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ABSTRACT

Climate change is an issue currently being faced by the global community. Climate
change will have significant effects on the management of water resources and irrigated
agriculture. Irrigated agriculture is sensitive to climate change. This study was conducted
under simulated climate conditions (SCCs) at 3 different levels of atmospheric CO,. Under
these conditions the study aimed 1) to study the present and future availability and utilization
of water in the dry-season cropping of the planned Nam Nga Gnai (NNG) project; 2) to
compare the water balance, the cropping area and the profit among cropping patterns; and 3)
to explore the appropriate cropping patterns.

Results showed that the water supply may increase over the dry-season (October to
April), while evapotranspiration of crops showed no clear trend. Some of the current planned
cropping patterns in the NNG project plan were not viable for the present and future situation.
Under the baseline conditions and for the project area, there was a water shortage in the dry-
season for rice with fish ponds pattern and for the combination crop pattern (maize, green
bean, lettuce, cabbage, tomato, cucumber and fish pond). Under SCCs of CO,=540 ppm, also
there were water shortages for the rice with fish ponds pattern. On the other hand, the increase
in water supply during the dry-season enables farmers to increase the irrigated area for the
crop combination pattern which is more than the baseline condition (CO,=360 ppm) by 11%
under SCCs at the level of atmospheric CO, =540 ppm and by 12% at CO,=720 ppm.

The increase in water supply under SCCs at the levels of atmospheric CO,=540 ppm and
720 ppm can generate 67% and 84% more profit respectively than the baseline for the rice
with fish ponds pattern and for the combination crop pattern. The profit increased to 24% at
C0O,=540 ppm and to 30% at CO,=720 ppm. Future water supply generated higher profit for
single cropping pattern of maize, green bean, cabbage, lettuce, tomato and cucumber, than the
baseline. The profit ranged from 77-93% under SCCs at the level of atmospheric CO,=540
ppm and 89-100% under atmospheric CO,=720 ppm for each cropping pattern.

Under SCCs at 3 different levels of atmospheric CO,, the cropping patterns studied
could be ranked in terms of farming profit generated. The study ranked the cropping patterns
from the highest to least based on the results: cucumber, tomato, cabbage, lettuce, a
combination of crops, rice with fish pond, maize and green bean. However, discussion with
the Lao PDR authorities revealed that the combination crop pattern and the rice with fish pond
were more preferred due to the influence of existing cropping patterns and consumption
demand than the single cropping patterns in spite of the high profit generated by the single
patterns. However, in the situation of single cropping patterns, it is recommended that the
farmers use the pattern yielding the highest profits as found from this study.

KEY WORDS: THE PROPOSED NAM NGA GNAI PROJECT / CLIMATE CHANGE/
WATER BALANCE IN RESERVOIR / PROFITABILITY/DRY-SEASON
CROPPING PATTERNS / SIMULATED CLIMATE CONDITIONS OF
ATMOSPHERIC CO;, LEVELS
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CHAPTER 1
INTRODUCTION

1.1. Background and justification

Lao PDR’s long-term objective is to graduate from the Group of the Least Developing
Countries by the year 2020. According to the Government Report to the 7" Round
Table Meeting, “Our economic system, which is essentially based on agriculture, must
be able to provide sufficient food for our people”. One of the eight National Socio-
Economic Priority Programmes called “food production and goods program” focuses
on self-sufficient production and goods export. This program is part of the policy to
trigger agriculture-based export (CPC, 2000). As consequences, irrigation and
agriculture are seen as important sectors and are strongly promoted in Lao PDR. Both
sectors are the basis of socioeconomic development, where the subsistence agriculture
contributes for GDP significantly and creates 80% job opportunities. The main crop is
rice (www.theodora.com - accessed on 7 November 2004). Other attention has been
raised such as rural infrastructure development and agricultural research has been
prioritized (CPC, 2000).

The main policy of the Department of Irrigation, Ministry of Agriculture and Forestry
is to (a) develop irrigation in order to achieve self-sufficiency in food, increase
agricultural commodities and reduce slash and burn cultivation in remote areas; (b)
involve local authorities, beneficiaries and the private sector in irrigation development
and management; (c) coordinate irrigation development projects with other non-
physical measures such as agricultural extension service, agricultural inputs, credit and
marketing services etc.; and (d) protect against flood damage (ADB, 2003). More
agricultural development requires more water particularly for irrigation in agricultural

area.
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In Lao PDR, irrigation area covers 2,169 km? in the rainy season and 750 km? in the

dry season, which is on average 0.27 km? per 1000 people (www.nationmaster.com).

There has been very limited assessment on effect of climate change on agricultural

irrigation in Laos.

In Laos, major irrigation can be seen in few types, which include such as weirs,
reservoirs (170 reservoirs), pumps, gates, and gabions. These irrigation facilities
distribute in various parts of the country. The irrigated area has been expanding from
1991-2000 gradually, particularly dramatically increased in 1999 and 2000. According
to the irrigation five-year plan (2000-2005), irrigation is being expanded into remote
areas using self-flow irrigation system by reservoirs (DOI, 2000).

More than 80% of people of the country live in rural area, where most of them are
farmers. Agriculture development in Lao PDR depends on the nature, particularly
rainfall. Rice production depends on rainfall conditions in any specific area. Without
irrigation system, rice production is uncertain as experienced in the past. Investment in
the irrigation sector has covered about 40-50% of the government’s budget in the
agriculture and forestry sector. As a result, livelihood of farmers has been improving

and job opportunities have been created (DOI, 2000).

Lao PDR has abundant water and water resources. The annual average rainfall is 1650
mm, ranging from 1300 mm/year in the north, 1500 mm/year in the central region,
2000 mm/year in the south, and 3700 mm/year on the Boloven plateau (ADB, 2000).

Although some advances have been achieved in the water sector, problems still
remain. These include: unusual rainfall patterns in some years, high evaporation, flood
and drought in some of the main agricultural areas of the country; the impact of
shifting cultivation on water resources although this activity has been significantly
reduced; and conflict of interests for management within the sector since most water
sub-sectors are still responsible for multiple roles of regulator, manager and service
provider (ADB, 2000).
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Concerning with climate change, it seems that a small watershed is more sensitive than
a big watershed due to the smaller size, and hence, the lower storage capacity. For
instance, Nam Ngum Reservoir has a bigger area and more storage capacity than other
reservoirs such as Nam Suang, Nam Houm and the planned Nam Nga Gnai reservoir,
hence, sensitivity to climate change seems to be less. However, other changes are
important too such as land use, physical characteristics, human induced-activities
around watershed etc.

Recognizing the possible influence of climate change on water resources of small-
medium size reservoirs, the planned Nam Nga Gnai (NNG) reservoir Project, which
has a watershed area 56.8 km?, is selected as a case study. The objective of this

reservoir is to store and supply water for downstream dry-season irrigation.

Construction of dams and reservoirs is one of the water management options for
irrigation in order to cope with water shortage and adapt to climate variability and
change. However, most dams have been built based on the assumption that river flows
in the future (total runoff and severe floods) will be much like those in the past. In
some cases, the historical time series of hydrological data used for calculation and
design is too short and may not reflect cyclical phenomena. Climate change has
introduced another level of uncertainty about changing flows within a life span of
most dams. The safety of large dams is affected by changes in the magnitude or
frequency of extreme precipitation events. This change is highly uncertain, but climate
change is expected to lead (and perhaps already has led) to larger and more frequent
extreme precipitation events (The World Commission on Dam, 2000). The capacity of
dams is also affected by changes in total runoff. Many dams have shorter operational
period due to water shortage and fewer water supply during dry-season. In addition,
land use in upper and lower parts of a watershed might influence the amount of water

in the reservoir as well.

In the light of potential climate change and variability, possible assumptions under

simulated climate conditions of 3 different levels of atmospheric CO, and the change
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of water availability will be used to analyze the planned Nam Nga Gnai Project
(hereafter call the Project) and optimize its plan on possible water utilization options
in the dry-season (October to April). This study might be beneficial to policy-makers,

planners and managers in future water resource management.

1.2. Research objectives

1) To study the present and future availability and utilization of water in the dry-
season cropping of the planned Nam Nga Gnai under simulated climate conditions at 3
different levels of atmospheric CO,

2) To compare the water balance, cropping area and profits among cropping
patterns under simulated climate conditions at 3 different levels of atmospheric CO,

3) To explore the appropriate cropping patterns under simulated climate

conditions at 3 different levels of atmospheric CO,

1.3. Research questions

1) What will be climatic conditions of Nam Nga Gnai‘s watershed under
simulated climate conditions at 3 different levels of atmospheric CO,?

2) What will be the amount of the average surface discharge of Nam Nga Gnai
watershed under simulated climate conditions at 3 different levels of atmospheric
COy?

3) How will be the changes of crop evapotranspiration and the evaporation of
fish ponds under simulated climate conditions at 3 different levels of atmospheric
COy?

4) What will be the difference among the water utilization and the cropping area
of cropping patterns under simulated climate conditions at 3 different levels of
atmospheric CO;

5) What will be the water balance in Nam Nga Gnai reservoir under simulated
climate conditions at 3 different levels of atmospheric CO,?

6) What are the criteria used to select appropriate cropping patterns?
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1.4. Scope of the study

1.4.1. Simulated climate conditions at 3 levels of atmospheric CO,

This study selected 3 simulated climate conditions at 3 different levels of
atmospheric CO, based on AL1FI scenario (Intensity use of fossil) as follows:

(1) The baseline — 360 ppm atmospheric concentration of CO,. This
concentration assumed to happen as present situation.

(2) 540 ppm atmospheric concentration of CO, which is 1.5 times or 50%
increased from the baseline, which to be assumed to happen in future.

(3) 720 ppm atmospheric concentration of CO, which is 2 times or 100%

increased from the baseline, which to be assumed to occur in future.

For each simulated climate condition of the level of atmospheric CO, in the, 6 major

components of Nam Nga Gnai Watershed were analyzed:

1) Major climatic data including precipitation, temperature (minimum and
maximum), wind speed, and relative air humidity;

2) Average surface discharge of Nam Nga Gnai watershed;

3) Evapotranspiration of dry-season crops including rice, green bean, maize,
lettuce, cabbage, tomato, cucumber and fish pond;

4) Water utilization and cropping area of cropping patterns

5) Water balance and maximization of available water resources;

6) Economic return of crop production

1.4.2. Study period

The study focuses on the dry-season only, which starts from October to April due to
the crop calendar.
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1.4.3. Duration of climate data

1) Observed data of climatic conditions were derived from the
Meteorological Station No. 18013 (Loei province, Thailand). The duration of the
recorded and simulated climate data (under climate condition at the level of
atmospheric CO, = 360 ppm), was from 1984-1993. This duration and both
mentioned climate data was used as the baseline to correlate.

2) The average year of this duration was taken on monthly basis for
further reference.

3) Other climatic data were derived from the simulated climate
conditions of 3 different levels of atmospheric CO, as mentioned in section 1.4.1. The
average year of this climate data was taken on the monthly basis.

1.5. Hypothesis

1) Changes of the average surface discharge of Nam Nga Gnai watershed vary
with climatic conditions.
2) Water utilization of the Nam Nga Gnai’s Project is based on water

availability of Nam Nga Gnai’s Reservoir.

1.6. Conceptual framework

Global warming is occurring due to human activities, adding CO, concentration in the
atmosphere, inducing climate variability and change and affecting water resources.
Currently, water resource development projects, dams and reservoirs construction,
and irrigation systems are designed without taking into account of the future potential

effects of climate change.

In this connection, knowing potential water supply and demand will be beneficial to
irrigated agriculture planning, dry-season cropping pattern adjustment, water resource

management, and estimation of economic return.
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The conceptual framework of this study is presented in Figure 1.1.

Water availability Water demand under
under SCCs at 3 SCCs at 3 different
different levels of levels of
atmospheric CO; atmospheric CO;
) N
Changes in
surface discharge Crops Fish pond
of NNG
watershed

A 4 A 4

Changes in water Proposed cropping

storage in NNG Water balance in patterns based on the
reservoir the NNG reservoir condition of the project

and under SCCs at 3

, different levels of

l atmospheric CO,

A

Comparing and
selecting the
cropping patterns

Criteria:
— Preference of CP
— Profit of crop "
production
Recommendation
on cropping ——»  Farmers/
patterns NNG PrOJeCt

Figure 1.1: Conceptual framework
Note: NNG = Nam Nga Gnai CP = Cropping patterns

SCCs = Simulated climate conditions
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1.7. Expected outcomes

1) Increased awareness of water resource managers and stakeholders of future
climate change situation, which should be taken into consideration in water resource
planning and management.

2) An example of application of climate change scenarios in studying the
possible effects of climate change on water availability and demand of the project
which may be applicable to other parts of the country.

3) Baseline information for future study on climate change in the NNG
watershed area that water managers and water management policy-makers may take

the results of this study into consideration in adjusting the Project’s plan.
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CHAPTER 2

LITERATURE REVIEW

2.1. Definition of climate change and climate variability
Climate change

McCarthy (2001) describes climate change as “any change in climate over times,
whether due to natural variability or as a result of human activity”. He also notes that
the United Nations Framework Convention on Climate Change (UNFCCC) defines
“climate change” in different way as “a change of climate in which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural variability observed over comparable

time’s periods”
Climate variability

McCarthy (2001) refers climate variability to “variations in the mean state and other
statistics (such as standard deviations, the occurrence of extremes, etc.) of the climate
on all temporal and spatial scales beyond that of individual weather events. Variability
may be due to natural internal processes within the climate system (internal
variability), or to variations in natural or anthropogenic external forcing (external

variability)”.

This study focuses on climate change because it will have influence on the water

resources, water levels in a reservoir and finally affects water demand for dry-season

cropping.

2.2. Global warming

Among other factors (natural processes, other greenhouse gases), it is believed that

CO; (caused by automobiles, power plants, and other emissions) is an important factor
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that causes the global warming which increases the average temperature of the earth’s

atmosphere (www.hubbardbrook.org/education/Glossary/Glossary.htm - accessed on
23 February 2005). Scientists expect that the average global surface temperature could
risel-4.5°F (0.6 -2.5°C) in the next fifty years, and 2.2 -10°F (1.4-5.8°C) in
the next century, with significant regional variation. Evaporation will increase as the
climate warms, which will increase average global precipitation. Soil moisture is

likely to decline in many regions, and intense rainstorms are likely to become more

frequent (U.S. Environmental Protection Agency - www.epa.gov/globalwarming/).

In addition, rising global temperatures are expected to raise sea level, and change
precipitation and other local climate conditions. Changing regional climate could alter
forests, crop yields, and water supplies. It could also affect human health, animals, and
many types of ecosystems. Unfortunately, many of the potentially most important
impacts depend upon whether rainfall increases or decreases, which can not be reliably
projected for specific areas. Calculations of climate change for specific areas are
much less reliable than global ones, and it is unclear whether regional climate will
become more variable (U.S. Environmental Protection  Agency -

www.epa.gov/globalwarming/).

However, the concern is that human activities enhance the greenhouse effect by
burning fossil fuel, oil, coal and gas, producing mostly CO; plus a few trace gases, and
clearing forest for agriculture (Parry, 1990; Watson et al., 1998; Werritty, 2001;
UNFCCC, 2004; and National Climate Data Center, 2004). It was recorded that the
level of CO; prior the Industrial Revolution were about 280 parts per million by
volume (ppmv), compared to the present level of about 370 ppmv (National Climate
Data Center, 2004).

It is expected that, by the end of the 21% century, the CO, concentration will be
increased to anywhere from 490-1260 ppmv (75-360% above the pre-industrial
concentration) (National Climate Data Center, 2004 quoted IPCC-SRES), which
means substantial temperature will be increased (IPCC-RSWG, 1990).


http://www.hubbardbrook.org/education/Glossary/Glossary.htm
http://www.epa.gov/globalwarming/
http://www.epa.gov/globalwarming/
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Between the present day and the end of the 21 century, it predicts a warming of over
4 ° C for the ALFI scenario, about 3.5 ° C for the A2 scenario, and 2 ° C for the B2
scenario. It expects, from simple model calculations, a warming of just under 2 ° C for

the B1 scenario.

The A2 storyline describes a very heterogeneous world. The underlying theme is self-
reliance and preservation of local identities. The B2 world is one of increased concern

for environmental and social sustainability compared to the A2 storyline.

55 T T T 7

5.0 & —— SRES AlFI
— SRES A2

—— 5RES B2

Temperature change (°C}

15900 1550 3000 3050

(Source : www.metoffice.gov.uk: accessed on 5 November 2004)

Figure 2.1 : Global mean temperature change (°C) relative to 1860-1890

If global warming continues over the next few decades, it is clear that global changes
in temperature and precipitation will have a significant impact on the medium to long
term management of water resources (Werritty, 2001). However, water resource
planners, who are required to include the likely impacts of climate change on current
operating procedures of future policy and capital investment plans, have to
considerably understand about the background of climate change and uncertainty
(Arnell et al., 1994; Jowitt and Hay-Smith, in press). Much of this uncertainty arises
from the inherent nature of the global climate as a physical system.


http://www.metoffice.gov.uk/
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2.3. Impacts of climate change on water resources

2.3.1. Influence on the Hydrology in General

Hydrology is influenced by climate change and climate variability, hence is sensitive
(Adger et al., 1997; Watson et al., 1998). Changes in precipitation and runoff patterns,
sea level rise, land use change and population shift may follow those impacts. Warmer
temperature will accelerate the hydrology cycle, alter precipitation, change the
magnitude and timing of runoff, intensity and frequency of floods and droughts.
Higher temperature results in increase of evapotranspiration rate and changes soil
moisture and filtration rate (Frederick, 2002). According to the IPCC Working Group
Il (1996), the timing and regional patterns of precipitation will change, and more
intense precipitation is likely to occur (Frederick and Major, 2002). However, the

extent of change and the variation from place to place is under the debate (Canada :
WWW.ec.ge.ca).

It is expected that climate change can bring major impact on the hydrological cycle,
which influences on the availability of water resources, flood and drought potentials,
and agricultural productivity (Tao et al., 2002 quoted Evans, 1996).

2.3.2. Influence on the hydrology in the region

Jacobs (1996) states that basin hydrology is expected to change due to global warming
and climate change. However, how those changes might have influence on regional
hydrology, directly and indirectly, is in under uncertainty. It is hard to say how
possible future global climate change might affect temperature and precipitation

pattern in the Lower Mekong Region.

The Global Climate Model has estimated the trend of climate change in the Mekong
region. According to the model, there will be a significant change of the temperature
by 4% during 2010-2039 and from 12-16% during 2010-2099 under different

scenarios. Increasing temperature will increase evapotranspiration and cause the


http://www.ec.ge.ca/
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reduction of agricultural productivity. Throughout the whole basin, temperature seems
to be homogenous, while changes in precipitation tend to be different from one
location to another.

Snidvongs et al. (2003) studied the rainfall pattern of the mainland Southeast Asia
under different atmospheric CO, levels. CCAM has been used to simulate the regional
climate. The decade during 1980-1989, with an atmospheric CO, about 360 ppm, was
taken as the baseline. Two other decades were simulated with elevated CO, levels of
540 ppm and 720 ppm, which corresponded respectively to 1.5 and 2 times the
concentration of the baseline. The results showed that the general rainfall pattern for
mainland Southeast Asia was characterized by high rainfall at low latitudes and less
rainfall at higher latitudes. Elevated atmospheric CO; levels from 360 ppm to 540 ppm
and to 720 ppm, or about 1.5 and 2 times, respectively, did have several visible
impacts on the simulated annual rainfall pattern of the region. When the atmospheric
CO;, was further increased to 720 ppm, the intensified coastal rain belt might further
expand to cover most parts of all three Indochina countries, namely Cambodia, Lao
PDR and Viet Nam, especially during the wet years of the decade. The total annual
rainfall was also substantially increased in all years of the decade. For example, the
southern part of Lao PDR, the rice bowl of the country, was also expected to receive
increased rain up to around 2,000 mm/year during the wet years compared to about

2,500 mm/year for wet years during the baseline decade.

2.3.3. Influence on water demand

Demand for water is generally increasing due to population growth and economic
development, but is falling in some countries because of increased efficiency of use.
Climate change is unlikely to have a big effect on municipal and industrial water
demands in general, but may substantially affect irrigation withdrawals, which depend
on how increases in evaporation are offset or exaggerated by changes in precipitation.
Higher temperatures, hence higher crop evaporative demand, mean that the general

tendency would be towards an increase in irrigation demands (IPCC, 2001).
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Water utilization will be also affected by climate change. Irrigation sector, in
particular, is sensitive to climate conditions. More water is needed when climate is
hotter and drier. The mean annual water use is more seriously related to increase in
temperature than to decrease in precipitation. It seems that the temperature plays an

important role associated with water use (Frederick, 2002).

Agriculture has become a major concern of climate effect by scientific evidence of the
changes in greenhouse gases and their effect; however, changes in climate factors are
highly uncertain to predict (Hatch et al., 1999 quoted Peart et al., 1995; IPCC 1990).
The world agricultural production is limited by climate, especially in developing
countries. The main limitation is the amount of rainfall available for growing period of
crops (Parry, 1990).

Irrigated areas have increased rapidly in the world. Large amount of freshwater (70%)
is diverted for human uses for agriculture. Continuous expansion of irrigated area
requires more water demand. But the surface water uses come close to limit (Ximing
Cai et al., 2003). Another issue is that global warming and associated climate change
will influence agriculture sector. Increase in dryness results in increasing of water
demand and increase of atmospheric CO, concentration might affect irrigation,
therefore, is sensitive (Frederick, 1997 and Lal et al., 1998).

A change in climate is predicted to change the timing and magnitude of runoff (Arnell,
1996; Guo et al., 2002). As a result, it affects existing water resource systems and
future water resource planning and management. Influence of climate change in recent
years has led to the situation in which water supply and water demand are not met.
This imbalance issue has been increasing and aware by relevant authorities, water
resource planning programs, and the general public. Therefore, there is a need for the
knowledge on how to solve potential water resource problems, particularly
quantitative estimates of hydrological effects of climate change (Guo et al., 2002).
Water availability will become a major international and regional concern in the

coming decades (Thailand Environment Institute, 2000).
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2.4. Building up scenarios

2.4.1. Definition

In general, scenario building is a kind of set up future picture, which is flexible.
Scenario building is planning for the future. It is not a fixed future however, but
simply a plan. In scenario building, one identifies assumptions and then tries to predict
a world where these assumptions are altered (http://www.jpuopolo.com/

agriculutralrunoff/scenario building. html#Step%201 : Accessed on 25 December
2004).

According to Chermack (2003) and Schwartz (1991), scenarios are ‘‘tools for ordering
one’s perceptions about alternative future environments in which one’s decisions

might be played out’’.

Another described scenario as “a sequence of emerging events” or “an account of a
projected course of action or events” (European Environment Agency, 2001 quoted
Webster’s Ninth Collegiate Dictionary, 1989). In environmental field, IPCC described
emission scenario as “projections of the future state of the society and environment
based on specific assumptions about key determinants such as population, economic
growth, technological changes or environmental policies” (European Environment
Agency, 2001 quoted Alcomo et al., 1995).

Scenarios can be applied as a tool for outlining possible future, which varies
significantly from the current situation. Prediction future includes the identification of
factors. Usually, scenario development is more than one choice (Warwick et al.,
2003).

Scenario development concerns a number of aspects including societal, technological,
economical, environmental and political drivers. These aspects should be identified
and used in developing scenarios. The process of scenario development includes a

number of steps as follows : 1) assemble the scenario team; 2) identify change; 3)


http://www.jpuopolo.com/ agriculutralrunoff/scenario_building. html#Step%201
http://www.jpuopolo.com/ agriculutralrunoff/scenario_building. html#Step%201
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bring drivers together into a viable framework; 4) reduce scenarios; 5) test scenarios;

6) write scenarios; and 7) validate scenarios (Prime Minister’s Strategy Unit -

www.strategy.gov.uk . Accessed on 22 December 2004).

The world is developing and producing emission. On the basis of the IPCC SRES
emission scenarios, there are four storylines describing developments in many
different social, economic, technological, environmental and policy dimensions. The
four stories lines include: A1, B1, A2 and B2.

The A1 family describes a world with rapid economic growth during the 21st century
and a substantial reduction in the regional variations of income per head. Global
population rises during the first half of the century, peaks at mid-century, and then
declines. New and efficient technology is rapidly introduced. The AL1FI scenario sees
the continuation of fossil fuels as the main energy source (The Met Office, UK
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/B2000/

predictions.html - accessed on 13 June 2005).

The B1 family describes a world with the same population growth as the Al family.
There are rapid changes in economic activities away from production towards a
service economy. Clean and efficient technologies are introduced. Like A1, this
storyline  describes a convergent world (The Met Office, UK -
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/
B2000/predictions.html - accessed on 13 June 2005).

The A2 family describes a world that remains heterogeneous with regional identity
being preserved and lowers income growth per head. Global population rises
continuously throughout the century. The introduction of new and efficient technology
is less rapid than the other scenarios (The Met Office, UK -
http://www.metoffice.gov.uk/research/hadleycentre/
pubs/brochures/B2000/predictions.html - accessed on 13 June 2005).



http://www.strategy.gov.uk/
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/B2000/%20predictions.html%20-%20accessed%20on%2013%20June%202005
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/B2000/%20predictions.html%20-%20accessed%20on%2013%20June%202005
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/%20B2000/predictions.html%20-%20%20accessed%20on%2013%20June%202005
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/%20B2000/predictions.html%20-%20%20accessed%20on%2013%20June%202005
http://www.metoffice.gov.uk/research/hadleycentre/%20pubs/brochures/B2000/predictions.html%20-%20%20accessed%20on%2013%20June%202005
http://www.metoffice.gov.uk/research/hadleycentre/%20pubs/brochures/B2000/predictions.html%20-%20%20accessed%20on%2013%20June%202005
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The B2 family describes a world with population increasing throughout the 21st
century, but at a lower rate than A2. Levels of economic growth and technological
development are less than those of Al and Bl (The Met Office, UK -
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/B2000/

predictions.html - accessed on 13 June 2005).

The sub-storyline “A1FI” was selected for this study. Figure 2.2 shows four scenarios,
which are illustrated, very simplistically, as branches of a two-dimensional tree. In
reality, the four scenario families share a space of a much higher dimensionality given
the numerous assumptions needed to define any given scenario in a particular
modeling approach. The schematic diagram illustrates that the scenarios are built on
the main driving forces of GHG emissions. Each scenario family is based on a

common specification of some of the main driving forces.

SRES Scenarios

Clobal —= = Regional

o L
Tiving Fos¢®

Source : http://www.grida.no/climate/ipcc/emission/030.htm - Accessed on 13 June 2005.

Figure 2.2: Schematic illustration of SRES scenarios


http://www.grida.no/climate/ipcc/emission/1-4.htm
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/B2000/%20predictions.html%20-%20accessed%20on%2013%20June%202005
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/B2000/%20predictions.html%20-%20accessed%20on%2013%20June%202005
http://www.grida.no/climate/ipcc/emission/030.htm
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2.4.2. AlFI scenario

The level of CO, concentration in the atmosphere, in this study, was based on the Al
scenario with focus on ALlFI. FI (Fossil Intensity) means that the energy source is
based on the fossil fuels. ALFI is a climate emission scenario developed by Special
Report on Emission Scenario (SRES), in which the world was assumed with rapid
economic growth with increasing globalization, an increase in general wealth, with
convergence between regions and reduced differences in regional per capita income
(Arnell et al., 2003).

The spatial patterns of global warming for all 3 SRES simulations show that surface
warming is expected over most of the globe, with the largest increase of more than 10

°C in the A1FI simulation at high northern latitudes.

Figure 2.3 shows CO, concentrations, which are comparative by various simulated
climate conditions of CO, concentration’s level in the atmosphere, where the line

“ALFI” is chosen in this study, has the highest CO, concentration.

SRES CO2 CONCENTRATIONS : ILLUSTRATIVE SCENARIOS AND FULL RANGE
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Source: Wigley (2000). www.acacia.ucar.edu (accessed 25.1.2005).

Figure 2.3: SRES CO2 concentrations: Illustrative scenarios and full range


http://www.acacia.ucar.edu/
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2.5. Climate model

Burroughs (2003) describes climate model as “a computer-based numerical
representation of the climate system incorporating the physical, chemical and
biological properties of its components, their interactions and feedback processes, and
accounting for properties. Generally, climate models are general circulation models
(GCMs) of the ocean and atmosphere coupled at the Earth-atmosphere interface by

exchanges of heat, moisture and momentum”.

CSIRO (2002) describes the climate models as “computer programs that simulate the
processes that govern the Earth’s climate. Global climate models contain four main
components : the atmosphere, the oceans, ice and snow covered regions, and land
surfaces with vegetation cover. It is these components and the interactions between

them that produce our climate”.

There are number of models that have been used to assess climate change. For
instance, the numerical model of the atmospheric general circulation numerical models
(GCM) was used to figure out the climate change under optional CO, levels by global-
climate research projects (Hatch et al., 1999).

Climate models attempt to reproduce the way in which climate behaves from day to
day, from season to season and over the years. They need to simulate conditions for all
parts of the globe : at the surface, throughout the atmosphere, and in the depths of the
oceans (CSIRO, 2002).

2.5.1. Conformal Cubic Atmospheric Model (CCAM)

CCAM is a climatic model, developed by the Commonwealth Scientific and Industrial
Research Organization (CSIRO), Australia. In this study, CCAM extracts the average-
daily (10 vyears) climatic factors, including minimum temperature, maximum
temperature, wind speed, relative humidity under simulated climate conditions at 3
different levels of atmosphere CO; : CO, - 360 ppm, CO; = 540 ppm and CO, = 720
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ppm_ In this study, CCAM was used in order to determine the climatic factors of the
study area, NNG watershed. The climatic data and technical assistance in running the
CCAM model were provided by SEA START RC.

2.6. Surface discharge assessment in missing data

In general in Laos, lack of data on meteorological conditions or not enough data,
particularly at a watershed level due to lack of facility to arrange meteorological data
is common. These gaps may relate with the following issues:

1) Limited budget

2) Lack of communication

3) Limited man power

4) Areas

5) lIgnorance of decision-makers on the data issues

Hydrological assessment is a method to analyse hydrological data directly and
indirectly. Statistics can be used to study and design various types of hydropower.
There are many methods including regression model and mathematical model. These
models range from easy to complicated ones. In this study, the Simple Linear
Regression Model was used to estimate NNG surface discharge. This model shows the
relationship between two variables: dependent and independent variables as presented

in the following equation.

y=a+bx
Whereas:
y =  Average surface discharge of a watershed
a =  Regression Coefficient
b =  Regression Coefficient
X = Rainfall derived from the simulated climate conditions of

CO,, concentration levels in the atmosphere
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All above-mentioned coefficients can be calculated as follows.

(Zy) (2X°) - (2x) (Zxy)

N Zx? — (2x)?

N 2xy — (2X) (Zy)

N =x% - (2X)?
Source: Teasombat, 1993

Correlation coefficient can be calculated from the general equation as follows.

N Zxy — (2x) (Zy)

r=

4
[N =X~ (2x)°] [NZy*- (Zy)’]

Source: Teasombat, 1993

According to hydrological principle, “r” should be greater than 0.60, if “y” and *“x”
correlated acceptably (Taesombat, 1993).

2.7. Water supply and demand

2.7.1. Water supply
Water supply can be influenced by climate change. However, it is questionable to
predict future water supply, particularly at local level due to the limitation of the

climate change model, which actually simulates at the large scale. Climate change will

considerably affect precipitation, evaporation from the surface and transpiration from
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plants, and runoff based on the prediction of current general circulation models
(resource for future. www.rff.org. — accessed on 11 September 2005).

The change under simulated climate conditions of various levels of atmospheric CO,
will affect the climatic conditions and thus affect the discharge into a reservoir and its
water supply. In case of NNG reservoir, monthly surface discharge will be changed
under simulated climate conditions of various levels of atmospheric CO..

2.7.2. Water demand
Crops Water Requirement
In Lao PDR, especially in NNG watershed, the researcher carried out a preliminary
survey during July 2005 and found that major crops grown in downstream irrigated
area were mostly rice and other crops such as green bean, maize, lettuce, cabbage,

tomato, cucumber. In addition, fish ponds were made by farmers in the study areas.

The water requirement process of rice cultivation is shown in Figure 2.4

For seedlings
dpa & preparation

5 of seed bed
' — Land soaking
. - Land_ » — Evaporation
Preparation — Percolation
Crop water — Water layer
requirement e
for rice _
— Evaporation
Growth of — Transpiration

—>| — Percolation

rice

Source : Thongaram (1986)

Figure 2.4: Process of water requirement for rice
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Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resource Management) / 23

The crops water requirement for bean is less than rice. The evapotranspiration (ETc),
particular for rice, is the important data in determining crop water requirement, the
design of irrigation infrastructure, project planning, water allocation, crop farming
system arrangement, including the feasibility of the irrigation projects in terms of

efficiency. Factors related to evapotranspiration are presented in Table 2.1.

Table 2.1: Key factors of crops evapotranspiration (ETc)

Transpiration Evaporation
Duration of growth Temperature
Sunshine Relative humidity
Temperature Wind speed
Relative humidity Sunshine
Season Soil structure
Types of crops Amount of water transferred
etc. etc.

Source : Thongaram (1986)
Crop evapotranspiration (ETc) can be calculated using the following equation (Dol,

2001) ;

ETc = ETo x Kc x Area
Whereas,
ETc = Crops evapotranspiration (mm/day)
ETo = Potential evapotranspiration (mm/day)
Kc = Crops coefficient

Climate change will influence climatic factors such as rainfall, temperature, wind
speed, air humidity etc. These factors hence influence crops water requirement that

depends on the changes in the mentioned factors.

In this study, potential evapotranspiration were based under simulated climate

conditions of various levels of atmospheric CO,= 360 ppm, 540 ppm and 720 ppm.
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Potential evapotranspiration were calculated by using the CROPWAT program
(version 4.3 - program to calculate irrigation requirements and generate irrigation
schedules, FAO, Land and Water Development Division), which required a number of
inputs. The inputs of the CROPWAT program included the latitude, longitude,
altitude, minimum temperature, maximum temperature, air humidity, wind speed and
daily sunshine duration. All were derived from CCAM, except daily sunshine duration
data (1984-1993) which were derived from the Loei station (Thailand). Potential
evapotranspiration rate would be altered, if any change of each factor occurred. In this
study, the average daily sunshine duration was assumed to be the same as at present
(observed sunshine of Loei, Thailand, station 18013) under simulated climate
conditions of various levels of atmospheric CO,. Crops coefficient (Kc) was derived
from the reference provided by the Department of Irrigation of Laos and Thongaram
(2529).

As well as occurred with water demand, the change under simulated climate
conditions of various levels of atmospheric CO, will affect the climatic conditions and
thus affect monthly water demand for rice and bean, which will be described more in
the next section.

As mentioned earlier, crops water requirement would change if the climate changed.
Higher temperatures mean hotter and hence crops need more water. Crops water
requirement changed, water utilization and thus water demand would also change
under simulated climate conditions of various levels of atmospheric CO,. Change in
water utilization will also vary according to the changing socioeconomic conditions
including increasing population, potential expansion of irrigated areas, economic

growth, improved market, and changing agricultural policy.

These are driving force to encourage farmers to grow more crops in NNG watershed at
present, medium and long term, which means more water needed for irrigated
agriculture. The monthly water requirement for different crops depends on the

growth’s duration and the crops coefficient, the evapotranspiration and the size of the
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irrigated areas. The size of the irrigated area of the dry-season cropping depends also

on the water supply.

2.8. Effect of climate change on a reservoir

McCully (1996) describes that in building a reservoir, dam designer, based his
assumption on historic hydrological data. Future hydrological data was assumed to be
the same as in the history such as the flow. However, due to global warming, there
might be a significant change in seasonal and annual rainfall pattern and other factors
affecting stream flow. Even small change in climate can cause flood in a significant
size. This can bring sedimentation significantly to the reservoir and affect the water
storage. According to a report (1999) to the United Nations of IPCC, “increased runoff
due to climate change could potentially pose a severe threat to the safety of existing
dams with design deficiencies. Design criteria for dams may require re-evaluation to

incorporate the effects of climate change”.

2.9. Adaptation to climate change on agriculture

Frederick (1997) stated that there were some aspects to response to climate change.
These aspects considered a need of strengthening the institutions, including other
measures such as legislation and incentives integrated with demand strategy

management, which might reduce the cost.

Parry (1990) assumed that there was no significant change in technology and
management for agriculture in replying to climate change. However, agriculture will
adjust even under limitation of economic and political factors (IPCC, 2001). Two main
types of adjustment can possibly be seen. These adjustments include changes in land

use and changes in management.
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2.9.1. Changes in land use

Changes in land use include changes in farmed land, changes in crop types and

changes in crop location.
2.9.1.1. Changes in farm area
Warming is likely to limit agriculture in high-latitude and high altitude such as in
USSR and northern Europe. Farmed land area can be expanded, if there are
environmental and economic Supports.
2.9.1.2. Changes in crop types
a.  Changes to crops with higher thermal requirements
Changes in crop types depend on region. For instance, substitution by crops with
higher thermal requirements is suggested where the warmth of the growing season
considerably increases.
b. Changes to more drought —tolerant crops
This change relates to temperature and moisture. Increase in temperature leads to
higher rate of evopotranspiration, and therefore to decreased moisture. In this case,
crops with lower moisture requirements may be preferred.
2.9.1.3. Changes in crop location
Temperature influence may lead to changing crop location and productivity. This

depends on crop type, for instance, increase 1°C will benefit yield for wheat and silage

maize, but not for temperate-zone crops such as barley and oats.
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2.9.2. Changes in management

Changes in management include changes in irrigation, fertilizer use, control of pests
and diseases, soil drainage and the control of erosion, changes in farm infrastructure

and changes in crop and livestock husbandry.

2.10. Study Area

2.10.1 Location

The planned Nam Nga Gnai reservoir project is part of Mee River and Phang River
plateau. NNG is located at Sanakham District, Vientiane province, about 120 sgkm
northwest of Vientiane Municipality near Sanakham city . The proposed Project is
about 7 sgkm from Sanakham district and about 47 sqgkm from the Municipality of

Loei province, Thailand (Figure 2.5).
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(Source : SEA START RC, 2005)
Figure 2.5: Nam Nga Gnai Watershed
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2.10.2 Population

The project covers 3 villages : Takded, Sanakham and Pakfang. These villages locate
at downstream. There are 250 households (about 1000 people), which most of them

are farmers.

2.10.3 Land use

In this study, the irrigated areas were limited to the dry-season cropping because of the
sensitivity of water supply. Even in wet season, agriculture development is limited by
poor water holding capacity of the soil (Communication with District and provincial
staffs, June 2005). Therefore, existing agricultural land is not used efficiently due to

limited water supply and lack of irrigation system.
According to the Vientiane Municipality Agency of Irrigation Survey and Design
(2003), the planned irrigated area of NNG reservoir would be about 530 ha in the dry

season. Table 2.2 shows the cropping patterns planned by this Project.

Table 2.2: Cropping patterns of the Project’s plan

Cropping Crop types /fish pond Area

pattern (ha) (%)
Rice 500 94

1 Fish pond 30 6
TOTAL 530 100

Maize 150 28

Green bean 150 28

Lettuce 50 9

2 Cabbage 50 9

Tomato 50 9

Cucumber 50 9

Fish pond 30 6
TOTAL 530 100

(Source: Vientiane Municipality Agency of Irrigation Survey and Design, 2003)
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The existing cropping pattern within and around the Project areas is summarized in the
Table 2.3.

Table 2.3: Existing cropping pattern in / around NNG areas

No. Crop types Percentage (%)
1 Rice 37
2 Lettuce 15
3 Maize 15
4 Green bean 12
5 Cucumber 8
6 Cabbage 5
7 Tomato 3
8 Fish pond 3
9 Others (chilli etc.) 2

Total 100%

(Sources : Sanakham District Survey, 2005)

Popular crops grown in this area include rice and various types of beans and very
small proportion of vegetables and fruit trees. Rice dominates the largest proportion,
following by beans and vegetables, respectively. Small vegetables like chilli etc. and
fruit trees are not considered in this study due to very small proportion.

Cropping is aimed for local small market and consumption. Sometimes cropping
influence by Thai traders that demanding for crops such as maize, due to close
location. It is assumed that farmers might keep the cropping pattern as presented in the
above Tables. However, change of cropping pattern is uncertain, depending on supply
and demand, including capital investment, markets, water availability, soil conditions,
socioeconomic and environment conditions etc. (Personal Communications with

Sanakham District and Vientiane Province, June 2005).
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2.10.4 Meteorological and Hydrological Conditions

2.10.4.1 Meteorological conditions

The weather of Nam Nga and Mee catchment is influenced by 2 monsoons: the North
and the South monsoons. The South monsoon or rainy season influences Nam Nga
Gnai and Nam Mee watersheds, during Mid-April and September. In this period, more
rainfall occurs from the South China Seal and Tongkeng Gulf of Vietnam.

The North monsoon or dry season brings the dry wind from China and Sea Bali zone

from mid-October to February causing low temperature and humidity.
Before the South monsoon ends, weather is warm and humidity increases from March-
May. From Mid-October-November, the warm climate becomes cool and the South
monsoon disappears slowly, replaced by the North monsoon.
2.10.4.2 Temperature
The average temperature within the project area is 26 °C, ranging from 8 to 41 °C.
2.10.4.3 Precipitation
The average rainfall is 1,299 mm/year, ranging from 898 mm to 1756 mm. Number of
raining days is 107 days/year. Maximum rainfall was recorded at 150 mm/day, but the
highest rainfall during the monsoon was more than 200 mm/day.
2.10.4.4 Humidity
There is no data on the humidity of the study area. This study therefore used the data
of Loei station in Thailand which is the closest station. The Loei station is about 45

sgkm far away from Sanakham district. The average humidity is 73%, the maximum
average humidity is 84% and the minimum average humidity is 58%.
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2.10.4.5 Hydrological conditions

NNG is one of the Mekong river’s tributary that flows down to the west of the
Mekong River at Sanakham district. The catchment has an area of 56.8 sgkm, locating
on the plateau with the elevation 220-700 m ASL. There is no station or gage to

measure the streamflow or discharge or water level of NNG.

Due to the lack of data of NNG, data of Loei River in Thailand, which is nearest to the
NNG and has similar characteristics in terms of topography and climate, were used in
designing the planned NNG reservoir. According to the Vientiane Municipality of
Irrigation Survey and Design (2003), data of 1967-1997 from the hydrological station
of Loei River at Wang Saphung District (latitude 17°17°54”N and longitude
101°46°48"E) were used.

2.10.5 Characteristics of Dam and Reservoir

The range of the reservoir area is between 0.32-0.59 sgkm, depending on surface
discharge flows at different time into the reservoir. The reservoir as 0.32 sqgkm at the
lowest water storage level 1.18 MCM or the dead water storage at 244 m ASL and
0.59 sgkm at the normal water storage level 4 MCM at 250 meter ASL. The physical

characteristics and preliminary design of NNG reservoir is summarized in Table 2.4.

Table 2.4: Characteristics of the planned NNG Reservoir.

Characteristics of the planned NNG reservoir

Catchment area 56.80 sgkm
Reservoir area
- at normal level of water (250 m at average sea levels) 0.59 sgkm
- at dead storage level (244 m at average sea levels) 0.32 sgkm

Water storage

- at normal level of water (250 m at average sea levels) 4.00 Million cubic meter

- at dead storage level (244 m at average sea levels) 1.18 Million cubic meter

(Source: Vientiane Municipality Agency of Irrigation Survey and Design, 2003)
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Table 2.5: Characteristics of the proposed NNG Dam
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Characteristics Remarks
Type of the dam Zone
Height 22'm
Length of the dam 286 m
Width of the dam 7m
Front slope 1:3
Back slope 1:25

(Source : Vientiane Municipality Agency of Survey and Design, 2003)

Figure 2.6 shows the relationship among the elevation (m), the area (sgkm) and water

storage volume (MCM).
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Figure 2.6: Relationship among the water surface area, elevation and the water storage volume of

NNG Reservoir
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CHAPTER 3

METHODOLOGY

There were 3 research steps, which included (1) data collection, (2) data processing
and analysis and, (3) interpretation and anticipated results. Details of each step were

presented below.

3.1. Data collection

Required data for this study consisted of:

— Water requirement for irrigation, crop types, crop coefficients (Kc), crop
calendar, cropping pattern and irrigated areas, existing cropping pattern suggested by
the Project and existing crops proportion in and around the study area

— The production cost, value and crop productivity

— Observed climate data: precipitation, temperature (minimum and maximum),
wind speed, relative air humidity and sunshine duration within the timeframe 10 years
(1984-1993).

— Physical and technical data on proposed Nma Nga Gnai (NNG) Project such
as watershed area, reservoir area, maximum water level, water storage, dead storage,
irrigated areas etc.

— Surface discharge data of NNG watershed (1978-1987) were derived from
the draft report of the planned NNG Project. This data was collected in order to
calculate surface discharge of the duration 1984-1993 of NNG watershed.

3.2. Sources of data

— Since data provided in the draft report of the planned NNG project derived

from Vientiane Municipality Agency of Irrigation Survey and Design (2003) were not
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detailed and sufficient, additional interview and discussion with Project officers at
different levels (central, provincial and district), was carried out particularly on
farmer’s decision on selection of crop types, production cost, product price, limitations
of irrigated agriculture in the study area such as water availability, investment, market
access etc.

— FAO Paper No. 56 (for arid region) and Thongaram (1986).

— The Royal Irrigation Department (1990) and Meteorological Department,
Thailand

— Other climate data generated by Conformal Cubic Atmospheric Model
(CCAM) was provided by SEA START RC.

3.3. Data processing and analysis

3.3.1. Correlation of climate data

The average year of recorded climate data and the baseline (under simulated climate
conditions of level of atmospheric CO, = 360 ppm) were taken and correlated. Climate
data from Conformal Cubic Atmospheric Model was provided in ArcView program

(version 3.2a).

Climate factors were transferred into Microsoft Excel Program for further calculation.
Among climate factors, precipitation (as the main factor) was calculated separately
based on the division of NNG watershed (upstream, reservoir and downstream). The

correlation was expressed as follows.

N Zxy — (£x) (Zy)

r=

%
[N =x* - (2x)°] [NZy?- (Zy)]

Source: Teasombat, 1993
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3.3.2. Estimation of the average surface discharge

The baseline of the average surface discharge was determined. Once the baseline was

determined, future average surface discharge of NNG watershed could be estimated.

Firstly, all above-mentioned climatic data were correlated via the Simple Linear

Regression Model by following simple equation:

N Zxy — (Zx) (Zy)

=

4
[N =x° - (2x)°] [NZy*- (Zy)’]

Source: Teasombat, 1993

Then, average surface discharge was determined through below equation:

y =a+ bx
whereas :
= NNG watershed’s average surface discharge
= Rainfall under simulated climate conditions at 3
different levels of atmospheric CO, = 360 ppm, CO; =
540 ppm, CO, = 720 ppm
a = Constant
b = the value of regression coefficients

a was calculated as :

(Zy) (2x°) - (2X) (Exy)

N Zx? - (Zx)?

Source: Teasombat, 1993
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b was calculated as :

N 2xy — (2Xx) (Zy)

N =x? — (£x)?

Source: Teasombat, 1993

3.3.3. Crop evapotranspiration (ETc)

The ETc was calculated by following equation:

ETc CO,=ETo_CO; x Kc

Methodology / 36

Crop evapotranspiration for each crop, including fish
pond under simulated climate conditions at 3 different
levels of atmospheric CO,= 360 ppm, 540 ppm

Crop evapotranspiration under simulated climate
conditions at 3 different levels of atmospheric CO,=
360 ppm, CO,= 540 ppm, CO,= 720 ppm

Whereas:
ETc CO, =
and720 ppm
ETo CO, =
Kc = Crop coefficients

Source: Modified from FAO

ETo_CO, was calculated by entering the climatic data from climate scenarios into

CROPWAT programme, version 4.3 for windows (Appendix H). Input data included:

M Wb

Country : Lao PDR
Station : NNG
Altitude (250 m)

Latitude (17.90 °N)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resources Management) / 37

Longitude (101.65 °E)

Mean maximum temperature (C°)

Mean minimum temperature (C°)

Air humidity (%)

Wind speed (km/day)

10. Daily sunshine (hrs) derived from the Meteorological Station (Loei

© © N o O

province, Thailand) was considered to be constant under simulated
climate conditions at 3 different levels of atmospheric CO, = 360 ppm,
CO; = 540 ppm, CO; = 720 ppm

3.3.4. Water utilization (WU)

Firstly cropping pattern was determined and then calculated water utilization by the

equation: WU = ETc x Area of each crop

Whereas :
WU
ETc

Water utilization

Crop evapotranspiration

3.3.5. Water balance

Water balance of the NNG reservoir was analyzed using the following equation.

WB; = (SDin+R,)-(E+Inf+WU;)+(PW,)-(DS)



Somvang Bouttavong Methodology / 38

Whereas:
WB, =  Water balance of the reservoir
SDin =  Average surface discharge of NNG watershed
R, = Rainfall of the reservoir area
E, =  Evaporation of the reservoir area
Inf, = Infiltration of the reservoir
WU; = Water utilization for irrigated area
PW; = Previous water storage in the reservoir
DS = Dead storage

Source : Modified from Thongphanhuangsy, 2005

3.3.6. Profitability of farming production

Profitability of production was the difference between the production cost and the
price of production.

The economic return from each cropping pattern was calculated as follows.

Pep = (Cep = Vep)
Whereas :
Pcp = Profit of the crops product
Ce¢p = Production cost

V¢, = Value of the product

3.4. Interpretation and anticipated results

The study focused on the water availability and utilization for agricultural irrigation in
the dry-season of the NNG Project. This study was an attempt to:

1) Confirm the current planned cropping patterns of the project whether in viable

under simulated climate conditions at 3 different levels of atmospheric COx.
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2) Recommend on the adjustment of the current plan cropping patterns of the
project

3) Maximize water resources for various cropping patterns under simulated
climate conditions at 3 different levels of atmospheric CO,.

4) Rank the crop type and fish pond which produce highest farming profit

5) Propose the selection of cropping patterns for the study area

6) Identify the profit cropping patterns generated from water supply under
simulated climate conditions at 3 different levels of atmospheric CO,.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Division of the Nam Nga Ngai’s Project Area

The planned Nam Nga Gnai (NNG) Project has an area of 56.8 sqgkm which was
divided into 3 parts : upstream (44.7 sgkm or 78.7%), reservoir area (0.59 sgkm or
1.04%) and downstream (11.51 sgkm or 20.26%) (Figure 2.5). Estimation of the
average surface discharge (ASD) of the NNG watershed was based on the
precipitation as it the major influenced. The division of the Project area was used to

facilitate calculation of the ASD more precisely.

4.2. Baseline of climatic conditions of Loei Watershed

Climatic conditions of NNG watershed were not available. Therefore, climatic
conditions of Loei province, Thailand were applied due the similarity in characteristics
such as topography and close distance of the location (Vientiane Municipality of
Irrigation Survey and Design, 2003). The Meteorological Station No. 18013 of Loei
Province, Thailand (Latitude: 17 °N, Longitude: 107 °E) was selected and
characteristics were applied for study site. However, the data of Loei was correlated
with the baseline (under SCCs at the levels of atmospheric CO,.=360 ppm). The
correlation at the baseline was the basis for determining the future surface discharge of

NNG watershed (Appendix A). The results were presented in the next section.
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4.2.1. Various recorded climate factors

Monthly average of precipitation
There was a lot of precipitation in October (119 mm), but sharply decreased from
November to February, resulting in little precipitation (about 7 mm average). Then
there was an increase in precipitation in March (41 mm).At the end of the dry-season,
April, the precipitation was 108 mm similar to October.

Monthly average temperature
The monthly average of minimum temperature ranged from 13 — 22 C°. The lowest
temperature was in December and increased gradually in dry season, while maximum
temperature ranged from 29 - 36 C°. The temperature gradually increased from
December to April.

Monthly average wind speed

The wind speed ranged from 0.30-0.76 m/s. Average wind speed gradually increased

from November to March and then slowly dropped.

Monthly average relative air humidity

The relative air humidity ranged 58-68%, but did not significantly change during

months over the dry-season.

Monthly average sunshine duration

The range of sunshine duration was from 6.87 - 7.40 hours/day, and did not have

significant variation throughout the year.
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4.3. Climate conditions under simulated climate conditions at 3 different levels

of atmospheric CO..

Climate factors analyzed in this study included precipitation, minimum temperature,
maximum temperature, wind speed and relative air humidity. Calculations of all
climatic factors were carried out for the whole watershed due to its small size, except
precipitation was based on the division of the watershed (Appendix B).

4.3.1. Monthly average of precipitation under simulated climate conditions
at the levels of atmospheric CO,.= 360 ppm

Upstream : Precipitation ranged between 0.0 - 35 mm. The highest precipitation was

in March (35 mm) and the lowest in January (0.0 mm).

Reservoir area : Precipitation ranged between 0.0- 37 mm. The pattern of precipitation

in the dry season was similar to upstream due to close location.

Downstream : Precipitation ranged between 0.0 - 37 mm. The precipitation pattern
was similar to the upstream and the reservoir area due to very close distance and small

size of the watershed.

Figure 4.1 showed that above-mentioned precipitation of 3 locations followed the
same pattern, although the precipitation of downstream was slightly less than upstream
and reservoir. The similar pattern resulted in the small watershed of NNG. In
conclusion, in the dry-season (October to April) under SCCs at 3 different levels of
atmospheric CO, precipitation was highest in October, then significantly decreased in
November (lower 5 mm), lower 1 mm in December and no precipitation in January
and then increased from February to April. However, precipitation in the dry-season

was significantly less compared to rainy season (May — September).
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Figure 4.1 Monthly average of precipitation among upstream, reservoir and downstream under
SCC:s at the level of atmospheric CO, = 360 ppm

4.3.2. Monthly average of precipitation under simulated climate

conditions at the levels of atmospheric CO; = 540 ppm

Upstream : Precipitation ranged between 0.3 - 29 mm. The highest precipitation was
in April and the lowest in January. From December to February, the amount of rainfall
was not much different but a sudden increase during March to April was observed.

Reservoir area : Precipitation ranged between 0.08-26 mm. The pattern of
precipitation in the dry season was not much different from upstream due to close

location.

Downstream : Precipitation ranged between 19 - 457 mm. The precipitation gradually
increased from December to January, and sharply increased from February to March,
then slowly decreased in April. The precipitation pattern was significantly different
from the upstream and reservoir area from January to April despite the nearby distance
(Figure 4.2). The result might be unreliable due to the method used to extract the data
because for the whole watershed, the precipitation showed not much different pattern
(Figure 4.4).
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Figure 4. 2 Monthly average precipitation among upstream, reservoir and downstream under
SCCs at the level of atmospheric CO, = 540 ppm

4.3.3. Monthly average of precipitation under simulated climate conditions
at the levels of atmospheric CO, = 720 ppm

Upstream : Precipitation ranged between 8 - 173 mm. The precipitation pattern
slightly fluctuated from December to March, and then sharply increased in April up to
173 mm.

Reservoir area : Precipitation ranged between 0.16 - 22.8 mm. There was almost no
rain in December, but the rainfall increased from January to March and then slowly
decreased.

Downstream : Precipitation ranged between 0.06 - 24.51 mm. The precipitation
gradually increased from December to February, rapidly increased in March, and then

slowly decreased.
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Figure 4.3 Monthly average precipitation among upstream, reservoir and downstream under
SCCs at the level of atmospheric CO, = 720 ppm

4.3.4. Conclusion of the average precipitation under simulated climate
conditions at 3 different level sof atmospheric CO;

Results of the precipitation based on the division of the NNG watershed were not in
the same pattern as mentioned earlier, particularly for the downstream, which the
result was odd in comparison with the precipitation of the upstream and the reservoir
area. However, for the whole NNG watershed, the precipitation was in the same
pattern and not much different (Figure 4.4).

The baseline precipitation was (66 mm) slightly higher than future precipitation (under
SCCs at the levels of atmospheric CO, = 450 ppm and 720 ppm) in October.
Nevertheless, there was a little precipitation in December (0.47 mm) and no
precipitation in January, while precipitation in future occurred more under SCCs at the
levels of atmospheric CO, = 450 ppm and 720 ppm. During last 3 month (February-
April) of the dry-season, more precipitation occurred in future under SCCs at the
levels of atmospheric CO,=720 ppm, but particularly under SCCs at the levels of
atmospheric CO,=540 ppm than baseline condition. In conclusion, climate change

condition was positive for the study area.
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Figure 4.4 Monthly average precipitation for the whole NNG watershed under SCCs at 3 different
levels of atmospheric CO,

4.3.5. Monthly average of minimum and maximum temperature

a) Monthly average of minimum temperature

Monthly average of minimum temperature ranged from 11 — 25 °C from October-April
under SCCs at 3 different levelsof atmospheric CO, over the dry-season in the study
area. The lowest minimum temperature was in January. The weather was a bit cold in
the dry-season from October to February but warmer in March and April (Figure
4.5a).
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Figure 4.5a Monthly average of minimum temperature under SCCs at 3 different levels of
atmospheric CO,

b) Monthly average of maximum temperature

The monthly average of maximum temperature under SCCs at 3 different levels at

atmospheric CO, was not much different, ranging from 26-39 °C. The temperature
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slightly decreased from October to November and then gradually increased from
December to April (Figure 4.5b).

40 —

5 - ~

2 ) - ha S

© 30 .—_—W A~

o e

o 25

IS

S~ 2

e s

S

IS 10

<

© $,

=

0 T T T T T T T T T T T
Oc Nov Dec Jan Feb Ma Apr May Jun Jul Aug Sep

——e—— CO, =360 ppm - - -m- - - CO, =540 ppm — —— — CO2=720 ppm

Figure 4.5b Monthly average of maximum temperature under SCCs at 3 different levels of
atmospheric CO,

4.3.6. Monthly average of wind speed

The monthly average of wind speed ranged from 1.4 — 3.1 m/sec under SCCs at 3
different levelsof atmospheric CO,. They were not much different. The wind speed

decreased from October and slightly increased from November to April. (Figure 4.6)
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Figure 4.6 Monthly average of wind speed under SCCs at 3 different levels of atmospheric CO,.

4.3.7. Monthly average of relative air humidity

Under SCCs at 3 different levelsof atmospheric CO,, the relative air humidity
gradually decreased from October to January and then slightly increased in February

and then decreased again. There was not much difference among them. The relative air
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humidity ranged from 41-85% under SCCs at the levels of atmospheric CO, = 360
ppm, 42-85% under SCCs at the levels of atmospheric CO, = 540 ppm and 42-86%
under SCCs at the levels of atmospheric CO, = 720 ppm. In conclusion, there was
high wind speed in October and November and low during December to April under
SCCs at 3 different levelsof atmospheric CO, (Figure 4.7).
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Figure 4.7 Monthly average of relative air humidity under SCCs at 3 different levels of
atmospheric CO,

4.4. Correlation of climatic conditions

The recorded climatic factors were derived from the Meteorological Station No. 18013
(Loei province, Thailand). Time duration was considered from 1984-1993. The
average of this timeframe was taken. Other climate data were generated by the
Conformal Cubic Atmospheric Model (CCAM) under the baseline (SCCs at the levels
of atmospheric CO,.=360 ppm). These two climate factors were correlated. According
to the hydrological principle, the “r” value should be at least 0.6 to have acceptable

correlation (Appendix C).

Table 4.1 Correlation of climatic factors

Climate Factors ‘r’ value
Average precipitation 0.74
Average wind speed 0.74
Average relative air humidity 0.94
Average minimum temperature 0.92
Average maximum temperature 0.93
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Statistically, if ‘r’ has a value closed to 1, it means that dependent variables (e.g.
discharge) depend on independent variables (e.g. precipitation) (Wanichbancha, 2001).
The correlation values shown in the Table 4.1 indicated that most climate factors were

highly correlated, except precipitation and wind speed.

4.5. Comparison of the average surface discharge under simulated climate
conditions at 3 different levelsof atmospheric CO..

The description of the average surface discharge (ASD) was focused on the dry-season
only (October to April). Figure 4.8 showed the trend of all ASD. The ASD under the
baseline was significantly higher than under SCCs at the levels of atmospheric CO, =
540 ppm and CO, = 720 ppm in October and sharply decreased in November. The
ASD was quite stable from November to January and slight increase in February but
significantly increased in April (Appendix F).

Under SCCs at the levels of atmospheric CO; = 540 ppm, water supply was greater 0.6
times than under CO, = 720 in October, then considerably decreased in November,
where the ASD of both were quite stable from November to March, but under CO, =
720, there was slightly more water than CO, = 540 ppm during the same mentioned
duration. However, the water supply under CO, = 540 ppm was greater than the
baseline, ranging from 1.5 to 9.3 times and 1.5-10.3 CO, = 720 ppm, where the water
supply was particularly in December and January. However, water supply of the
baseline was sharply increased in April but lower than under CO, = 720 ppm and
higher than CO, = 540 ppm.
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Figure 4.8 Comparison of the ASD under SCCs at 3 different levels of atmospheric CO,

4.6. Crop water requirement

4.6.1. Crop types

Selection of crop types was based on main factors such as (1) suitability to local
environment, (2) major consumption demand (esp. for rice), (3) market price, and (4)
growing pattern or number of crops per year (green bean, lettuce and cabbage). Crop

types included in this study were as follows:

Rice (TDK 1)
Green bean
Maize
Cabbage
Lettuce
Tomato

N o~ w P

Cucumber

Besides the above-mentioned crops, fish pond was also included in this study.
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4.6.2. Crop coefficients (Kc)

Crop coefficients for above mentioned crop types are presented in Table 4.2. The Kc
was based on monthly basis. Not all crop coefficients were available from Laos.
Missing Kc was determined from other sources such as Royal Irrigation Department of
Thailand, 1990 (for green bean), FAO Paper No. 56 for arid region (for lettuce and
cucumber), and Thongaram, 1986 (for fish pond). The coefficient of fish pond was

assumed to be 1.0.

Table 4.2: Crop coefficients (Kc) and fish pond for different length of growth stages

Crop type & Kc for length of growth stages Planting Source
No fish pond SL SK IS DS | MS LS date
1 | Rice (TDK) 120 | 1.10 | 1.00 | 1.03 | 1.05| 0.92 | 20/12/ Dol, 2000
2 | Maize - - 0.45 | 0.74 | 1.10 | 0.83 | 20/10/ Dol, 2000
3 | Green bean - - 0.74 | 099 | 0.94 | 0.32 | 20/10/ RID, 1990
FAO paper No. 56
5 | Lettuce - - 0.70 | 0.85 | 1.00 | 0.95 | 20/10/ for arid region
4 | Cabbage - - 0.70 | 0.90 | 1.10 | 0.85 | 20/10/ | Dol, 2000
Dol, 2000 (Kc),
6 | Tomato - - 0.70 | 0.85 | 1.10 | 0.70 | 20/10/ Thongaram
FAO paper No. 56
7 | Cucumber - - 0.60 | 0.80 | 1.00 | 0.75 | 20/10/ for arid region
8 | Fish pond 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 20/10/ Thongaram, 1986
Note:
IS = Initial stage DS = Development stage
MS = Medium stage S = Late stage
TDK = Thadokham 1 (local variety) SL = Seedling
SK = Soaking

4.6.3. Crop calendar

Figure 4.8 shows that all crop types (except rice) and fish pond start on October 20" of

every year. However, exact date was different between crops. Some crops can be
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grown more than one time over a period such as lettuce. Cabbage can be grown 2

times, which green bean can be grown 3 times over dry season.
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4.6.4. Crop evapotranspiration (ETc) under simulated climate conditions

at 3 different levels of atmospheric CO,

Calculation of each crop evapotranspiration (Appendix H) was based under SCCs
(SCCs) at 3 different levels of atmospheric CO, (360 ppm, 540 ppm and 720 ppm).

The calculation was based on following equation : ETc_CO, = ETo_CO, x Kc

Whereas :
ETc _CO, = crop evapotranspiration under SCC at 3 different levels of
atmospheric CO; (360 ppm, 540 ppm and 720 ppm)
ETo CO, = potential evapotranspiration under SCC at 3 different levels
of atmospheric CO, (360 ppm, 540 ppm and 720 ppm)
Kc = crop coefficient

4.6.4.1. Crop evapotranspiration (ETc) of rice

The ETc of rice was calculated under SCCs at 3 different levels of atmospheric COs.
ETc and ETo under SCCs at 3 different levels of atmospheric CO, were similar with
significant fluctuation. The range of ETc under SCCs at the levels of atmospheric CO,
= 360 ppm was 981 - 3394 m*/ha, CO, = 540 ppm and CO, = 720 ppm were 1208 -
4022 m®ha and 1166 - 4195 m*/ha respectively. ETc under SCCs at 3 different levels
of atmospheric CO; was considerably low in November because the planting date of
rice starts November (Figure 4.8). It was noted that ETc of rice was highest in
comparison with ETc of other crop types. As a consequence, water supply for rice was

possible in less area in comparison with other crops (Figure 4.10).
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Figure 4.10 ETc of rice under SCC at 3 different levels of atmospheric CO,

4.6.4.2. Crop evapotranspiration (ETc) of green bean

The ETc of green bean ranged from 505-4402 m3/ha under SCCs at the levels of
atmospheric CO, = 360 ppm, while those of CO; = 540 ppm and CO, = 720 ppm were
at 520-3880 m*/ha and 529-3957 m*/ha respectively (Figure 4.9). ETc under various
levels of atmospheric CO, were significantly low in October as the planting date for

green bean started in October like other crop types (Figure 4.11).
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Figure 4.11 ETc of green bean under SCC at the levels of atmospheric CO,

4.6.4.3. Crop evapotranspiration (ETc) of maize

ETc of maize were in the same pattern under SCCs at 3 different levels of atmospheric
CO,, ranging from 388-3058 m®ha, 359-3535 m®ha and 634-3609 m*/ha respectively.

They increased significantly from October to March and then sharply decreased. The
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planting date of maize started in October; therefore the ETc was dramatically low

compared to the other months over the dry-season (Figure 4.12).
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Figure 4.12 ETc of maize under SCC at various levels of atmospheric CO,

4.6.4.4.  Crop evapotranspiration (ETc) of cabbage

ETc of cabbage showed similar pattern under SCCs at 3 different levels of
atmospheric CO,. ETc under SCCs at the levels of atmospheric CO,=360 ppm was
significantly higher than the others over dry-season. The range was 484-4284 m° ha,
498-3239 m*/ha and 506-3665 m*/ha under SCCs at 3 different levels of atmospheric
CO;, respectively (Figure 4.13).
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Figure 4.13 ETc of cabbage under SCCs at 3 different levels of atmospheric CO,
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4.6.45. Crop evapotranspiration (ETc) of lettuce

ETc of lettuce were in the same pattern under SCCs at 3 different levels of
atmospheric CO,. The ETc considerably increased from October to December then

sharply decreased and then again significantly increased (Figure 4.14).
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Figure 4.14 ETc of lettuce SCCs at 3 different levels of atmospheric CO,

4.6.4.6. Crop evapotranspiration (ETc) of tomato

ETc of tomato was in the same pattern under SCCs at 3 different levels of atmospheric
CO,. There was an significant increased from October to November and also has an
increasing rate in January under SCCs at the levels of atmospheric CO,= 360ppm. In
February under SCCs at the levels of atmospheric CO,= 540 ppm and under SCCs at
the levels of atmospheric CO, =720 ppm and the trend sharply decreased (Figure
4.15).
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Figure 4.15 ETc of tomato under SCC at various levels of atmospheric CO,
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4.6.4.7. Crop evapotranspiration (ETc) of cucumber

ETc of cucumber were in the same pattern under SCCs at 3 different levels of
atmospheric CO,. They increased significantly from October to November with

increasing rate in January and then slowly decreased (Figure 4.16).
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Figure 4.16 ETc of cucumber under SCC at 3 different levelsof atmospheric CO,

4.6.4.8. Crop evapotranspiration (ETc) of pond

ETc of fish pond was in the same pattern under SCCs at 3 different levels of
atmospheric CO,. ETc significantly increased from October to November under SCCs
at 3 different levels of atmospheric CO,. Fluctuation was not much from November to
February, except ETc under SCCs at the levels of atmospheric CO, = 360 ppm. ETc
again increased significantly in March, except ETc under SCCs at the levels of
atmospheric CO, = 540 ppm did not increased in March butt in April (Figure 4.17).
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Figure 4.17 ETc of fish pond under SCC at 3 different levelsof atmospheric CO,
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4.7. Determination of cropping patterns

Table 4.3 illustrated all cropping patterns that assumed to be grown in the study area

under SCCs at 3 different levels of atmospheric CO,.

Cropping patterns (rice with fish pond — CP 1) and (combination crops — CP 4) were
suggested by the Nam Nga Gnai project under SCCs at the levels of atmospheric
C0,=360 ppm (which was the baseline for this study) assuming that the water supply
would be enough over the dry-season. These cropping patterns were analysed and
compared with the baseline under SCCs at the levels of atmospheric CO, = 540 ppm
and 720 ppm without changing the area restriction by the project (Table 4.3). The
project did not provided details of crop calendar and water utilization for this study.
Hence, crop calendar for this study has been derived from various sources as indicated

in the Figure 4.9.

Due to the availability of certain data the researcher determined the cropping patterns
and its water utilization and analysed the patterns. The results hold valid if the project
follows the same variables of this study. Cropping pattern and its proportion of the rice
with fish pond and the combination crop pattern was suggested due to its popularity,
experience and knowledge of planting, storage for domestic consumption, for
subsistence and market price, suitability to local environment, multi-cropping cycle,

and (5) local existing cropping pattern.

Cropping patterns (rice with fish pond — CP 1, 2 and 3) found out the water utilization
and supply under SCCs at 3 different levels of atmospheric CO, for the fixed area of
530 ha as mentioned by the project. The same was even done for cropping pattern (the
combination crop pattern — CP 4, 5 and 6).

Cropping patterns (rice with fish pond — CP 7, 8 and 9) estimated the amount of viable
land for cultivation under SCCs at 3 different levels of atmospheric CO,. The results
were than compared to the corresponding the CO; levels of cropping patterns (CP 1, 2

and 3). The same process was applied to the combination pattern (CP 10, 11 and 12)
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and compared to the corresponding the CO, levels of cropping patterns (CP 4, 5 and
6).

Beside above-mentioned cropping pattern rice with fish pond and the combination
crop pattern, there were single-cropping patterns, which include following crop type :
maize, green bean, cabbage, lettuce, tomato and cucumber. These single-cropping
patterns (CP 13-30) were the results obtained on finding the viable land for cultivation
under SCCs at 3 different levels of atmospheric CO,. The patterns were analysed
among the same crop type. The results of analysis gave information on the baseline
and future viable land, water utilization and the profit of cultivating the respective crop
types. The obtained results were then compared to find most profitable single cropping

patterns.

The single-cropping patterns were determined as possible crops to be grown in the
study area based on environmental factors, agricultural policy and economic

conditions.
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Table 4.3 Cropping patterns (CP) under simulated climate conditions at 3 different levels of
atmospheric CO,

SCCsof 3 Crop types Cropping
different & Area
Code | levelsof CO, | Fishpond | (ha) | (%) Assumptions/conditions
Rice 500 | 94 | Area fixed by the Project & limited
cp1 | 360 ppm Fish pond 30 6 | water under SCCs of
Total 530 | 100 | atmospheric CO;
Rice 500 | 94 | Area fixed by the Project & water
cp2 | 540 ppm Fish pond 30 6 | limited under SCCs of
Total 530 | 100 | atmospheric CO,
Rice 500 | 94 | Area fixed by the Project & water
cp3 | 720 ppm Fish pond 30 6 | supply limited under SCCs
Total 530 | 100 | of atmospheric CO,
Maize 150 | 28
Greenbean | 150 | 28
Lettuce 50 9 | Area fixed by the Project
CP4 | 360 ppm Cabbage 50 9 | & water supply limited under SCCs
Tomato 50 9 | of atmospheric CO,
Cucumber 50 9
Fish pond 30 6
Total 530 | 100
Maize 50 5/ R
Green bean 150 28
Lettuce 50 9
CP5 | 540 ppm Cabbage 50 9 | Area fixed by the Project &
Tomato 50 9 | Water supply limited under SCCs
Cucumber 50 9 | of atmospheric CO,
Fish pond 30 6
Total 530 | 100
Maize 150 28
Green bean 150 28
Cabbage 50 9
CP6 | 720 ppm Lettuce 50 9 | Area fixed by the Project &
Tomato 50 9 | water supply limited under SCCs
Cucumber 50 9 | of atmospheric CO,
Fish pond 30 6
Total 530 | 100
Rice 270 54 | 1) area & % compared with CP 1
CP7 | 360 ppm Fish pond 18 60 | 2) based on area of CP 1 & under
Total 288 54 | available water by SCCs
Rice 450 90 | 1) area & % compared with CP 2
CP8 | 540 ppm Fish pond 25 83 | 2) based on area of CP 2 & under
Total 475 90 | available water by SCCs
Rice 505 | 101 | 1) area & % compared with CP 3
CP9 | 720 ppm Fish pond 30 | 100 | 2) based on area of CP 3 & under
Total 535 | 101 | available water by SCCs
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Table 4.3 Cropping patterns (CP) under simulated climate conditions at 3 different levels of
atmospheric CO, (Continued)

S(_:Cs of 3 Crop types Cropping
different . & Area Assumptions
levels of CO, | Fish pond

Code (ha) | (%)

Maize 80 | 53

Green bean 80 | 53

Lettuce 23 | 46 | Viable area of CP 4 under
CP 10 | 360 ppm Cabbage 23 | 46 | available water under SCC of various

Tomato 23 | 46 | level of atmospheric CO,

Cucumber 23 | 46

Fish pond 20 | 67

Total 272 | 51

Maize 168 | 112

Green bean 168 | 112

Cabbage 55 | 110 | Viable area of CP 5 under
CP 11 | 540 ppm Lettuce 55 | 110 | available water under SCC of various

Tomato 55 | 110 | levels of atmospheric CO,

Cucumber 55 | 110

Fish pond 30 | 100

Total 586 | 111

Maize 170 | 113

Green bean 170 | 113

Lettuce 55 | 110 | Viable area of CP 6 under
CP 12 | 720 ppm Cabbage 55 | 110 | available water under SCC of various

Tomato 55 | 110 | levels of atmospheric CO,

Cucumber 55 | 110

Fish pond 35 | 117

Total 595 | 112
CP 13 | 360 ppm Maize 290 | 100 | Maximized water available under SCC
CP 14 | 540 ppm Maize 550 | 100 | Maximized water available under SCC
CP 15 | 720 ppm Maize 570 | 100 | Maximized water available under SCC
CP 16 | 360 ppm Greenbean | 290 | 100 | Maximized water available under SCC
CP 17 | 540 ppm Greenbean | 530 | 100 | Maximized water available under SCC
CP 18 | 720 ppm Greenbean | 550 | 100 | Maximized water available under SCC
CP 19 | 360 ppm Cabbage 260 | 100 | Maximized water available under SCC
CP 20 | 540 ppm Cabbage 460 | 100 | Maximized water available under SCC
CP 21 | 720 ppm Cabbage 495 | 100 | Maximized water available under SCC
CP 22 | 360 ppm Lettuce 270 | 100 | Maximized water available under SCC
CP 23 | 540 ppm Lettuce 480 | 100 | Maximized water available under SCC
CP24 | 720 ppm Lettuce 510 | 100 | Maximized water available under SCC
CP 25 | 360 ppm Tomato 270 | 100 | Maximized water available under SCC
CP 26 | 540 ppm Tomato 520 | 100 | Maximized water available under SCC
CP 27 | 720 ppm Tomato 540 | 100 | Maximized water available under SCC
CP 28 | 360 ppm Cucumber 290 | 100 | Maximized water available under SCC
CP 29 | 540 ppm Cucumber 560 | 100 | Maximized water available under SCC
CP 30 | 720 ppm Cucumber 580 | 100 | Maximized water available under SCC
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4.8. Water utilization of cropping patterns under simulated climate conditions

under at 3 different levels of atmospheric CO,

Water utilization of all cropping patterns analyzed in this study is shown in Appendix
I. The total amounts of water used for each cropping pattern were limited by 4 major
factors: (i) amount of water supply (main factor), (ii) ETc of each crop type, (iii) crop
calendar and (iv) proportion of crop in an area. It can be said that the trend of water
utilization depends very much on mentioned factors, particularly the water supply
under SCCs.

As noted earlier, water volume used in all cropping patterns in October was significant
less than other months over the dry-season because cropping activities and fish ponds
indicated in Figure 4.9, starts in October, on 20" October of every year, according to

the crop calendar, except for rice 20™ November.

4.8.1. Comparison of the water utilization among cropping patterns (the
rice with fish ponds pattern) under fixed irrigated area and simulated climate
conditions at 3 different levels of atmospheric CO,

As mentioned earlier, cropping patterns 1 - 3 were a combination of the rice with fish
ponds pattern. The water supply under SCCs at 3 different levels of atmospheric CO,
to these cropping patterns was analyzed (Appendix I).

The water utilization of cropping pattern 1 (under SCCs at the levels of atmospheric
CO, = 360 ppm), cropping pattern 2 (CO, = 540 ppm) and cropping pattern 3 (CO, =
720 ppm) were compared. Water utilization increased sharply from October to
November but the increase was not significantly different among SCCs at 3 levels of
atmospheric CO, from October to December. Water utilization for all cropping
patterns decreased from December to January, and then increased from February to
March. Water utilization of all SCCs at the levels of atmospheric CO, dramatically
decreased from March to April (Figure 4.18).
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Figure 4.18 Comparison of water utilization among cropping patterns (the rice with fish ponds
pattern) SCCs at 3 different levels of atmospheric CO5,)

4.8.2. Water utilization of cropping patterns (the combination crop

pattern) under SCCs 3 different levels of atmospheric CO;

Water utilization of cropping patterns (the combination crop pattern) based on the 2
conditions: irrigated area fixed by the project and under SCCs at 3 different levels of
atmospheric CO,. Water utilization among these cropping patterns was compared.
Water utilization increased sharply from October to November, slightly increased
from December to February and then sharply decreased to April (Figure 4.18) for the
baseline and future. There was no clear trend of the water utilization of these cropping
patterns over the dry-season. There was not much difference in water utilization
among 3 different levels of atmospheric under SCCs (Figure 4.19). Water utilization
of cropping pattern (the combination crop - CP 4) under SCCs at the levels of
atmospheric CO, = 360 ppm ranged from 0.352 — 1.669 MCM. Water utilization of
cropping pattern (the combination crop - CP5) under SCCs at the levels of
atmospheric CO; = 540 ppm ranged from 0.249 — 1.559 MCM. Water utilization of
cropping pattern (the combination crop - CP6) under SCCs at the levels of
atmospheric CO, = 720 ppm ranged from 0.263 — 1.734 MCM.
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Figure 4.19 Comparison of water utilization of cropping patterns 4, 5 and 6 (the combination crop
pattern) under SCCs at 3 different levelsof atmospheric CO,

4.8.3. Comparison of water utilization among cropping patterns (the rice
with fish ponds pattern) under SCCs at 3 different levels of atmospheric CO;

Determination of water utilization of cropping patterns (the rice with fish pond - CP7,
8 and 9) were based on the water supply under SCCs at 3 different levels of

atmospheric CO, and water resource was maximized in a balanced way.

Figure 4.20 illustrated water utilization of cropping pattern 7 that ranged from 0.012-
1.101 MCM, while water utilization of cropping patterns 8 and 9 were higher due to
higher water supply, ranging from 0.017-1.945 MCM and 0.031-2.238 MCM
respectively. All cropping patterns increased significantly from October to December
but slightly decreased to January. Water utilization experienced an increase till March

then dramatically decreased to April.
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Figure 4.20 Comparison of water utilization among cropping patterns (the rice with fish ponds
pattern under SCCs at 3 different levelsof atmospheric CO,)

4.8.4. Comparison of water utilization among cropping patterns (the rice
with fish ponds pattern) under SCCs at 3 different levels of atmospheric CO;

Water utilization of cropping patterns 1, 2 and 3 (the rice with fish pond) were based
on the irrigated area fixed by the project. Cropping patterns 7, 8 and 9 were the rice
with fish pond but the irrigated area based on the availability of water under SCCs at 3
different levels of atmospheric CO,. Water utilization of this cropping pattern was
compared as follows: cropping pattern 1 with 7; cropping patterns 2 with 8 and
cropping pattern 3 with 9.

Cropping pattern 1 with 7 (the rice with fish pond)

Under the baseline (SCCs at the levels of atmospheric CO, = 360 ppm), water
utilization of cropping pattern 7 was maximized and balanced and then compared with
the water utilization of cropping pattern 1 (Figure 4.21). Water utilization of cropping
pattern 1 was significant higher than cropping pattern 7 due to the larger irrigated area
fixed at 530 ha by the project
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Figure 4.21 Comparison of water utilization of cropping pattern 1 and 7 (the rice with fish ponds
pattern) under SCCs at the level of atmospheric CO, = 360 ppm

Cropping pattern 2 with 8 (the rice with fish pond)

Future water utilization of cropping pattern 2 was slightly higher than cropping pattern
8 due to larger irrigated area (Figure 4.22) when atmospheric CO, concentration
reached at 540 ppm under SCCs. Water utilization planned by the Project would be

nearly met by future water supply.
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Figure 4.22 Comparison of water utilization of cropping pattern 2 and 8 (the rice with fish ponds
pattern) under SCCs at the levels of atmospheric CO, = 540 ppm

Cropping pattern 3 with 9 (the rice with fish pond)

Future water utilization of cropping pattern 3 was insignificant in difference on
comparing with cropping pattern 9 when atmospheric CO, concentration reached at

720 ppm under SCC. As a consequence, irrigated area was also insignificant in
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difference (Figure 4.23). Water utilization planned by the Project will be met with
water supply in future.
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Figure 4.23 Comparison of water utilization between cropping pattern 3 and 9 (the rice with fish
ponds pattern) under SCCs at the levels of atmospheric CO, = 720 ppm

4.8.5. Comparison of water utilization among cropping patterns (the

combination crop pattern) under SCCs at 3 different levels of atmospheric CO,

Cropping patterns 10, 11 and 12 were the combination crop pattern. Water utilization
for this cropping patterns were maximized and balanced under limited water supply
under SCCs at 3 different levels of atmospheric CO,. Water utilization of cropping
pattern 10, 11, and 12 ranged from 0.284-1.324 MCM, 0.274 — 1.784 MCM, and
0.296 — 1.95 MCM respectively. In comparison, water utilization of cropping pattern
11 and 12 were much higher than cropping pattern 10 because more water was
available and hence irrigated area could be extended to 202 ha for cropping pattern 11
and 247 ha for cropping pattern 12.

Water utilization of cropping pattern 10 increased from October to December then
slightly decreased in January. Water utilization significantly increased in February
and then significantly decreased to March and April. Water utilization of cropping
pattern 11 and cropping pattern 12, were similar, sharply increased from October to
November then slightly increased in December and January. Water utilization, of
cropping pattern 12 increased in January while for cropping pattern 11 slightly
decreased. Water utilization of cropping patterns then dramatically decreased from
February to April (Figure 4.24).
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Figure 4.24 Water utilization of cropping patterns 10, 11 and 12 (the combination crop
pattern) under SCCs at 3 different levels of atmospheric CO,

4.8.6. Comparison of water utilization among cropping patterns 4 ,5, 6
and cropping pattern 10, 11, 12 (the combination crop pattern under SCCs at 3
different levels of atmospheric CO,)

Under SCCs at the levels of atmospheric CO, = 360 ppm, water utilization of cropping
pattern 4 was significantly higher than cropping pattern 10 over the dry-season
because the determination of the irrigated area fixed at 530 ha by the project (Figure
4.25). Higher water requirement particularly occurred in November to January.

However, water requirement of cropping pattern 10 based on available water supply.
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Figure 4.25 Comparison of water utilization between cropping patterns 4 and 10 (the combination
crop pattern) under SCCs at the levels of atmospheric CO, = 360 ppm

Water utilization of cropping pattern 5 was less than cropping pattern 11 under SCCs

at the levels of atmospheric CO, = 540 ppm, (Figure 4.26), because of smaller
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irrigated area than cropping pattern 5 that could be increased the irrigated are due to
more water availability.
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Figure 4.26 Comparison of water utilization between cropping patterns 5 and 11 (the combination
crop pattern) under SCCs at the levels of atmospheric CO, = 540 ppm

Water utilization of cropping pattern 6 was lower than cropping pattern 12 due to the
same reason mentioned above. Water utilization was higher than under SCCs of the

levels of atmospheric CO,= 540 ppm over the dry-season.
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Figure 4.27 Comparison of water utilization between cropping patterns 6 and 12 ( the
combination crop pattern) under SCCs at the level of atmospheric CO, = 720 ppm

4.8.7. Comparison of water utilization among cropping patterns 13, 14,
15 (maize under SCCs at 3 different levels of atmospheric COy)

Water utilization of maize (a single-cropping pattern) was compared under SCCs at 3
different levels of atmospheric CO,. Water utilization of cropping pattern 13 ranged
from 0.113 — 1.039 MCM (under SCCs at the levels of atmospheric CO, = 360 ppm),
cropping pattern 14 and cropping pattern 15 ranged from 0.197 — 1.994 MCM (under
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SCCs at the levels of atmospheric CO, = 540 ppm), and 0.208 — 2.057 MCM (under
SCCs at the levels of atmospheric CO, = 720 ppm) respectively. Water utilization of
cropping pattern 14 and 15 were much greater than cropping pattern 13 because there
was more water supply despite of higher ETc. The higher the concentration of
atmospheric CO,, the higher water supply. Hence, irrigated area could be extended.
As a consequence, more water could be utilized for all cropping patterns. Water
utilization increased gradually from October to January and then dramatically
decreased to February (Figure 4.28).
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Figure 4.28 Comparison of water utilization among cropping patterns (maize) under SCCs at 3
different levels of atmospheric CO,

4.8.8. Comparison of water utilization among cropping patterns 16, 17,
18 (green bean under SCCs at 3 different levels of atmospheric COy)

Water utilization of green bean under SCCs at 3 different levels of atmospheric CO,
were analyzed and compared. The results showed that the water utilization of the
baseline and under SCCs at the levels of CO, = 540 ppm and 720 ppm fluctuated over
the dry-season and ranged from 0.146 — 1.277 MCM, 0.276 — 2.056 MCM and 0.291
—2.177 MCM respectively. Future water utilization under SCCs at the levels of CO, =
540 ppm and 720 ppm were much greater than cropping pattern the baseline due to
more water supply, hence more irrigated area could be increased. Water utilization in
all cropping patterns dramatically fluctuated with increasing trend from October to
March and then sharply decreased for cropping patterns under SCCs at the levels of
CO; = 540 ppm and 720 ppm in April and while increased for the baseline (Figure
4.29).
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Figure 4.29 Comparison of water utilization of cropping patterns (green bean) under SCCs at 3
different levels of atmospheric CO,

4.8.9. Comparison of water utilization among cropping patterns 19, 20,
21 (cabbage under SCCs at 3 different levels of atmospheric CO5)

Water utilization of cabbage single-cropping under SCCs 3 different levels of
atmospheric CO, were analyzed and compared. Under the baseline and SCCs at the
levels of CO, = 540 ppm and 720 ppm, water utilization ranged from 0.126 — 1.077
MCM, 0.299 - 1.933 MCM and 0.250 — 2.080 MCM respectively. Water utilization
under SCCs at the levels of atmospheric CO, = 540 ppm and 720 ppm were
significantly higher due to more water supply. Water utilization for the baseline
increased significantly from October to December and then slightly decreased to
February and significantly increased to March and then dramatically decreased. Water
utilization under SCCs at the levels of atmospheric CO, = 540 ppm and 720 ppm
sharply increased from October to November, continuously increased to December,
then dropped in January. Water utilization again dramatically increased in March and
then significantly decreased in April. Water utilization under SCCs at the levels of
atmospheric CO, = 720 ppm was slightly higher than and the levels of atmospheric
CO, =540 ppm and 720 ppm over the dry-season (Figure 4.30).
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Figure 4.30 Comparison of water utilization among cropping pattern (cabbage) under SCCs at 3

different levels of atmospheric CO,

4.8.10. Comparison of water utilization among cropping patterns 22, 23,
24 (lettuce under SCCs at 3 different levels of atmospheric CO5)

Water utilization among cropping patterns 22, 23 and 24 (lettuce mono-cropping)
were analyzed and compared. The ranges of water utilization under SCCs 3 different
levels of atmospheric CO, were between 0.131 — 0.944 MCM, 0.239 - 2.2424 MCM
and 0.258 — 2.215 MCM respectively .Future water utilization (under SCCs the levels
of atmospheric CO,-540 ppm and 720 ppm) were much higher than the baseline

because of more water supply. Water utilization of all patterns sharply increased from

October to December and then dramatically decreased in January. Water utilization

increased significantly in February with increasing trend till March (Figure 4.31).
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Figure 4.31 Comparison of water utilization among cropping patterns (lettuce) under simulated
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4.8.11. Comparison of water utilization among cropping patterns 25, 26,
27 (tomato under SCCs at 3 different levels of atmospheric CO,)

Water utilization of cropping patterns among a single-cropping of tomato ranged from
0.131 - 0.953 MCM, 0.259 — 1.864 MCM and 0.273 — 1.985 MCM under SCCs 3
different levels of atmospheric CO, respectively. Water utilization for the baseline
dramatically increased in November and gradually increased to January and then
slightly decreased in February and further in March. Under SCCs 3 different levels of
atmospheric CO,= 540 ppm and 720 ppm, water utilization sharply increased in
November and then continuously increased to February but sharply decreased in
March. Higher water utilized in future than the baseline because of higher water

supply (Figure 4.32).
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Figure 4.32 Comparison of water utilization among cropping patterns (tomato under SCCs at 3
different levels of atmospheric CO2 levels)

4.8.12. Comparison of water utilization among cropping patterns 28, 29
and 30 (cucumber under SCCs)

Water utilization of a single-cropping of cucumber ranged between 0.125 — 0.967
MCM, 0.247 — 1.846 MCM and 0.261 — 1.95 MCM respectively under SCCs 3
different levels of atmospheric CO,. Water utilization of all cropping patterns sharply
increased in November, gradually increased to January and then slowly decreased in
February. Future water utilization was higher than the baseline due to higher water

supply (Figure 4.33) as showed in other single-cropping patterns.
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Figure 4.33 Comparison of water utilization among cropping patterns (cucumber under SCCs at
3 different levelsof atmospheric COy,)

4.9. Water balance under simulated climate conditions of CO, levels

Water balance of all cropping patterns were analysed and compared under SCCs at
the levels of atmospheric CO, = 360 ppm, CO; = 540 ppm and CO, = 720 ppm.
Possibilities for extending or reducing cropping area were explored. Water balance
analysis of each cropping pattern was based on the dead storage level in Nam Nga
Gnai reservoir. If the water utilization was under this level, it was meant that a water
shortage was (Appendix J). Water balance analysis was divided into 5 groups as

follows.

Group 1 : Water balance of cropping pattern (the rice with fish pond — CP 1, 2 and
3) under SCCs 3 different levels of atmospheric CO,. Results of the water balance
were based on the irrigated area fixed by the project as described earlier in the

determination of cropping patterns.

Group 2 : Water balance of cropping pattern (the combination crops — CP4, 5 and 6)
under SCCs 3 different levels of atmospheric CO, were analysed and compared

based on the irrigated area fixed by the project as group 1.

Group 3 : Water balance of cropping pattern (the rice with fish pond — CP 7, 8 and
9) under SCCs 3 different levels of atmospheric CO,. The water balance of this
group was based on viable irrigated area under SCCs 3 different levels of
atmospheric CO,.
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Their cropping area was determined, to be balanced with water resource available
under SCCs at 3 different levels of atmospheric CO,. This group was compared with
group 1 in terms of water utilized and cropping area. Water balance of cropping
pattern 7 was compared with cropping pattern 1, cropping pattern 8 with cropping

pattern 2 and cropping pattern 9 with cropping pattern 3.

Group 4 : Water balance of cropping pattern (the combination crops) under SCCs 3
different levels of atmospheric CO,. This group was analyzed and compared based
on viable irrigated area under the baseline and under SCCs at the levels of
atmospheric CO,= 540 ppm and 720 ppm. Water balance of this group was
compared with group 2, specifically cropping pattern 10 was compared with
cropping pattern 4, cropping pattern 12 with cropping pattern 5, and cropping
pattern 12 with cropping pattern 6.

Group 5 : Water balance of single-cropping patterns various crops as indicated in
the Table 4.3. Each of them was compared in terms of water balance, cropping area
and profit based on individual crop and cropping pattern under SCCs 3 different
levels of atmospheric CO,. Details of the water balance of each cropping pattern

were analyzed below.

4.9.1. Comparison of water balance among cropping patterns 1, 2 and 3
(the rice with fish ponds pattern under SCCs at 3 different levels of atmospheric
COy)

Water balance of cropping pattern (the rice with fish pond) under SCCs at 3 different
levels of atmospheric CO, were analyzed and compared on the same size of cropping
area. The cropping area was 500 ha (or 94%) for rice and 30 ha (or 6%) for fish pond.
Under the baseline, there was a water shortage in January, February, March and April:
0.831 MCM, 2.202 MCM, 3.444 MCM and 2.916 MCM respectively. Under SCCs at
the levels of atmospheric CO, = 540 ppm, also there was a water shortage in March
and April (0.346 MCM and 0.346 MCM). However, under SCCs at the levels of

atmospheric CO,=720 ppm, water shortage would not occur due to more water supply
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than under SCCs at the levels of atmospheric CO,=540 ppm and the baseline whereas

water supply was available at the least amount (Figure 4.34).
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Figure 4.34 Comparison of water balance among (the rice with fish pond) under SCCs at 3

different levels of atmospheric CO,

4.9.2. Comparison of water balance among cropping patterns 4, 5 and 6

(the combination crop pattern under SCCs at 3 different levels of atmospheric

CO,)

Water balance under SCCs at 3 different levels of atmospheric CO; for cropping

pattern (the combination crops — CP 4, 5 and 6) were analyzed and compared based on

cropping area fixed by the project (Figure 4.35). Under the baseline, there was a water
shortage in January, February, March and April with 1.222 MCM, 2.657 MCM, 3.113

MCM and 1.362 MCM respectively. However, water was enough under SCCs at the

levels of atmospheric CO, = 540 ppm and 720 ppm , because the water supply was

higher than the baseline. Due to crop calendar, the planned irrigated area 530 ha could

remain from October to February. The possible irrigated area reduced to 330 ha in

March because maize cycle ended in February and further to 230 ha in April because

lettuce cycle finished in March.
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Figure 4.35 Comparison of water balance among cropping pattens (the combination crop pattern)
under SCCs at 3 different levels of atmospheric CO,
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Figure 4.36 Comparison of irrigated area among cropping pattens (the combination crop pattern)
under SCCs at 3 different levels of atmospheric CO,

4.9.3. Comparison of water balance among cropping pattern 7, 8 and 9
(the rice with fish ponds pattern under SCCs at 3 different levels of atmospheric
COy)

There was no water shortage under SCCs at 3 different levels of atmospheric CO,
because the cropping areas could be adjusted to meet with water supply. Under the
baseline, water supply was 0.976 MCM in December, 0.896 MCM in January, 0.847
MCM in February, 1.101 MCM in March and 0.843 MCM in April. This water supply
was viable for 288 ha of the rice with fish ponds pattern over the dry-season.

Under SCCs at the levels of atmospheric CO, = 540 ppm, water supply was 0.017
MCM in October, 0.639 MCM in November, 1.687 MCM in December, 1.514 MCM
in January, 1.673 MCM in February, 1.945 MCM in March and 1.258 MCM in April.
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Under SCCs at the levels of atmospheric CO, = 720 ppm, water supply was 0.031
MCM in October, 0.678 MCM in November, MCM 1.769 in December, 1.438 MCM
in January, 1.731 MCM in February, 2.238 MCM in March and 1.076 MCM in April.

Water supply at 3 different levels of atmospheric CO, was shown in the Figure 4.37.

535 ha of the rice with fish ponds pattern were viable under these 2 mentioned SCCs.
Water supply under SCCs at the levels of atmospheric CO,=540 ppm and CO,=720
ppm were much higher than the baseline (Figure 4.37). As a consequence, possible
irrigated area for the rice with fish ponds pattern under SCCs conditions at the levels
of atmospheric CO,=540 ppm and CO,=720 ppm were also larger than the baseline
(Figure 4.38).
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Figure 4.37 Water supply of cropping pattern (the rice with fish ponds pattern) under SCCs at 3
different levels of atmospheric CO,
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Figure 4.38 Viable irragated area of cropping pattern (the rice with fish ponds pattern) under
SCCs at 3 different levels of atmospheric CO,
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The trend of the increase in irrigated area resulted from the higher atmospheric
concentration of CO,, the higher water supply, and hence larger cropping area. The
above-mentioned results were compared with the possible irrigated areas of cropping

pattern (the rice with fish ponds — CP 1, 2 and 3) in the next section.

4.9.4. Comparison of water balance among cropping patterns (rice and
fish +pond) 1, 2 and 3 and 7, 8 and 9 under SCCs at 3 different levels of

atmospheric CO;

As presented earlier, the cropping area of cropping patterns (the rice with fish pond —
CP 1, 2 and 3) were fixed by the project plan for the baseline and future situation
under SCCs at 3 different levels of atmospheric CO,. The before section demonstrated
the water supply and possible cropping area of cropping pattern (the rice with fish
pond — CP 7, 8 and 9).

4.9.4.1 Comparison of water balance between the rice with fish
pond pattern (CP 1 and CP7)

Results indicated that irrigated area planned by the project was not viable for the rice
with fish ponds pattern, possible only 288 ha out of the planned 530 ha (Figure 4.39)

due to less water supply.
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Figure 4.39 Comparison of viable cropping area between cropping patterns (the rice with fish
ponds pattern) under SCCs at the level of atmospheric CO, = 360 ppm
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4.9.4.2 Comparison of water balance between CP 2 and CP 8

Possible irrigated area under SCCs at the levels of atmospheric CO,=540 ppm was
higher than the baseline, viable 490 ha out of 530 ha (Figure 4.40), but still less than

the project estimated.

Cropping
area (ha)

[=2]
o
o

Y
o
o

200

o

Oct Nov Dec Jan Feb Mar Apr

OCP2BECPS

Figure 4.40 Comparison of viable cropping area between cropping patterns (the rice with fish
ponds pattern) under SCCs at the levels of atmospheric CO, = 540 ppm

4.9.4.3 Comparison of water balance between CP 3 and CP 9

However, the planned irrigated area would be possible 535 ha out of 530 ha under
SCCs at the levels of atmospheric CO,=720 ppm (Figure 4.41), which was greater
than the baseline and under SCCs at the levels of atmospheric CO,=540 ppm because

there would be more water supply, hence more irrigate area could be expanded.
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Figure 4.41 Comparison of viable cropping area between cropping patterns (the rice with fish
ponds pattern) under SCCs at the levels of atmospheric CO, = 720 ppm



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resource Management) / 81

4.9.5. Comparison of water balance among cropping pattern 10, 11 and 12
(the combination crop pattern under SCCs at 3 different levels of atmospheric
COy)

Water resource was maximized and balanced for cropping pattern (the combination
crop — CP 10, 11 and 12) under SCCs at 3 different levels of atmospheric CO,. Water
supply under SCCs at the levels of atmospheric CO, = 540 ppm and CO; = 720 ppm
were much higher than the baseline, as a consequence, larger possible irrigated area
could be extended. The cropping area for all cropping patterns would be reduced due
to shorter crop cycle of maize and lettuce while the trend for other crops continued to
April. The trends of all cropping patterns were the same (Figure 4.42).
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Figure 4.42 Comparison of irrigated area of cropping patterns (the combination crop pattern)
under SCCs at 3 different levels of atmospheric CO,

4.9.6. Comparison of water balance among cropping patterns (the
combination crop pattern) 4, 5 and 6 and 10, 11 and 12 under SCCs at 3 different
levels of atmospheric CO,

Above results of water supply and viable cropping area were based on the comparison
as follows. Under the baseline, cropping pattern 10 was compared with cropping
pattern 4, under SCCs at the levels of atmospheric CO, = 540 ppm, cropping pattern
11 with 5 and under SCCs at the levels of atmospheric CO, = 720 ppm cropping
pattern 12, was compared with cropping pattern 6.



Somvang Bouttavong Results and Discussion / 82

4.9.6.1 Comparison of water balance between CP 4 and CP 10 (the

combination crop pattern)

Results indicated that present irrigated area planned by the Project was not viable for
the combination crop pattern, possible only 272 ha (October-February) out of the
planned 530 ha, 169 ha in March out of the planned 330 ha and 123 ha in April out of
the planned 230 ha (Figure 4.43).
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Figure 4.43 Comparison of cropping pattern 4 and 10 (the combination crop pattern) under
SCCs at the level of atmospheric CO, = 360 ppm

4.9.6.2 Comparison of water balance between CP 5 and CP 11 (the

combination crop pattern)

However, under SCCs at the levels of atmospheric CO, = 540 ppm, future irrigated
area was 586 ha viable (October-February) out of the planned 530 ha, 363 ha in March
out of the planned 330 ha and 253 ha in April out of the planned 230 ha (Figure 4.44).
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Figure 4.44 Comparison of cropping pattern 5 and 11 (the combination crop pattern) under
SCCs of CO, =540 ppm
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4.9.6.3 Comparison of water balance between CP 6 and CP 12 (the

combination crop pattern)

Moreover, under SCCs at the levels of atmospheric CO, = 720 ppm, possible irrigated
area was 595 ha (October-February) out of the planned 530 ha, 370 ha in March out of
the planned 330 ha and 260 ha in April out of the planned 230 ha (Figure 4.45). These
mean that future irrigated area could be increased because of potential water supply.
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Figure 4.45 Comparison of cropping pattern 6 and 12 (the combination crop pattern) under
SCCs of CO, = 720 ppm

4.9.7. Comparison of water balance among cropping patterns 13, 14 and
15 (maize under SCCs at 3 different levels of atmospheric CO5)

In future, irrigated area for maize could increase up to 550 ha under CO, =540 ppm
and 570 ha under SCCs at the levels of atmospheric CO, =720 ppm due to more water
supplies. Possible irrigated area was only 290 ha for maize under the baseline due to
limited water supply (Figure 4.46). The higher atmospheric concentration of CO,, the

more the water supply in future would be.
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Figure 4.46 Comparison of cropping patterns (maize) under SCCs at 3 different levels of
atmospheric CO,

4.9.8. Comparison of water balance among cropping patterns 16, 17 and
18 (green bean under SCCs at 3 different levels of atmospheric CO5)

It could be expected that water supply would be higher in future than present situation,
and hence more irrigated cropping areas, particularly for green bean cropping under
SCCs at the levels of atmospheric CO,=540 ppm and 720 ppm, up to 530 and 550 ha
respectively, while only 290 ha would be available for green bean cropping under
SCCs at the levels of atmospheric CO, = 360 ppm or present situation (Figure 4.47).
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Figure 47 Viable irrigate area for green bean under SCCs at 3 different levels of atmospheric CO,

4.9.9. Comparison of water balance among cropping patterns 19, 20 and 21

(cabbage under SCCs at 3 different levels of atmospheric CO,)

Water supply under SCCs at the levels of atmospheric CO, = 540 ppm and 720 ppm
would be much higher than the baseline. As a consequence, irrigated areas under
SCCs at 3 different levels of atmospheric CO, would be larger. There was no water
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shortage in these cropping patterns. In future, irrigated area under SCCs at the levels
of atmospheric CO, = 540 ppm and 720 ppm would be available for cabbage cropping
up to 460 ha and 495 ha respectively, while only 260 ha was possible for cabbage

under present condition (Figure 4.48).
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Figure 4.48 Cropping area for cabbage under SCCs at 3 different levels of atmospheric CO,

4.9.10. Comparison of water balance among cropping patterns 22, 23 and
24 (lettuce under SCCs at 3 different levels of atmospheric CO5)

Water was sufficient for these cropping patterns. Water supply was dramatically high
under SCCs at the levels of atmospheric CO, = 540 ppm and 720 ppm than the
baseline. Therefore, future irrigated area could be increased more than present
condition. Viable irrigated area for lettuce cropping under SCCs at the levels of
atmospheric CO, = 360 ppm, 540 ppm and 720 ppm were 270 ha, 480 ha and 510 ha
respectively. The size of irrigated area of each cropping pattern varied due to the

limitation of water supply (Figure 4.49).
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Figure 4.49 Cropping area for lettuce under SCCs at 3 different levels of atmospheric CO,
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4.9.11. Comparison of water balance among cropping patterns 25, 26 and

27 (tomato under SCCs at 3 different levels of atmospheric CO,)

After balancing the water resources, irrigate area under the baseline was
approximately 50% less than under SCCs at the levels of atmospheric CO; = 540 ppm
and 720 ppm due to less water supply. The more atmospheric concentration of CO,,
the higher water supply could be expected. As a result, possible irrigated area was
available for tomato cropping by 270 ha, 520 ha and 540 ha, under SCCs at 3 different
levels of atmospheric CO, respectively (Figure 4.50).
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Figure 4.50 Cropping area for tomato under SCCs at 3 different levels of atmospheric CO,

4.9.12. Comparison of water balance among cropping patterns 28, 29 and
30 (cucumber under SCCs at 3 different levels of atmospheric CO,)

Water resource was fully utilized for cucumber cropping under SCCs at 3 different
levels of atmospheric CO,. The trend of water supply was higher under higher
atmospheric concentration of CO,. Irrigated area could be expected to increase in the
future. Possible irrigated area for cucumber under SCCs at 3 different levels of
atmospheric CO, were 290 ha, 560 ha and 580 ha respectively (Figure 4.51). The

irrigate area under the baseline was significant lower than the future one.
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Figure 4.51 Cropping area for cucumber under SCCs at 3 different levels of atmospheric CO,

4.10 Profitability of production

4.10.1. Production cost

Cost of production, except fish pond, determined by the project was based on the
following items : payment for seed, soaking, planting, fertilizer, insecticide, and water
fee, while labor cost of farmers excluded. The production cost of crop types analyzed
in this study ranged from 208-2260 USD/ha. Fish pond had the highest cost of
production and green bean had the least (Figure 4.52).
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(Source : Sanakham District Survey, 2005)
Figure 4.52 Cost of production (USD/ha)

4.10.2. Production profitability

Product value depended on the market price. The production (USD/ha) was the result

of multiplying the production efficiency (ton/ha) by market price of the product
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(USD/ton). The production benefit of crops analyzed in this study ranged from 452-
3200 USD/ha, (Figure 4.53.). However, efficiency of each crop (including fish pond)
ranged differently from 1.20-10.00 ton/ha (Table 4.4).
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Price of Production in 1000
(USD/ha)

(Source : Sanakham District Survey, 2005)
Figure 4.53 Production value (USD/ha)

Table 4.4: Efficiency production, price and production benefit of different crop types

Crop types & Efficiency Product price Profitability of
No fish pond (ton/ha) (USD/ton) production (USD/ha)
1 | Fish pond* 2.40 1333 3200
2 | Tomato 6.50 190 1238
3 | Cucumber 10.00 114 1143
4 | Cabbage 7.50 143 1071
5 | Lettuce 6.00 143 857
6 | Rice 4.50 114 514
7 | Green bean 1.20 381 457
8 | Maize 5.00 90 452

(Source : Sanakham District Survey, 2005)
Note: * interviewed Mr. Phouvong Southammavong in November 2005 (Vientiane Provincial Division
of Cultivation and Livestock) by Mrs Kaisorn (Unit of Cultivation and Agricultural Extension, Feung

District, Vientiane Province).

4.10.3.  Profit of production

Figure 4.54 showed the comparative profit of production. Fish pond had the
highest cost and benefit but the profit was not much different from other crop types.

Tomato, cucumber, cabbage and lettuce were similar in terms of benefit, cost and
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profit. However, the cost was much lower than fish pond. Rice, green bean and maize
had lower benefit, cost and profit compared to others. Profit of maize was relatively
less, but the cost was high. The calculation indicated in the Figure 4.54 based on the

currency: 1 US$ ~ 10500 Kip in December 2005.
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m Cost 2260 389 Sy 400 211 261 208 368

(Source: Caculation)

Figure 4.54 Cost and value of production (USD/ha)

Profitability of product of each cropping pattern under SCCs at 3 different levels of
atmospheric CO, was summarized in the Table 4.5.
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Table 4.5 Profitability of production of each cropping pattern under simulated climate conditions
at 3 different levels of atmospheric CO,

SCCs Eff Value Total Cost Total Total
under Crop type of Total of value of cost of profit
CPs CO, & fishpond | Area | prod. | prod. prod. | of prod. | prod. prod of prod.
levels (ha) (:g)]/ (ton) | ($/ha) % ($/ha) | (US$) (US$)
Rice 270 4.5 | 1215.0 514 624510 261 70380 | 554130
7 | 360 ppm | Fish pond 18 24 43.2 | 3200 138240 | 2260 | 40680 97560
Total 651690
Rice 465 4.5 | 2092.5 514 | 1075545 261 | 121210 | 954335
8 | 540 ppm | Fish pond 25 2.4 60.0 | 3200 192000 | 2260 | 56500 | 135500
Total 1089835
Rice 505 4.5 | 22725 514 | 1168065 261 | 131637 | 1036428
9 | 720 ppm | Fish pond 30 24 72.0 | 3200 230400 | 2260 67800 | 162600
Total 1199028
Maize 80 5.0 | 400.0 452 180800 368 29410 151390
Green bean 80 1.2 96.0 457 43872 208 16610 27262
Lettuce 23 6.0 | 138.0 857 118266 211 4863 | 113403
10 | 360 ppm | Cabbage 23 /7, om|l 1 1/2=h 1071 184748 400 9200 175548
Tomato 23 6.5 | 1495 | 1238 185081 389 8937 | 176144
Cucumber 23 10.0 | 230.0 1143 262890 371 8543 | 254347
Fish pond 20 24 48.0 | 3200 153600 | 2260 | 45200 | 108400
Total 1006495
Maize 168 5.0 | 840.0 452 379680 368 61760 | 317920
Green bean 168 1.2 | 2016 457 | 92131.2 208 34880 57251
Lettuce 55 6.0 | 330.0 857 282810 211 11629 | 271181
11 | 540 ppm | Cabbage 55 75| 4125 1071 441788 400 22000 | 419788
Tomato 55 6.5 | 3575 1238 442585 389 21371 | 421214
Cucumber 55 10.0 | 550.0 1143 628650 371 20429 | 608221
Fish pond 30 2.4 72.0 | 3200 230400 | 2260 | 67800 | 162600
Total 2258175
Maize 170 5.0 | 850.0 452 384200 368 | 62495 | 321705
Green bean 170 1.2 | 204.0 457 93228 208 35295 57933
Lettuce 55 6.0 | 330.0 857 282810 211 | 11629 | 271181
12 | 720 ppm | Cabbage 55 75| 4125 1071 441788 400 22000 | 419788
Tomato 55 6.5 | 3575 1238 442585 389 21371 | 421214
Cucumber 55| 10.0 | 550.0 | 1143 628650 371 | 20429 | 608221
Fish pond 40 24 96.0 | 3200 307200 | 2260 90400 | 216800
Total 2316841
13 | 360 ppm | Maize 290 5.0 | 1450.0 452 655400 368 | 106610 | 548790
14 | 540 ppm | Maize 550 5.0 | 2750.0 452 | 1243000 368 | 202190 | 1040810
15 | 720 ppm | Maize 570 5.0 | 2850.0 452 | 1288200 368 | 209543 | 1078657

Note : Eff = Efficiency Prod = Product
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Table 4.5 Profitability of production of each cropping pattern under simulated climate conditions
at 3 different levels of atmospheric CO, (Continued)

SCCs Eff Value Total Cost Total Total
under Crop type of Total of value of cost of profit
CPs | CO2 and Area | prod. prod. | prod. of prod. prod. prod of prod.
(ton/
levels fish ponds (ha) ha) (ton) | ($/ha) ($) | ($/ha) (US$) (US$)

16 | 360 ppm | Green bean 290 1.2 348.0 457 159036 208 60210 98826

17 | 540 ppm | Green bean 530 1.2 636.0 457 290652 208 | 110038 | 180614

18 | 720 ppm | Green bean 550 1.2 660.0 457 301620 208 | 114190 | 187430

19 | 360 ppm | Cabbage 260 7.5 | 1950.0 | 1071 | 2088450 400 | 104000 | 1984450
20 | 540 ppm | Cabbage 460 7.5 | 3450.0 | 1071 | 3694950 400 | 184000 | 3510950
21 | 720 ppm | Cabbage 495 75| 37125 | 1071 | 3976088 400 | 198000 | 3778088
22 | 360 ppm | Lettuce 270 6.0 | 1620.0 857 | 1388340 211 57086 | 1331254
23 | 540 ppm | Lettuce 480 6.0 | 2880.0 857 | 2468160 211 | 101486 | 2366674
24 | 720 ppm | Lettuce 510 6.0 | 3060.0 857 | 2622420 211 | 107829 | 2514591
25 | 360 ppm | Tomato 270 6.5 | 1755.0 | 1238 | 2172690 389 | 104914 | 2067776
26 | 540 ppm | Tomato 520 6.5 | 3380.0 | 1238 | 4184440 389 | 202057 | 3982383
27 | 720 ppm | Tomato 540 6.5 | 3510.0 | 1238 | 4345380 389 | 209829 | 4135551

28 | 360 ppm | Cucumber 290 | 10.0 | 2900.0 | 1143 | 3314700 371 | 107714 | 3206986

29 | 540 ppm | Cucumber 560 | 10.0 | 5600.0 | 1143 | 6400800 371 | 208000 | 6192800

30 | 720 ppm | Cucumber 580 | 10.0 | 5800.0 | 1143 | 6629400 371 | 215429 | 6413971

(Source: Caculation)
Note : Eff = Efficiency  Prod = Product

4.10.4. Comparison of the profitability of each cropping patterns
generated from water supply under simulated climate conditions at 3 different

levels of atmospheric CO;

In this study, profitability of each cropping pattern was compared based on the water
supply under SCCs at 3 different levels of atmospheric CO,. It can be concluded that
the higher levels of water supply, the higher cropping area could be expanded,
consequently more profit can be gained under SCCs at 3 different levelsof atmospheric

CO, as follows.
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4.10.4.1. Comparison of cropping patterns (the rice with fish ponds
pattern)

The profitability of cropping patterns (the rice with fish ponds pattern) under SCCs at
the levels of atmospheric CO,=540 ppm was 67% higher than the baseline and 84%
under SCCs at the levels of atmospheric CO, = 720 (Figure 4.55).
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@ Cropping patterns (the rice with fish ponds pattern

Figure 4.55 Comparison of cropping patterns (the rice with fish ponds pattern under SCCs at 3
different levelsof atmospheric CO,)

4.10.4.2. Comparison of cropping patterns (the combination crop
pattern)

The Figure 4.56 showed that the profit of cropping patterns (the combination crop
pattern) under SCCs at the levels of atmospheric CO,=540 ppm was 24% higher than
the baseline and 30% under SCCs at the levels of atmospheric CO,=720. However

under future climate condition, the profitability was not much different.
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Figure 4.56 Comparison of cropping patterns (the combination crop pattern under SCCs at 3
different levelsof atmospheric CO,)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resource Management) / 93

4.10.4.3. Comparison of cropping patterns (maize)

Figure 4.57 illustrated that the profit of cropping patterns (maize) under SCCs of level
of atmospheric CO,=540 ppm was 90% higher than the baseline and 97% under SCCs
of level of atmospheric CO,=720 ppm.
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Figure 4.57 Comparison of cropping patterns (maize under simulated climate conditions at 3
different levelsof atmospheric CO,)

4.10.4.4. Comparison of cropping patterns (green bean)

Under SCCs of level of atmospheric CO,=540 ppm and 720 ppm, the profit of
cropping patterns (green bean) was 83% and 90% higher than the baseline respectively
(Figure 5.58).
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Figure 4.58 Comparison of cropping patterns (green bean under simulated climate conditions at
3 different levelsof atmospheric CO,)
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4.10.4.5. Comparison of cropping patterns (cabbage)

Under SCCs of level of atmospheric CO,=540 ppm and 720 ppm, the profit of
cropping patterns (cabbage) was 77% and 90% higher than the baseline respectively
(Figure 4.59).
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Figure 4.59 Comparison of cropping patterns (cabbage under simulated climate conditions at 3
different levelsof atmospheric CO,)

4.10.4.6. Comparison of cropping patterns (lettuce)

Under SCCs at the levelss of atmospheric CO,=540 ppm and 720 ppm, the profit of
cropping patterns (lettuce) was 78% and 89% higher than the baseline respectively
(Figure 4.60).
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Figure 4.60 Comparison of cropping patterns (lettuce under simulated climate conditions at 3
different levelsof atmospheric CO,)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resource Management) / 95

4.10.4.7. Comparison of cropping patterns (tomato)

Under SCCs at the levelss of atmospheric CO,=540 ppm and 720 ppm, the profit of
cropping patterns (tomato) was 93% and100% higher than the baseline respectively
(Figure 4.61).
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Figure 4.61 Comparison of cropping patterns (tomato under simulated climate conditions at 3
different levelsof atmospheric CO,)

4.10.4.8. Comparison of cropping patterns (cucumber)

Under SCCs the levelss of atmospheric CO,=540 ppm and 720 ppm, the profit of

cropping patterns (cucumber) was 93% and 100% higher than the baseline

respectively (Figure 4.62).
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Figure 4.62 Comparison of cropping patterns (cucumber under simulated climate conditions at 3
different levelsof atmospheric CO,)
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4.11. Prioritization and preference of cropping patterns under simulated

climate conditions at 3 different levels of atmospheric CO,

4.11.1. Prioritization under simulated climate conditions at the levels of

atmospheric CO,= 360 ppm

4.11.1.1. Prioritization

Under SCCS at the levels of atmospheric CO, = 360 ppm (baseline), cropping pattern
28 (cucumber) gave the highest profit (3,206,986 USD) followed by cropping pattern
25 (tomato) — 2,067,776 USD, cropping pattern 19 (cabbage) — 1,984,450 USD,
cropping pattern 22 (lettuce) — 1,331,254 USD, cropping pattern 10 (the combination
crop pattern) — 1,006,495 USD, cropping pattern 7 (the rice with fish ponds pattern) —
6,516,90 USD, cropping pattern 13 (maize) — 548,790 USD and cropping pattern 16
(green bean) — 98,826 USD respectively.

4.11.1.2. Preferences

However, potential preference of cropping patterns of farmers in the study area under
existing situation was: cropping pattern 10 (the combination crop pattern), cropping
pattern 7 (the rice with fish ponds pattern), cropping pattern 28 (cucumber), cropping
pattern 25 (tomato), cropping pattern 19 (cabbage), cropping pattern 22 (lettuce),
cropping pattern 13 (maize) and cropping pattern 16 (green bean). Cropping pattern 10
and 7 considered the most preference respectively because they were the existing
cropping pattern and the major crop grown in the study area. The other preferences
were based on the profit. However, preference between cropping pattern 25 (tomato)
and cropping pattern 19 (cabbage) might be changed, depending on such as

agricultural policy, environmental and economic conditions (Figure 4.63).
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Figure 4.63 Profit of cropping patterns under SCCs at the levels of atmospheric CO, = 360 ppm

4.11.2. Preference and prioritization of cropping patterns under simulated

climate conditions at the levels of atmospheric CO,= 540 ppm

411.2.1. Prioritization

Under SCCs at the levels of atmospheric CO, = 540 ppm, following cropping patterns
were prioritized based on the highest to the least profit: cropping pattern 29 (cabbage)
— 3,510,950 USD, cropping pattern 23 (lettuce) — 2,366,674 USD, cropping pattern 11
(the combination crop pattern) — 2,258,175 USD, cropping pattern 8 (the rice with fish
ponds pattern) -1,089,835 USD, cropping pattern 14 (maize) — 1,040,810 USD and
cropping pattern 17 (green bean) — 180,614 USD respectively).

4.11.2.2. Preferences

However, the most preference were for cropping pattern 11 (the combination crop
pattern) and cropping patterns 8 (rice + fish pond) respectively because of existing
cropping pattern and major crop being grown in the study area. Preferences of other
cropping patterns were also based on their profit (Figure 4.64).
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Figure 4.64 Profit of cropping patterns under SCCs at the levels of atmospheric CO, = 540 ppm

4.11.3. Prioritization and preference of cropping patterns under simulated

climate conditions at the levels of atmospheric CO,= 720 ppm

4.11.3.1. Prioritization

Under SCCs at the levels of atmospheric CO, = 720 ppm, cropping patterns were
prioritized from the highest to the least profit as follows: cropping pattern 29
(cucumber) — 6,413,971 USD, cropping pattern 27 (tomato) 4,135,551 USD, cropping
pattern 21 (cabbage) 3,778,088 USD, cropping pattern 24 (lettuce) 2,514,591 USD,
cropping pattern 12 (the combination crop pattern) 2,316,841 USD, cropping pattern 9
(the rice with fish ponds pattern) 1,199,028 USD, cropping pattern 15 (maize)
1,078,657 USD and cropping pattern 18 (green bean) 187,430 USD.

4.11.3.2. Preferences

However, potential preference of the farmers in the study area was cropping pattern 12
(the combination crop pattern) and cropping pattern 9 (the rice with fish ponds pattern)
due to existing cropping pattern and major crop being grown in the study area. Other

cropping patterns were preferred due to higher profit (Figure 4.65).
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Figure 4.65 Profit of cropping patterns under SCCs at the levels of atmospheric CO, = 720 ppm

4.11.4. Conclusion

Prioritization of cropping patterns was based on the profit produced by water supply
under SCCs at 3 different levels of atmospheric CO,. The farming profits were
prioritized from the highest to the least as follows: cucumber, tomato, cabbage, lettuce,
the combination crop pattern, the rice with fish ponds pattern, maize and green bean.
Under

However, preferences of cropping patterns were mainly on the existing cropping
patterns and major crop being grown in the study area and farming profit. Under SCCs
at 3 different levels of atmospheric CO,, preference of cropping patterns were ranked
as follows: a combination of crop, the rice with fish ponds pattern, cucumber, tomato,

cabbage, lettuce, maize and green bean.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

The aim of this chapter is to summarize the findings of the study and provide
recommendations based on the results which might be useful for farmers, policy-
makers and for further studies. In addition, this chapter also discusses the limitations

of the research.

5.1. Summary of major findings

The findings indicated that the climate change under simulated climate conditions
(SCCs) at 3 different levels of atmospheric CO; would influence water supply as well
as the crop evapotranspiration. However, the net effect of increasing CO; levels was
assessed to be positive in terms of an increase in water supply in the dry-season (the
focus of this study) and possibility of maximizing the economic return of dry season
irrigation by varying the cropping pattern and reducing and expanding the irrigated

area, assuming the physical, environmental and economical conditions would permit.

Based on the assumption of the project that determined two cropping patterns which
were rice with fish ponds and a combination of crops under each SCCs at 3 different
levels of atmospheric CO,, the findings showed that some cropping patterns were met
the water supply, but some were not. The results confirmed that under the baseline
climate condition, water supply would not be adequate for the project’s currently
planned irrigated area and cropping pattern (the rice with fish pond) and cropping
pattern (the combination crops). Under future climate condition (SCCs at the level of
atmospheric CO,=540 ppm), there was a water shortage also for cropping pattern (rice
with fish ponds), but not for cropping patterns (a combination of crops). However,
other future climate condition (when atmospheric CO, rises at the level of 720 ppm),
there was no water shortage for both cropping patterns (rice with fish ponds) and (a

combination of crops).
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The effect of climate change under simulated climate conditions at 3 different levels
atmospheric of CO, were assessed based on the climate conditions, average surface
discharge, crop evapotranspiration, water utilization, water balance, farming profit of
each crop types including fish pond and cropping pattern and preference of cropping

patterns.

5.1.1. Climate conditions

Simulated climate conditions at the levels of atmospheric CO, = 360 ppm (the
baseline) was applied for the study area (Nam Nga Gnai) by the Simple Linear
Regression Model. The main climatic factors considered were precipitation, minimum
temperature, maximum temperature, wind speed, relative humidity and sunshine
duration. These factors were derived under the baseline and recorded at the
Meteorological Station No. 13018 of Loei province, Thailand. The correlation results

were acceptable.

Season was divided based on time period; rainy-season (May-September) and dry-
season (October-April). In general, precipitation was higher in rainy-season than in
dry-season. Baseline of precipitation was slightly higher than for CO, = 540 and 720
ppm in October by approximately 1.4 times and 1.3 times under SCCs respectively,
but 2.4 times (4 mm) in November lower than under SCCs of the level of atmospheric
CO,=720 ppm and 1.4 times higher than under SCCs at the levels of atmospheric
CO,=540 ppm. During last 5 months (December-April) of the dry-season, more
precipitation occurred for SCCs at the levels of atmospheric CO, = 540 ppm than
under baseline, differencing higher 6 times (7 mm) in December, greater 9 times (9
mm) in January, higher 5 times (85 mm) in February, greater 4 times (166 mm) in
March and greater 5 times in April.

Precipitation under the level of atmospheric CO, = 720 ppm was greater than under
baseline by 9 times in December, 6 times (6 mm) in January, 3 times (71 mm) in

April, however the precipitation was 0.8 times (13 mm) less in February and
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approximately higher 0.6 times (21 mm) in March. In conclusion, expected climate
change is likely to be positive for the study area.

5.1.2. The average of surface discharge under simulated climate conditions

at 3 different levels of atmospheric CO,

Under the baseline, the annual water supply and the dry-season was slightly higher
than estimated by the project design analysis. The water supply increased significantly
as the SCCs changed with increasing CO; levels (360 ppm, 540 ppm and 720 ppm).
Therefore, the future effective water supply from the Nam Nga Gnai reservoir could
be higher (CO; levels are generally agreed to be increasing), although higher crop

evapotranspiration under greater CO, concentration levels was recognized.

Under future climate, there would be more water flowing into Nam Nga Gnai reservoir
in the dry-season than baseline condition, particularly from November to March,
ranging from 11-66%. However, water was less about 74 % in October and 61% in
April than under the baseline condition. Future water supply under the level of
atmospheric CO,=720 was higher by 76% in April than the baseline condition and
under levels of atmospheric CO,=540 ppm by 47%.

Particularly, under future climate when atmospheric CO, concentration rise to 540
ppm, the simulation result showed that water supply significantly increased higher
than the baseline condition by approximately 0.863 MCM (17%) in November, 0.910
MCM (11%), 0.885 MCM (12%), 0.815 (20%) in February and 0.415 MCM (66%) in
March, on the other hand, there was a decrease of 0.597 MCM (74%) in October and
0.827 MCM (61%) in April.

Water supply in future climate when atmospheric CO, concentration rise to 720 ppm
was higher than the baseline by 1.056 MCM (69% in October), 0.593 MCM (23%) in
November, 0.386 MCM (22%) in December, 0.438 MCM (22%) in January, 0.716
MCM (23%) in February, 2.192 MCM (27%) in March and 0.651 MCM (76%) in
April.
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5.1.3. Crop evapotransipration (ETc) under simulated climate conditions

at 3 different levels of atmospheric CO,

Among the studied crops, rice required the largest amount of water to grow over the
dry-season. In general, the patterns of crop evapotranspiration for all crops were
similar on comparing each crop under simulated climate conditions at 3 different

levels of atmospheric CO,, except green bean, cabbage and fish pond.

Crop evapotranspiration of maize was not much different under simulated climate
conditions at 3 different levels of atmospheric CO,, which was same for lettuce,
tomato and cucumber. However, under future climate, crop evapotranspiration of rice
was higher than baseline condition in November and December. However, there was a
mixed trend from January to April. Crop evapotranspiration of green bean in future
was slightly higher than baseline condition in October and November, but not much
different than December to January. In contrast, crop evapotranspiration of cabbage at
the baseline condition was higher than the future climate condition over the dry-

season.

The trend of crop evapotranspiration of all crops was strongly influenced by the
potential evpotranspiration, crop coefficients and effective rainfall of the irrigated

areas under simulated climate conditions at 3 different levels of atmospheric CO..

5.1.4. Water utilization for cropping patterns under simulated climate

conditions at 3 different levels of atmospheric CO,

Thirty cropping patterns were determined and analyzed under simulated climate
conditions at 3 different levels of atmospheric CO,

In this study, the volumes of water utilization for cropping patterns were determined
by 4 main factors: (i) amount of water supply, (ii) ETc of each crop type, (iii) crop
calendar and (iv) proportion of crop in the cropping area. The trend of water utilization

depended very much on these mentioned factors, particularly the precipitation
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influenced average of the surface discharge. Water utilization for each cropping
pattern was compared under simulated climate conditions at 3 different levels of
atmospheric CO,. Future water utilization of cropping pattern 8 (rice with fish ponds
at the level of atmospheric CO,=540 ppm) was higher than the baseline, ranging from
41-106% over the dry-season, cropping pattern 9 at the level of atmospheric CO,=720
ppm), water utilization was higher than the baseline, ranging from 28-149%.

Water utilization of cropping patterns (a combination of crops under the level of
atmospheric CO,=540 ppm) was higher than the baseline, ranging from 29-290%
(November to April), except in October, water utilization was 3% less. At atmospheric
C0O,=720 ppm, water utilization was higher than the baseline, ranging from 4-324%.

Water utilization for other single-cropping patterns (for maize, green bean, lettuce,

cabbage, tomato, cucumber and fish pond) was significantly higher than the baseline.

5.1.5. Water balance under simulated climate conditions at 3 different
levels of atmospheric CO;

Water balance of Nam Nga Gnai reservoir was calculated based on water supply and
water demand for cropping patterns. The results indicated that water shortage would
occur in cropping pattern 1 (the rice with fish pond under simulated climate conditions
at the levels of atmospheric CO, = 360 ppm), cropping pattern 2 (the rice with fish
pond under simulated climate conditions at the level of atmospheric CO, = 540 ppm)
and continue to be inadequate in the future for cropping pattern 4 (the combination

crops under simulated climate conditions at the level of atmospheric CO, = 360 ppm.

Assumption of the area irrigated in the Project plan for these 3 cropping patterns was
not viable since the water supply is less than the demand. In order to keep water above
the dead storage (1.18 MCM), irrigated areas of mentioned cropping patterns would

need to be reduced.
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Water supply was feasible only for 228 ha (54%) for cropping pattern 1 (the rice with
fish pond under the baseline), which was significantly less than the Project’s plan. To
meet the balance, the irrigated areas for rice and fish pond have to be reduced to 270
ha and to18 ha respectively. Water supply for cropping pattern 2 (rice and fish pond
under simulated climate conditions at level of atmospheric CO, = 540 ppm) almost
met the demand for the Project’s planned area (465 ha or 92%). Water was sufficient
for cropping pattern 3 (rice and fish pond under simulated climate conditions at level
of atmospheric CO, = 720 ppm.

Water shortage occurred for cropping pattern 4 (a combination of crops under the
baseline). Water supply was possible for only 272 ha or 49% of the Project plan.
However, water supply would be sufficient in the future for cropping pattern 5 (a
combination of crops under simulated climate conditions at level of atmospheric CO,
= 540 ppm) and cropping pattern 6 (a combination of crops under simulated climate
conditions at level of atmospheric CO, = 720 ppm). It was found that, water supply
would increase about 10 % from the Project’s planned irrigated area. This implies that

irrigated area could be expanded by 56 ha or 11%.

The results indicated that the higher the atmospheric concentration of CO,, the more
water supply and hence more irrigated area was viable, however, assumption of the
area irrigated in the Project plan for those 3 mentioned cropping patterns was high,

therefore there was a water shortage.

5.1.6. Profitability and preference of cropping patterns under simulated
climate conditions at 3 different levels of atmospheric CO;

5.1.6.1. Profitability of cropping patterns

All cropping patterns (except cropping patterns 1-6: rice with fish ponds and a
combination of crops under simulated climate conditions at 3 different levels of
atmospheric CO;) were analyzed based on profitability of each cropping pattern.

Among 3 simulated climate conditions, profit obtained from each cropping pattern
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could be ranked from the highest to the lowest as follows: cucumber, tomato, cabbage,
lettuce, a combination of crop, rice and fish pond, maize and green bean.

5.1.6.2. Preference of cropping patterns

Preference of cropping patterns was based on the existing cropping pattern, major crop
types grown in the area and the profitability of these crop types. Under simulated
climate conditions at 3 different levels of atmospheric CO,, preference of cropping
patterns were ranked as follows: (i) a combination of crops, (ii) rice with fish ponds,
(if) cucumber, (iv) tomato, (v) cabbage, (vi) lettuce, (vii) maize and (viii) green bean.
The preference was same at all the simulated climate conditions at 3 different levels of
atmospheric CO, (360 ppm, 540 ppm and 720 ppm).

5.1.6.3. Comparison of profitability of cropping patterns generated
by water supply under simulated climate conditions at 3 different levels of

atmospheric CO;

I. Future water supply generated higher profit of cropping
patterns (rice with fish ponds) than the baseline, ranging from 67% and 84% under
simulated climate conditions at levels of atmospheric CO,=540 ppm and 720 ppm
respectively.

ii. Under SCCs, future water supply generated higher profit for
cropping patterns (a combination of crops) than the baseline at 24% under simulated
climate conditions at level of atmospheric CO,=540 ppm and 30% under CO,=720
ppm respectively.

iii. Future water supply was generated higher profit of cropping
patterns (maize, green bean, cabbage, tomato and cucumber) than the baseline, ranging
from 77-93% under simulated climate conditions at level of atmospheric CO,=540

ppm and 89-100% under atmospheric CO,=720 ppm respectively.
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5.2. Limitations of the study

5.2.1. Climate model

The Conformal Cubic Atmospheric Model (CCAM) was simulated at a big grid (e.g.
14 x 14 Km) and is more suitable for regional scale or large watershed such as
Mekong River basin or major sub-basin, while Nam Nga Gnai watershed area is only
56.8 sg. km., so the climate change condition from the climate model simulation could
not be clearly illustrated. In addition, the model needs observed data for at least 10
years (e.g. 1984-1993) in order to perform the correction with the climate data set
derived from the climate model to match the local climate condition. However, climate
data of Nam Nga Gnai was not available; therefore climate data from the

Meteorological Station No. 13018 of Loei province, Thailand was assumed to apply.

5.2.2. Data availability and missing data

There was no observed climatic and hydrological data of the Nam Nga Gnai
watershed, hence climatic and hydrological data of Meteorological Station No. 18013
(Loei Province, Thailand) were used instead.

Missing data included (1) rainfall in January under SCCs of the level of atmospheric
CO, = 360 ppm (2) soil types and characteristics, (3) amount of ground water, (4)
observed surface discharge and other climate data of the study area, (5) crop calendar
(6) crop coefficients for green bean, lettuce and cucumber, and (7) socio-economic

data. Applying data set from nearby areas, might have led to less reliable results.

5.2.3. Conversion of climate data

Data on potential evapotranspiration (ETo) was needed to calculate crop
evapotranspiration (ETc). A method to estimate ETo under greater CO, levels was not
available. It was assumed that the higher concentration of CO, would not affect ETo

although allowance for other climatic factors such as temperature, wind speed, rainfall,
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air humidity was made by using CROPWAT program (version 4.3 for windows) to
calculate ETo.

The Conformal Cubic Atmospheric Model (CCAM) provided the simulated climate
conditions. The method of extraction the climate data used the grid interpolation in
ArcView 3.2 program. This method is sensitive, particularly for the extraction of
precipitation as grids based on the division of the watershed into upstream, reservoir
and downstream, because the NNG watershed is too small. As consequently, a result
of precipitation at downstream was abnormal in comparing with upstream and
reservoir. This might lead to a unreliable assumption, because the precipitation for the
whole watershed was in a same pattern over the dry-season.

Data on potential evapotranspiration (ETo) was needed to calculate crops
evapotranspiration (ETc). A method to estimate ETo under greater CO, levels was not
available. It was assumed that the higher concentration of CO, would not affect
although allowance for other climatic factors such as temperature, wind speed, rainfall,
air humidity was made by using CROPWAT program (version 4.3 for windows) to
calculate ETo.

5.3. Recommendations

5.3.1. Recommendations concerning the Project

1) A decision to proceed with the NNG Project rests with the
government and its decision will be subject to the availability of funds to implement the
Project. Approval may take years. Current choice of crop type and cropping patterns
may change; therefore a new analysis might be needed when time arrives. Suitable
future cropping patterns depend on a number of limitations and conditions such as water
supply, environmental, economic conditions, and agricultural policy.

2) The planned area for cropping pattern (the rice with fish pond under
the baseline and simulated climate conditions at levels of atmospheric CO,= 540 ppm)

and cropping pattern (the combination crops under the baseline) was not feasible,
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therefore the irrigation plan should be adjusted in terms of the size of irrigated area to
meet the water supply under simulated climate conditions at 3 different levels of
atmospheric CO,.

3) Above mentioned adjustment is associated with water utilization for
cropping patterns. The Project should consider about water resource planning,
particularly water allocation for cropping patterns. Water resource planning should
consider the aspect of optimization of resources as well as the acceptance of farmers.

4)  Irrigation planning depends on water supply which varies month by
month and year by year as well as trending as indicated under SCCs at 3 different levels
of atmospheric CO,. In addition, other limitations such as economic, environmental,
technological conditions, agricultural policy will influence irrigation planning.
Decisions to reduce or increase irrigated areas should include consideration of the
above-mentioned limitations or conditions.

5)  Profitability of crop production depends on the value of the product
and the cost of production. Future profitability of production might be changed with
variations in crop characteristics, market value, and production processes and costs.
Optimization of water resources and wise selection of crops that need less water and less
cost but provide high efficiency of production and value will bring maximum
profitability to the Project and farmers.

5.3.2. Recommendations for further studies

1) In this study, only one factor was used, namely CO,, to simulated
climate condition for the study area. However, there are other factors of greenhouse
gases such as methane (CH,), nitrous oxide (N.O), hydrofluorocarbon (HFCs),
perfluorocabon (PFCs), sulfur hexafluoride (SFs) or water evaporation, which also can
be used to simulate the climate conditions in a climate model. In addition, using a
climate model is the one among many models such land use model, population model,
etc which are relevant to water resources planning. In practice, it is strongly
recommended to consider the simulation results of many models or use an integrated

model, which provides more comprehensive analysis.
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2) The irrigation project planning and cost-benefit analysis of the
irrigation Project should be carried out, taking into account of the simulated climate
conditions.

3) More detailed studies on upstream land use, soil types and associated
crop types and crops patterns are recommended.

4) Comprehensive study on market and product price including
extension services both technically and financially may help farmers optimize limited
water resource and increase benefit.

5) Obtaining more data on the socio-economic status of Nam Nga Gnai
Project might help make the Project’s plan more realistic and benefit the farmers.

6) Future studies should not be limited to dry-season nor to average
conditions. The analysis should be made for a continuous set of time series data
estimated for each assumed CO level.

7) The Conformal Cubic Atmospheric Model might be applicable for
other watersheds in the country, however climatic and hydrological data including
land use and soil data may be needed. In addition, it is recommended that a model for
studying water availability in a small watershed like Nam Nga Gnai be selected and
used in all future studies so that results are more comparable.

8) Awareness and understanding of climate change and its impact on
water resources might benefit long-term management and development of water
resources. Public awareness on climate change should be raised among different levels
of society.

9) Reservoir design and irrigation planning should consider the potential

of climate change.
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APPENDIX A
OBSERVED CLIMATE CONDITIONS

Observed climate conditions were derived from the Meteorological station No. 18013
(Loei province, Thailand). This monthly average of climate conditions included:
precipitation, minimum and maximum temperature, wind speed, relative air humidity
and sunshine duration.

Table A 1 Average precipitation

Month Precipitation (mm)
October 118.84
November 8.55
December 5.25
January 5.94
February 10.20
March 40.57
April 108.68
May 205.07
June 141.07
July 159.27
August 171.77
September 213.15
Table A 2 Minimum temperature (°C)
Month Temperature (°C)
October 21.00
November 17.00
December 13.00
January 14.00
February 16.00
March 19.00
April 22.00
May 23.00
June 24.00
July 23.00
August 23.00

September 23.00
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Table A 3 Maximum temperature (°C)

Month Temperature (°C)
October 31.00
November 30.00
December 29.00
January 30.00
February 33.00
March 35.00
April 36.00
May 34.00
June 33.00
July 33.00
August 33.00
September 32.00

Table A 4 Average wind speed (m/s)

Month meter/second
October 0.20
November 0.23
December 0.30
January 0.41
February 0.64
March 0.82
April 0.76
May 0.53
June 0.57
July 0.58
August 0.58
September 0.37

Table A 5 Average relative air humidity (%)

Month Percentage (%)
October 76.30
November 71.10
December 67.90
January 61.60
February 58.70
March 57.50
April 58.70
May 65.50
June 67.00
July 75.00
August 75.90

September 76.30
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Table A 6 Mean sunshine duration (hr/day)

Month Hours/day
October 5.32
November 6.58
December 7.40
January 7.33
February 7.39
March 6.96
April 6.87
May 5.99
June 4.05
July 3.87
August 3.73
September 5.10
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APPENDIX B
CLIMATE CONDITIONS UNDER SIMULATED CLIMATE
CONDITIONS AT VARIOUS LEVELS OF ATMOSPHERIC CO;

Following climatic factors were under simulated climate conditions (SCCs) at 3
different levels of atmospheric CO,, expect, sunshine duration, which was derived
from Meteorological Station (Loei, province, Thailand).

Table B - 1: Average precipitation under simulated climate conditions at 3 different levels of
atmospheric CO,at upstream, reservoir and downstream of NNG

Under SCCs at levels of Under SCCs at levels of Under SCCs at levels of
Month CO, = 360 ppm CO, =540 ppm CO, =720 ppm
(mm) (mm) | (mm) (mm) (mm) | (mm) (mm) (mm) | (mm)
Upstr Res Downstr | Upstr Res Downstr | Upstr Res Downstr
October 66 64 68 73 70 0 10 74 72
November 5 4 4 3 3 0 0 9 9
December 1 0 0 2 1 19 13 0 0
January 0 0 0 0 0 27 8 7 4
February 19 15 13 2 0 252 21 9 9
March 35 37 38 21 19 457 16 23 25
April 23 21 22 29 26 313 173 19 23
May 182 193 211 237 249 238 388 177 179
June 419 435 473 436 455 230 381 | 402 407
July 229 254 284 284 307 68 314 | 407 418
August 198 219 245 212 232 2 253 337 346
September 215 222 240 225 231 1 78 259 261
Note :
Upstr = Upstream
Res = Reservoir
Downstr = Downstream
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Table B - 2: Average minimum temperature under simulated climate conditions at 3 different levels of
atmospheric CO,

Under SCCs at the levels | Under SCCs at the levels | Under SCCs at the level
Month of CO, =360 ppm of CO, =540 ppm of CO, =720 ppm
(C) (C) (C)

October 19 19 19
November 16 15 16
December 14 13 13
January 12 11 14
February 16 16 18
March 21 20 22
April 25 24 26
May 24 24 26
June 22 22 24
July 22 22 23
August 22 22 23
September 21 21 22

Table B - 3: Average maximum temperature under simulated climate conditions at 3 different levels of
atmospheric CO,

Under SCCs at the levels | Under SCCs at the levels | Under SCCs at the levels

Month of CO, =360 ppm of CO, = 540 ppm of CO, = 720 ppm
(C) (C) (C)

October 29 28 29
November 29 27 29
December 28 27 28
January 27 26 28
February 31 31 32
March 35 35 37
April 38 38 39
May 36 35 38
June 32 32 34
July 31 31 32
August 32 31 32
September 30 30 31
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Table B - 4: Average relative air humidity under simulated climate conditions at 3 different levels of
atmospheric CO,

Under SCCs at the levels | Under SCCs at the levels | Under SCCs at the levels

Month of CO, =360 ppm of CO, =540 ppm of CO, =720 ppm
% % %

October 85 85 86
November 68 71 67
December 53 52 51
January 48 47 50
February 51 49 46
March 43 45 47
April 41 42 42
May 59 64 59
June 71 75 75
July 73 73 71
August 76 74 73
September 84 86 84

Table B - 5: Average wind speed (m/s) under simulated climate conditions at 3 different levels of
atmospheric CO, levels

Under SCCs at the levels | Under SCCs at the levels | Under SCCs at the levels

Month of CO, =360 ppm of CO, =540 ppm of CO, = 720 ppm
(m/s) (m/s) (m/s)

October 15 1.50 15
November 14 1.50 1.4
December 1.6 1.60 15
January sy 1.70 1.7
February 1.9 1.80 1.8
March 2.0 2.00 2.2
April 2.1 2.40 3.1
May 2.6 2.40 3
June 1.9 2.00 2.2
July 2.5 2.20 2.3
August 2.3 2.30 2.3
September 1.8 1.70 1.9
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Table C — 1 : Maximum average temperature of the Meteorological Station No. 18103 of Loei
Province (Thailand) and under SCCs of the level of atmospheric CO, = 360 ppm, both of the
same year period 1984-1993

Station No. | Under SCCs of

18103 | CO, = 360 ppm Xy x? y?
Month y X (mm?) (mm?) (mm?)
November 30.00 29.20 876.00 852.64 900
December 29.00 28.11 815.19 790.17 841
January 30.00 27.41 822.30 751.31 900
February 33.00 31.03 1023.99 962.86 1089
March 35.00 34.85 1219.75 | 1214.52 1225
April 36.00 37.58 1352.88 | 1412.26 1296
May 34.00 36.43 1238.62 | 1327.14 1156
June 33.00 B3, 1068.21 | 1047.82 1089
July 33.00 31.26 1031.58 977.19 1089
August 33.00 352 1040.16 993.51 1089
September 32.00 30.33 970.56 919.91 1024
October 31.00 28.74 890.94 825.99 961
TOTAL 389 378.83 12360.18 | 12075.32 12659
Ty ¥X Xy X Ty?

r=0.93

Table C -2 : Average temperature of Loei Province (Thailand) and the level of atmospheric

CO, = 360 ppm both of the year duration 1984-1993

Station No. | Under SCCs of

18103 | CO, = 360 ppm Xy x? y2

Month y X (mm?) (mm?) (mm?)
October 21.00 18.94 397.74 358.72 441.00
November 17.00 15.80 268.60 249.64 289.00
December 13.00 13.52 175.76 182.79 169.00
January 14.00 12.14 169.96 147.38 196.00
February 16.00 16.48 263.68 271.59 256.00
March 19.00 20.89 396.91 436.39 361.00
April 22.00 24.54 539.88 602.21 484.00
May 23.00 24.46 562.58 598.29 529.00
June 24.00 22.34 536.16 499.08 576.00
July 23.00 22.28 512.44 496.40 529.00
August 23.00 22.06 507.38 486.64 529.00
September 23.00 21.06 484.38 443.52 529.00
TOTAL 238.00 234.51 4815.47 | 4772.66 | 4888.00
Ty X Xy X Ty?

r=0.92
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Table C — 3 : Correlation of wind speed between of Loei Province (Thailand) and the level of
atmospheric CO, = 360 ppm both of the year duration 1984-1993

Station No. | Under SCCs of

Month 18103 | CO, = 360 ppm Xy X2 y?
(m/s) y (m/s) x (mm?) (mm?) (mm?)
October 0.23 1.6 0.36 2.43 0.05
November 0.30 1.6 0.49 2.65 0.09
December 0.41 1.8 0.75 3.38 0.17
January 0.64 2.0 1.26 3.86 0.41
February 0.82 2.2 1.79 4.75 0.67
March 0.76 2.8 2.10 7.62 0.58
April 0.53 2.6 1.39 6.88 0.28
May 0.57 2.0 1.14 4.01 0.32
June 0.58 2.6 1.50 6.71 0.34
July 0.58 2.4 1.37 5.61 0.34
August 0.37 1.9 0.71 3.65 0.14
September 0.31 1.5 0.46 2.16 0.10
TOTAL 6.10 24.90 13.32 53.73 3.48
Ty »X Xy X Ty?

r=0.74

Table C — 4: Average rainfall of of Loei Province (Thailand) and the level of atmospheric
CO; = 360 ppm both of the year duration 1984-1993

Station No. | Under SCCs of

Month 18103 | CO, = 360 ppm Xy X2 y?
(mm) y (mm) X (mm?) (mm?) (mm?)

October 118.84 66.00 7843.44 4356.00 14122.95
November 8.55 5.00 42.75 25.00 73.10
December 5.25 1.00 5.25 1.00 27.56
January 5.94 0.00 0.00 0.00 35.28
February 10.20 19.00 193.80 361.00 104.04
March 40.57 35.00 1419.95 1225.00 1645.92
April 108.68 23.00 2499.64 529.00 11811.34
May 205.07 182.00 | 37322.74 | 33124.00 | 42053.70
June 141.07 419.00 | 59108.33 | 175561.00 19900.74
July 159.27 229.00 | 36472.83 52441.00 | 25366.93
August 171.77 198.00 | 34010.46 39204.00 | 29504.93
September 213.15 215.00 | 45827.25 | 46225.00 | 45432.92
1188.36 1392.00 | 224746.44 | 353052.00 | 190079.44

Ty »X Xy X Ty?

r=0.74
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Table C — 5: Average air humidity of Loei Province (Thailand) and the level of atmospheric

CO; = 360 ppm both of the year duration 1984-1993

Station Under SCCs of

Month No. 18103 | CO, = 360 ppm Xy X2 y?
(%) y (%) x (mm?) (mm?) (mm?)

October 76.30 85.00 6485.50 7225.00 5821.69
November 71.10 68.00 4834.80 4624.00 5055.21
December 67.90 53.00 3598.70 2809.00 | 4610.41
January 61.60 48.00 2956.80 2304.00 3794.56
February 58.70 51.00 2993.70 2601.00 | 3445.69
March 57.50 43.00 2472.50 1849.00 3306.25
April 58.70 41.00 2406.70 1681.00 3445.69
May 65.50 59.00 3864.50 3481.00 | 4290.25
June 67.00 71.00 4757.00 5041.00 | 4489.00
July 75.00 73.00 5475.00 5329.00 5625.00
August 75.90 76.00 5768.40 5776.00 5760.81
September 76.30 84.00 6409.20 7056.00 | 5821.69
TOTAL 811.50 752.00 52022.80 49776.00 | 55466.25
Ty »X XY X Ty?

r=0.94
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APPENDIX D
AN EXAMPLE OF AN EXTRACTION OF CLIMATIC DATA FROM

CONFORMAL CUBIC ATMOSPHERIC MODEL (CCAM)

Below map provided as an example of extraction of climate data from ArcView GIS
3.2 program. Climate data generated by CCAM has put in ArcView GIS 3.2 program.
The climate data included minimum temperature, maximum temperature, wind speed
and relative air humidity. The main factors among others was the precipitation that
was extracted due to the division of watershed as indicated in the map below, but the
others not due to small watershed.
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APPENDIX E
STEPS OF DETERMINING THE AVERAGE SURFACE DISCHARGE
UNDER SIMULATED CLIMATE CONDITIONS AT 3 DIFFERENT LEVELS
OF ATMOSPHERIC CO;

Step 1: Find out the correlation between precipitation from Meteorological Station No.
18013 with precipitation under SCCs at the levels of atmospheric CO, = 360 ppm
(produced by CCAM)

o0 Precipitation of Nam Nga Gnai (1984-1993) was not available, therefore precipitation
of Meteorological Station No. 18013 (Loei, Thailand) as selected due to the similarity
in terms of topography and a close location. Both precipitation under SCCs at the
levels of atmospheric CO, = 360 ppm and Meteorological Station No. 18013 (at the
same duration - 1984-1993) was then correlated, however, precipitation of
Meteorological Station No. 18013 is available from 1952-2003

0 Using precipitation of station 18013 (1978-1987) connect to Nam Nga Gnai’s surface
discharge (1978-1987), however the data is available from 1967-1997
discontinuously. Nam Nga Gnai’s surface discharge was available from Nam Nga

Gnai report, which used climatic and hydrological data to calculate.

0 Results:

Simple Linear Regression Model was used to calculate the average surface discharge of Nam

Nga Gnai. The equation can be expressed as : y=a+bx

r : Correlation value = 074

y : Monthly precipitation (mm) under SCCs at the levels of atmospheric
C0O,=360 ppm

a : Constant = 46.41

b : Coefficient = 045

X . Precipitation from Meteorological Station No. 18013 (1984-1993)

y=46.41+0.45*precipitation (1)
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Step 2: Find out the correlation between precipitation from Meteorological Station No.
18013 and the surface discharge of Nam Nga Gnai (1978-1987)

0 Results:
r : Correlation value = 0.66
y Surface discharge = Monthly (mm)
a Constant = 0.220
b Coefficient = 0427
X . Precipitation from Meteorological Station No. 18013 (1978-1987)

y=0.220+0.427*precipitation  (2)

Step 3: Find out the correlation between SCCs of the levels of atmospheric CO, = 360
ppm and the average surface discharge of Nam Nga Gnai (1984-1993)

Using the average surface discharge of Nam Nga Gnai (1984-1993) from step 2 to correlate
with the SCCs at the levels of atmospheric CO, = 360 ppm

0 Results:
r ; Correlation value = 074
y Surface discharge = Monthly (mm)
a Constant = 22.164
b Coefficient = 0214
X Monthly precipitation (mm) under SCCs at the levels of atmospheric

CO,=360 ppm

y=22.164+0.214*precipitation (3)
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Step 4: Find out the average surface discharge of Nam Nga Gnai under SCCs at the
levels of atmospheric CO, =540 ppm

Using the equation (3) from step 4, where “x” should be replaced with the average
precipitation under SCCs at the levels of atmospheric CO, = 540 ppm.

y=22.164+0.214*precipitation (CO,=540 ppm)

Step 5: Find out an average surface discharge of Nam Nga Gnai (future discharge) under

SCCs at the levels of atmospheric CO, = 720 ppm

Using the equation (3) from step 4, where x should be replaced with the an average
precipitation under SCCs at the levels of atmospheric CO,= 720 ppm

y=22.164+0.214*precipitation (CO,=720 ppm)
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APPENDIX F
CALCULATION OF AVERAGE SURFACE DISCHARGE OF NAM
NGA GNAI UNDER SIMULATED CLIMATE CONDITIONS AT
3 DIFFERENT LEVELS OF ATMOSPHERIC CO,

Table F — 1: Correlation of the precipitation between SCCs at the level of atmospheric CO, =
360 ppm and observed precipitation of Meteorological Station No. 18013 (Loei province,
Thailand) during the same time period (1984-1993)

Station. No. Under SCCs of
18013 C0,=360 ppm Xy X2 y?
Month (mm) y (mm) x (mm?) (mm?) (mm?)
Oct 118.84 66.00 7843.44 4356.00 | 14122.95
Nov 8.55 5.00 42.75 25.00 73.10
Dec 5.25 1.00 5.25 1.00 27.56
Jan 5.94 0.00 0.00 0.00 35.28
Feb 10.20 19.00 193.80 361.00 104.04
Mar 40.57 35.00 1419.95 1225.00 1645.92
Apr 108.68 23.00 2499.64 529.00 | 11811.34
May 205.07 182.00 37322.74 33124.00 | 42053.70
Jun 141.07 419.00 59108.33 175561.00 | 19900.74
Jul 159.27 229.00 36472.83 52441.00 | 25366.93
Aug 171.77 198.00 34010.46 39204.00 | 29504.93
Sep 213.15 215.00 45827.25 46225.00 | 45432.92
1188.36 1392.00 224746.44 353052.00 | 190079.44
Ty »X XY »x? Ty?
y = at+bx
a = 47.09159
b = 0.02904
r = 074
X =  Precipitation from Meteorological Station No. 18013 (1984-1993)
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Table F — 2: Correlation of the precipitation (Meteorological Station No. 18013) and the
average surface discharge (ASD) of Nam Nga Gnai (NNG) Watershed (1978-87)

ASD of ASD of Station No.
Month NNG NNG 18013 Xy X2 2
(MCM) (mm)y (mm) x (mm?) (mm?) (mm?)
Oct 3.98 87.52 11595 | 10148.18 | 13444.40 | 7660.10
Nov 0.86 18.84 22.00 414.44 484.00 354.87
Dec 0.28 6.14 2.03 12.46 4.12 37.70
Jan 0.16 3.59 6.80 24.39 46.24 12.87
Feb 0.08 1.76 27.69 48.75 766.74 3.10
Mar 0.06 1.30 26.43 34.32 698.54 1.69
Apr 0.13 2.77 91.97 255.02 8458.48 7.69
May 1.05 23.13 215.87 4992.94 | 46599.86 534.97
Jun 2.00 43.99 188.82 8306.58 | 35652.99 | 1935.30
Jul 2.56 56.29 194.58 | 10953.69 | 37861.38 | 3169.02
Aug 5.59 122.93 151.44 | 18616.72 | 22934.07 | 15112.11
Sep 7.98 175.57 221.35| 38862.90 | 48995.82 | 30825.59
543.84 1264.93 | 92670.40 | 215946.65 | 59655.01
Y X »Xy X ry?
y = a+bx
a = 0.22034
b = 042784
r = 0.66
X =  Precipitation of Meteorological Station No. 18013 (1988-2003)

Table F — 3: Average surface discharge of NNG Watershed (1984-1993) under SCCs at the

levels of atmospheric CO, = 360 ppm

(1984-1993) Average surface discharge
Value Value Station No. 18013 of Nam Nga Gnai

Month a b X (mm) y (mm) MCM
Oct 0.220 0.427 118.840 50.965 2.316
Nov 0.220 0.427 8.550 3.871 0.176
Dec 0.220 0.427 5.250 2.462 0.112
Jan 0.220 0.427 5.940 2.757 0.125
Feb 0.220 0.427 10.200 4.576 0.208
Mar 0.220 0.427 40.570 17.544 0.797
Apr 0.220 0.427 108.680 46.627 2.119
May 0.220 0.427 205.070 87.785 3.989
Jun 0.220 0.427 141.070 60.457 2.747
Jul 0.220 0.427 159.270 68.229 3.100
Aug 0.220 0.427 171.770 73.566 3.343
Sep 0.220 0.427 213.150 91.235 4.146
TOTAL 23.178

Note:

MCM = Million cubic meter
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Table F — 4: Correlation between the precipitation under SCCs at the levels of atmospheric
C0,=360 ppm and average surface discharge of NNG during the time period (184-1993)

Precipitation
Precipitation under SCCs of
of NNG C0,=360 ppm Xy X2 y?
Month mm (y) (mm) x (mm?) (mm?) (mm?)
Oct 56.40 66.00 3722.63 4356.00 | 3181.35
Nov 4.26 5.00 21.31 25.00 18.17
Dec 2.70 1.00 2.70 1.00 7.30
Jan 3.03 0.00 0.00 0.00 9.17
Feb 5.04 19.00 95.81 361.00 25.43
Mar 19.40 35.00 679.01 1225.00 376.37
Apr 51.60 23.00 1186.80 529.00 | 2662.58
May 97.17 182.00 17684.90 | 33124.00 | 9441.97
Jun 66.91 419.00 28036.54 | 175561.00 | 4477.35
Jul 75.52 229.00 17293.45 | 52441.00 | 5702.86
Aug 81.43 198.00 16122.50 | 39204.00 | 6630.32
Sep 100.99 215.00 21712.79 | 46225.00 | 10198.92
Sum 564.46 1392.00 | 106558.45 | 353052.00 | 42731.78
Ty X Xy X Ty’
y = a+bx
a = 22.16354
b = 0.21444
r = 074
X =  Precipitation of CO, = 540 ppm

Table F —5: ASD of Nam Nga Gnai under SCCs of CO, = 540 ppm

Precipitation under SCCs Average surface
Value | Value of CO, =540 ppm | discharge of NNG

Month a b X (mm) y (mm) MCM
Oct 22.164 0.214 73.000 37.817 1.718
Nov 22.164 0.214 3.300 22.871 1.039
Dec 22.164 0.214 1.500 22.485 1.022
Jan 22.164 0.214 0.300 22.228 1.010
Feb 22.164 0.214 1.600 22.507 1.023
Mar 22.164 0.214 21.000 26.667 1.212
Apr 22.164 0.214 29.200 28.425 1.292
May 22.164 0.214 237.000 72.985 3.316
Jun 22.164 0.214 436.100 115.679 5.256
Jul 22.164 0.214 283.800 83.020 3.772
Aug 22.164 0.214 212.000 67.624 3.073
Sep 22.164 0.214 224.900 70.390 3.199

TOTAL 26.932

Note:

MCM = Million cubic meter
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Table F — 6: ASD of Nam Nga Gnai of SCCs of CO, = 720 ppm
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Precipitation under SCCs Average surface

Month Value | Value of CO,= 720 ppm discharge
a b X (mm) y (mm) MCM
Nov 22.164 0.214 10.000 24.308 1.105
Dec 22.164 0.214 0.000 22.164 1.007
Jan 22.164 0.214 13.000 24.951 1.134
Feb 22.164 0.214 8.000 23.879 1.085
Mar 22.164 0.214 21.000 26.667 1.212
Apr 22.164 0.214 16.000 25.595 1.163
May 22.164 0.214 173.000 59.261 2.693
Jun 22.164 0.214 388.000 105.364 4.788
Jul 22.164 0.214 381.000 103.863 4.720
Aug 22.164 0.214 314.000 89.496 4.067
Sep 22.164 0.214 253.000 76.416 3.472
Oct 22.164 0.214 78.000 38.889 1.767
TOTAL | 28.212

Note:

MCM = Million cubic meter

Table F — 7: A Summary of average surface discharge of NNG Watershed under SCCs of CO,
levels concentration in the atmosphere and the Project

NNG Under SCCs of Under SCCs of | Under SCCs of
Month Project | CO,=360ppm | CO,=540ppm | CO, =720 ppm
(MCM) (MCM) (MCM) (MCM)
October 3.970 2.320 1.718 1.105
November 0.850 0.180 1.039 1.007
December 0.250 0.110 1.022 1.134
January 0.150 0.130 1.010 1.085
February 0.080 0.210 1.023 1.212
March 0.070 0.800 1.212 1.163
April 0.120 2.120 1.292 2.693
May 0.850 3.990 3.316 4.788
June 1.630 2.750 5.256 4.720
July 2.460 3.100 3.772 4.067
August 4.470 3.340 3.073 3.472
September 7.550 4.150 3.199 1.767
Total 22.450 23.200 26.932 28.212
Note:

MCM = Million cubic meter
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APPENDIX G
CALCULATION OF THE
POTENTIAL EVAPOTRANSPIRATION BY CROPWAT PROGRAMME

Below Figure contained factors that CROPWAT program (version 4.3 for Windows)
needed in order to calculate the potential evapotranspiration (ETo) under SCCs of
various levels of atmospheric CO, in the atmosphere. Data needed to enter were
generated from CCAM, except daily sunshine duration derived from Meteorological

Station from Loei province, Thailand.

4 CropWat 4 Windows !n

File InputData Schedule Tables Graphs SaweReport Options  ‘Wwindow  Help

Monthly Climatic Data n
Country || Station I
Altitude I [m]
Latitude I I'j N j Longitude I 4E =
Month m < Prexious I Hext > | Clear ]
Mean Maximum Temp. I I[:elsius ;I
Mean Minimum Temp. I m
Air Humidity [ E3 =l
Wind Speed (@ 2m) | [kmid  ~]
Daily Sunzhine i “‘IIS j
Calculate ETo I [mm/day] [Penman-Monteith]
Retrieve... | | Report | Clearan.. | oK
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APPENDIX H
A SUMMARY OF CALCULATION OF

CROPS EVAPOTRANSPIRATION UNDER SIMULATED CLIMATE
CONDITIONS AT 3 DIFFERNT LEVELS OF ATMOSPHERIC CO;
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Table H — 1: Crop evapotranspiration under simulated climate conditions at the levels
of atmospheric CO, = 360 ppm

Crop type &
fish pond October | November | December | January | February | March April
(m*ha) | (m*/ha) (m*ha) | (m*ha) | (m*ha) | (m*ha) | (m*ha)
Rice - 981.1 771.8 816.3 943.4 2047.2 1501.0
Maize 388.0 2097.6 3058.4 3581.7 2566.0 - -
Green bean 504.9 2443.4 1658.8 3156.4 2750.3 39015 | 44023
Lettuce 483.5 2245.8 3495.8 2382.8 2848.7 | 42754 -
Cabbage 483.5 2322.6 3247.3 2563.8 2289.4 3507.2 4284.0
Tomato 483.5 2265.6 2987.7 3529.2 3340.6 1615.2 -
Cucumber 430.0 2206.7 3027.4 3333.7 2828.5 - -
Fish pond 682.2 2529.3 3308.8 3386.2 2886.8 3691.8 | 4598.5

Table H — 2: Crop evapotranspiration under simulated climate conditions at the levels
of atmospheric CO, = 540 ppm

Crop type &
fish pond October | November | December | January | February | March April
(m*ha) | (m*/ha) (m*ha) | (mha) | (m*ha) | (m*ha) | (m*lha)
Rice - 1208.0 3452.9 3092.4 3437.3 4022.2 2469.3
Maize 359.0 2447.9 3017.6 | 3535.1 3016.1 - -
Green bean 519.9 2679.0 2576.7 | 2876.9 2841.8 | 3656.2 | 3333.6
Lettuce 497.7 2640.9 3453.2 | 2358.9 3035.4 | 4669.9 -
Cabbage 497.7 1661.1 2448.4 | 13117 1749.0 | 2693.2 | 3238.7
Tomato 497.7 2650.0 2955.3 | 3487.3 3584.6 | 1607.1 -
Cucumber 442.2 2565.6 2994.2 | 32955 3012.8 - -
Fish pond 664.3 3262.3 21758 | 1246.2 1369.2 | 1804.2 1956.0

Table H — 3: Crop evapotranspiration under simulated climate conditions at the levels
of atmospheric CO, = 720 ppm

Crop type
&fish pond October | November | December | January | February | March April
(m*ha) | (m*/ha) (m*ha) | (m*ha) | (m*ha) | (m*ha) | (m*lha)
Rice - 1165.7 3316.6 2652.7 3238.6 4195.4 1859.3
Maize 364.3 2357.3 3071.4 | 3608.6 3084.0 - -
Green bean 528.7 2565.0 2624.2 | 2930.6 2909.1 | 3726.6 | 3409.2
Lettuce 506.0 2530.2 3522.5 | 2400.8 3105.0 | 43435 -
Cabbage 506.0 1546.4 2519.9 1350.5 1804.4 | 2772.0 | 3665.2
Tomato 506.0 2542.2 3008.0 | 3560.7 36755 | 1636.2 -
Cucumber 449.3 2465.0 3048.2 | 3362.3 3081.5 - -
Fish pond 1021.1 2869.8 31249 | 3151.0 3146.7 1860.0 | 2352.0
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APPENDIX |
CALCULATION OF WATER UTILIZATION UNDER SIMULATED
CLIMATE CONDITIONS AT 3 DIFFERENT LEVELS OF ATMOSPHERIC

CO;

Table | — 1: Water utilization of cropping pattern 1 (the rice with fish pond): Area fixed by the Project
and water supply limited under simulated climate conditions at the levels of atmospheric CO, = 360

ppm

Crop type

&fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc
(m*/ha) - 981.1 3393.7 3094.5 29434 3831.8 28754
Area

Rice (ha) 500 500 500 500 500 500 500
Total
(1) - 490543.59 | 1696847.18 | 1547253.93 | 1471686.15 | 1915911.5 | 1437682.05
ETc

Fish (m*/ha) 682.2 2529.3 3308.8 3386.2 2886.8 3691.8 4598.5
Area

pond (ha) 30 30 30 30 30 30 30
Total
2 20464.91 | 75878.46 99263.08 | 101584.62 86603.08 | 110755.38 | 137953.85

Total (1+2) | m® 204649 | 566422.1 | 1796110.3 | 1648838.5 | 1558289.2 | 2026666.9 | 1575635.9

Total MCM 0.020 0.566 1.796 1.649 1.558 2.027 1.576

Table I — 2: Water utilization of cropping pattern 2 (the rice with fish pond): Area fixed by the Project
and water supply limited under simulated climate conditions at the levels of atmospheric CO, = 540

ppm

Crop type

&fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc
(m*/ha) - 1208.0 3452.9 3092.4 3437.3 4022.2 2469.3
Area

Rice (ha) 500 500 500 500 500 500 500
Total
1) - 604000 1726450 1546200 1718650 2011100 1234650
ETc

Fish (m*/ha) 664.3 3262.3 2175.8 1246.2 1369.2 1804.2 1956.0
Area

pond (ha) 30 30 30 30 30 30 30
Total
2 19927.74 | 97869.08 65274.03 37386.00 41076.00 54126.00 58680.00

Total (1+2) | m® 19927.74 | 701869.08 | 1791724.03 | 1583586.00 | 1759726.00 | 2065226.00 | 1293330.00

Total MCM 0.020 0.702 1.792 1.584 1.760 2.065 1.293

Table | — 3: Water utilization of cropping pattern 3 (the rice with fish pond): Area fixed by the Project
and water supply limited under simulated climate conditions at the levels of atmospheric CO, = 720

ppm

Crop type

&fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc
(m*/ha) - 1165.7 3316.6 2652.7 3238.6 4195.4 1859.3
Area

Rice (ha) 500 500 500 500 500 500 500
Total
(1) - 582831 1658300 1326360 1619300 2097700 929650
ETc

Fish (m*/ha) 1021.1 2869.8 3124.9 3151.0 3146.7 1860.0 2352.0
Total

pond 2 30633.50 | 86095.38 93746.63 94530.99 94401.36 55800.00 70560.00

Total (1+2) | m® 30633.50 | 668926.15 | 1752046.63 | 1420880.99 | 1713701.36 | 2153600.00 | 1000210.00

Total MCM 0.031 0.669 1.752 1.421 1.714 2.154 1.000
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based on water supply limited under simulated climate conditions at the levels of atmospheric CO, =

360 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*ha) 394.5 1559.5 2148.4 21728 8671.8 - -

Maize Area (ha) 150 150 150 150 150 - -
Total (1) 59172.5 233926.8 322256.4 | 325917.4 1300776 - -
ETc (m*/ha) 2443.4 1658.8 3156.4 2750.3 3901.5 4402.3 0.0

Green bean Area (ha) 150 150 150 150 150 150 150
Total (2) 366516.9 248820 473466.9 | 412542.5 | 585225.7 | 660341.5 0
ETc (m’/ha) 483.5 2322.6 3247.3 2563.8 2289.4 3607.2 4284.0

Cabbage Area (ha) 50 50 50 50 50 50 50
Total (3) 24175.98 116130.4 162363.1 | 128192.3 | 114469.2 | 175360.8 | 214201.5
ETc (m®/ha) 483.520 2245.846 3495.845 | 2382.846 | 2848.677 | 4275.438

Lettuce Area (ha) 50 50 50 50 50 50 -
Total (4) 24175.98 112292.3 174792.2 | 119142.3 | 142433.8 | 213771.9 -
ETc (m*ha) | 483.5196 2265.608 2987.685 | 3529.231 | 3340.585 | 1615.154

Tomato Area (ha) 50 50 50 50 50 50 -
Total (5) 24175.98 113280.4 149384.2 | 176461.5 | 167029.2 | 80757.69 -
ETc (m*ha) | 430.0427 2206.708 3027.385 | 3333.692 | 2828.462

Cucumber Area (ha) 50 50 50 50 50 - -
Total (6) 21502.13 110335.4 151369.2 | 166684.6 | 141423.1 - -
ETc (m*ha) | 682.1638 2529.282 3308.769 | 3386.154 | 2886.769 | 3691.846 | 4598.462

Fish pond Area (ha) 30 30 30 30 30 30 30
Total (7) 20464.91 75878.46 99263.08 | 101584.6 | 86603.08 | 110755.4 | 137953.8

Total

(1+2+3+4+

5+6+7) m*/ha 540184.4 1010664 1532895 1430525 2537960 | 1240987 | 352155.4

Total MCM 0.540 1.011 1.533 1431 2.538 1.241 0.352
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Table | - 5: Water utilization of cropping pattern 5 (a combination of crops): Viable cropping area
based on water supply limited under simulated climate conditions at the levels of atmospheric CO, =

540 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*/ha) 358.9658 2447.932 3017.554 | 3535.108 | 3016.055 - -

Maize Area (ha) 150 150 150 150 150 - -
Total (1) 53844.86 367189.8 452633.1 | 530266.2 | 452408.3 - -
ETc (m*/ha) 519.9381 2924.123 1643.292 | 3121.751 | 2920.388 | 3880.012 | 2572.554

Green bean Area (ha) 150 150 150 150 150 150 150
Total (2) 77990.71 438618.5 246493.8 | 468262.6 | 438058.2 | 582001.8 | 385883.1
ETc (m®/ha) 497.735 1661.062 2448.389 | 1311.742 | 1749.023 | 2693.154 | 3238.69

Cabbage Area (ha) 50 50 50 50 50 50 50
Total (3) 24886.75 83053.08 122419.5 65587.1 | 87451.17 | 134657.7 | 161934.5
ETc (m®/ha) 497.735 2640.923 3453.174 | 2358.908 | 3035.415 | 4669.892

Lettuce Area (ha) 50 50 50 50 50 50 -
Total (4) 24886.75 132046.2 172658.7 | 117945.4 | 151770.8 | 233494.6 -
ETc (m/ha) 497.735 2649.985 2055.254 | 3487.262 3584.6 | 1607.077 -

Tomato Area (ha) 50 50 50 50 50 50 -
Total (5) 24886.75 132499.2 147762.7 | 174363.1 179230 | 80353.85 -
ETc (m*ha) 442.2273 2565.569 2994.154 | 3295.538 | 3012.846 - -

Cucumber Area (ha) 50 50 50 50 50 - -
Total (6) 22111.36 128278.5 149707.7 | 164776.9 | 150642.3 - -
ETc (m/ha) 664.2581 3262.303 2175.801 1246.2 1369.2 1804.2 1956

Fish pond Area (ha) 30 30 30 30 30 30 30
Total (7) 19927.74 97869.08 65274.03 37386 41076 54126 58680

Total

(1+2+3+4

+5+6+7) m*/ha 248534.9 1379554 1356949 1558587 1500637 1084634 | 606497.6

Total MCM 0.249 1.380 1.357 14559 1.501 1.085 0.606
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Table | — 6 : Water utilization of cropping pattern 6 (a combination of crops): Viable cropping area
based on water supply limited under simulated climate conditions at the levels of atmospheric CO, =

720 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*ha) 364.2965 2357.286 3071.354 | 3608.554 | 3083.988 - -

Maize Area (ha) 150 150 150 150 150 - -
Total (1) 54644.48 353592.9 460703.1 | 541283.1 | 462598.2 - -
ETc (m*/ha) 528.70 2789.35 1668.49 | 2983.76 3957.38 3957.38 2624.62

Green bean Avrea (ha) 150 150 150 150 150 150 150
Total (2) 79305.63 418403.1 250273.8 447564 | 593607.7 | 593607.7 | 393692.3
ETc (m*/ha) 506.0273 1546.369 2519.929 | 1360.511 | 1804.439 2772 3665.151

Cabbage Area (ha) 50 50 50 50 50 50 50
Total (3) 25301.36 77318.46 125996.5 | 67525.56 | 90221.94 138600 | 183257.6
ETc (m*ha) 506.0273 2530.154 3522.514 2400.8 | 3104.985 | 4343.538 -

Lettuce Avrea (ha) 50 50 50 50 50 50 -
Total (4) 25301.36 126507.7 176125.7 120040 | 155249.2 | 217176.9 -
ETc (m*/ha) 506.0273 2542.215 3007.954 | 3560.708 | 3675.508 | 1636.154 -

Tomato Area (ha) 50 50 50 50 50 50 -
Total (5) 25301.36 127110.8 150397.7 | 178035.4 | 183775.4 | 81807.69 -
ETc (m*/ha) 449.335 2464.954 3048.154 | 3362.308 | 3081.538 - -

Cucumber Area (ha) 50 50 50 50 50 - -
Total (6) 22466.75 123247.7 152407.7 | 168115.4 | 154076.9 - -
ETc (m*/ha) 1021.117 2869.846 3124.888 | 3151.033 | 3146.712 1860 2352

Fish pond Area (ha) 30 30 30 30 30 30 30
Total (7) 30633.5 86095.38 93746.63 | 94530.99 | 94401.36 55800 70560

Total

(1+2+3+4

+5+6+7) m*/ha 262954.5 1312276 1409651 | 1617094 | 1733931 | 1086992 | 647509.9

Total MCM 0.263 1.312 1.410 1.617 1.734 1.087 0.648
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Table I — 7 : Water utilization of cropping pattern 7: Viable irrigated area of cropping pattern 1 under
simulated climate conditions at the levels of atmospheric CO, = 360 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*/ha) - 981.1 3393.7 3094.5 2943.4 3831.8 2875.4

Rice Area (ha) 270 270 270 270 270 270 270
Total (1) - 264893.5 916297.5 | 835517.1 | 794710.5 1034592 | 776348.3
ETc (m*/ha) 682.2 2529.3 3308.8 3386.2 2886.8 3691.8 3691.8

Fish pond Area (ha) 18 18 18 18 18 18 18
Total (2) 12278.95 45527.08 59557.85 | 60950.77 | 51961.85 | 66453.23 | 66453.23

Total (1+2) m’ 12278.95 310420.6 975855.3 | 896467.9 | 846672.4 | 1101045 | 842801.5

Total MCM 0.012 0.310 0.976 0.896 0.847 1.101 0.843

Table | — 8: Water utilization of cropping pattern 8: Viable irrigated area of cropping pattern 2 under
simulated climate conditionsat the levels of atmospheric CO,= 540 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
(Er‘;lra(;ha) - 1208.0 3452.9 3092.4 3437.3 4022.2 2469.3

Rice Area (ha) 465 465 465 465 465 465 465
Total (1) - 561720 | 1605599 | 1437966 | 1598345 | 1870323 | 1148225
(Er‘;lr;ha) 664.3 3093.1 3258.7 3024.9 2979.5 2978.4 4393.8

Fish pond Area (ha) 25 25 25 25 25 25 25
Total (2) 16606.45 77326.8 | 81468.68 | 75623.08 | 74487.18 | 74458.77 | 109846.2

Total (1+2) m’ 16606.45 | 639046.8 | 1687067 | 1513589 | 1672832 | 1944782 | 1258071

Total MCM 0.017 0.639 1.687 1.514 1.673 1.945 1.258

Table | 9: Water utilization of cropping pattern 9: Viable irrigated area of cropping pattern 3 under
simulated climate conditions at the levels of atmospheric CO, = 720 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*/ha) - 1165.7 3316.6 2652.7 3238.6 41954 1859.3

Rice Avrea (ha) 505 505 505 505 505 505 505
Total (1) - 588659.1 | 1674883 | 1339614 | 1635493 | 2118677 | 938946.5
ETc (m*ha) 1021.1 2976.0 3152.6 3293.2 3172.9 3969.2 4553.8

Fish pond Area (ha) 30 30 30 30 30 30 30
Total (2) 30633.5 89280 | 94578.46 | 98796.92 | 95187.69 | 119076.9 | 136615.4

Total (1+2) m® 30633.5 | 677939.1 1769461 1438410 1730681 | 2237754 1075562

Total MCM 0.031 0.678 1.769 1.438 1.731 2.238 1.076
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Table I — 10 : Water utilization of cropping pattern 10: Viable irrigated area of cropping pattern 4 under
simulated climate conditions at the levels of atmospheric CO, =360 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*/ha) 394.5 1559.5 2148.4 2172.8 8671.8 - -

Maize Area (ha) 80 80 80 80 80 - -
Total (1) 31558.67 124761 171870.1 | 173822.6 | 693747.1 - -
ETc (m*/ha) 2443.4 1658.8 3156.4 2750.3 3901.5 4402.3 0.0

Green bean Area (ha) 80 80 80 80 80 80 80
Total (2) 195475.7 132704 252515.7 | 220022.6 | 312120.4 | 352182.2 0
ETc (m*/ha) 483.5 2322.6 3247.3 2563.8 2289.4 3607.2 4284.0

Cabbage Avrea (ha) 23 23 23 23 23 23 23
Total (3) 11120.95 53419.98 74687.02 | 58968.46 | 52655.85 | 80665.95 | 98532.71
ETc (m’/ha) 483.520 2245.846 3495.845 | 2382.846 | 2848.677 | 4275.438

Lettuce Area (ha) 23 23 23 23 23 23 -
Total (4) 11120.95 51654.46 80404.43 | 54805.46 | 65519.57 | 98335.08 -
ETc (m/ha) 483.5196 2265.608 2987.685 | 3529.231 | 3340.585 | 1615.154

Tomato Area (ha) 23 23 23 23 23 23 -
Total (5) 11120.95 52108.98 68716.75 | 81172.31 | 76833.45 | 37148.54 -
ETc (m*/ha) 430.0427 2206.708 3027.385 | 3333.692 | 2828.462

Cucumber Area (ha) 23 23 23 23 23 - -
Total (6) 9890.982 50754.28 69629.85 | 76674.92 | 65054.62 - -
ETc (m*/ha) 682.1638 2529.282 3308.769 | 3386.154 | 2886.769 | 3691.846 | 4598.462

Fish pond Area (ha) 20 20 20 20 20 20 20
Total (7) 13643.28 50585.64 66175.38 | 67723.08 | 57735.38 | 73836.92 | 91969.23

Total

(1+2+3+4

+5+6+7) m*/ha 283931.5 515988.3 783999.2 | 733189.5 1323666 | 642168.7 | 190501.9

Total MCM 0.284 0.516 0.784 0.733 1.324 0.642 0.191
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Table | 11: Water utilization of cropping pattern 11: Viable irrigated area of cropping pattern 5 under
simulated climate conditions at the levels of atmospheric CO, =540 ppm

Crop type &

fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*/ha) 358.9658 2447932 | 3017.554 | 3535.108 | 3016.055 - -

Maize Area (ha) 168 168 168 168 168 - -
Total (1) 60306.25 411252.6 506949 | 593898.1 | 506697.3 - -
ETc (m*/ha) 519.9381 2924.123 | 1643.292 | 3121.751 | 2920.388 | 3880.012 | 2572.554

Green bean Area (ha) 168 168 168 168 168 168 168
Total (2) 87349.59 491252.7 | 276073.1 | 524454.1 | 490625.1 | 651842.1 432189
ETc (m*/ha) 497.735 1661.062 | 2448.389 | 1311.742 | 1749.023 | 2693.154 | 3238.69

Cabbage Avrea (ha) 55 55, 55) 55, 55 55 55
Total (3) 27375.42 91358.38 | 134661.4 | 72145.81 | 96196.28 | 148123.5 | 178127.9
ETc (m/ha) 497.735 2640.923 | 3453.174 | 2358.908 | 3035.415 | 4669.892

Lettuce Area (ha) 55) 5 55 55) 55 55 -
Total (4) 27375.42 145250.8 | 189924.6 | 129739.9 | 166947.8 | 256844.1 -
ETc (m*/ha) 497.735 2649.985 | 2955.254 | 3487.262 3584.6 | 1607.077 -

Tomato Area (ha) 55 15 55 55 55 55 -
Total (5) 27375.42 145749.2 162539 | 191799.4 197153 | 88389.23 -
ETc (m*/ha) 442.2273 2565.569 | 2994.154 | 3295.538 | 3012.846 - -

Cucumber Area (ha) 55 b5 55 55 55 - -
Total (6) 24322.5 141106.3 | 164678.5 | 181254.6 | 165706.5 - -
ETc (m*/ha) 664.3 3093.1 3258.7 3024.9 2979.5 2978.4 4393.8

Fish pond Area (ha) 30 30 30 30 30 30 30
Total (7) 19927.74 92792.16 | 97762.42 | 90747.69 | 89384.62 | 89360.53 | 1318154

Total

(1+2+3+4

+5+6+7) m*/ha 274032.4 1518762 1532588 1784040 1712711 1234549 | 742132.4
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Table 1 12: Water utilization of cropping pattern 12: Viable irrigated area of cropping pattern 6 under
simulated climate conditions at the levels of atmospheric CO, =720 ppm

Crop type &
fish pond Unit Oct Nov Dec Jan Feb Mar Apr
ETc (m*/ha) 364.2965 | 2357.286 | 3071.354 | 3608.554 | 3083.988 - -
Maize Avrea (ha) 170 170 170 170 170 - -
Total (1) 61930.41 | 400738.6 | 522130.2 | 613454.2 | 524277.9 - -
ETc (m*ha) 528.70 2789.35 1668.49 | 2983.76 3957.38 3957.38 2624.62
Green bean Area (ha) 170 170 170 170 170 170 170
Total (2) 89879.72 | 474190.2 | 283643.7 | 507239.2 | 672755.4 672755.4 | 446184.6
ETc (m*ha) 506.0273 | 1546.369 | 2519.929 | 1360.511 | 1804.439 2772 3665.151
Cabbage Area (ha) 58 55 55 55 55 55 55
Total (3) 27831.5 | 85050.31 | 138596.1 | 74278.11 | 99244.13 152460 | 201583.3
ETc (m*/ha) 506.0273 | 2530.154 | 3522.514 2400.8 | 3104.985 | 4343.538 -
Lettuce Area (ha) 55 55 55 55 55 55 -
Total (4) 27831.5 | 139158.5 | 193738.3 132044 | 170774.2 238894.6 -
ETc (m*/ha) 506.0273 | 2542.215 | 3007.954 | 3560.708 | 3675.508 1636.154 -
Tomato Area (ha) 55 55 55 55 55 55 -
Total (5) 27831.5 | 139821.8 | 165437.5 | 195838.9 | 202152.9 89988.46 -
ETc (m*ha) 449.335 | 2464.954 | 3048.154 | 3362.308 | 3081.538 - -
Cucumber Avrea (ha) 55 55 55 55) 55 - -
Total (6) 24713.42 | 135572.5 | 167648.5 | 184926.9 | 169484.6 - -
ETc (m*/ha) 1021.117 2976 | 3152.615 | 3293.231 | 3172.923 3969.231 4554
Fish pond Area (ha) 35 35 35 35 35 35 35
Total (7) 35739.08 104160 | 110341.5 | 115263.1 | 111052.3 138923.1 | 159384.6
Total
(1+2+3+4
+5+6+7) m*/ha 295757.1 1478692 1581536 1823044 1949741 1293022 | 807152.6
Total MCM 0.296 1.479 1.582 1.823 1.950 1.293 0.807
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Table | — 13 : Water utilization of cropping pattern 13 after maximization of water resource under
simulated climate conditions at the levels of atmospheric water supply of CO, = 360 ppm

Crop type Unit Oct Nov Dec Jan Feb

(1) ETc (m¥/ha) 388.0407 2097.602 3058.354 3581.692 2566.018
Maize (2) Area (ha) 290 290 290 290 290
Total (1x2) m* 112531.8 608304.6 886922.6 1038691 7441454
Total MCM 0.113 0.608 0.887 1.039 0.744

Table | 14: Water utilization of cropping pattern 14 after maximization water resource under simulated
climate conditions at the levels of atmospheric water supply of CO, =540 ppm

Crop type Unit Oct Nov Dec Jan Feb
Maize (1) ETc (m*ha) 358.9658 2447.932 3017.554 3535.108 3016.055
(2) Area (ha) 550 550 550 550 550
Total (1x2) | m® 197431.2 1346363 1659655 1944309 1658830
Total MCM 0.197 1.346 1.660 1.944 1.659

Table | 15: Water utilization of cropping pattern 15 after maximization water resource under simulated
climate conditionsat the levels of atmospheric water supply of CO, =720 ppm

Crop type Unit Oct Nov Dec Jan Feb
Maize (1) ETc (m%ha) 364.2965 | 2357.286 | 3071.354 | 3608.554 | 3083.988
(2) Area (ha) 570 570 570 570 570
Total (1x2) | m® 207649 | 1343653 | 1750672 | 2056876 | 1757873
Total MCM 0.208 1.344 1.751 2.057 1.758
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Table | 16: Water utilization of cropping pattern 16 after maximization water resource under simulated
climate conditions at the levels of atmospheric water supply of CO, = 360 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar Apr
(1) CWR
(m3/ha) 504.91 2443.45 1658.80 3156.45 2750.28 3901.50 4402.28
Green bean (2) Area (ha) 290 290 290 290 290 290 290
Total (1x2) m3 146424.01 | 708599.38 481052 915369.38 | 797582.09 | 1131436.3 | 1276660.3
Total MCM 0.146 0.709 0.481 0.915 0.798 1.131 1.277

Table | 17: Water utilization of cropping pattern 17 after maximization water resource under simulated
climate conditions at the levels of atmospheric water supply of CO, =540 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar Apr
(1) ETc

Green bean (m*ha) 519.94 2924.12 1643.29 3121.75 2920.39 | 3880.01 | 2572.55
(2) Area (ha) 530 530 530 530 530 530 530

Total 1x2) | m® 275567.2 | 1549785 | 870944.9 | 1654528 | 1547805 | 2056407 | 1363454

Total MCM 0.276 1.550 0.871 1.655 1.548 2.056 1.363

Table | 18: Water utilization of cropping pattern 18 after maximization water resource under simulated
climate conditions at the levels of atmospheric water supply of CO, = 720 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar Apr
Green bean (1) ETc (m*ha) 528.7042 | 2789.354 | 1668.492 | 3182.468 2983.76 | 3957.385 | 2624.615
(2) Area (ha) 550 550 550 550 550 550 550
Total (1x2) m® 290787.3 1534145 | 917670.8 1750357 1641068 2176562 | 1443538
Total MCM 0.291 1.534 0.918 1.750 1.641 2.177 1.444
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Table | — 19 : Water utilization of cropping pattern 19 after maximization water resource under
simulated climate conditions at the levels of atmospheric water supply of CO, =360 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar Apr
(1) ETc
(m*/ha) 483.5196 | 2322.608 |  3247.262 3094 27476 |  4141.723 | 3208.231
Cabbage (2) Area (ha) 260 260 260 260 260 260 260
Total 1x2) | m® 1257151 | 603878 844288 | 804440 | 714376 1076848 | 834140
Total MCM 0.126 0.604 0.844 0.804 0.714 1.077 0.834
Table I — 20 : Water utilization of cropping pattern 20 after maximization water resource under
simulated climate conditions at the levels of atmospheric water supply of CO, =540 ppm
Crop type Unit Oct Nov Dec Jan Feb Mar Apr
(1) CWR
Cabbage (m3/ha) 497.735 | 2731677 | 3519.005 | 2967.754 | 2922.569 | 4118.185 | 2845.231
(2) Area (ha) 460 460 460 460 460 460 460
Total (1x2) | m3 228958.1 | 1256571 1618742 | 1390630 1374367 | 1933345 | 1490966
Total MCM 0.229 1.257 1.619 1.391 1.374 1.933 1.491

Table | 21: Water utilization of cropping pattern 21 after maximization under simulated climate

conditions at the levels of atmospheric water supply of CO, =720 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar Apr
Cabbage (1) ETc (m%ha) 506.0273 | 2616.985 | 3590.545 | 3023.108 | 2987.754 | 4202.923 | 3241.231
(2) Area (ha) 495 495 495 495 495 495 495
Total (1x2) | m® 250483.5 | 1295407 | 1777320 | 1496438 | 1478938 | 2080447 | 1604409
Total MCM 0.250 1.295 1.777 1.496 1.479 2.080 1.604
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Table | — 22 : Water utilization of cropping pattern 22 after maximization under simulated climate
conditions at the levels of atmospheric water supply of CO, = 360 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar

(1) ETc (m¥ha) 483.5196 2245.846 3495.845 2382.846 | 2848.677 4275.438
Lettuce (2) Area (ha) 270 270 270 270 270 270
Total (1x2) m* 130550.3 606378.5 943878 643368.5 | 769142.8 1154368
Total MCM 0.131 0.606 0.944 0.643 0.769 1.154

Table | 23: Water utilization of cropping pattern 23 after maximization under simulated climate
conditions at the levels of atmospheric water supply of CO, =540 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar
Lettuce (1) ETc (m*ha) 497.735 | 2640.923 | 3453.174 | 2358.908 | 3035.415 | 4669.892
(2) Area (ha) 480 480 480 480 480 480
Total (1x2) m? 238912.8 1267643 1657523 1132276 1456999 2241548
Total MCM 0.239 1.268 1.658 1.132 1.457 2.242

Table | 24: Water utilization of cropping pattern 24 after maximization water resource under simulated

climate conditions at the levels of atmospheric water supply of CO, = 720 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar
Lettuce (1) ETc (m®/ha) 506.0273 | 2530.154 | 3522.514 2400.8 | 3104.985 | 4343.538
(2) Area (ha) 510 510 510 510 510 510
Total (1x2) m* 258073.9 1290378 1796482 1224408 1583542 2215205
Total MCM 0.258 1.290 1.796 1.224 1.584 2.215
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Table | — 25 : Water utilization of cropping pattern 25 after maximization under simulated climate
conditions at the levels of atmospheric water supply of CO, = 360 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar

(1) ETc (m¥ha) 483.5196 | 2265.608 2987.685 3529.231 | 3340.585 1615.154
Tomato (2) Area (ha) 270 270 270 270 270 270
Total (1x2) m* 130550.3 | 611714.1 806674.8 952892.3 | 901957.8 436091.5
Total MCM 0.131 0.612 0.807 0.953 0.902 0.436

Table |26: Water utilization of cropping pattern 26 after maximization under simulated climate
conditions at the levels of atmospheric water supply of CO, =540 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar
Tomato (1) ETc (m*ha) 497.735 | 2649.985 | 2955.254 | 3487.262 3584.6 1607.077
(2) Area (ha) 520 520 520 520 520 520
Total (1x2) | m® 258822.2 | 1377992 | 1536732 | 1813376 | 1863992 835680
Total MCM 0.259 1.378 1.537 1.813 1.864 0.836

Table | 27: Water utilization of cropping pattern 27 after maximization water resource under simulated

climate conditions at the levels of atmospheric water supply of CO, = 720 ppm

Crop type Unit Oct Nov Dec Jan Feb Mar
Tomato (1) ETc (m¥ha) 506.0273 2542.215 | 3007.954 | 3560.708 | 3675.508 | 1636.154
(2) Area (ha) 540 540 540 540 540 540
Total (1x2) m® 273254.7 1372796 | 1624295 | 1922782 | 1984774 | 883523.1
Total MCM 0.273 1.373 1.624 1.923 1.985 0.884
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Table | — 28 : Water utilization of cropping pattern 28 after maximization water resource under

simulated climate conditions at the levels of atmospheric water supply of CO, = 360 ppm

Crop type Unit Oct Nov Dec Jan Feb

(1) ETc (m°ha) | 430.0427 2206.708 3027.385 3333.692 2828.462
Cucumber (2) Area (ha) 290 290 290 290 290
Total (1x2) m* 124712.4 639945.2 877941.5 966770.8 820253.8
Total MCM 0.125 0.640 0.878 0.967 0.820

Table |29: Water utilization of cropping pattern 29 after maximization water resource under simulated

climate conditions at the levels of atmospheric water supply of CO, =540 ppm

Crop

type Unit Oct Nov Dec Jan Feb

Cucumber (1) ETc (m*ha) 442.2273 | 2565569 | 2994.154 | 3295538 | 3012.846
(2) Area (ha) 560 560 560 560 560

Total 1x2) | m® 247647.3 | 1436719 | 1676726 | 1845502 | 1687194

Total MCM 0.248 1.437 1.677 1.846 1.687

Table | 30: Water utilization of cropping pattern 30 after maximization water resource under simulated

climate conditions at the levels of atmospheric water supply of CO, = 720 ppm

Crop type Unit Oct Nov Dec Jan Feb
Cucumber (1) ETc (m®/ha) 449.335 2464.954 | 3048.154 | 3362.308 | 3081.538
(2) Area (ha) 580 580 580 580 580
Total (1x2) m® 260614.3 1429673 1767929 | 1950138 | 1787292
Total MCM 0.261 1.430 1.768 1.950 1.787
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APPENDIX J
CACULATION OF WATER BALANCE
IN THE PROPOSED NAM NGA GNAI RESERVOIR

Table J - 1: Water balance of cropping pattern 1

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Csw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage

Month

MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Km? [ (MCM) | (MCM) | (MCM)

4.000
Oct 2.320 0.039 0.011 0.050 0.020 2.278 6.278 4.000 135.93 0.590 2.278 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.566 -0.407 3.593 3.593 135.90 0.590 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 1.796 -1.704 1.890 1.890 | 135.87 0.590 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 1.649 -1.541 0.349 0.349 135.20 0.550 0.000 -0.831 1.18
Feb 0.210 0.038 0.011 0.050 1.558 -1.371 -1.022 -1.022 134.35 0.470 0.000 -2.202 1.18
Mar 0.800 0.046 0.011 0.050 2.027 -1.241 -2.264 -2.264 132.97 0.440 0.000 -3.444 1.18
Apr 2.120 0.044 0.011 0.050 1.576 0.527 -1.736 -1.736 132.45 0.350 0.000 -2.916 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 2.244 2244 | 13246 0.455 0.000 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 4.981 4.000 132.59 0.530 0.981 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.590 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.590 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.590 4131 0.000 1.18
Total 23.200 0.524 0.127 0.600 9.192 23.200 13.804
Note :

CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation
wu = Wiater utilization ASD = Average surface discharge

Table J - 2 : Water balance of cropping pattern 2

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wwu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCMm) | (MCM) | (MCM)
4.000
Oct 172 0.04141 0.011 0.050 0.020 1.68 5.68 4.00 | 135.93 0.59 1.679 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 0.702 0.28 4.28 4.00 135.90 0.59 0.278 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.792 -0.83 3.17 3.17 | 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.584 -0.63 2.54 2.54 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.760 -0.80 174 1.74 | 13435 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 2.065 -0.90 0.83 0.83 | 132.97 0.44 0.000 -0.346 1.18
Apr 1.29 0.01534 0.011 0.050 1.293 -0.05 0.79 0.79 132.45 0.35 0.000 -0.393 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 4.19 4.00 132.46 0.46 0.192 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 | 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 | 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 | 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.940 0.127 0.600 9.215 26.932 17.929
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Table J - 3: Water balance of cropping pattern 3

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir WU CSR csw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCMm) | (MCM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.031 1.06 5.06 4.00 135.93 0.59 1.057 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 0.669 0.28 4.28 4.00 135.90 0.59 0.283 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.752 -0.68 3.32 3.32 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.421 -0.39 293 2.93 135.20 0.55 0.000 0.000 1.18
Feb 1.21 0.0052 0.011 0.050 1.714 -0.56 237 2.37 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 2.154 -1.04 1.33 %33, 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 1.000 1.64 2.98 2.98 132.45 0.35 0.000 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 7.81 4.00 132.46 0.46 3.809 0.000 1.18
Jun 472 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 8.740 28.212 19.761 0.000
Table J -4 : Water balance of cropping pattern 4
Water loss in NNG Water in NNG Reservoir Over- S
ASD Rainfall Reservoir wu CSR CSW flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.539 1.759 5.759 4.000 135.93 0.59 1.759 0.000 1.18
Nov 0.180 0.041 0.011 0.050 1.091 -0.931 3.069 3.069 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 1.669 -1.577 1.492 1.492 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 1.642 -1.534 -0.042 -0.042 135.20 0.55 0.000 -1.222 1.18
Feb 0.210 0.038 0.011 0.050 1.622 -1.435 -1.477 -1.477 134.35 0.47 0.000 -2.657 1.18
Mar 0.800 0.046 0.011 0.050 1.241 -0.456 -1.933 -1.933 132.97 0.44 0.000 -3.113 1.18
Apr 2.120 0.044 0.011 0.050 0.352 1.751 -0.182 -0.182 132.45 0.35 0.000 -1.362 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 3.798 3.798 132.46 0.46 0.000 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.535 4.000 132.59 0.53 2.535 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4131 0.000 1.18
Total 23.200 0.524 0.127 0.600 8.157 23.200 14.839
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Wiater utilization ASD = Average surface discharge
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Table J -5 : Water balance of cropping pattern 5

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir WU CSR csw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCMm) | (MCM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.249 1.45 5.45 4.00 135.93 0.59 1.450 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.380 -0.40 3.60 3.60 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.357 -0.40 3.20 3.20 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.559 -0.61 2.60 2.60 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.501 -0.54 2.06 2.06 134.35 0.47 0.000 0.000 1.18
Mar 1.21 0.01142 0.011 0.050 1.085 0.08 213 2.13 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 0.606 0.64 2.77 2.77 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 6.18 4.00 132.46 0.46 2.178 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.940 0.127 0.600 i 35 19.409 59.773 26.932 19.409 0.000
Table J -6 : Water balance of cropping pattern 6
Water loss in NNG Water in NNG Reservoir Over- S
ASD Rainfall Reservoir wu CSR CSW flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.263 0.82 4.82 4.00 135.93 0.59 0.824 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.312 -0.36 3.64 3.64 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.410 -0.34 3.30 3.30 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.617 -0.59 271 2.71 135.20 0.55 0.000 0.000 1.18
Feb 1.21 0.0052 0.011 0.050 1.734 -0.58 214 2.14 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 1.087 0.03 2.16 2.16 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 0.648 2.00 4.16 4.00 132.45 0.35 0.160 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 8.83 4.00 132.46 0.46 4.834 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 8.070 28.212 20.430 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Wiater utilization ASD = Average surface discharge
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Table J -7 : Water balance of cropping pattern 7

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Csw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
McM) | (MeM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Km?) | (McM) | (McM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.012 2.286 6.286 4.000 135.93 0.590 2.286 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.310 -0.151 3.849 3.849 135.90 0.590 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.976 -0.883 2.966 2.966 135.87 0.590 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.896 -0.789 2.177 2177 135.20 0.550 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.847 -0.659 1.518 1.518 134.35 0.470 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 1.101 -0.316 1.202 1.202 132.97 0.440 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 0.843 1.260 2.462 2.462 132.45 0.350 0.000 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 6.443 4.000 132.46 0.455 2.443 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 Zaladls 6.737 4.000 132.59 0.530 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.590 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.590 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.590 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 4.986 23.200 18.011
Table J - 8: Water balance of cropping pattern 8
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR CsSw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
McMm) | (mcM) | (McMm) | (McMm) | (Mcm) | (Mcm) | (McMm) | (MCM) (m) (Kmd) | (Mvcm) | (McM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.283 2.015 6.015 4.000 135.93 0.59 2.015 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.559 -0.399 3.601 3.601 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.857 -0.764 2.836 2.836 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.846 -0.738 2.099 2.099 135.20 0.55 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.835 -0.648 1.451 1.451 134.35 0.47 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 0.642 0.143 1.594 1.594 132.97 0.44 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 0.191 1.912 3.506 3.506 132.45 0.35 0.000 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 7.486 4.000 132.46 0.46 3.486 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.737 4.000 132.59 0.53 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 4.213 23.200 18.783
Note :
CSR = Changes of storage in reservoir CsSwW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J -9 : Water balance of cropping pattern 9

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.113 2.186 6.186 4.000 135.93 0.590 2.186 0.000 1.180
Nov 0.180 0.041 0.011 0.050 0.608 -0.448 3.552 3.552 135.90 0.590 0.000 0.000 1.180
Dec 0.110 0.043 0.011 0.050 0.887 -0.794 2.757 2.757 135.87 0.590 0.000 0.000 1.180
Jan 0.130 0.039 0.011 0.050 1.039 -0.931 1.826 1.826 135.20 0.550 0.000 0.000 1.180
Feb 0.210 0.038 0.011 0.050 0.744 -0.557 1.270 1.270 134.35 0.470 0.000 0.000 1.180
Mar 0.800 0.046 0.011 0.050 0.000 0.785 2.055 2.055 132.97 0.440 0.000 0.000 1.180
Apr 2.120 0.044 0.011 0.050 0.000 2.103 4.158 4.000 132.45 0.350 0.158 0.000 1.180
May 3.990 0.049 0.008 0.050 0.000 3.980 7.980 4.000 132.46 0.455 3.980 0.000 1.180
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.737 4.000 132.59 0.530 2.737 0.000 1.180
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.590 3.089 0.000 1.180
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.590 3.325 0.000 1.180
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.590 4.131 0.000 1.180
Total 23.200 0.524 0.127 0.600 3.391 23.200 19.606
Table J -10 : Water balance of cropping pattern 10
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) [ (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.146 2.152 6.152 4.000 135.93 0.59 2.152 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.709 -0.549 3.451 3.451 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.481 -0.389 3.063 3.063 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.915 -0.807 2.255 2.255 135.20 0.55 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.798 -0.610 1.645 1.645 134.35 0.47 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 1.131 -0.346 1.299 1.299 132.97 0.44 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 1.277 0.826 2.125 2.125 132.45 0.35 0.000 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 6.105 4.000 132.46 0.46 2.105 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.737 4.000 132.59 0.53 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 5.457 23.200 17.539
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J -11: Water balance of cropping pattern 11

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Csw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
McM) | (MeM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Km?) | (McM) | (McM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.126 2.172 6.172 4.000 135.93 0.59 2.172 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.604 -0.444 3.556 3.556 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.844 -0.752 2.804 2.804 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.804 -0.697 2.108 2.108 135.20 0.55 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.714 -0.527 1.581 1.581 134.35 0.47 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 1.077 -0.292 1.289 1.289 132.97 0.44 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 0.834 1.269 2.558 2.558 132.45 0.35 0.000 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 6.538 4.000 132.46 0.46 2.538 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 Zaladls 6.737 4.000 132.59 0.53 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 5.004 23.200 17.992
Table J -12: Water balance of cropping pattern 12
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR CsSw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
McMm) | (mcM) | (McMm) | (McMm) | (Mcm) | (Mcm) | (McMm) | (MCM) (m) (Kmd) | (Mvcm) | (McM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.131 2.168 6.168 4.000 135.93 0.59 2.168 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.606 -0.446 3.554 3.554 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.944 -0.851 2.702 2.702 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.643 -0.535 2.167 2.167 135.20 0.55 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.769 -0.582 1.585 1.585 134.35 0.47 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 1.154 -0.369 1.216 1.216 132.97 0.44 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 0.000 2.103 3.319 3.319 132.45 0.35 0.000 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 7.299 4.000 132.46 0.46 3.299 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.737 4.000 132.59 0.53 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 4.248 23.200 18.748 0.000
Note :
CSR = Changes of storage in reservoir CsSwW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J - 13: Water balance of cropping pattern 13

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.131 2.168 6.168 4.000 135.93 0.59 2.168 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.612 -0.452 3.548 3.548 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.807 -0.714 2.834 2.834 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.953 -0.845 1.989 1.989 135.20 0.55 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.902 -0.715 1.274 1.274 134.35 0.47 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 0.436 0.349 1.623 1.623 132.97 0.44 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 0.000 2.103 3.726 3.726 132.45 0.35 0.000 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 7.707 4.000 132.46 0.46 3.707 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.737 4.000 132.59 0.53 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 3.840 23.200 19.156 0.000
Table J -14: Water balance of cropping pattern 14
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR CSw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) [ (MCm) | (MCM) | (MCM)
4.000
Oct 2.320 0.039 0.011 0.050 0.125 2.V 6.173 4.000 135.93 0.59 2.173 0.000 1.18
Nov 0.180 0.041 0.011 0.050 0.640 -0.480 3.520 3.520 135.90 0.59 0.000 0.000 1.18
Dec 0.110 0.043 0.011 0.050 0.878 -0.786 2.734 2.734 135.87 0.59 0.000 0.000 1.18
Jan 0.130 0.039 0.011 0.050 0.967 -0.859 1.876 1.876 135.20 0.55 0.000 0.000 1.18
Feb 0.210 0.038 0.011 0.050 0.820 -0.633 1.243 1.243 134.35 0.47 0.000 0.000 1.18
Mar 0.800 0.046 0.011 0.050 0.000 0.785 2.028 2.028 132.97 0.44 0.000 0.000 1.18
Apr 2.120 0.044 0.011 0.050 0.000 2.103 4.131 4.000 132.45 0.35 0.131 0.000 1.18
May 3.990 0.049 0.008 0.050 0.000 3.980 7.980 4.000 132.46 0.46 3.980 0.000 1.18
Jun 2.750 0.047 0.010 0.050 0.000 2.737 6.737 4.000 132.59 0.53 2.737 0.000 1.18
Jul 3.100 0.050 0.011 0.050 0.000 3.089 7.089 4.000 133.32 0.59 3.089 0.000 1.18
Aug 3.340 0.046 0.011 0.050 0.000 3.325 7.325 4.000 134.96 0.59 3.325 0.000 1.18
Sept 4.150 0.042 0.011 0.050 0.000 4.131 8.131 4.000 136.00 0.59 4.131 0.000 1.18
Total 23.200 0.524 0.127 0.600 3.430 23.200 19.567 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-15: Water balance of cropping pattern 15

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.017 1.68 5.68 4.00 1.682 135.93 0.59 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 0.639 0.34 4.34 4.00 0.341 135.90 0.59 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.687 -0.73 3.27 3.27 0.000 135.87 0.59 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.514 -0.56 271 2.71 0.000 135.20 0.55 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.673 -0.71 2.00 2.00 0.000 134.35 0.47 0.000 1.18
Mar 121 0.01142 0.011 0.050 1.945 -0.78 1.22 1.22 0.000 132.97 0.44 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 1.258 -0.01 1.20 1.20 0.000 132.45 0.35 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 4.61 4.00 0.609 132.46 0.46 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 5.465 132.59 0.53 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 3.892 133.32 0.59 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 3.149 134.96 0.59 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 3.274 136.00 0.59 0.000 1.18
Total 26.932 0.940 0.127 0.600 8.732 26.932 18.412
Table J-16: Water balance of cropping pattern 16
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) [ (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.274 1.42 5.42 4.00 135.93 0.59 1.425 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.519 -0.54 3.46 3.46 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.533 -0.57 2.89 2.89 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.784 -0.83 2.05 2.05 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.713 -0.75 1.30 1.30 134.35 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 1.235 -0.07 1.23 1.23 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 0.742 0.50 1.74 1.74 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 5.14 4.00 132.46 0.46 1.140 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.940 0.127 0.600 8.799 18.345 55.022 26.932 18.345 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-17: Water balance of cropping pattern 17

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.197 1.50 5.50 4.00 135.93 0.59 1.501 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.346 -0.37 3.63 3.63 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.660 -0.70 2.94 2.94 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.944 -1.00 1.94 1.94 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.659 -0.70 1.24 1.24 134.35 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 0.000 1.16 241 2.41 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 0.000 1.25 3.65 3.65 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 7.06 4.00 132.46 0.46 3.056 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.127 0.600 6.807 27.872 20.338 0.000
Table J-18: Water balance of cropping pattern 18
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) [ (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.276 1.42 5.42 4.00 135.93 0.59 1.423 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.550 -0.57 3.43 3.43 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 0.871 0.09 3.52 3.52 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.655 -0.71 2.82 2.82 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.548 -0.59 2.23 2.23 134.35 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 2.056 -0.89 1.33 1.33 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 1.363 -0.12 1.22 1.22 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 4.62 4.00 132.46 0.46 0.622 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.127 0.600 9.318 27.872 17.826 0.000 37.302
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-19: Water balance of cropping pattern 19

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.229 1.47 5.47 4.00 135.93 0.59 1.470 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.257 -0.28 3.72 3.72 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.619 -0.66 3.07 3.07 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.391 -0.44 2.62 2.62 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.374 -0.41 221 221 134.35 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 1.933 -0.77 1.44 1.44 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 1.491 -0.24 1.20 1.20 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 4.60 4.00 132.46 0.46 0.601 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.127 0.600 9.294 27.872 17.851
Table J-20: Water balance of cropping pattern 20
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) [ (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.239 1.46 5.46 4.00 135.93 0.59 1.460 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.268 -0.29 3.71 3.71 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.658 -0.70 3.02 3.02 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.132 -0.18 2.83 2.83 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.457 -0.50 2.34 2.34 134.35 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 2.242 -1.08 1.26 1.26 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 0.000 1.25 2.50 2.50 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 591 4.00 132.46 0.46 1.909 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.127 0.600 7.995 27.872 19.149 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-21: Water balance of cropping pattern 21

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.259 1.44 5.44 4.00 135.93 0.59 1.440 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.378 -0.40 3.60 3.60 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.537 -0.58 3.03 3.03 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.813 -0.86 2.16 2.16 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.864 -0.90 1.26 1.26 134.35 0.47 0.000 0.000 1.18
Mar 121 0.01142 0.011 0.050 0.836 0.33 1.59 1.59 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 0.000 1.25 2.83 2.83 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 3.41 6.24 4.00 132.46 0.46 2.238 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.127 0.600 7.687 27.872 19.458 0.000 31.242
Table J-22: Water balance of cropping pattern 22
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR CSw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) [ (MCm) | (MCM) | (MCM)
4.00
Oct 1.72 0.04141 0.011 0.050 0.248 1.45 5.45 4.00 135.93 0.59 1.451 0.000 1.18
Nov 1.04 0.00149 0.011 0.050 1.437 -0.46 3.54 3.54 135.90 0.59 0.000 0.000 1.18
Dec 1.02 0.00068 0.011 0.050 1.677 -0.72 2.83 2.83 135.87 0.59 0.000 0.000 1.18
Jan 1.01 0.00015 0.011 0.050 1.846 -0.90 1.93 1.93 135.20 0.55 0.000 0.000 1.18
Feb 1.02 0.00005 0.011 0.050 1.687 -0.73 1.21 1.21 134.35 0.47 0.000 0.000 1.18
Mar 1.21 0.01142 0.011 0.050 0.000 1.16 237 2.37 132.97 0.44 0.000 0.000 1.18
Apr 1.29 0.01534 0.011 0.050 0.000 1.25 3.61 3.61 132.45 0.35 0.000 0.000 1.18
May 3.32 0.14709 0.008 0.050 0.000 341 7.02 4.00 132.46 0.46 3.019 0.000 1.18
Jun 5.26 0.26833 0.010 0.050 0.000 5.47 9.47 4.00 132.59 0.53 5.465 0.000 1.18
Jul 3.77 0.18092 0.011 0.050 0.000 3.89 7.89 4.00 133.32 0.59 3.892 0.000 1.18
Aug 3.07 0.13672 0.011 0.050 0.000 3.15 7.15 4.00 134.96 0.59 3.149 0.000 1.18
Sept 3.20 0.13600 0.011 0.050 0.000 3.27 7.27 4.00 136.00 0.59 3.274 0.000 1.18
Total 26.932 0.127 0.600 6.894 27.872 20.250 0.000 28.299
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-23: Water balance of cropping pattern 23

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.031 1.06 5.06 4.00 135.93 0.59 1.057 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 0.678 0.27 4.27 4.00 135.90 0.59 0.274 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.769 -0.70 3.30 3.30 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.438 -0.41 2.89 2.89 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1731 -0.57 2.32 2.32 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 2.238 -1.12 1.20 1.20 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 1.076 1.57 2.76 2.76 132.45 0.35 0.000 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 7.60 4.00 132.46 0.46 3.598 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 8.960 28.212 19.540 0.000
Table J-24 : Water balance of cropping pattern 24
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
McMm) | (mcM) | (McMm) | (McMm) | (Mmem) | (Mcm) | (McM) | (MCM) (m) (Kmd) | (Mcm) | (Mcm) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.296 0.79 4.79 4.00 135.93 0.59 0.791 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.479 -0.53 3.47 3.47 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.582 -0.51 2.96 2.96 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.823 -0.79 217 2.17 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.950 -0.79 1.38 1.38 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 1.293 -0.18 1.20 1.20 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 0.807 1.84 3.03 3.03 132.45 0.35 0.000 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 7.87 4.00 132.46 0.46 3.868 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 177 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 9.229 28.212 19.272 0.000
Note :
CSR = Changes of storage in reservoir CsSwW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-25: Water balance of cropping pattern 25

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.208 0.88 4.88 4.00 135.93 0.59 0.880 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.344 -0.39 3.61 3.61 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.751 -0.68 2.93 2.93 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 2.057 -1.03 1.90 1.90 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.758 -0.60 1.30 1.30 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 0.000 =2 242 2.42 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 0.000 2.64 5.06 4.00 132.45 0.35 1.058 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 8.83 4.00 132.46 0.46 4.834 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 7.117 28.212 21.384 0.000
Table J-26: Water balance of cropping pattern 26
Water loss in NNG Water in NNG Reservoir Over- S
ASD Rainfall Reservoir wu CSR CSW flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) | (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.291 0.80 4.80 4.00 135.93 0.59 0.796 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.534 -0.58 3.42 3.42 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 0.918 0.16 3.57 3.57 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.750 -0.72 2.85 2.85 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.641 -0.49 2:37 2.37 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 2.177 -1.06 1.30 1.30 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 1.444 1.20 2.50 2.50 132.45 0.35 0.000 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 7.34 4.00 132.46 0.46 3.338 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 177 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 9.754 28.212 18.747 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Wiater utilization ASD = Average surface discharge
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Table J-27: Water balance of cropping pattern 27

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.250 0.84 4.84 4.00 135.93 0.59 0.837 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.295 -0.34 3.66 3.66 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.777 -0.70 2.95 2.95 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.496 -0.47 2.48 2.48 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.479 -0.32 2.16 2.16 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 2.080 -0.96 1.20 1.20 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 1.604 1.04 2.23 2.23 132.45 0.35 0.000 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 7.07 4.00 132.46 0.46 3.068 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 9.983 28.212 18.517 0.000
Table J-28: Water balance of cropping pattern 28
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) [ (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.258 0.83 4.83 4.00 135.93 0.59 0.829 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.290 -0.34 3.66 3.66 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.796 -0.72 2.94 2.94 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.224 -0.20 2.74 2.74 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.584 -0.43 231 2.31 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 2.215 -1.10 121 121 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 0.000 2.64 3.86 3.86 132.45 0.35 0.000 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 8.69 4.00 132.46 0.46 4.691 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 8.368 28.212 20.133 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge
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Table J-29: Water balance of cropping pattern 29

Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir wu CSR Ccsw flow under Dead
of Water Surface Dead
reservoir E | of Irri Volume level area storage storage
Month
MCcM) | (McM) | (McM) | (MCM) | (MCM) | (MCM) | (MCM) | (MCM) (m) (Kmd) | (Mcm) | (McM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.273 0.81 4.81 4.00 135.93 0.59 0.814 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.373 -0.42 3.58 3.58 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.624 -0.55 3.03 3.03 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.923 -0.89 213 2.13 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.985 -0.83 1.30 1.30 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 0.884 0.23 1.54 154 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 0.000 2.64 4.18 4.00 132.45 0.35 0.179 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 8.83 4.00 132.46 0.46 4.834 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 8.061 28.212 20.439 0.000
Table J-30: Water balance of cropping pattern 30
Water loss in NNG Water in NNG Reservoir Over- WS
ASD Rainfall Reservoir Wu CSR Csw flow under Dead
of Water Surface Dead
reservoir B | of Irri Volume level area storage storage
Month
(MCM) | (MCM) | (MCM) | (MCM) [ (MCM) [ (MCM) | (MCM) | (MCM) (m) (Km?) [ (MCM) | (MCM) | (MCM)
4.00
Oct 1.10 0.0436 0.011 0.050 0.261 0.83 4.83 4.00 135.93 0.59 0.827 0.000 1.18
Nov 1.01 0.0054 0.011 0.050 1.430 -0.48 3.52 3.52 135.90 0.59 0.000 0.000 1.18
Dec 1.13 0.0001 0.011 0.050 1.768 -0.70 2.83 2.83 135.87 0.59 0.000 0.000 1.18
Jan 1.09 0.0041 0.011 0.050 1.950 -0.92 1.90 1.90 135.20 0.55 0.000 0.000 1.18
Feb 121 0.0052 0.011 0.050 1.787 -0.63 1.27 1.27 134.35 0.47 0.000 0.000 1.18
Mar 1.16 0.0135 0.011 0.050 0.000 112 2.39 2.39 132.97 0.44 0.000 0.000 1.18
Apr 2.69 0.0113 0.011 0.050 0.000 2.64 5.03 4.00 132.45 0.35 1.032 0.000 1.18
May 4.79 0.1045 0.008 0.050 0.000 4.83 8.83 4.00 132.46 0.46 4.834 0.000 1.18
Jun 4.72 0.2374 0.010 0.050 0.000 4.90 8.90 4.00 132.59 0.53 4.897 0.000 1.18
Jul 4.07 0.2402 0.011 0.050 0.000 4.25 8.25 4.00 133.32 0.59 4.246 0.000 1.18
Aug 3.47 0.1987 0.011 0.050 0.000 3.61 7.61 4.00 134.96 0.59 3.610 0.000 1.18
Sept 1.77 0.1528 0.011 0.050 0.000 1.86 5.86 4.00 136.00 0.59 1.859 0.000 1.18
Total 28.212 1.017 0.127 0.600 7.196 28.212 21.305 0.000
Note :
CSR = Changes of storage in reservoir CSW = Cumulative storage of water
MCM = Million cubic meter | = Infiltration
NNG = Nam Nga Gnai E = Evaporation
WS = Water shortage Irrii = Irrigation

wu = Water utilization ASD = Average surface discharge



Somvang Bouttavong

NAME

DATE OF BIRTH

PLACE OF BIRTH
INSTITUTION ATTENDED

POSITION&OFFICE

HOME ADDRESS

Biography / 164

BIOGRAPHY

Mr. Somvang Bouttavong

15" January 1972

Vientiane, Lao PDR

Fach-Hochschule for Forestry, Germany, 1992:
Diploma of Forestry Engineering

Mahidol University, 2006:
Master of Science (Natural Resource Management)

Deputy Director

Environmental Studies Centre

Environment Research Institute

Science Technology and Environment Agency
Prime Minister’s Office

Lao PDR

Houa Khoua Village, Nasaythong District

Vientiane Municipality, Lao PDR
somvang_b@yahoo.com or somvang_b@hotmail.com
Telephone/Fax (Off) : (856-21) 218-737

Mob. : (856-20) 545 4224



mailto:omvang_b@yahoo.com

	AN APPLICATION OF CLIMATE CHANGE SCENARIOS 
	IN STUDYING THE EFFECT OF CLIMATE CHANGE 
	ON CROP WATER REQUIREMENT AND WATER BALANCE 
	IN A RESERVOIR: 
	A CASE STUDY OF THE PLANNED NAM NGA GNAI  
	RESERVOIR PROJECT, SANAKHAM DISTRICT, 
	VIENTIANE PROVINCE, LAO PDR 
	SOMVANG BOUTTAVONG 
	Thesis  
	Entitled 
	AN APPLICATION OF CLIMATE CHANGE  
	SCENARIOS IN STUDYING THE EFFECT OF CLIMATE CHANGE ON 
	CROP WATER REQUIREMENT AND WATER BALANCE IN A RESERVOIR: 
	 
	Thesis  
	Entitled 
	AN APPLICATION OF CLIMATE CHANGE  
	SCENARIOS IN STUDYING THE EFFECT OF CLIMATE CHANGE ON 
	CROP WATER REQUIREMENT AND WATER BALANCE IN A RESERVOIR: 
	abstract.pdf
	AN APPLICATION OF CLIMATE CHANGE SCENARIOS IN STUDYING THE EFFECT OF CLIMATE CHANGE ON CROP WATER REQUIREMENT AND WATER BALANCE IN A RESERVOIR: A CASE STUDY OF THE PLANNED NAM NGA GNAI RESERVOIR PROJECT, SANAKHAM DISTRICT, VIENTIANE PROVINCE, LAO PDR 

	Intro.pdf
	 
	CHAPTER 1 
	INTRODUCTION 

	Liter.pdf
	LITERATURE REVIEW 

	Method.pdf
	 
	CHAPTER 3 
	METHODOLOGY 




