0 465.5
AENER 292.2 309 | 3302
ALade 343.6 371| 3807
S.D. 38.2 2.1 38.6
JALWLNNI [AFIFA 148.6 125.4 263.4
AENER 96.2 99.6 195.8
Aade 122.3 113.4 | 2357
S.D. 16.7 9.2 22.5
U AFIRA 4,192.2 | 1,970.8 | 6,162.9
AeNEn | 2,522.8| 699.3 | 3,222.2
Anadn | 3,0523| 1,563.9| 4,616.2
S.D. 4642 | 4662 |  800.2

TunnstszannuAIANFaanisldun ian 1anemAs luaw AR 1 lFaNnAINAaINITEND
wainAelulinag uazinuuaiuniniztlgnanuthintaelda B nsuiazgnmniluaunpa l5aal

' g I v o A ~ = |

autdIu ANAeIn1s it wen inERs A ullasnnTi i uluauAngang
Aaataudadn1s Munnan Isneasead luauIAndulndAe 2,303.0 A1UALL.N. TUANAY

= 1 o 1 [ % % % 09/ dl dl %

AMNARAWINAL 13.9 % douluauiansulnaninudiaanisldinivani1anemILaag 2,376.9 AMUAL.
d‘ al dgj = di a U 2/09/ di 1 o v
TUANTUAINAR 17.5 % HaNATUIANARINIT e sinERsseggnudn luewAndulng
LA Y y & d o Y 2@ L
AnaatANAedntTldiNen N lugeulAt  1,198.0 A1uaL.N. WANTUAINAGAE

il 1 ¥
Tuehn 13.8 % daulugauisanuiiesnisliiienisinemsian 1,105.0 A11aL.N. INNTUAINBAR

1 v 1
14.0 % dovewirsdulnadnaenafsaufiesinislduiienisinsnslugguuiien 8785 d1u
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AL, Anas-16.5 % daulunguisadusiesnisldiiiienisinemsien 1,210.7 Auav.u. dWinay
a
AINBARN 24.9 %

quintla ponfiesnisldtinienisinenseds lueuiandulndne 1,403.0 Auaua.

'
=

TUNHIWAINAAWINAL 13.0 % douluaniandulnananufiaanisldniimaenisinemsiady 1,407.6
Y 4 2 - 4 - Y 2
AMuau.N. TUNNTUAINEAR 13.4 % LaNa1suIAINfeents it ientsinenssen g
! o Y dl % v 091 dl a % QI dgj
wudluenandulndrnaauaansiesnisldiniienisnemnsluggeluian 983.9 1uau.u. naw
anAnaagluenn 122 % daulugguasaninsdiesnisldiiienisinemsien 4191 &uau..
QI d’/ a ] o o 1 dl 4 v 0” d‘ IS
Waawanemn 13.0 % daueuandulnadnsAiaduainseanisldinmenisinsmnslugguuiad
974.2 uaL.y. dinTuanAadeluenn 1.0 % daulugguisanuiiesnisldinivenisinsns

AN 433.4 A1UALLN. [NTUAINDARA 19.0 %

v
o 4

! A OQI dl dl [ v A 1
BESRRMIEN ANARINT U INan1inERATaan Tuau ARdulnaAe 800.1 AMUAL.N.

'
a

TUANTUAINBAAINAL 16.3 % daulusuiandulnaniindiesnislduninenisinensieds 792.5
AuaL. L TUNNTUAINERAR 152 %  1eaNTiIAINfeInisldiliansinenesnangwuan
Tuauiandulndrnadsaiinfesnisldinmenisinensluggiuian 7726 Auau.u. isa

P = : P y v o P ¥
anAaaeluenm 20.9 % daulungudsranufisinisliiiiienianemeiian 27.5 AUaL.N. a9

= ! o o 1 dl F I 091 dl A
ANeRn -43.8 % druauiandulnadnsAaftANfiednsldnlienisinensgaEuiAn 972.3
[ PN ' = = | 1% [% [% & A a
Auav.u. inanAnedeluenn 52.2 % dauluggudspanufiednisldiiienisinemnsiien 44.2
ATUAL.N. AAAIANBAR 9.7 %

I oy 1 k2 azcy dl dl o v A 1%
QUURINTSEN ANERINIT M INaNTTinERgRaY luauARaulnaAe 434.3 A1UaLLA.

'
a

TUANTUANDAAYINAL 14.1 % danlusuiandulnaniindiesnisldiiienisinemsiads 423.0
AuaL.N. TURNTUAINEAR 1.1 % WWaRiarsuiAdufesnis il iensinemesiengnudd
Tuewiandulndrafeansiesnisldunnenisinemsugaeuial 392.4 AuaL.u. INTUAIN
Aadeluenn 14.2 %  daulugquisannsieanisifiniienisinemnsien 418 &uau.u.
N . CH e Y 2 & -

WWHTIWANBRA 12.7 % douewandulnadnaAadurnsienisliinmenianemnslugguluiad
382.1 fuau.u. WNanAvadeluenn 1.2 % doulugguisasinsiesnisidiiiienisinsms

1 v
AN 40.8 A1UALLN. AINAAANNAY 10.0 %
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il o” o ¥ v 091 dll dl o A v
ANUIATHNNG ANMNABINIT I HNLNeNTINERTRae e rIAREUINAAR 274.4 R1UAL.Y.

'
a

TUANIUAINEAAWINAL 16.4 % dauluauiandulnannuiiesnislinienainensiads  267.7
" 4 22 o 4 - . Y ¥ d :
A1uaL.u. TUANIUAINEAR 13.6 % WafansniANbiesnis Lt NentsinEmssangnudn
Tuewiandulndrafearnsiesnisldinienisinemsugaeuial 127.9 A1uan.u. INauAIn
Aadeluesn 4.6 % daulugquispnnudiesnisldiniventsinemsiien 146.5 Auau.u. KT
Anamn 29.2 % dauariandulnadnsAafeAuiaInisldinienisinemsluggelutan 126.5
A1uau.u. anasanAadeluenn 3.4 % daulugguisranufieanisldiiienisinemnsiien 141.2
AruaL.u. WNTWAINDAR 24.6 %
P g Y v o A = o 9

sNUNIANA9RBULY MBI T enTsinERsiads TueAngulndfe 5,240.9
% d! QI d” a 1 o 1] o v b A 09/ dl
A1uaL.d. TUANTUAINEAMWIATL 13.5 % dduluewiandulnapanufesnisidiniienisinems
1AY 5323.6 A1UAL.N. TURNIUAINEAR 15.3 % iHeNatsuIAnNFensldiienisinems
uganudlueuiandulnddnaaeanfesnisldinianisnenslugguian 3,486.1
v a &£ ' = = ' ¥ P v o A
Auau.u. WnTuanAvedeluenn 14.2 % diulugguispanfiesnisldinienisinemng
g % QI d’j a 1] o o 1 dl ¥ v OD
HAY 1,754.7 AUALLN. WNTUANGAR 12.2 % FausuiArsulnadnsAaaeaANsien sl
Wen1sinens unAeluiAY  3,420.0 fruau.N. WnIW 12.0 % daulunguisasnsiesnisidin

IWANIFNHATIAN 1,903.6 FNUALLN. INIUANDAA 21.7 %
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AN9199 3-16

= v 091 A I 09/ 1
L‘]E‘EI‘LILV]EI‘LI AIMHABNINITUITIELABUANUIUIN

ANUADINITU (81U AU.U.)

Wau — — -
we | w.e. .81 n.a. &.0. n.el. 0.A. W8, 1.0. .A. nN. i.a. agHu | aquav | vl
Max 261.8 76.6 198.5 347.4 305.0 195.3 376.6 121.2 145.5 317.0) 299.7 339.0] 1,425.1| 1,318.1 2,743.2
ade  [Min 9.2 1.6 55.6] 165.3 92.9 67.2 163.8] 58.2 20.3 6.7 8.8 2.8 805.8 49.4 952.6
Avg 159.2 49.6 135.5 271.9 192.4 132.7 233.0) 87.2 111.0 226.9) 196.0) 226.9| 1,052.6 969.7| 2,022.3
S.D. 93.2 29.4 33.9) 51.2 68.0 36.7 70.6| 19.2 40.9 97.0) 89.3 109.0 178.2 428.1 570.1
Max 316.6 60.3 192.7] 442.6 385.0 242.6 436.5 130.2 175.9 395.1 384.0]  447.2| 1672.2| 1,710.6] 3,382.9
auaatna M 9.2 1.7 64.4 223.8 110.4 79.4 156.2 57.8 15.7 6.4 8.5 3.2 953.9 44.6| 1,077.0
Avg 168.4] 34.2 141.8 337.1 221.1 158.7 245.6) 93.6 123.1 266.3 236.6, 276.4| 1,198.0[ 1,105.0[ 2,303.0
S.D. 103.3] 20.0 24.1 61.3 86.3 44.9] 80.7 19.6 53.4 120.5 112.7] 139.0] 202.3 521.0 665.2
Max 355.0 73.8 173.7] 443.2 378.9 212.3 396.2 117.6] 186.9] 411.0 384.7 460.4| 1,512.1f 1,831.7| 3,343.8
auealng Min 9.2 1.7 82.0] 202.9 102.5] 80.7] 146.1 58.6 23.3 13.0 14.7 74.5 878.5 163.9] 1,131.5
Avg 194.3] 42.2] 138.8] 329.3 217.8 153.2] 237.6) 89.4] 129.1] 288.0 265.4 2917 1,166.1) 1,210.7[ 2,376.9
S.D. 110.2] 23.6 20.3 66.9 77.4 38.0 76.6| 15.2 53.4 123.1 115.2] 128.4] 188.7] 528.1 658.5
¢='| = % o’l A 1 oD a
M159N 3-17 L“LE‘EI‘LI NEUAINABRINITTUNTIE meau@umﬂq
oy ANUADINTITUT (81U AU.Y.)
.8, W.Q. .0l n.a. &.0. n.. 0.0. W.B. 5.0, .0, .. il.a. oy | aquay | vl
Max 39.0) 2.5 1111 350.1 352.4 224.0 253.4 113.7 146.2 138.4 138.2 111.5( 1,365.6 533.0] 1,823.0
afe  [Min 10.4 0.8 37.6 209.5 94.2 38.4 55.3 52.7 49.2) 45.9 39.0] 34.5 705.6, 185.9 891.4
Avg 23.6 1.5 78.4] 268.4 202.0 124.1 124.5 79.9 96.6) 90.2 83.3 68.9 877.3 364.1] 1,241.4]
S.D. 8.7 0.6 24.5 41.5 69.2 63.8 58.9 17.9 34.4 31.8] 29.9 25.3 191.2 119.1 265.6
Max 48.5] 3.2 139.1 395.9 404.9 261.6 295.0 135.3] 179.6| 170.7| 169.4] 130.6/ 1,601.0 657.3| 2,167.2]
awealng Min 11.4 0.8 40.1 230.5 110.9] 50.4 64.0] 60.7 62.3 55.3 50.7 42.3] 798.7 233.3| 1,038.8
Avg 26.2 1.7 89.8] 296.7 225.9 139.9] 140.5 91.2 111.4] 103.8| 96.7 79.3 983.9 419.1] 1,403.0
S.D. 11.4 0.8 28.0 45.9 73.9 67.6 62.7 20.1 39.9 38.3 36.9 31.9 210.7 148.5 314.2
Max 48.0) 3.2 125.3 393.2 363.5 266.5 263.4 120.9] 160.1] 152.2 150.0| 133.2| 1,439.2 582.8| 1,941.7
auealna Min 11.8] 0.8 38.1 212.6 103.8 48.9 60.6 60.3 56.3 52.9 46.4 39.1 742.8 213.5 956.3
Avg 27.2 1.8 90.0| 290.0 227.5 142.8 135.8] 88.0| 114.1 107.5 97.8 84.9 974.2 433.4| 1,407.6
S.D. 11.3 0.8 26.0 43.2 66.4] 67.2 57.6) 17.3 34.0 33.0) 30.5 311 191.6 127.7 272.5
=] al ¥ 091 A I 09}
M1519N 3-18 Llr';“?;li_l WELAIMHNARINITUITIELARUAN UL N
Bau ANUADINTTUT (81U AL.U.)
.8 W.A. iz n.a. &.0. n.e. 0.0, W.g. 5.0. u.A nN. ii.a. agHu | aquay | el
Max 10.9 87.3 154.3 217.6 183.1] 158.5 189.6) 62.7 6.4 6.0 9.2 21.0 825.3 108.0) 873.4
adn Min 2.3 2.6 28.7 92.4] 67.1 51.0 47.3 32.3 2.9 1.9 2.1 0.0 454.3 25.3 543.5
Avg 6.1 20.3 90.2 135.9 139.7] 100.2] 122.6) 50.4] 4.7 3.8 4.5 9.4 638.9 48.9 687.9
S.D. 2.5 28.9 38.6] 38.2 36.1 38.9 41.6] 8.8 0.9 1.5 2.5 6.3 99.7] 26.0] 92.6
Max 6.5 12.0 179.8 239.8 255.0 198.1] 278.5 78.9 11.6 6.6 6.9 29.2| 1,090.6 50.3] 1,133.9
awealng Min 2.3 1.3 75.0] 106.3] 108.4] 56.8 55.7 25.6 2.7 0.3 2.1 2.7 581.4 14.1 606.8
Avg 4.0 1.9 108.0) 169.5 168.8 117.3 152.1 56.9 5.3 3.4 4.0 8.9 772.6 27.5 800.1
S.D. 1.5 2.1 22.4 33.4 45.4 44.9 56.1 14.9 1.9 1.8 1.6 8.5 133.1 10.7 132.4
Max 6.5 2.1 113.3 251.8 250.2 185.4 274.6) 76.9 6.1 5.9 5.9 29.2 992.0 54.2| 1,023.2
awaalaa IMin 2.2 1.3 66.7 103.7 102.7 60.2 59.2 30.1 0.1] 0.8] 2.1 2.2 565.3 13.0 594.9
Avg 4.2 1.5 91.1 180.9 166.8 117.3 150.4 57.8 4.7, 3.8] 4.0 10.1 764.2 28.3 792.5
S.D. 1.5 0.2] 12.0 41.2 43.0 423 53.0) 11.2 1.6 1.6 1.4 9.8 127.5 11.6 130.2
a = v 0” A J 09/ ¥
M1579N 3-19 L‘].ﬁ??;l‘]_l WELAIMANARINTTUITIELADUYNUINATNISEN
ANUADINTITUT (R1U AU.U.)
Wau — — =
. W.A .81 n.a. &.0. n.el. 0., W8, 9.0. u.A nN. ii.a. aQHu | aquay | vl
Max 1.0 1.1 1.0 33.5 95.4 85.6) 146.5 93.7 30.9 3.0 1.0 1.1 427.5 38.0] 465.5
ade  [Min 1.0 1.1 1.0 11.8 64.8 36.5 47.5 66.6 23.8 3.0 1.0 1.0 292.2 30.9 330.2,
Avg 1.0 1.1 1.0 22.9 82.4] 60.8 91.4 85.1 30.0 3.0 1.0 1.1 343.6 37.1 380.7,
S.D. 0.0| 0.0 0.0| 6.0| 10.2 12.8 27.5 8.5 2.1 0.0| 0.0| 0.0 38.2 2.1 38.6
Max 1.0 1.1 1.0 39.6] 111.7 97.5 172.9 110.5 36.5 3.4 1.0 1.1 503.8, 44.0| 547.5
awaalng M 1.0 1.1 1.0 13.4 71.4] 415 53.2 73.3 27.3 3.2 1.0 1.0 321.0 34.7 362.2
Avg 1.0 1.1 1.0 26.1 93.4] 69.2 105.3 97.3 34.4 3.3 1.0 1.1 392.4 418 4343
S.D. 0.0| 0.0 0.0| 7.3 11.9 13.4 30.6] 11.4 2.3 0.1 0.0| 0.0 46.2 2.4 46.9
Max 1.0 1.1 1.0 39.7 106.8 94.9) 156.1 112.1 36.8 3.4 1.0 1.1 455.2 44.3 495.2
auealng Min 1.0 1.1 1.0 12.5 73.3 38.5 53.4] 76.3 26.5 3.1 1.0 1.1 334.2 33.8 376.8
Avg 1.0 1.1 1.0 25.9 91.6 66.4 102.5! 94.7 33.5 3.2 1.0 1.1 382.1 40.8] 423.0
S.D. 0.0) 0.0 0.0 6.7 10.4 13.4 28.0] 8.8 2.6 0.1 0.0 0.0 34.8 2.6 35.2
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ANUADINITU (81U AU.U.)
Wau — — -
L8 W.A. .81 n.a. &.0. n.el. 0.A. W8, 1.0. .A. nN. i.a. agHu | aquav | vl
Max 35.1 16.2 5.9) 13.9 38.2 27.4 48.4 34.0| 12.0 10.0 27.0| 37.4 148.6 125.4 263.4
ade  [Min 17.6 0.9 1.0 11.5 29.6 9.3 9.9 20.9 9.0 8.1 16.7 21.8 96.2 99.6| 195.8
Avg 311 10.4 2.4 12.4 34.2 16.4 28.4 28.5 11.1 9.0| 22.5 29.3 122.3 113.4 235.7
S.D. 5.1 5.2 1.4 0.8 2.4 5.5 11.9 4.4 0.8| 0.7] 3.3 4.6 16.7 9.2 22.5
Max 43.1) 44.3) 22.6 11.5 24.3 37.0 35.0) 55.0 38.1 11.2 10.9 34.6 158.8 177.2 336.1
auaatna M 19.5 20.2 1.0 5.4 17.3 29.1 15.9 14.0 20.7 7.2 7.6 213 106.9 114.1 221.0
Avg 33.4 36.6 12.1 7.3 20.2 33.4 23.1 318 27.1 10.0 10.0 29.3 127.9 146.5 274.4
S.D. 5.9 6.8 6.2 1.5 1.9 2.0 5.4 10.6 4.7 1.0 0.8 4.0 16.5 15.1 29.3
Max 43.8] 45.0] 18.8 11.0 22.0 37.5 36.4] 44.3] 32.7 11.3 11.1 34.5 148.6| 159.8| 302.2
auealng Min 22.2 20.4 0.9 5.4 16.8 27.0 15.4 14.0 20.1 7.5 8.0) 21.4 101.4] 112.9 228.6
Avg 31.3 35.4 12.0 7.3 19.8| 32.8 23.2 31.4] 26.2 9.8 9.7 28.8 126.5 141.2 267.7
S.D. 6.4 6.3 5.7 1.6 1.6| 2.4 6.0 9.5 3.2 1.0 0.7 4.0 15.8 12.9 23.3
a o~ % o & & A
M159N 3-21 L“LE‘?_I‘LI NELAIMNRABDINITUITIELABDUNUN AN
oy ANUADINTITUT (81U AU.Y.)
.8, W.Q. .0l n.a. &.0. n.. 0.0. W.B. 5.0, .0, .. il.a. oy | aquay | vl
Max 299.0) 80.6 341.9) 909.8 858.4 542.6 868.4|  406.3 313.2 410.2 356.7 440.5| 3,675.4] 1,783.4] 5,458.9
afe  [Min 52.5 12.3 245.2 485.4| 4277 225.7, 363.3 233.3 139.0 134.8 95.4 110.2| 2,490.1 574.0] 3,064.1
Avg 182.6] 52.7 293.5 738.2 616.8 410.2 561.7 318.9 250.8 322.8 278.3 307.1] 2,939.3] 1,394.3| 4,333.6
S.D. 93.6 29.3 31.9] 115.4] 125.7] 102.1 155.4 50.7 65.8 104.2 94.5 116.6] 318.3 468.1 677.4
Max 377.5 91.0 345.4 778.6 585.2 525.6 653.9 330.5 335.9 563.5! 547.4 572.4] 3,081.5| 2,448.2| 5,458.1
awealng Min 302.8 70.8 295.8) 684.3 480.5 299.2 540.0 278.9 318.3 523.8 505.9 525.9] 2,755.2] 2,350.0[ 5,144.2
Avg 343.6 84.4 323.0 738.2 552.7 388.8 606.0) 309.6 334.3 552.2 523.4 551.5 2,918.3] 2,389.5 5,307.7
S.D. 17.7 4.2 11.7 24.2 25.6 61.7 40.7 11.8 3.7 8.9 11.2 9.9 76.7 22.2 83.3
Max 388.3 89.9 362.8) 812.0 611.6 507.6 677.0 330,4' 349.9 582.3 563.6 588.3| 3,103.0) 2,528.0[ 5,580.7
auealna Min 342.0 82.2 301.8| 704.6 512.3 314.1 525.3 291.8| 318.9 561.2 531.3 555.2| 2,830.3] 2,452.7[ 5,306.5
Avg 368.2 86.4 332.0) 754.5 560.9 399.8 613.0) 315A5| 344.5 572.4 543.7 575.2| 2,975.7| 2,490.3| 5,466.0
S.D. 10.6 2.3 14.8 28.9 31.4] 59.8 38.9 10.8] 8.6 4.3 9.0 8.0 57.2 17.0 63.2
= ~ % & P g
MA1TN 3-22 Llr';‘ﬂll bneru mmmmmiu’mﬂq qwuwmﬂm
o ke auanlng auna'lna
|1 — — —
) ageu | aquay | el a6y % QQUAY % Ealibi] % a6y % nQuUAY % il %

AIFIFA 1,425.1] 11,3181 2,743.2] 1,672.2 17.3|  1,710.6] 29.8| 3,382.9 23.3 953.9 -33.1] 18317 39.0| 3,343.8 21.9
. ﬂ:’m'ﬁii_ﬂ 805.8 49.4 952.6 953.9 18.4 44.6) -9.7| 1,077.0 13.1] 1,512.1 87.6! 163.9 2319 1,131.5 18.8
Al 1,052.6 969.7| 2,022.3| 1,198.0 13.8| 1,105.0) 14.0]  2,303.0 13.9 878.5 -16.50  1,210.7 249 2,376.9 17.5
S.D. 178.2 428.1 570.1 202.3 13.5 521.0 21.7] 665.2 16.7| 1,166.1 544.4] 528.1 23.4] 658.5 15.5
AFIFA 1,365.6 533.0] 1,823.0] 1,601.0 17.2 657.3 233 2,167.2 189 1,439.2 5.4 582.2 9.3 11,9417 6.5
gl ﬂ:'whim 705.6 185.9 891.4 798.7 13.2 233.3 25.5| 1,038.8 16.5 742.8 5.3 213.5 14.9 956.3 7.3
ALadn 877.3 364.1  1,241.4 983.9 12.2 419.1 15.1]  1,403.0 13.0 974.2 11.0 433.4 19.0] 1,407.6 13.4
S.D. 191.2 119.1 265.6 210.7 10.2 148.5 24.7 314.2 18.3 191.6 0.2 127.7 7.3 272.5 2.6
AFIFR 825.3 108.0 873.4| 1,090.6 32.1 50.3 -53.4] 1,133.9 29.8 992.0| 20.2 54.2 -49.8| 1,023.2 17.1
an ﬂ:‘lﬂ"\f_ﬂ 454.3 25.3 543.5 581.4 28.0] 14.1 -44.3 606.8 11.6 980.7 115.8 52.2 106.5 594.9 9.5
Al 638.9 48.9 687.9 772.6 20.9 27.5 -43.8 800.1 16.3 972.3 52.2 44.2 -9.7 792.5 15.2
S.D. 99.7] 26.0| 92.6/ 133.1] 33.5] 10.7 -59.0 132.4 43.0 967.0 869.8 43.7 67.9] 130.2 40.6!
AIFIFA 427.5 38.0) 465.5 503.8 17.8 44.0 15.6 547.5 17.6 455.2 6.5 44.3 16.5 495.2 6.4
wszen ﬂ:‘lrvﬁi!ﬂ 292.2 30.9 330.2 321.0 9.9 34.7] 12.1 362.2 9.7 334.2 14.4] 33.8] 9.2 376.8 14.1
AL 343.6 37.1 380.7 392.4 14.2 41.8] 12.7 434.3 14.1 382.1 11.2 40.8] 10.0 423.0| 11.1
S.D. 38.2] 2.1 38.6/ 46.2 20.8] 2.4 13.1 46.9 21.4] 34.8] -8.9 2.6 27.1 35.2 -8.9
AIFIRA 148.6 125.4 263.4 158.8| 6.8 177.2 41.3) 336.1 27.6 148.6) 0.0 159.8, 27.4 302.2 14.7
szunnds ﬂ:‘lﬂ"\f_ﬂ 96.2] 99.6) 195.8 106.9 11.1 114.1 14.5 221.0 12.9 101.4 5.4 112.9 13.4] 228.6 16.8
ALadn 122.3) 113.4 235.7 127.9 4.6 146.5 29.2 274.4 16.4] 126.5 3.4 141.2 24.6 267.7 13.6
S.D. 16.7 9.2 22.5] 16.5 -0.9 15.1 64.1] 29.3 30.4] 15.8 -5.2 12.9 40.5/ 23.3 3.5
AFIFR 4,192.2| 1,970.8| 6,162.9| 5,026.4 19.9| 2,541.1 28.9| 7,567.5 22.8| 4,520.0 7.8 2,559.8 29.9| 6,886.4 11.7
u ﬂ:‘lrvﬁi!ﬂ 2,522.8 699.3| 3,222.2| 2,910.8 15.4 784.7 12.2|  3,695.6 14.7| 2,704.8| 7.2 750.3 7.3| 3,455.0 7.2
ALARE 3,052.3] 1,563.9| 4,616.2| 3,486.1 14.2| 1,754.7 12.2| 5,240.9 13.5| 3,420.0 12.0] 1,903.6 21.7| 5,323.6 15.3
S.D. 464.2 466.2 800.2 562.7 21.2] 620.5 33.1] 1,035.6 29.4] 513.1 10.5 583.5 25.2 962.1 20.2
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TudauresauAnALEesn1s 1 i Tnsilasuut aslufianafifeanissnuana wilssunns

1.8-2.0 % Faliea A Inens a8neleAnINIHanANTIIT18NTIARIUATNLI AINABINITEN

Ao o < pry Ny o o o g
ﬂﬁﬂLﬂiﬂrﬁlﬁ‘ﬂzﬂ\‘miuﬂ WA, 2563 NINATHNAINRIYUAIAINNTDANNAAINNITWENUINLNT AL T2N 11

1 2 v 2 1
=

TuRunguun WA EANNAMNUNIZAN A IUN SN TWIINUT 11U ATHIMNNZANTDIAL

o & %
ANNNANATULRINUNLT WAL

= o o o Vo o ]
M1519N 3-23 V’VJ’]Nm@\iﬂ']?IﬁuqluQNuququﬂ’]EleL[;]ﬂ’]W'ﬂﬁlﬂC”]'N"'l

nMwanEd | InuAT | aRRIUNeSN | UEMsuas 393 FEUL 394
ASLFAY DILY: NAUNA

A.A. 2015 3,288 10 80 3,378 300 3,678

W.A.2558

A.A. 2020 1 3,612 11 84 3,707 300 4,007
W.A. 2563 2 3,775 13 84 3,872 300 4,172
3 3,612 11 84 3,707 300 4,007

A.A. 2030 1 4,325 11 94 4,431 300 4,731
W.A. 2563 2 4,325 20 94 4,440 300 4,740
3 4,325 11 94 4,431 300 4,731

A.A. 2050 1 4,325 12 118 4,455 300 4,755
W.A. 2593 2 4,325 45 118 4,489 300 4,789
3 4,325 12 118 4,455 300 4,755
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\HanInsnszinnduiuissndaAsEgRaua AN feeni s lusrAuguianudn
a o " ' oi/ 1 IS = ! ai// a o !
HanAugiNasNlulszing (GDP) aevguinnuiiAies 2 % 1esdszinamingu neidndou
5.6, 0.6, 1.4 % 783 GDP N1AINEAST, GAAIUNITH WAZNIALENIT MNANAL wazitlsvainsszuins
3.3% aeviszanslulszmalng DauddnArdanannaziiatiesianauiuszAulsema uslidle
) o Oa’ A 1 Oy S o 1 dl F 09/ J 091 ¥ !
fansnudannsluazesn Ae quinth 49 an diu dadusiuinzesguindinezen aznwudiunum
9qNIAWHea g R NIz RAT T sTine 38, 4, 11, 41 % (T, 99, 8w, Wu
ANNATAL) BNAIREN9LT @jmﬁf]muﬁwxﬁmmmmmiummam GDP /ig 2 % ae9ilseind
dl 1 09/ 1% A 1 0’/ dl 1 09} % A o
WUz GDP quulEaIIzenAe 32% veatlseind us 41 % veainguiinidinszan i lunnswmun
a o o ! Y o 1 o’l 1 qg; ¥ oy dl o a dg/ dl
iAssgRanazdianAananlifuniainguinuiug inezaztiunInn1sfuinANE un1 Ui un
quuNUIL U n13dgniln nstFunistiunsenluguiniiu dendenaneniswmuguin

Wanszen finuuaulanngasfiesiansanisninsanaesguidwsyen iy

Us N g3 U
76,638 7,270 62,288 82,304
79,805 16,995 28,541 25,009
152,615 29,254 77,513 100,817
__ 309,058 _ 53,519 _ 168,342 _ 208,131
2,532 622 1,890 2,234
122,075 85,982 89,075 93,172,
L e e e o e = ——— A ————— : ___________ b e e e e ————— = ————— 1
|
2 * %
quun TAVH] WIWSEs1 | -------S > fanislvavesin
GDP A1ALNYAS AUV 99,583
GDP gmewnssy ANUUMN 1,038,560 ﬁm A LAy
GDP n15U3N13 AUV 3,037,963
GDP 574 auum 4,176,107
Uszung 1,000 AU 12,183 Y
GDP per capita v/au/A 342,769 GDP gun

53U 3-10 naRAnuTINIaTNTULITINA (GDP) 784431
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3,288

fsnnslvavain

7l * AsuYaUTENIY ** Aanidy

1Y & !of 1 ’o’
AUABINTIE UGN

Ug* Sq* e
4,409 675 3,101
101 25 18
63 9 25
4,605 713 3,156
95 9 25
1,672 173 201
_ 6,339 ___ 896 3,381
'.u ........................ L, I' .
gand miw WngEeT* | oo >
WD ANALNEAS AU au.ul. 15,920
WD gmanunssu AU Al 1,945
WD A15U3ATS AU au.l. 417
WD 574 & au, __ 18,491
WD AfEeu AU aual. 626
WD szuuiii AU UL 1,261
WD s2umsnan) Ay aval) 20,169
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4 o8 Y U
17) 11 20 25
789 681 1,587 1,786
2,421 3,212 3,119 3,135
68 76 54 62
n.a. n.a. n.a. n.a,
n.a, n.a, n.a, n.a.
n.a. n.a. n.a. n.a.
._v ________________________ L l ___________ S |
GV i Wmsgen | -------2 > shnslvavesin
AIALNYAT U / au.dl. 6
2MAYNT T U/ aual. 534 i TRty
n15UINTS UMW/ aud. 7,279
5oy UM/ au, - 278
pfusey UM/ aval. n.a, Y
ST P nal YAAININUATHIAIEATUDIUT
sauteuel U/ AU n.a;

3UN 3-12 yarmaAIngAransrestin luusazguiin
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Thailand $1:
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GDP gr % in Scenario 1
: Service sector
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-GPP -

Sector: Manufacturing
Year: 2013
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A15199 3-27 1By Inaniuannil c2

Monthly mean runoff (MCM) Wet Dy Annual

Year
APR MAY JUN JuL AUG SEP ocT NOV DEC JAN FEB MAR (MCM) (MCM) (MCM)
1979 1,606 1,655 2,130 1,737 1,972 2,163 2,203 1,673 1,298 618 447 552 11,861 5,112 16,973
1980 524 984 1,738 2,101 3,128 4,924 ! 3,152 1,255 764 941 1,225 21,881 8,730 30,611
1981 1,393 1,670 2,103 2,108 4,126 3,699 2,529 2,993 1,753 921 1,062 1,516 16,235 9,703 25,938
1982 1,459 1,251 1,056 1,243 1,569 2,637 3,672 2,322 1,192 878 1,142 1,418 11,428 8,478 19,906
1983 1,526 1,402 1,041 1,017 1,623 2,760 4,631 4,747 1,872 765 1,076 1,536 12,474 11,373 23,847
1984 1,376 1,169 1,465 1,082 1,375 2,420 2,950 2,335 1,249 768 1,036 1,520 10,462 8,333 18,795
1985 1,426 1,215 1,051 1,336 1,737 2,613 4,054 4,306 2,423 721 1,042 1,463 12,007 11,327 23,334
1986 1,372 2,307 2,244 1,721 1,777 2,332 1,984 1,828 1,280 540 1121 1,460 12,365 7,581 19,946
1987 1,353 1,147 999 850 1,386 2,609 3,570 1,999 1,264 501 684 1,285 10,560 6,780 17,341
1988 1,047 1,370 1,450 1,448 1,493 2,132 3,211 2,496 1,239 730 841 1,190 11,104 7,852 18,956
1989 1,355 1,315 1,891 969 1,300 1,708 2,267 1,921 1,164 583 671 1,303 9,450 6,864 16,314
1990 1,221 1,358 2,367 1,274 1,240 2,053 2,251 1,602 1,247 632 663 978 10,643 6,087 16,630
1991 966 662 566 448 1,528 3,026 2,462 1,527 1,029 527 600 735 8,692 5,146 13,838
1992 728 674 374 291 1,620 1,103 2,603 1,508 1,130 543 591 855 6,665 5,475 12,140
1993 848 866 1,039 682 975 1,893 1,424 890 682 284 334 432 6,879 2,888 9,767
1994 266 889 2,615 2,142 2,438 5,383 4,873 1,492 1,324 595 809 1,179 18,338 6,607 24,946
1995 1,209 1,306 1,336 1,341 3,461 7,635 ! 4,335 1,773 931 1,272 1,846 24,840 11,898 36,738
1996 1,740 2,148 2,306 1,586 2,369 4,118 7,208 5,268 2,140 793 1,087 1,392 19,735 12,097 31,833
1997 1,418 1,332 975 1,005 1,290 2,039 2,632 1,349 1,052 546 770 1,073 9,273 5,952 15,225
1998 1,162 873 482 1,203 1,124 1,556 2,046 1,102 668 370 507 530 7,284 3,756 11,039
1999 580 1,458 1,622 879 1,435 3,009 4,825 4,946 1,646 725 1,112 1,290 13,229 10,787 24,016
2000 1,068 1,777 2,040 1,934 1,874 3,709 4,630 3,228 1,150 979 1,130 1,439 16,964 9,104 25,068
2001 1,177 1,860 1,820 1,487 3,299 3,938 4,850 3,467 1,437 895 1,008 1,402 17,254 9,523 26,777
2002 1,315 1,311 1,265 1,271 1,953 6,092 7,936 5,143 2,390 1,280 1,426 1,681 19,828 13,059 32,887
2003 1,138 1,460 1,637 1,685 1,962 2,874 2,981 1,400 899 727 903 908 12,600 5,693 18,292
2004 855 977 1,835 1,922 2,573 2,656 2,847 1,089 850 824 782 865 12,810 5,371 18,181
2005 961 953 1,150 1,145 1,466 3,146 3,902 2,147 1,021 1,051 968 1,003 11,764 7,083 18,826
2006 873 1,538 2,608 2,649 2,457 5,220 - 4,943 1,442 1,316 1,237 1,290 26,848 11,457 38,305
2007 1,230 2,454 1,823 2,212 1,997 3,246 4,690 2,305 1,163 1,178 1,153 1,116 16,422 8,311 24,733
2008 1,395 1,712 1,562 1,645 2,100 3,217 4,624 4,766 1,407 1,262 1,268 1,394 14,859 11,354 26,213
2009 1,258 1,257 1,398 1,765 1,390 2,193 4,213 1,868 1,080 1,104 975 968 12,216 6,699 18,915
2010 705 601 542 553 2,598 4,266 5,457 4,254 1,386 1,351 1,366 1,621 14,016 11,129 25,146
2011 1,003 2,262 2,892 3,226 5,442 _ 5,950 2,351 2,941 3,190 2,661 34,865 17,093 51,958
2012 1,566 1,696 1,843 1,439 1,471 3,742 2,841 1,203 1,172 868 1,007 1,246 13,031 5,496 18,528
Max 1,740 2,454 2,892 3,226 5,442 9,459 12,377 5,950 2,423 2,941 3,190 2,661 34,865 17,093 51,958
Min 266 601 374 291 975 1,103 1,424 890 668 284 334 432 6,665 2,888 9,767
Mean 1,150 1,380 1,567 1,453 2,045 3,399 4,503 2,810 1,366 868 1,007 1,246 14,347 8,358 22,705

N
Nu1: nuTaLlIEnIU
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TusnuAneesnmifand A liudneiinailszloaigniainnisdgndninainga uay
Lﬁ@ﬁmsmmﬂﬁmw@mumenmmmmu (B/C ratio) wudnfAwindu 7.1 aadulasenig

A - 0 A o =
NUTAINUATNN B NITAITNINITRIVULNB AN B/C >1 AaM1719%N 3-29
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A919% 3-29 uARINITANUINIYARANBIUNULATNaL sz TaTiannsUgnilngn nacl 1

danth nsali 1 NPV Y1 Y2 Y3 Y4 Y5 Yo | Y7 | Y8 | Y9 | Y0 | Y11 Y12 | Y13 | Y14 Y15
AUYU (TB/rai)

Aug (200 fusials fuay 3 un) 571 600

AT (TB/rai) (13 01etln) 286 300

Auaelgn (TB/rai) 286 300

ANAUATNEN (TB/rai)

1. A1n9d i

7 1- 5 onedaive 3 A%e ATaaz 300 LW 900 900 900 900 900

7 6- 10 nnadaite 2 Afensaay 300 UM 600 | 600 | 600 | 600 | 600

di1-5 ldile 2 p5a AZ9AZ 300 LM 600 600 600 600 600

3. %uﬂﬁuﬁ Antlearilu /Anfa 300 300 300 300 300 | 300 | 300 | 300 | 300 | 300 300 | 300 | 300 | 300 300
993 fiunu (TB/rai) 12,786 | 3,000 | 1,800 | 1,800 | 1,800 | 1,800 | 900 | 900 | 900 | 900 | 900 300 | 300 | 300 | 300 300
wailselewii(TB/rai)

malfannisenansmusiannld 103,133 0 0 0 0 0 0 0 0 0 0| 33600 0 0 0| 173565
sauuatlselend (TB/rai) 103,133 0 0 0 0 0 0 0 0 0 0| 33600 0 0 0| 173565
ualszleniugns(TB/rai) 90,347 | 3,000 | 1,800 | 1,800 | 1,800 | 1,800 | 900 | 900 | 900 | 900 | 900 | 33,300 | 300 | 300 | 300 | 173,265
BCR = 7.1
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AwFunstif 2 wudnuaiselamignsainnisignialunsiin 2 windu - 23,830 U waz
Lﬁ@ﬁmsmﬁm@”ﬁmm@m@mmummmmmu (B/C ratio) wudndANNAY 0.2 Failulaganns

N1NAANUAINNO HYTNINATIINITANUNBAT B/C >1 AIM19797 3-30
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A1919% 3-30 uansNsAuIMyarfuBLazuatlsyiamiannslgnindn netu 2

danth nsdi 2 NPV Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 | Y11 Y12 | Y13 | Y14 Y15

FuYY (TB/rai)

Aug i (2006iusials fiuay 3 571 600

AN ALT (TB/rai) 286 300

AusaLan (TB/rai) 286 300

ANAUATNEN (TB/rai)
1. ADFTi

7 1- 5 anedaite 3 A afeay 900 900 900 900 900

300 U

T 6- 10 mefaits 2 plenianz 600 600 600 600 600

300 L

7 1- 5 14idle 2 AFa Afanc 500 500 600 500 600

300 L™

3. ?‘J'ml 1urt evTaariulul /Aois 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
994 Hunu (TB/rai) 12,786 | 3,000 | 1,800 | 1,800 | 1,800 | 1,800 | 900 | 900 | 900 900 | 900 300 | 300 300 300 300

Andalanialunistgndnaineg 114,176 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000 | 11,000
59N AU (TB/rai) 126,963 | 14,000 | 12,800 | 12,800 | 12,800 | 12,800 | 11,900 | 11,900 | 11,900 | 11,900 | 11,900 | 11,300 | 11,300 | 11,300 | 11,300 | 11,300

wailselewii(TB/rai)
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gnil nsai 2 NPV Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15
elgannismandandusiantd | 103,133 0 0 0 0 0 0 0 0 0 0 | 33600 0 0 0| 173,565

saunalszlend (TB/rai) 103,133 0 0 0 0 0 0 0 0 0 0 | 33600 0 0 0 | 173,565
ualszlenugna(TB/rai) - - - - - - - - - - - 22,300 | - - - 162,265
BCR = - 02
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