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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
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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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