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Abstract

Assessment of future impact can be done by different methods especially programming models. This study is
to analyse fuure impact of different strategies and policies in water resources management and irrigation
systems on the living standard of farm families, Phayao province, Northern Thailand. To be realistic,
strategies are based on problems facing the farmers and farmers’ requirements. Two strategies are, namely,
increasing irrigation water availability, and improving technical efficiency of irrigation management systems.
A family model is applied and includes farm, household and external relations and maximizes family income
in the objective function. A static linear programming model interpreted in a comparative static analysis is
used to investigate various options to improve the use of irrigation water and their impact on farm-family
income. The data are based on a field survey carried out in 1994/95. Regarding diversity of irrigation
systems in the area, they are classified into four groups. The models are applied based on average families.
The family reflected in the model is to a certain extent a “mean average parameter family” and not an existing
family with the smallest standard deviation of the sum of parameters. Results of the future impact analysis
provide recommendation for the irrigation authorities to improve their service and ultimately the living
standard of the farm family. The result indicates that increasing irrigation water availability based on farmers’
investment will be a constraint in future strategies. If the investment allows introducing some dry season
crops, the tarmers' investment in increasing irrigation water availability will turn out to be profitable for the
farm families in all groups. Increasing technical efficiency by improving water distribution systems has a
predominant impact on farming development and the regional supply of agricultural goods. This offers the
opportunity to introduce water charges combined with the increasing water distribution efficiency.

impact of different strategies and policies in water

Introduction L

resources management and irrigation systems on
It is generally agreed that Thailand  has the living standard of the farm families with the
tremendous  problems in  water  resource aim to finding and discussing potential sclutions.
deveiopment, especially due to climatic changes,
. : o e .o Study area
increased water demand. inefficient use ot water,
fimited water storage capacity and distribution Two criteria are used to select the stady area,
systerns, watershed management deficits, water namely, agro-ecological condition and irrigation
quality and water conflicts {Christensea and projects diversity. The study area is the upper
Boon-Long, 1994). Moreover, the existing water part of Mae Ing river basin is located in Muang
resources are generally plagued by performance and Mae Chai districts, Phayao Province,
far below their expected potential, for example, Northern Thailand (Figure 1). It extends
irrigation efficiency in Thailand lies in the 15- approximately from 19° to 19°35” north latitude
3% range. Northern  Thailand is  quite and from 99°40° to 99°55° east longitude. The
outstanding in this regard,  Available evidence study area covers appreximately 1,103 ko,
shows that water is already scarce and unreliable Methodology

in most parts of Thailand but it is pasticularly
pronounced in the northern part, The widespread
scarcity and unreliability of water and aggravated
water resources in Northern Thailand demand
integrated  water  rescurce  planping  and
management.  This study examines the future

In irrigation management, the impact analyses of
technical, managerial and organizational
improvements considers resource availability,
mobility and potential increase; investment in
resource improvement; processes of production,
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processing, marketing, storage and credit supply
to use the resources available; and the objective of
those making decisions in irigation development
and management (Doppler, 1989). Assessment of
the future impact can be done by dilferent
methaods especially programening models. There
is a list of studies that have been done in this
frame work., for example, Doppler (1976),
Wightman (1990), Salman (1994) and Adam
(1994).
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Figure | Map shows the upper part of Mae Ing river
basin, Phayao Province, Northern Thailand

Regarding to the problems facing the farmers and
the farmers’ requirement related to water resource
use (by conducting farm survey), two strategies
are selected in order to measure the impact on the
tiving standard of the farm famiiies. Strategy one
s concerned with incressing brigation water
availability. The second strategy is to increase the
technical efficiency of the irrigation maragement
systenms.

In the study. a family model is applied which
inciudes the farm, the houschold and the external
relations and maximizes the family income in the
objective function. A stalic linear programuning
model interpreted in a comparative static anafysis
is used to investigate various options to improve
the use of irrigation water and their impact on
farm, off-farm and family income. The impact is
determined by the results of model applications
under the “with-and-without” develepment in the
future.  The  difference  between  futare
development with improvement strategies and
without these strategies is the impact of the
strategies tested (Figure 2).

The static linear programming mode!l used in this
analysis can be mathematically presented as
follows:

bel
Equation 1 Max 2 =¥P X -GX
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Where;

Z = the objective function to be maximized family
income

X = activity | of farm, household, external
relations

n = number of possible activities

;= cost per unit of the | input activity

P,= sale price per unit of the i output or service

a; = the mput-cutput coetficient or the quantity of
the j resource required to produce one unit of
1 activity

m = the number of resources

b;= the amount of the | resource available

stalic modul | |
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Figure Z Principles design and application of modeis

The model maximizes the values in the objective
function comprises the family income and
optimizes resource allocation for the various
activities.  Four bhasic family-household models
are constructed to represent the four irrigation
manpagement groups in the study area namely:
state managed medwm reservoir group; farmer
association managed small reservoir group; farmer
association managed weir group and farmers’
group managed non-structured weir group. The
data are based on a field survey carried out in
1994/95.  The coefficients reflect the input-out
relations observed in each system.

The farm-household-family models applied here
for the different irrigation management systemns
have basically the same structure. They differ
only with respect to structural differences in the
irrigation systems analysed.  The models are
applied based on average famnilies. This means all
parameters used in the model are data from a
certain group irigation system in the survey and
represent mean averages. 1he family reflected in
the model is to a certain extent 2 “mean average
parameter family” and not an existing family with



the smailest standard deviation of the sum of
parameters,

Yalidation of the models

The determination of the quality of the models is
measured in the validation of the structure of the
basic model und matrix. The criteria for this are
the closeness of model resuits to reality when the
model is applied in the year of the data collection.

Due to the complexity of the farming systems in
reality and the relatively limited information and
simplicity of models may not precisely represent
reality. In addition, in optimizing models perfect
knowledge and informalion is assumed, so that the
optimum s reached  smmediately. 1o reality,
farmers may react in the tollowing year after they
get new information.  Risk behavier may also
influence farmers not to reach the optimal point of
solutions.  Due to this, farmers’ decisions may
show a lack in the optimal path of
development, while models produce the optimum
immediately,  The results of these models are,
therefore, just an indicator of reality because this
simplitied structure cannot cover all the actions of
the complex systems (Praneetvatakul, 1996).

time

[n this study, criteria for validation of the models
constst of farm and family income; use of family
owned and external resources; and types and

production.  The results of the basic linsar
programming madels show that the farm incomes
were higher than the farm income from the field
survey in all the groups (Table 1), On the other
hand, the model results show lower off-farm
income figures compared to the off-farm income
in reality, This was because the remittance was
not included in the model. Regarding the family
income, the model results indicate the differences
from the family practices. In all the groups, it can
be seen that the differences ranged from decreased
by 6% to tncreased by 18%.

The differences in the use of family and external
resources can be explained that in reality the
farmers may react depending on the updated
information,  Risk behavior might in this case
influence the farmers not o reach the optimal
point of solutions.  Empirical studies  have
demonstrated that farmers typically behave in
risk-averse ways (Binswanger, 1980; Dillon and
Scandizzo, 1978 cited by Hazell and Norton,
1986).  Farmers often prefer farm plans that
provide a satisfactory level of security even if this
means sacrificing income on average. Due to is,
there is a gap between the model results and the
family practices.

extent of activities in crop and livestock
Table 1 Comparing family income and farming activities as results from basic models and with family practices, Phayao
Province, Northern Thailand 1994/93
SM-MRSY FAM-SRSY FAM-WsY FGM-NSY

Incomethaht/family/vear)/ famity  basic family  basic lamily  basic family  basic
Farm aclivities practice  model practice  model practice  modlel praciice  model
Farm income 15,538 10,900 15,377 18474 12,937 21519 775 11,323
Ol-larnt income 13762 11.840 £3.936 10,420 22,220 20,012 13313 11938
Family income 29,240 28,740 31313 29,394 35,157 41.532 20488 23,261
Irrigated ares ws™irai) 830 8.83 6.84 1374 786 1281 5.50 356
Irrigated avea ds¥(rai) 000 394 054 2.03 .37 163 008 1.23
Non-irrigated arcalrai) i 334 0.21 .00 (.03 0.60 3.90 3.36
Renting-in land(rai} 2.14 217 2.50 6.39 227 5.08 1.24 0.31
Cropping intensity 102 1.12 1.03 3.97 1.03 1.o7 117 0.86

B

Note:

SM-MRS ts the state managed medium reservoir; FAM-SRS is the farmer association managed small reservoir

FAM-WS is the farmer association managed weir; FGM-NS is the farmers” group managed non-structured weir

wy iy the wet season, ds is the dry season

The model results more or less approximate
reality o the four groups beimg analysed. This,
therefore, means that the medels can be used for
testing the future impacts of improved conditions
on the Farm family,

Future impact of selected strategies at the
tamily level

The family modets were then applied to impact
analyses by measuring the impact on fwrm and
family income, and farming activities. These
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strategies were tested in four different irrigation
management systems, Under these conditions, the
differentiation of this part will foliow strictly the
definition of the strategies.

The impact of increasing irrigation water
availability

Model assumption:
Investment in waler storage capacity which
increases water availability at the farm level
by 25%, and this is defined as an increase in



the dry seasons by 258 m'/rai, in the state
managed group, 223 mYrai in the farmer
association managed small reservoir group,
P63 m'/rai in the farmer association managed
weir group and 100 mYrai in the farmers’
group managed non-structured weir group.
As a consequence, the irrigated area in the
dry season can reach at 30% of the command
area in the wet season.

- Regarding investment cost in removing the
sedimentation in reserveir or weir, including
establishing additional  canal  and
improving  canal  (lining), the costs are
estimated at 60, 81, 143 and 163 baht/rai in

state managed, farmer  association

managed small reservoir, farmer association
managed weir and farmers’ group managed
non-structured  weir  groups  respectively.

Adiclicionally, future annual running costs are

3 bah/rai for all the groups.

In order to be realistic, with and without

iniroducing the dry season crops are tested

under this condition,

ah

the

The impact of farmers’ decisions on
investment in water availability: Tnvestment
capital will only come from the family
resources or private credit

The famly models were applied to delermine
future development with and  without farmers’
investment improving  wrigation  water
availubility and show the impact of this on farm
and family income (Table 23, Farm income was
slightly lower than in the basic models in all the
groaps,  The lower farm income values were
expected because the expenditures of the family
were higher, including some changes in use of
family owned and external resources. The model
results had no effect on the off-farm income. This
shows that the off-farm income in all the groups is
not closely related to the farm activities.  As
relates to the family income, evidently an increase
in expenditure to improve water availability paid
by the farmers themselves had a negative effect on
ngome.  The family ncomes were
the basic model results by between

in

the tamily
lower than
<196 to 256,

As soon as
season crops in the production in the farm, the
impact of investment by the farmers themselves in
increasing  irrigation water availability became
profitable in all the groups (Table 2).

it is possible to introduce some dry

The improving irrigation water availability by the

farmers” investment increased the use of the
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families own resources, such as the irrigated area
ins the dry season. This was under the assumption
that improving irrigation  water availability
increases the irrigated area in the dry season. Due
to this, the farms reduce the use of the external
land resource (rented land) in the dry season in all
the cases. Family labor was not adeguate for the
furming activities, therefore hired lubor
needed in the peak period. There was only
slightly change in borrowing money. This implies
that the families are able o improve the water
availability by their own resources (for this
investment) without increasing the degree of

WS

dependencies. However, these investments reduce
their farm and family income as mentioned eartier.
Improving irrigation water availability with and
without introduction of the dry season crops leads
to an increasing use of land, implied by increasing
in the CL

by The impact of policy decisions in financial
lmprovement in waier availability:
Investment s subsidized by the public by
offering loans at no interest rate. Therefore,
the investment cost is not included in the
model.

The model results show that the farm incomes
were higher than in the basic models in all the
groups (Table 23, As was the case of farmer
financed improvemen: in  water availability,
subsidies do not affect the level of the off-farm
income in all the groups. Suvbsidies in increasing
water avaiability had a positive effect on the level
of family income, ranging from <i% 10 5%.

As soon as the dry season craps are introdaced

into the model under the increasing  water
availability through subsidies, the positively

impact of this on farm and fanuly income was
higher than the model results of increasing water
availability without introducing the dry season
Crops.

The increasing irrigation water availahility by the
subsidies increased the use of family owned land
resource. By contrast, this impact reduced the use
of the external land resource (rented land).
Family labor was not adequate for the farming
activities, therefore hired labor was needed in the
peak period.

The mmpact of the increasing water availability
through subsidies on the farming activities (crop
and livestock) was more or less the same as
through the farmers’ investment.



Tahle 2 hmpact of investment in increasing water avaifability on the family income and crop activities in Phayao
Province, Northern Thailand, 1994/95

SM-MRS¥ FAM-SRSY FAM-WSY FGM-NSY
Incometbaht/family/yvear)/ hasic  invest- basic  invest- basic  invest- basic  invest-
Farm activities model ment model ment modet mient maded ment
Farmers® investment
Without dry season crops
Farm income 16,000 16612 18474 17,792 2L519 0 21433 11323 108061
Off-farm income L1840 11,840 10,920 13,920 20012 20012 11938 119338
Family income 28,740 28433 29394 28712 41,532 41,445 23261 22799
{rrigated area ws~irai) 8.83 8.83 13.74 13.24 12.81 8.80 3.56 3.506
frrigated area dsrai) 3,04 3.94 2.03 2.03 1.63 2.35 1.23 1.8
Non-ierigated arcairai) 334 3.34 0.00 0.00 0.60 .00 336 336
Cropping intensity 1.12 1.20 (.97 1.0G 1.07 L 19 (.86 0.92
With dry season erops
FFarm income 16,900 18934 18,474 23.036 21519 32332 11,323 17444
Odf-tarm income 11.840 11340 10,920 10,820 20012 204342 11938 11,730
Family income 28,740 30,775 29.304 34,556 41.532 42335 23261 29094
Errigated arca wa” (1) 8.83 8.83 13.74 12.57 12.81 3.8 3.36 7.3
breigrated wren ds~irai) 394 6.79 2.03 4.69 1.65 2.74 1.23 IR
Non-irrigated area(ra) 3134 334 3.00 2.01 0.00 0.00 336 209
Cropping intensity L2 .16 097 114 L.07 LY 0.86 .14
Subsidy
Wilttoaat dry season cropys
Farm income 16900 17.437 18.474 18614 28519 21933 11323 12376
Off-{urm income 11,844 11.840 10,920 10,920 20,012 20,02 1938 114938
Family income 28.740 29.277 29,394 29,534 41.532 41,945 23,261 24315
Irvigated aren ws™tr) .83 8.83 13.74 13,74 12.81 8.80 1.50 3.56
Freigated arca ds” (i) 3.94 354 2.03 203 1.65 235 1.23 |84
Non-irrigated area{rai) 3.34 3.34 £.00 0.00 .00 (.00 3.36 3.360
Cropping intensity 1.12 £.20 (30,97 1.00 Lo7 L1y 0.86 092
With dry season crops
Farm income 16,900 19,759 18,474 24444 21514 22838 11,323 18,539
Off-farm income 11,840 11,840 10,920 10.920 20,012 20.012 FLO38 11746
Family income 28740 31,599 29,3094 35,364 41,532 42850 23261 30283
Irrigated arca ws™{rai) 8.83 8.83 £3.74 12.57 1281 8.80 356 604
Irrigated arca ds™ (rai) 3.094 6.79 2.03 4.69 1.65 273 123 IR4
Nen-irrigaled arcafrai) 3.34 334 0.00 2.01 (1,00 .00 3.36 298
Cropping intensity P12 .10 0.97 £.14 Loy LR 0.86 b19

]
Note:

SM-MRS is the state managed medium reservoir; FAM-SRS is the farmer association managed smail reservoir

FAM-WS is the larmer association managed weir; FGM-NS is the farmers” group managed non-structured weir

ws Is the wet season; ds is the dry season

The impact of increasing technical efficiency by
improving water distribution systems

Model assumption:
The existing water distribution system was
nat efficient, therefore, the system could
operate with less water (80 to 90%).
The technical  efficiency
organmizations of irrigation projects is defined
as the unprovement of the water distribution.
- This improvement leads to increased crop
productivity because adeguate water is sent in

increase in

the right tme.
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Improving water distribution efficiency increases
the efficiency of farm resources and in turn farm
income.  This impact increased farm income,
ranging from 24% to 6{% (Table 3). Regarding
off-farm income, it is to be noted that there was no
impact on the off-farm income for all the groups
with improving water distribution  efficiency.
Exception was found in the farmers’ group
managed non-structured weir group, where there
was a marginal decrease of 6% of the off-farm
income. The improvement in water distribution
efficiency fed to an increase in the family income,
runging from 9% to 39%.



The improvement in water distribution efficiency
increased use of family owned and external
resouwrees.  [mproving the water distribution
etficiency increased the need for credit that was
mainly obtained from the formal institation in all
the groups.

A assessment of the impact of an improvement in
the water distribution efficiency in the systems
reveals that there was a positive impact on
farnung activities. The irrigated area increased in
the wet season in all the groups, meaning that
more area was put into rice cuitivation through
renting land and use of fallow land.

Table 3 tmpact of improvement of water distribution efficiency on the family income and crop activities in Phayao
Province, Northern Thailand, 1994/95

SM-MRSY FAM-SRSY FAM-WSY FGM-NS"
Tncome (haht/lamily/yeary/ husic  improve basic improve basic  improve hasic  improve
Farm activities model  distri.” model distri. model distrt, model distri.
Farm income U000 228587 18,474 24822 2819 374324 11,323 14 (40
Off-farm income 11.840 11,840 10920 10920 20,012 20012 11938 11.278
Family income 28740 34607 29.394 40,742 41332 52036 23261 23319
Irrigated area ws™ 583 14.48 13.74 15,64 12.81 15.04 356 4.55
Irrigated nres dsfrat) 394 6.86 203 2.83 L.63 313 123 .23
Non-irrigated arca{rai) 3.34 3.34 0.00 0.00 0.00 G4 3.36 305
Cropping intensity 112 1.08 0.97 .98 107 1.06 0.86 0.96
Note: SM-MRS is the state managed medium reservoir: FAM-SRS is the Farmer association managed small reservoir
FAM-WS is the farmer association managed weie; FGM-MS is the farmers’ group managsed nop-siructured weir

# ws is the wet season; ds is the dry season Improvement of water distibution efficiency

. Christensen, $. R. and A, Boon-long., Institutional
Conclusions N

Results of the future impact analysis provide
recommendation for the irrigation authorities to
naprove their service and ultimately the living
standard of the farm family. Currently and in the
future, farmers™ investment in increasing the
arigation water availability, by improving the
waler storage capacity and the canal system, is not
economical i all irrigation projects, However, if
the investment allows introducing some dry
seasen crops, the farmers” investment in increasing
irrgation water availability will turn out to be
profitable for the farm families. As expected, any
public subsidies to increase irrigation water
avaifability through improving the water storage
capacity and the canal system had positive effects
om the farm and family income. The improvement
of water distribution efficiency leads to increases
in the crop productivity because adequate water is
sent ir the right tme.  On account of higher
yields, land use efficiency and income were
increased. Increasing water distribution efficiency
had 2 predominant impact on  farming
development and on the regional supply of
ugricultural goods. This offers the opportunity to
infroduce  water charges combined with the
increasing water distribution efficiency.
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