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A linear programming simulation model and a multi-objective analysis model have been
developed and applied to alargeirrigation system, Phitsanul ok Irrigation Project, Thailand,
to optimize water resources release planning from a reservoir during the dry season. The
simulation model carries out sensitivity analysis to sort out promising pareto-optimal
irrigation policiesintermsof thesystem'sprimary objectives: net economic benefit, equity and
security. The multi-objective analysis model analyzes the trade-offs between the contrasting,
conflicting and non-commensur ableobjectives. Theirrigation policy, rankedtop by themodel,
is compared with the observed and preseason planned irrigation policy. For the effective
implementation of this optimized irrigation policy, empirical relationships are developed
analyzing the historical data to quantify the water availability at the field from a particular
reservoir release. These empirical relationships enable prediction of the necessary reservoir
release required to satisfy the irrigation system demand.
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INTRODUCTION

Since about 65-70% of total annual rainfall intropical regionsoccursduring the monsoon season
which lasts only for three to four months, irrigated agriculture following a diversified cropping
pattern faces accumulated pressureto deliver theright quantity of water at the right time during the
dry season. Asmany usersrely onreservoir storageduring thedry season, water distribution planning
is integrated into an overall basin framework. Competing demands from urban, industrial and
recreational interests are imposing increased pressure on irrigated agriculture for higher cost-
effective water use. Therefore, strategic planning for an improved irrigation water delivery system
requirestheexploration of systemwidealternativestrategiesto estimatetheir potential impactsover
thelongterm (Gateset a., 1991). Water resources analystsrecognize that water resources planning
should be comprehensive and multi-objective. Mujumdar et al. (1992) discussed performance
assessment of various optimal irrigation policiesfor an irrigation system. Raman et al. (1992) and
Ontaet al. (1995) described methodsof linear programming, dynamic programming and combinations
of both for irrigation system optimization.

Thispaper describestheinnovativeintegration of technol ogical and managerial skill for decision
support to frame optimum reservoir operating policy for a large irrigation system. A linear
programming is developed and used for irrigation system simulation to search for some pareto-
optimal irrigation policiesintermsof benefit, equity and water supply security using both surfaceand
groundwater. Multi-objective analysis, which involves stake holders, farmers, researchers and
irrigation managersfor contribution of preferencevaluejudgmentsof one objectiveover another, is
carried out for selection of themost preferred optimal policy. Empirical rel ationshipsare devel oped
between the storage reservoir and the water availability based on historical data. A reservoir water
release pattern is presented that implements the proposed irrigation policy.

STUDY AREA

The Phitsanulok Irrigation Project (Figure 1) is one of the magor components of the overall
development of the Chao Phraya River basin. It lies between the Nan and Yom Rivers, latitude
17°04' Nto15°53 N and longitude 100° 00" Eto 101° 30’ E and coversanirrigable command area
of 91,580 ha. Theoverall length of theirrigated areaisabout 131 km. The system has been divided
administratively, into three sub-systems, called (from upstream to downstream) Phlai Chumphoal,
Dong Setthi and ThaBuarespectively asshowninFigurel. ThePhitsanul ok I rrigation Systemdraws
itssurfacewater fromasinglegravity intakeontheNan River, 16 kmahead of theNaresuan Diversion
Damand 175 kmdownfromtheSirikit Reservoir. The Sirikit Reservoir, whichtapstherunoff of the
Nan River, one of the major tributaries of the Chao Phraya River, regulates the down stream flow
during both rainy and dry season. Thisstudy mainly focuseson adry seasonwater delivery planning
for the Phlai Chumphol sub-system.

Irrigatedagriculture

Theirrigationsystem’ sprincipal productispaddy, whichistheonly cropgrowninthewet season.
Paddy isal sothedominant cropinthedry season. However, upland cropslikevegetabl es, sugarcane,
soybeans etc. are a'so grown in the dry season. The timing of the cropping calendar is a source of
significant water management planning. Water management planning is based on the assumption
that the dates of paddy planting will be spread over arange of 5weeks (thefirst week of January to
the end of the first week of February) asillustrated in Figure 2.
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Figure 1. The Nan River Basin and Sub-Projects of Phitsanulok Irrigation.
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Figure 2. Dry season cropping pattern and water distribution of Phlai Chumphol sub-project. LPR
stands for land preparation.
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Reservoir releasepolicy for irrigation

Themajor problemsin water distribution and management in theirrigation system occur during
the dry season, which lasts approximately from January to May. Some weeks before the dry season
begins, inmid-December, theamount of water that can berel eased from the Sirikit Reservoir during
thecoming seasonisassessed by EGAT (Electricity Generating Authority of Thailand), RID (Royal
Irrigation Department) and DEDP (Department of Energy Development and Promotion) and an
initial allocation planisdrawn up for theintegrated river basin framework. In the planning process,
the priority isfirst given to thefixed water supply of Bangkok Metropolitan City, salinity control at
the river mouth, navigation and domestic water users along therivers. The remaining water isthen
planned for irrigation. Power generationisproduced according to these planned rel ease patternsfor
al users. Irrigation managersareinformed of thewater allocationintermsof irrigableland area. The
weekly water distribution policy for the irrigation system is done at two levels, pre-season and
in-season.

Pre-season planning process

Todraw aweekly pre-season plan, irrigation managersof Phitsanul ok Irrigation usethemodified
Penman M ethod for estimation of referencecrop evapotranspirationand 50%rainfall exceedencefor
future rainfall expectation in the assessment of irrigation water requirements. Overall irrigation
efficiency isassumed at 50% on average. Prior to this, irrigation managers of theirrigation systems
are informed of the total water allocation from the reservoir during the dry season. Based on this
assumption, theirrigation water requirement for each week for thewhol eseasonisplanned. Farmers
are not involved in the pre-season processes and experience has shown that their plantings of dry-
season cropsdo not conformto thisplan. Figure 3 showstheweekly total water requirementsfor the
official pre-season plan, theactual cultivated cropsand the actual water supplied. Notethat the data
areavailablefor thisstudy from RID, Phitsanulok, EGAT and DOA (Department of Agriculture),
Phitsanul ok asmentioned before. Itisobviousin Figure 3that farmers,ingeneral, plant significantly
more land in the dry season than the official pre-season plan expects. Accordingly, the pre-season
plan needs modification.

In-season Planning Process

In-season irrigation water requirement is planned week by week asillustrated in Figure 4. The
information from oneweek isused for the planning of the subsequent week. Thereforethein-season
plan suppliesirrigation water on areal time basis sinceit is conducted with the actual information
of supply discharge, crop water requirement and rainfall.

Themodified Penman methodisused for cal cul ation of reference crop evapotranspiration, future
rainfall isassumed according to a 50% probability of exceedence, and overall irrigation efficiency
isassumed to be50% onaverage. Based ontheseassumptionsthein-season planismade, andrevised
each week. Often, it isobserved (see Figure 4) that the water taken into the system is not enough to
conformtotheweekly in-season plan. Thismeansit doesnot conformtothereservoir rel easepattern.
Inthiscase, thesub-systemstry to makeupthetemporary deficitsby augmenting thenext week'splan.
Theseprocedurescreate someuncertainties, and may not lead to optimum|level sof croppingintensity
and economic returns. These are the points studied in this paper.

OPTIMIZATION MODEL DEVELOPMENT AND SIMULATION

A linear programming model wasdevel oped to optimizetheefficient useof availablesurfaceand
sub-surface water on aweekly basisin terms of system benefit and equity. The equity emphasizes
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Figure 3. Dry season weekly water supplied, pre-season planned requirement and water requirement
for the actually planted crops of four years.

area-maximization sothat morebeneficiariescan beincludedinthesystem benefit by adopting crops
that require lessirrigation water such as vegetabl es, sesame, maize, and soybeans.
Model inputs

Principal model inputs were the gross crop irrigation requirement, agricultural yield and
corresponding net economic value, available potential water resources and irrigation conveyance,
and application efficiency parameters. In order to maximizethe system benefit, equity and security

—

Infor mation of thisweek

=  Supply discharge Water release from the storage
*  Rainfal reservoir (it takes nearly 3 days
= Observed cropping pattern toreach at thefield)

Infor mation for next week

= Crop water requirement
= 50% rainfall exceedence
= Makeup defidt of thisweek

Figure 4. Real time planning of water rel ease patterns from the storage reservoir for irrigation.
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of probablerainfall expectation, sensitivity analysiswascarried out for variousirrigation policiesfor
wet, normal and dry yearsstatistically defined as20%, 50% and 80% rainfall probability exceedence
levelsrespectively (Smith, 1992).

The net crop irrigation requirement

The net irrigation requirement of the cropsis estimated using the field water balance as below,
NIR on-paddy = ETcrop - ER-GW - SM (1)
NIR gy = ETgop - ER+LPR+P-SM (2

where, NIR = net irrigation requirement (mmd); EToop = potential crop evapotranspiration
(mm d?); ER = effective rainfall (mm); GW = groundwater contribution (mm); LPR = land
preparation and nursery requirement (mm); P=deep percolationrequirement (mm); and SM =initial
stored soil water (mm).

Daily meteorological parameters, maximumair temperature (°C), minimumair temperature(°C),
maximum relative humidity (%), minimum relative humidity (%), evaporation (mm) from class A
pan, sunshine hour (hr), and wind velocity (km hr?) for 16 years (1981-1996) of the Phitsanul ok
Meteorol ogical Center werecollectedfromtheM eteorol ogi cal Office, Bangkok. Thesemeteorological
parametersand information from the Phitsanul ok M eteorol ogical Center location (latitude = 16.78°
N, longitude =100.27° E, elevation = 44 meter from MSL, and grass reference) were used in the
calculation of daily reference crop evapotranspiration (mm dt), ETo, using the microcomputer
software "REF-ET". The mean weekly ETo based on the Penman Montieth Method and modified
Penman M ethod were estimated and compared with the observed valuesof 1996. Theestimated ETo
based onthe Penman M ontieth M ethod wasfoundto agreebetter with theobserved values. Although
weekly ETo does not vary greatly along the Phlai Chumphol sub project, it doesvary significantly
fromyear toyear. Asmeteorol ogy isuncertain, 16 years(1981-1996) of averageweekly ETovalues
were used for generation of 50 years of equi-probable average weekly ETo for planning purposes.
Thefirst 10 years of datawere discarded asit might provide bias. In this case, the mean of average
weekly EToof thenext 40 yearsof generated datawasconsidered for planning purposes. TheThomas
Fieringmodel wasusedfor timeseriesdatagenerationsinceit preservesthemean, standard deviation
and correlation of the past datain the generated data. Crop water requirement dependson thegrowth
stage of thecrop. The crop coefficientsaccount for the crop characteristicsof cropsstarting fromthe
date of planting to harvest. The dry season weekly crop coefficients of different crops (K ) were
collected from Chalong Kirdphitak; Water Management in Thailand, Bangkok and used for the
computation of ETop potential crop evapotranspiration (ETcrOp =EToxK)).

Thirty six years (1961-1996) of daily rainfall datafrom the Phitsanulok Meteorological Center
were collected from the Meteorological Office, Bangkok and used for this analysis. Rainfall data
weresummarized onaweekly basisand different probability distributionsweretested tofind thebest-
fitdistributionfor theweekly basis. The best-fit distribution was sel ected applying two goodness of
fittests, theKolmogorov-Smirnov (K-S) test and the Chi-squaretest. Therainfall probability values
from thefitted distributions for the wet, normal and dry year as defined above were considered for
planning purposes as shown in Figure 5.

Therewere many studies of effectiverainfall in the Phitsanulok Irrigation Project. In this study,
the latest study of the Phitsanulok Irrigation Project Stage |1 Project Feasibility Report (EL C-NK-
SEATEC, 1981, case 4) was considered for the effective rainfall computation. The percentage of
monthly effectiverainfall was estimated by the daily water balance method, using the daily rainfall
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Figure5. Weekly expected rainfall (mm) during awet, normal and dry year.

dataobserved at asel ectedraingaugeintheproject areaduring 19520 1978. Someweight tomonthly
rainfall was given to find out the effective rainfall.

Thetiming of the cropping calendar isasignificant aspect of water management planning. Water
management planningisbased ontheassumptionthat thedatesof paddy plantingwill bespread over
arange of 5weeksas shown in Figure 2 dividing the whole Phlai Chumphol sub-project into 5 sub
areas. Thereisno hard and fast rulein the division of 5 sub areas. The main idea behind thisisthat
the peak growth and corresponding crop water requirement of each sub area lags one week to the
previous subarea. So the peak crop water requirement of the whole area does not occur at the same
timeover thepeak growth period. Thisfacilitatesbetter hydraulicaccommodationinthecanal system
as well as the better regulation of resource availability for crop production requirement. The net
irrigation requirement of paddy crop and non-paddy upland crops were estimated using Equations
1 and 2 at different rainfall probabilities of exceedence.

TheGrosslrrigation Requirement (GIR) wasthetotal irrigation requirement for cropsat themain
intake point of thesource. Thegrossirrigationrequirement wascal cul ated after giving allowancefor
the water loss during the conveyance, distribution and application in thefield.

Conveyance efficiency and grossirrigation water requirements

Overadl irrigation efficiency was estimated from field measurements to be 56.2%. Seepage and
percol ation under paddy cropswasassumedtobe1 mmd-1, andland preparationwater wasassumed
to be 200 mm for paddy and 25 mm for other crops.

Thegrossirrigation requirement iscal cul ated after giving allowancefor thewater lossduring the
conveyance, distribution and application on the farm. It can be expressed as.
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Where, GIR = grossirrigation requirement (m*d-1); NIR = net irrigation requirement of agiven crop
(mmd™); IE=irrigationefficiency (product of conveyance, distribution and application efficiency);
A = areaunder agiven crop (ha); n = no of crops.

Planning scenarios

Thefollowing seven crop planning scenarios for different levels of irrigation application under
different cropping area conditions were tested for decision support.

i.  Singlelevel of irrigation (no deficit)

li. Singlelevel of irrigation (10% deficit)

iii. Two levelsof irrigation (no deficit, 10%)

iv. Two levelsof irrigation (no deficit and 20% deficit)

v. Threelevelsof irrigation (no deficit, 10% deficit and 20% deficit)

vi. Threelevelsof irrigation (no deficit, 20% deficit and 30% deficit)

vii. Total areaunder irrigation (at singlelevel, two level and three level irrigation application)
Agricultural yield and corresponding net economic value

In the planning, design, and operation of irrigation schemes, it isnecessary to analyze the effect
of water supply on crop yield. When water supply does not meet the crop water requirement fully,
the actual evapotranspiration falls below the potential evapotranspiration. Under this condition,
water stressisdevel opedintheplant, whichadversely affectsthecrop growthand ultimately thecrop
yield. Asinthe planning model, different levels of irrigation application were simulated, therefore
actual crop yieldsrelating to these supplies had to be quantified for theanalysis of cost-benefit. The
relativeyields of different cropsdueto deficit irrigation supply were calculated using an empirical
crop water production function presented by Doorenbos and Kassam (1979), which is stated as
follows:

Yo =1-K,|1- El, (4)
Yo ET,

where,Y ;=theactual yield; Y ,=thepotential yieldthat will beobtainedat potentia evapotranspiration;
ET, = actua evapotranspiration; ET, = potential evapotranspiration; and K, = the yield response
factor.

Theyieldresponsefactorsfor thetotal growing period of different cropsgiven by Doorenbosand
Kassam (1979) were used to computetherelativeyield (Y /Y ). Therefore, the actual yield, cost of
production and net benefit at no deficit, 10%, 20% and 30% deficit irrigation supply at 20% (wet
year), 50% (normal year) and 80% (dry year) probability of exceedence were estimated for model
simulation and decision support. Theinformation regarding theyield, cost investment and unit price
of different crops of the year 1996 were collected from the Agricultural Office, Phitsanulok.
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M odel application

The model was applied to the available water resources of the 1996 dry season. Available
groundwater was approximated by the fixed amount of 10.9 Mm?3/dry season for 1893 pumps in
operation. Total surface water supplied to the Plai Chumpol sub-project during thisdry season was
277.1 Mm?/dry season. Twelve most promising irrigation policies, each consisting of three pareto-
optimal alternatives for three defined rainfall expectations were considered. Thirty six 36 pareto-
optimal alternatives in total were sorted out and compared with the dry season events of 1996 as
shownin Figure 6.
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Figure 6. Net benefit and irrigated area under each of 12 scenarios, each having 3 pareto-optimal
alternatives.

MULTI-OBJECTIVE ANALYSIS (ANALYTICAL HIERARCHY PROCESS)

Themodel resultsin Figure 6 were found to be contrasting, conflicting and non-commensurable
to each of the three system objectives. maximization of net benefit, equity (irrigated area), and
resources availability (mainly expected rainfall since other two resources, the reservoir release and
the ground water extraction, are fixed). Trade-offs between them, which involve preference value
judgmentsand strategy judgmentsthat vary among peopl e, was carried out through multi-objective
analysis. TheAnalytical Hierarchy Processwasusedtoresolvetheproblems. Inthismodel, complex
multi-objectivesare hierarchically broken down to smaller elements and then compared pair-wise.

Four groupsof farmersintheirrigation system (discussing collectively and arriving at consensus
preferences), four irrigation managersof the system and two external researcherswereaskedtogive
their valuejudgment preferenceson a 17 point scale, from +9 which represents absol ute preference
of criterion A over criterion B, to -9 which represents absol ute preference of B over A asillustrated

inTable la
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Table 1a. Importance of Vaue Judgment Preferences

Criteria |[CriteriaAis preferedover B CriteriaB is preferedover A Criteria
8 8
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Sixteen sets of pair-wise preferences asillustrated in Tables 1b to 1d for the above 36 pareto-
optimal alternatives were analyzed mathematically by the Analytical Hierarchy Process (AHP)
model. The irrigation policy, ranked number 1 by the AHP model, proposes a normal rainfall
assumptionintheplanningandacropdiversificationwithnodeficitirrigation supply. Thesignificant
gainof planningfor anormal year preference may be dueto thegeneral aim of risk-avoidance. Since
net benefit reducesunder deficitirrigation policies, farmer groupsstrongly disagreed. Theirrigation
managerssupported the equity objectivethat can be augmented by promoting adiversified cropping
pattern. The profitability of theland and water in the Phlai Chumpol subproject could beincreased
significantly as shown in Table 2, if the proposed irrigation policy ranked 1 can be applied.

Table 1b. Group of Main Criteria- 3 Criteria

CriteriaA Criteria A isprefered over B|CriteriaB is prefered ove CriteriaB

Maximization of net benefit 918|7|6]|5(4]13[2]1(2]3[4]|5|6]|7]|8]|9 |Maximization of area
Maximization of net benefit 918|7|6]|5(4]13([2]11(2]3[4]|5|6]|7]8]|9 |Renucereliaility

Maximization of area 918|7|6]|5([4]13[2]1[2]3[4]|5|6]|7]|8]|9 |Renucereliaility

Table 1c. Group of Resources Reliability Sub-Criteria- 3 Sub-Criteria

CriteriaA Criteria A isprefered over B|CriteriaB is prefered ove CriteriaB

Resouce Reliahility 80% 9(8|7(6]5|4]|3|2|1(2]3]|4]|5|6]|7]|8]9|ReouceRdiakility 50%
Resouce Reliahility 80% 9(8|7(6]5|4]|3|2|1(2]3]|4]|5|6]|7|8]9 |ResouceRdiahlity 20%

Resouce Reliahility 50% 9(8]7(6]5|4]|3|2|1|2]3]|4]|5|6]|7]|8]9 |ReouceRdiakility 20%

Table 1d Group of Maximization of Area Sub-Criteria - 5 Sub-Criteria

CriteriaA Criteria A isprefered over B|CriteriaB is prefered ovel CriteriaB
No deficit irrigation 9(8|7(6]5(4]13(2]1]2|3|4]|5]|6]|7]|8]9|10%deficit irrigation
No deficit irrigation 918|7(6|5|4]|3|2|1({2|3|4]|5]|6]|7/|8]9|20% deficit irrigation
No deficit irrigation 9(8|7(6]5[4]13[2]1]2]|3|4]|5|6]7]|8]9 |30%deficit irrigation
No deficit irrigation 9(8|7(6]5(4]13(2]1]|2]|3|4|5|6]7]|8]9|Tota aea
10% deficit irrigation 716|5|4 1]2 415 7 9 (20% deficit irrigation
10% deficit irrigation 9(8|7(6]5(4]13(2]1]2|3|4]|5|6]|7]|8]9|30%deficit irrigation
10% deficit irrigation 9|8|7(6]5|4]|3|2|1(2|3|4]|5|6]|7[8]9|Total area
20% deficit irrigation 9|8|7(6]5|4]|3|2|1(2]|3|4]|5]|6]7]|8]9|30%deficitirrigation
20% deficit irrigation 9|8|7(6]5|4]|3|2|1({2]|3|4]|5|6]|7|8]9|Tota aea
30% deficit irrigation [o]s]7]6]5]4]3]2]1]2]3]4]5]6]7]8]9]Totaaea
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Table 2. Profitability of Land and Water

Actually Pre-season | Optimized
observed planned proposal
Area cultivated (ha) 29,001 21,768 28,950
Decrease, compared to actual pattern - 24.9% 1.4%
Water required (M) 344.9 304.3 288.2
Decrease, compared to actual pattern - 11.8% 16.4%
Net benefit (million US$) 9.557 9.900 11.176
I ncrease, compared to actual pattern - 3.6% 16.9%
Net benefit per cultivated hectare (US$) 329.5 454.8 390.0
I ncrease, compared to actual pattern - 38.0% 18.4%
Net benefit per developed hectare (US$) 276.4 286.3 323.2
I ncrease, compared to actual pattern - 3.6% 16.9%
Net benefit per n® of water used (cents/nr) 2.77 3.25 3.88
I ncrease, compared to actual pattern - 17.4% 39.9%

Water availability at thefield for aparticular reservoir release

The released water from the Sirikit Reservoir covers a distance of 175 km before it isfinally
diverted to the system. There are many unknown stakeholders who are sharing the rel ease water.
Moreover, additional flow from two tributaries of the Nan River in between the Sirikit reservoir and
the system contributesto theriver. To quantify the available water for particular reservoir release,
attempts were made to establish the rel ationships between the point of source and the system.

ThePhitsanulok Irrigation Project started to operatefully in 1991. Therefore, thesix yearsof data
wereanalyzed andthefollowinglinear rel ationswerebest fitted for theavailabledata. Table3 shows
therelation between theamount of water rel eased from the Sirikit dam and thetotal amount of water
available at the Naresuan diversion dam.

Table 3. Linear Relationships Between Sirikit Storage Reservoir Release (Rg), Naresuan Dam
Inflow (1) and Phitsanulok Irrigation Project Intake (Qp) (R? = Coefficient of Determination)

Month/ Relation between | and Rg Relation between Q. and |

Season Linear relation R? (%) Linear relation R? (%)
January In=0.8677*Rg - 23.787 99.56 | Qp=0.2518*1y - 24.128 95.59
February In = 0.8730*Rs - 22.821 99.08 | Qp=0.2827*1y - 41.212 86.07
March In=0.9342*Rs- 37.277 97.70 | Qp = 0.2367*I\- 29.626 7117
April In=0.9785*Rs- 34.864 97.79 | Qp =0.1547*1\- 1.854 47.72
Dry season | Iy =1.1661*Rs- 134.58 98.74 | Qp=0.2199*1y - 106.27 77.89

The squared value of determination coefficient for the month of April isonly 47.22%. Thismay
be because of nonuniform release of water to Phitsanulok Irrigation Project from Naresuan damin
theyears 1993 and 1994. Thesetwo yearsweredrought yearsand no rel easewas madeduring April.

Of thesix yearsof availabledata, four non-drought yearsof datawereanalyzed to assessthepattern
of water distribution among three sub-projects. Thewater distribution pattern among the three sub-
projectswas cal culated asthe average of all ocated percentage to each sub-project of thetotal intake
toPlIPat theheadregulator. Themonthly and dry seasonal water distribution patternswerecal cul ated.

There are three major regulating systemsinvolved in the movement of water from the sourceto
the field. Although, the deviations from the established relations at each regulating system level
accumul ated during thecal cul ation processfromthesourcetothefield, thedeviationsfromtheactual
wereinan acceptablerangefor 1991, 1995 and 1996, but varied significantly for theyear 1992. The
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reasonfor thisisthe system management had no suitabl e establi shed rel ationshi psbetween the canal
network and intake. The operation of head regulator at the intake point is done by a non-technical
person and no specific in-seasonal information about water intake from the release regulating
authority wascommunicated to the managersof the Phitsanul ok I rrigation Project. Intakewasmade
as per the time-based thinking and demand, causing non-uniformity.

Water Supply Performance

Table 4 shows the monthly volumes of the actually supplied, the predicted availability by
established relationships (see Table 3), pre-season planned demands, and optimal irrigation
requirementsfor the 1996 dry season. It isfound that the predicted valuesclosely match the actually
suppliedvalues, but neither conformstotheoptimal irrigationrequirements. Thepre-season planned
requirementsand actually supplied variessignificantly.

Table4. Monthly Crop Water Requirement, Supplied Canal Water and Predicted VVolume
(million cubic meters) in the 1996 Dry Season

Canal supply (M m?3) Irrigation requirement (M m?3)
Month Actualy Proposed Pre-season Actually Proposed
supplied Prediction Planned cultivated Optimal
January 77.58 68.44 48.99 54.44 49,97
February 74.18 77.13 78.02 76.68 72.53
March 75.51 80.83 89.16 129.61 102.66
April 49.87 47.20 88.13 84.11 63.03
Seasonal 277.14 273.60 304.30 344.84 288.19

10.9 Mm? of ground water was used which is the difference between the actually supplied 277.14 Mm?®
and proposed optimal irrigation requirement 288.19 Mm?3

Figure 7 showsthe weekly actually supplied, and water demand for crops of actually cultivated,
pre-season planned and proposed optimal crop pattern for satisfactory growth for the 1996 dry
season. Asfound above, theweekly water rel ease pattern in the dry season of 1996 wasvery poor in
compliancewith the crop water requirement. I nadequate water supply developswater stressincrop
growth. The crop can recover from deficit supply if the failure period does not persist long and is
within certain limits.
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Figure 7. Weekly water requirement (M m?3) of the system and the supply during the1996 dry season.
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CONCLUSIONS

Theirrigation systeminthedry season dependsontherel ease patternfromareservoir. Thelinear
programming model and multi-obj ectiveanalysi scan be used for optimized crop and water planning
decisionsin any irrigation system. The monthly and seasonal empirical relations enable prediction
of thewater availability at thefieldfor aparticul ar rel easefromthereservoir and thusassistinmaking
awater supply and distribution plan of ahigher order of reliability. The constraints, which prevent
the effective implementation of the optimized irrigation policy, include erratic and untimely water
rel ease patterns from the reservoir, lack of prompt data processing and communication, effective
water distribution inside the system, and farmer’ s participation in the planning process.
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