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ABSTRACT

DETERMINATION OF OPTIMUM CROPPING PATTERN OF
IRRIGATION FIELDS

Ozcan, Cem
M. S., Department of Civil Engineering
Supervisor: Prof. Dr. Ayse Burcu Altan Sakarya
January 2017, 171 pages

Water and nutrients are the main physiological requirements of human beings and
therefore vegetal nutrients are of great importance to humans. In order to obtain the
required plant diversity under the conditions of variable climate, soil and topography,
it is necessary to ensure that the amount of water required by the plant during the
growing season is stored in the root zone of the plant, which is called “irrigation".
Global warming and population growth factors increase the need for water, which
necessitates the most efficient use of existing water resources. The use of stored
stormwater for irrigation purpose is one of the main solution methods of irrigation
water supply and these storage facilities are made with high cost. The maximum
agricultural benefit can be achieved by optimizing the cropping patterns that determine
the weighted average of the plant water needs of the irrigation area. In this study, to
determine the cropping pattern two different objective functions are used. Those
functions are the maximization of irrigation area and the maximization of agricultural
profit. The first objective function results in a linear programming problem whereas
the second one is a nonlinear programming problem. The solution is obtained by using
Microsoft Excel — Solver program using Simplex and GRG methods for two objective
functions, respectively. The developed formulation is applied to Cimendere-1,

Cimendere-2, Gozsiiz, Karaevli, Hiisiinlii and Kilavuzlu Ponds in Tekirdag.

Keywords: Cropping Pattern, Irrigation, Optimization, Linear Programming,

Nonlinear Programming
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SULAMA SAHALARINDA OPTIMUM BITKI DESENININ
BELIiRLENMESI

Ozcan, Cem
Yiiksek Lisans, insaat Mithendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Ayse Burcu Altan Sakarya
Ocak 2017, 171 sayfa

Su ve besin insanoglunun baslica fizyolojik gereksinimlerindendir ve dolayisiyla
bitkisel kaynakli besinler insanlar i¢in biiyiik dnem tagimaktadir. Thtiya¢ duyulan bitki
cesitliliginin degisken iklim, toprak ve topografya kosullarinda elde edilebilmesi i¢in
bitkinin biliyiime mevsimi boyunca gereksinim duydugu su miktarinin bitki kok
bolgesinde depolanmasini saglamak gerekmektedir ki bu 6zetle “sulama”dir. Kiiresel
isinma ve niifus artisi faktorleri su gereksinimini artirmakta; bu da mevcut su
kaynaklarinin en verimli sekilde kullanilmasin1 zorunlu kilmaktadir. Havzaya gelen
yagislarin depolanarak sulama suyu olarak kullanilmast sulama suyu temini
probleminin baslica ¢6ziim metodlarindandir ve bu depolama tesisleri yiiksek maliyetli
yapilardir. Sulama sahasinin bitki su ihtiyaci agirlikli ortalamasini belirleyen bitki
deseninin optimize edilmesi ile maksimum tarimsal fayda saglanabilmektedir. Bu
calismada, bitki desenini belirlemek i¢in iki farkli amag¢ fonksiyonu kullanilmastir.
Bunlar sulama alaninin maksimizasyonu ve tarimsal kazang maksimizasyonudur.
Birinci fonksiyon dogrusal programlama, ikinci fonksiyon dogrusal olmayan
programlama ile sonuclanmaktadir. Iki ama¢ fonksiyonu igin ¢dziim Microsoft
Excel — Solver programi kullanilarak, sirasiyla Simplex ve GRG yo6ntemleriyle elde
edilmistir. Gelistirilen formiilasyonun Tekirdag Cimendere-1, Cimendere-2, Gozsiiz,

Karaevli, Hiisilinlii ve Kilavuzlu Goéletleri iizerinde uygulamasi yapilmistir.

Anahtar kelimeler: Bitki Deseni, Sulama, Optimizasyon, Dogrusal Programlama,

Dogrusal Olmayan Programlama
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CHAPTER 1

INTRODUCTION

1.1 Statement of the Problem

It is not possible to think of a life without water on earth. The regions that have been
called cradle of civilization since ancient times have always been established near the
water basins, and civilizations have lived in the lands where water has given life.
Societies that have been able to benefit from rivers throughout history have established
the most advanced civilizations of their time and those who cannot find it have had to
leave their homelands and migrate. Mesopotamia, which is the first source of
civilization on earth where the first agricultural activities carried out on its fertile soils
and which is also known as "fertile crescent”, owes its hosting to the fertile waters of
Dicle and Firat Rivers (DSI, 2015).

As human population of world increases, water demand of community increases. In
2011, the world population was about 7 billion, it is estimated that the population
would have been 9.15 billion in 2050 , in other words, the population will increase
with a rate of 30% between 2011 and 2050 (DSI, 2015).

The most basic needs of a person are fresh water and nourishment. Nourishment is
supplied from herbal and animal sources. As humans, plants and animals which are
also living beings need water to live and grow, additionally, most of animals which
are consumed by humans feed with crops. Therefore, water requirement of people

increases indirectly also. Crops need certain amount of water in accordance with a



schedule depending on its kind, this means that it is not possible for a crop to store
water in limited rainy seasons. Yildirim (2013) states that “Irrigation” is delivering the
amount of required water that cannot be supplied from natural precipitation to soil,
crop’s root zone for normal growth of crop. Existence and absence of irrigation specify
the technique of farming. In arid or semiarid regions, non-irrigated plantation is called
as “dry farming”. In dry farming conditions; fertilization, agricultural mechanization
and crop diversity is limited and it is highly depended on climatic conditions. In
“irrigated farming” conditions; there are sufficient watering, fertilization, agricultural
mechanization and crop diversity and crop yields are pretty much with respect to dry

farming conditions.

Irrigation works for normal growth of crop require needed water at the right time. If
the farm land is far away from water resources such as rivers and ground water wells
that are usable during irrigation period, it can be possible to use water from reservoirs
that store water during wet periods. Former head of Department of Investigation and
Planning of DSI, Bilen (1988) states that planning studies to find the most economical
solutions against the limited investment opportunities, scarce water and land resources

are becoming increasingly important.

In addition to field studies, optimization models are needed to determine optimum
cropping pattern that is the acreage (surface area) distribution of different crops in any
one year in a given farm area (Qasim, 2012). The optimum cropping pattern refers to
maximum agricultural benefits. In order to contribute planning studies, optimization
models should be formulated to maximize irrigation area or to maximize agricultural

profit.



1.2 Purpose and Scope

The main aim of this study is to demonstrate the importance of determination of
optimum cropping pattern that can only be obtained with mathematically implemented
optimization models. These optimization models can be formulated by using values
determined in two different parts of planning reports. The first data set related with the
annual available water for irrigation purpose and crop water requirement that are taken
from the “Climate and Water Resources” chapters of planning reports. The other data
set which is about economical values and determined cropping pattern that are the

content of “Agricultural Economy” chapters of reports.

The optimization problem can be formulated using two different objective functions.
The linear optimization problem is formulated which maximizes the irrigation area
size as the objective function. The nonlinear optimization problem considers the
maximization of agricultural profit as the objective function. In the application of the
study, six pond and irrigation system projects which are located in Tekirdag province
are examined in order to compare values obtained from optimization problems and
values taken from planning reports which are also prepared by the author of this thesis.
In the studies, the effects of different deviation ratios of percentage distribution for

crop types are also evaluated.






CHAPTER 2

LITERATURE REVIEW

Hydraulic structures, namely dams, ponds or regulators, are sizable investments for
countries. Big budgets are spent for constructions and it is anticipated that sufficient
financial return from projects will be achieved. Since it is known that maximum
income with minimum investment brings the maximum profit, before making final
design and construction of costly structures, conducting optimization studies with low
cost engineering services yields a considerable profit. Within the scope of this study,
since the objective is to determine optimum cropping pattern providing maximum
profit, previous studies related with optimization of cropping pattern are reviewed in
order to perform well-prepared study.

Carvallo et al. (1998) performed a comprehensive study considering soil availability,
water availability, labor availability, irrigation technology used, costs and prices of the
products and agronomic management and market criteria to optimize cropping patterns
for conditions existing in Chile. The sensitivity analysis of conducted study represents
that deviations in the expenses of exportable products and water cost are considerably
influential on the cropping pattern and profit. Whereas the other important factors
affecting the area and percentage distribution of crop are water and labor availability.
According to results of study, it is stated that increasing labor wages in order to supply

larger labor is better than to continue with a limited employment force.

In the scope of the study, Degirmenci and Tulucu (2000) performed a study to obtain
optimum land and water resources usage for Harran Plain by considering hydrological,
economics and agricultural parameters. In this study, cropping pattern, required



irrigation water for each month and net agricultural return are determined. In addition
to canal water, groundwater and drainage water are considered as water resources for
irrigation purpose in order to supply required water for aforementioned region. As a
consequence, the maximum water capacity of canal is found insufficient in June, July
and August which are the months the crop irrigation requirements are at the highest
level and additional water resources need, groundwater and drainage water, is

determined throughout the three months.

A non-linear, water-benefit function based optimization model with adequate and
limited water supplies is formulated by Benli and Kodal (2003) for application to the
South-East Anatolian Project (GAP) Region. The model was also solved by a linear
programming model (LP) so as to compare linear programming (LP) and nonlinear
programming models (NLP). As a result, it can be seen that higher agricultural income
can be acquired with a nonlinear programming model under limited water supply and
the best irrigation volume ratio for one crop has been calculated with the nonlinear

programming model (NLP).

Fayrap and Kiziloglu (2010) conducted the study to determine optimal crop pattern in
suitable irrigation project area in Demirdoven Irrigation Area by linear programming
(LP) method. The study was conducted for the arid, normal and rainy years. They
stated that increasing the irrigation rate in the irrigation fields can be realized with
determination of crop pattern by considering ecological, economic and social
conditions of the region, which can provide the highest net income to the agricultural
enterprises with the possibility of realization in practice. It is also mentioned that
determination of irrigation method, crop pattern and amount of water would be given
to crop are carried out by farmers and this leads to failure in the operation of irrigation
projects, additionally, alternative operation plans should be prepared in order to use

soil and water resources at an optimum level.

The optimized cropping pattern in Saudi Arabia aiming at maximizing the net annual

return of agricultural sector is obtained in the study conducted by Alabdulkader et al.



(2012). Since Saudi Arabia is one of the countries badly influenced from the impact
of the climate change, in other words, water resources and arable land are scarce in
this country, optimization of agricultural issues are crucial. This study is also bridging
the gap between the national demand and supply through importing from the world
market. The researchers also claim that their study is beneficial not for only researchers

but also for decision makers and broader public.






CHAPTER 3

FORMULATION OF OPTIMIZATION PROBLEM

3.1 Problem Definition

“Determination of optimum cropping pattern of irrigation fields” is an issue which is
a result of two main phenomenon, crop irrigation requirement and agricultural profit.
In the scope of present thesis study, two different objective functions are examined.
Both objective functions use the same constraint set.

The first objective is maximizing irrigation area in order to provide agricultural income
for as many families as possible. This function is also described as minimizing total
delivery (water) requirement since available water is taken as constant in consequence
of hydrological studies. A linear programming model (LP) is formulated subject to
constraints on equality of summation of crop distributions to unity, lower limits and
upper limits of percentage distributions of crop types and equality of percentage

distribution summations of crop rotation groups.

The second objective is maximizing annual agricultural profit from whole cultivated
area. While the first objective function just depends on parameters of crop irrigation
requirement, maximization of annual agricultural profit problem also depends on
agricultural economy parameters. Since the decision variables, Xij, are both in
nominator and denominator parts of the objective function, the optimization model is
nonlinear. A nonlinear programming model (NLP) is also constrained by the same

constraints with the first objective function.



OBJECTIVE FUNCTION 1 (OF1) — “Maximization of Irrigation Area”

In the present study, the first objective function used can be defined as the
maximization of the irrigation area, A of the minimization of total delivery

requirement, TDR.

Since irrigation area, A is defined as the ratio of the annual available water, AW and
the total delivery requirement, TDR (see Eq.(3.8)) and the AW is taken as constant
value, OF1 can also be defined as “Minimization of Total Delivery Requirement”.
Hence, minimizing the total delivery requirement is the same thing as maximizing the

irrigation area.

The Objective Function 1 is formulated as minimization of total delivery requirement

and the objective function of the model is represented as

m Nm

min TDR = EZ(TDRU X X; ;) (3.1)
i=1 j=1
where;
TDR;; : Total delivery requirement for crop j in crop rotation group i (m*ha/year)
Xi; . Percentage distribution for crop j in crop rotation group i
i . Integer number representing the crop rotation group (i =1,2,....,m)
j - Integer number representing the crop type in i crop rotation group

(j = 1,2,....,nm)
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The total delivery requirement, TDR is the modification of the crop irrigation

requirement, CIR considering water losses defined as (Darama, 2009).

CIR;;

where;

CIR;;  :Crop irrigation requirement for crop j in crop rotation
GFOUP T ettt bbbt (m*/ha/year)

OIE;;  : Overallirrigation efficiency for crop j in crop rotation group i

Overall irrigation efficiency, OIE is computed by multiplying water conveyance
efficiency, WCE and water application (farm) efficiency, WAE.

OIEL'J' = WCELJ X WAELJ (33)
where;
WCE;; : Water conveyance efficiency for crop j in crop rotation group i
WAE;; : Water application efficiency for crop j in crop rotation group i

11



Water conveyance efficiency, WCE is obtained as

. (Wdelivered)i,j

WCE;; =

(Wintroduced)i,j (3'4)

where;

(Waeriverea)i,j - Water delivered by conveying system for crop j in crop rotation

group i

(Wintroaucea)i,j - Water introduced into the conveying system for crop j in crop

rotation group i

WCE;; is taken as constant value, 0.98 for all crop types and all irrigation methods.

Water application efficiency, WAE is obtained as

Wstorea)i j
YA = Waatvereah 39
where;
Wstorea)ij . Stored water in the soil root zone by irrigation for crop j in crop
rotation group i
Waeriverea)ij : Water delivered by conveying system for crop j in crop rotation

group i

12



WAE:; is taken as 1.00 for crop types to be irrigated by dripping irrigation method and
it is taken as 0.80 for crop types to be irrigated by sprinkler irrigation method.

Substitution of (3.2) and (3.3) into (3.1) gives

m Nm

= X X: .
e WCE,; x WAE,, % (36)

i=1 j=1

OBJECTIVE FUNCTION 2 (OF2) — “Maximization of Annual Total Agricultural
Profit”

The objective function of the model is represented as

max TP = AX NP (3.7)
where;
A DITIQALION BIEA ...t e (ha)
NP : Weighted average of annual net agricultural profit................. (TL/halyear)

13



The size of irrigation area, A is obtained as

A= AW
= TDR (3.8)
where;
AW : Annual available water for irrigation purpose..........ccoecevverernenne (m3/year)
TDR : Weighted average of total delivery requirement for irrigation
AIBA 1.ttt s (m’/ha/year)

Substitution of (3.2) and (3.3) into (3.8) gives

A= AW
- CIR; ;
m ym LJj N (3.9
i=1 Zj=1 <WCE1J X WAElJ X XlJ)
The weighted average of annual net agricultural profit, NP is obtained as

m Nm

NP = ') NPy XX (3.10)
i=1 j=1

where;

14



NP;; : Annual net agricultural profit for crop j in crop rotation

GFOUP T ettt (TL/ha/year)

Xi : Percentage distribution for crop j in crop rotation group i

The annual net agricultural profit NP;; is obtained as

NP = (((Yi,j X SP,;) = Cij) % DCi,j) (3.11)
where;
Y, : Annual yield for crop j in crop rotation group i......cccccceevevvevierneenee. (kg/ha)
SP; : Sale price for crop j in crop rotation group i.......ccccceeveeveseeveenene (TL/kg)
Cij : Cost for crop j in crop rotation group i........ccceeeeveeieeieeneseeseeeeene (TL/kg)
DC;; : Development period coefficient for crop j in crop rotation group i

Substitution of (3.9), (3.10) and (3.11) into (3.7) gives the second objective function
of the study as;

15



AW

CIR; ;
m Nm LJ
i=1Zj=1 (WCELJ X WAELJ X Xi‘j>

max TP =

(3.12)

Nm

m
X Zz (((YL,] X SPL]) — Ci,j) X DCL]> X Xi,j

i=1j=1

The first constraint of the optimization problems is that sum of percentage distributions

of crop types in cropping pattern has to be equal to 1.

b

>

i=1

X)) =1 (3.13)

j=1

-
1l

where (X;;) = percentage distribution for crop j (1,2,...,nm) in crop rotation group

i(1,2,...,m)

The second constraint is that percentage distribution, X; ; values of crop types has to
be between lower and upper limit values. Meanwhile, at the pond projects of State
Hydraulic Works, cropping patterns are determined within “Agricultural Economy”
studies by agricultural engineers in consequence of field works, survey studies and
obtained information from “Provincial Directorates of Agriculture”. At the end of
study, agricultural engineers state fix values for percentage distributions. On the
contrary, in the scope of this study, percentage distributions of crop types are evaluated
between limits. These limit values are calculated from cropping pattern values
determined at the “planning reports” by enlarging with some deviation ratios. (e.g. 5%,
10%, 15%, 20%, 25% and 30%)

16



Xmini,j < Xi,j < Xmaxi,j (314)

where Xmin; ; and Xmax; ; = lower and upper limits of percentage distribution for

crop j in crop rotation group i, respectively.

The third constraint is the equality of percentage distribution summations of

nonstationary crop rotation groups.

“Crop rotation” can be described as a method of growing different types of crop one
after another on an irrigation field. If the same crop types are grown at the specific
field, only some types of nutrient from soil are used and soil fertility decreases. In
order to increase soil fertility, crop rotation is applied. In the selected projects,
cultivated area is divided in four groups. One of the four groups is defined as stationary
rotation group and the others are defined as nonstationary group. It is assumed that
crop types are fixed for stationary group and groups of crop type change year by year

between nonstationary crop rotation groups.

The first crop group (i=1) is stationary group, so that, equality feature is valid for
second, third and fourth crop groups.

zz:(Xz,j) = i(x3,j) = 24()(4,j) (3.15)
j=1 j=1 j=1

where (X, ;) = percentage distribution for crop j (1,2,...,n2) in crop rotation group 2;
(X5,7) = percentage distribution for crop j (1,2,...,n3) in crop rotation group 3 and

(X4,;) = percentage distribution for crop j (1,2,...,n4) in crop rotation group 4.

17



In brief, Xi; parameters are the decision variables of optimization models. The final
forms of OF1 and OF2 are given in Eq.(3.6) and Eq.(3.12), respectively. The objective
functions are both subject to constraints which are given in Eq.(3.13), Eqg.(3.14) and
Eq.(3.15). It can be seen that OF1 is a linear function of Xjjwhereas OF2 is a nonlinear
function of X j. Hence, the first optimization formulation leads to a linear programming

(LP) problem and the second one is a nonlinear programming (NLP) problem.

3.2 Assumptions Made for Optimization Problem

The main objective of this study is comparing optimization results with values given
in the planning reports of State Hydraulic Works. In order to make comparison,

parameters and some calculated values in planning reports are used for this study also.
The following assumptions and calculated values are considered,

e Sprinkler irrigation system is used for crop types which are cereal, sunflower

and clover. Dripping irrigation system is used for the rest of the crop types.

e Water application (farm) efficiency, WAE is taken as 0.80 for sprinkler

irrigation system and it is taken as 1.00 for dripping irrigation system.
e Water conveyance efficiency, WCE is taken as 0.98.

e Thecrop irrigation requirement, CIR values are taken from “Climate and Water

Resources” parts of planning reports for each pond project.

e The annual available water, AW values are taken from “Climate and Water
Resources” parts of planning reports and it is assumed that the available water

values are constant for each year.

18



e Annual yield, sale price, production cost, development period and development
period coefficient values for each crop types are taken from ‘“Agricultural
Economy” parts of planning reports.

e The percentage distributions of crop types in cropping pattern obtained by
agricultural engineers are taken from “Agricultural Economy” parts of

planning reports.
e Crop rotation system is considered as it is in planning reports.

e Deviation of percentage distributions of crop types are specified as 5%, 10%,
15%, 20%, 25% and 30%.

e Comments stated in “Agricultural Economy” parts of planning reports by
agricultural engineers are considered in order to determine lower and upper

limits of percentage distributions.

3.3 Methods and Software Used for Optimization Problems

In the present study, determination of optimal cropping pattern studies are conducted
by linear programming (LP) and nonlinear programming (NLP) methods. Solver

add-in of Microsoft Excel software is used for optimization problems.

The objective function indicated as Objective Function 1, OF1 aims to minimize total
delivery requirement, TDR (Eq.(3.6)). Since the objective function and constraints of
the objective function are first order equations, it is a linear optimization model and
solved by Simplex LP method. As Harmon (2011) stated that, Simplex LP is a method

used to solve optimization models containing only basic mathematical operations

19



which are division, multiplication, subtraction and addition. The Simplex LP solver

guarantees the global optimum solution.

The second objective function is solved in order to determine optimal cropping pattern
providing maximum annual total agricultural profit, TP (Eq.(3.12)). Although
constraint equations are linear functions; at the objective function, decision variables
are located at both nominator and denominator parts which makes objective function
nonlinear. So that, Objective Function 2, OF2 is solved by “GRG Nonlinear Method”.
GRG stands for “Generalized Reduced Gradients™. It is also possible to solve linear
programming models by GRG Nonlinear Method, however, it is not recommended
since processing time is longer. GRG Method does not guarantee global optimum
solution if the optimization model is nonlinear. The initial point of decision variable
affects results of the GRG algorithm, for this reason, different results can be obtained
with different initial values of decision variables. In order to achieve global optimum
solution, solver should be run with various initial values. Alternatively, “Multistart”

option can be used to assign different starting points automatically (Harmon, 2011).
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CHAPTER 4

APPLICATION FIELDS, DATA AND DATA MODIFICATION

4.1 The Selected Projects for Application

“Tekirdag the First Group of Pond and Irrigation System Project” conducted under
the control of “State Hydraulic Works the 11" Regional Directorate” is used for the
application of the present study. The group of projects contains seven pond and
irrigation system projects and all but one are used for application of the study. The

projects are as follows:

1) Malkara — Cimendere-1 Pond and Irrigation System (CD1)
2) Malkara — Cimendere-2 Pond and Irrigation System (CD2)
3) Malkara — Gozsiiz Pond and Irrigation System (GO2)
4) Merkez — Karaevli Pond and Irrigation System (KAR)
5) Merkez — Hiislinlii Pond and Irrigation System (HUS)
6) Merkez — Kilavuzlu Pond and Irrigation System (KLV)

General layout of the projects on satellite image is given below (Figure 4.1).
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4.1.1 General Information about Malkara — Cimendere-1 Pond and

Irrigation System

Cimendere-1 Pond is designed for irrigation purpose and general information with

broad strokes about the project corresponding with irrigation purpose is given below.

Project Location (Province) : Tekirdag

Project Location (County) : Malkara

The Stream Pond Located on : Kurtdere

Project Coordinates Longitude  : 26° 58’00’ -27°02” 15
Latitude : 40°46” 00°” - 40° 48 00’

Area of Precipitation : 6.20 km?

Minimum Water Level : 126.20 m

Normal Water Level : 133.70 m

Volume at Minimum Water Level Vmin : 0.200 hm?

Volume at Normal Water Level Vnor : 0.800 hm?

Active Volume Vactive : 0.600 hm?

Annual Available Water for Irrigation AW : 0.509 hm?

Irrigation Area Elevations : 122m-85m

23
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Map of Precipitation Area of CD1 Project

Figure 4.2



4.1.2 General Information about Malkara — Cimendere-2 Pond and

Irrigation System

Cimendere-2 Pond is designed for irrigation purpose and general information with

broad strokes about the project corresponding with irrigation purpose is given below.

Project Location (Province) : Tekirdag

Project Location (County) : Malkara

The Stream Pond Located on : Hamamkaya

Project Coordinates Longitude  : 26°57° 00’ -27°01" 30
Latitude 1 40°46° 157 - 40° 49’ 45

Area of Precipitation : 9.80 km?

Minimum Water Level : 132.20 m

Normal Water Level : 14250 m

Volume at Minimum Water Level Vmin : 0.147 hm?

Volume at Normal Water Level Vnor : 1.139 hm?

Active Volume Vactive : 0.992 hm?

Annual Available Water for Irrigation AW : 0.852 hm?

Irrigation Area Elevations : 130 m-88 m
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4.1.3 General Information about Malkara — Gozsiiz Pond and Irrigation
System

Gozsiiz Pond is designed for irrigation purpose and general information with broad

strokes about the project corresponding with irrigation purpose is given below.

Project Location (Province) : Tekirdag

Project Location (County) : Malkara

The Stream Pond Located on : Balkanalti

Project Coordinates Longitude  : 26°53° 15°°-26° 55”30’
Latitude 1 40°46° 2077 - 40° 44° 45>

Area of Precipitation : 3.60 km?

Minimum Water Level : 204.00 m

Normal Water Level : 21450 m

Volume at Minimum Water Level Vmin : 0.096 hm?

Volume at Normal Water Level Vnor : 0.600 hm?

Active Volume Vactive : 0.504 hm?

Annual Available Water for Irrigation AW : 0.405 hm?

Irrigation Area Elevations : 192 m-160 m
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4.1.4 General Information about Merkez - Karaevli Pond and Irrigation

System

Karaevli Pond is designed for irrigation purpose and general information with broad

strokes about the project corresponding with irrigation purpose is given below.

Project Location (Province)
Project Location (County)
The Stream Pond Located on

Project Coordinates

Area of Precipitation
Minimum Water Level

Normal Water Level

Volume at Minimum Water Level

Volume at Normal Water Level

Active Volume

Annual Available Water for Irrigation

Irrigation Area Elevations

Longitude
Latitude

Vmin
Vnor

Vactive

AW

29

Tekirdag
Merkez
Asagikoru

: 27°36° 30 - 27° 42’ 00
: 41°01° 00 -41°07° 30

20.00 km?
40.70 m

48.00 m

0.250 hm?
2.050 hm?
1.800 hm?
1.420 hm?

37m-6m
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4.1.5 General Information about Merkez - Hiisiinlii Pond and Irrigation

System

Hiisiinlii Pond is designed for irrigation purpose and general information with broad

strokes about the project corresponding with irrigation purpose is given below.

Project Location (Province) : Tekirdag

Project Location (County) : Merkez

The Stream Pond Located on : Damlarca

Project Coordinates Longitude  : 27°34°00°’-27° 37 30"
Latitude : 41° 06’ 30°-41° 00’ 00’

Area of Precipitation : 21.60 km?

Minimum Water Level : 4425 m

Normal Water Level : 50.00 m

Volume at Minimum Water Level Vmin ; 0.270 hm?

Volume at Normal Water Level Vnor : 1.648 hm?

Active Volume Vactive : 1.378 hm?

Annual Available Water for Irrigation AW : 1.244 hm?

Irrigation Area Elevations : 75m—16m
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Map of Precipitation Area of HUS Project

Figure 4.6



4.1.6 General Information about Merkez - Kilavuzlu Pond and Irrigation

System

Kilavuzlu Pond is designed for irrigation purpose and general information with broad

strokes about the project corresponding with irrigation purpose is given below.

Project Location (Province)
Project Location (County)
The Stream Pond Located on

Project Coordinates

Area of Precipitation
Minimum Water Level

Normal Water Level

Volume at Minimum Water Level

Volume at Normal Water Level

Active Volume

Annual Available Water for Irrigation

Irrigation Area Elevations

Longitude
Latitude

Vmin
Vnor

Vactive

AW

33

Tekirdag
Merkez
Damlarca

2 27°30° 157 —-27°34° 00
: 41°01° 30 —41° 05° 30’

27.00 km?
46.20 m

5350 m

0.540 hm?
3.240 hm?
2.700 hm?
1.686 hm?

70m-13m
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4.2 Inputs of the Optimization Models

As stated in Section 3.2 (Assumptions Made for Optimization Problem), the objective
of the present study is determining results of optimization process and comparing
acquired values with the values obtained in planning report studies. In order to be able
to compare values that will be obtained from optimization studies and values taken
from planning reports, assumptions and some calculations of planning reports need to

be used in this study.

In Section 4.1, general information about the selected projects taken from each
projects’ planning report and maps of “General Command of Mapping” with a scale
of 1/25000 that are showing the location of ponds and precipitation areas are given.

Values from two parts of planning reports which are the third part, “Climate and Water
Resources” (Hydrology) and the sixth part, “Agricultural Economy” are required to

solve optimization problems.

421 Inputs of Crop Water Needs

In order to determine the size of irrigation area, results of two different studies are
necessary. The first one is the total delivery requirement, TDR and the other one is

annual available water for irrigation, AW (Eq.(3.8)).

Darama (2009) describes the total delivery requirement, TDR as the modified crop

irrigation requirement, CIR considering all the losses at the point of diversion.

Basically, the crop irrigation requirement, CIR can be described as required water for

optimal growth of crop in addition to precipitation and humidity factors (FAO, 1986)
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while the total delivery requirement, TDR is sum of crop irrigation requirement and
possible water losses in due course of transportation of water between water source

and plant roots.

The crop irrigation requirement, CIR values are taken from “Climate and Water
Resources (Hydrology)” parts of planning reports of State Hydraulic Works (DSI). In
planning studies of DSIi, CIR values are obtained by using Excel and VBA based
program that was coded by Cengiz KUMKAYA by consultancy of agricultural
engineers, Medar VANLI and Ece TOKER. The program calculates crop water needs
by “Blaney - Criddle Method” and the values are obtained in mm. The crop water need
is supplied by rainfall and irrigation (FAO, 1986).

The program is free to use, however, it is locked in order to conserve the developed
code. Although parameters used in the code cannot be displayed by users, the
developed code is approved by General Directorate of State Hydraulic Works (DSI).

The inputs of the program are as follow;

e Latitude of the project location

Average temperature values in °C for each month

Average precipitation values in mm for each month

Humidity from winter season in mm for each month

Growth process of crop types

The parameter which converts TDR to CIR, the overall irrigation efficiency, OIE is
computed by multiplying water conveyance efficiency, WCE and water application
(farm) efficiency, WAE (Eq.(3.3)).

The efficiency of conveying system is called as water conveyance efficiency, WCE
which is the ratio of amount of water delivered by conveying system and amount of
water introduced into the conveying system (Darama, 2009) (Eq.(3.4)). WCE is taken
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as constant value, 0.98 for studies. It means that 2 percent water loss by volume is

predicted during water distribution process.

The other efficiency phenomenon, water application efficiency, WAE is the ratio of
amount of stored water in the soil root zone and amount of water delivered by
conveying system (Darama, 2009) (Eq.(3.5)). The main factor affecting WAE is type
of irrigation system. WAE is taken as 1.00 for dripping irrigation system and it is taken
as 0.80 for sprinkler irrigation system. Hence, it is assumed that conveyed water to the
irrigation field can be used without loss by dripping system and there is 20 percent

water loss by volume for sprinkler system.

As stated above, the crop irrigation requirement, CIR is the difference between the
crop water need of a crop and the effective rainfall (FAO, 1986) and these terms vary

depending on location of a project.

The crop irrigation requirement, CIR, type of irrigation system, water conveyance
efficiency, WCE, water application efficiency, WAE, overall irrigation efficiency, OIE)
and finally total delivery requirement, TDR values of each crop type in a certain
cropping pattern for each project are given in the following tables (Table 4.1 -
Table 4.6) . Since the CIR values obtained by Blaney-Criddle Method are in millimeter
(mm), they need to be multiplied by “10” to convert them to cubic meters per hectare
(m%/ha).
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Table 4.1

Crop water requirement parameters for CD1 Project

= Crop Water Requirement Parameters
e
Ol o
c % CIR” WCE” WAE” OI E|J TDRLJ
2| F
S (o8 - — S 4=
o| 2 Crop c c$ c S § > 5 >l _c»3 § S
@l o Type 28| 2a2E| a2 E| 5&¢2 S52c| TS < = E
o < S Sw @ S g P =22 202 S5 c.2 89_’
o 29| 25| 025 2 > 2 ;i‘;’ >.228 =3
O E=2| TEZ| TER| Tsh| T2h| CEE| £8
4 4 o < e
i | ] (mm) (m*ha) (m*/ha)
1 |CLOVER Sprinkler 643.70 | 6,437.00| 0.98 0.80 0.78 8,210.46
1
2 | MIXED FRUITS Drip 426.31| 4,263.10 0.98 1.00 0.98 4,350.10
1 |CEREAL Sprinkler 21953 | 2,195.30| 0.98 0.80 0.78 2,800.13
2
2 | SUNFLOWER Sprinkler 345.35| 3,453.50 0.98 0.80 0.78 4,404.97
1 | FORAGE CORN Drip 360.93 | 3,609.30| 0.98 1.00 0.98 3,682.96
3
2 | MELON Drip 201.68| 2,016.80| 0.98 1.00 0.98 2,057.96
MIXED .
1 VEGETABLES Drip 347.19 | 3,471.90 0.98 1.00 0.98 3,542.76
4 2 |CORN Drip 360.93 | 3,609.30 0.98 1.00 0.98 3,682.96
3 | TOMATO Drip 461.90 | 4,619.00 0.98 1.00 0.98 4,713.27
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Table 4.2

Crop water requirement parameters for CD2 Project

= Crop Water Requirement Parameters
e
O o
c| & CIRi; | WCEi;j | WAE;; | OIE;i; | TDR;;
L F
© o 4 4 Pl
o8 Crop c c$ c$ 8 > S>| _cx> §8
x| o Type 28| 2a2E| o8E| 582| 58| 822 = £
g SS| 28L| 2858 | TS| BELSS| €88 At
o a2 | go235| 523 = > 8 ;5_'2 >22 B.=
O £2| "Eg| "EF| Tsh| gl CEH| £38
4 4 o < 4
i ] (mm) (m*ha) (m¥ha)
1 |CLOVER Sprinkler | 643.70 | 6,437.00| 0.98 0.80 0.78 8,210.46
1
MIXED .
2 | FRUITS Drip 426.31| 4,263.10| 0.98 1.00 0.98 4,350.10
1 |CEREAL Sprinkler | 21953 | 2,195.30| 0.98 0.80 0.78 2,800.13
2
2 | SUNFLOWER | Sprinkler | 345.35| 3,45350| 0.98 0.80 0.78 4,404.97
FORAGE .
1 | coRrN Drip 360.93 | 3,609.30| 0.98 1.00 0.98 3,682.96
3
2 | MELON Drip 201.68| 2,016.80| 0.98 1.00 0.98 2,057.96
MIXED .
1 | \VEGETABLES Drip 347.19| 3,471.90| 0.98 1.00 0.98 3,542.76
4 | 2 |CORN Drip 360.93 | 3,609.30| 0.98 1.00 0.98 3,682.96
3 | TOMATO Drip 461.90 | 4,619.00| 0.98 1.00 0.98 4,713.27
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Table 4.3

Crop water requirement parameters for GOZ Project

=X Crop Water Requirement Parameters
o
O o
c| & CIRi; | WCE;; | WAE;; | OIEij | TDR;;
2| F
_fg o - 4 S 4=
ol| 2 Crop c c$ c$ éa Sa _<c3 §q‘:,
x|lo Type -2'8 o € a & 5 & C TR Cc SL2c = E
o < S Sw & S P =2 s o2 5 c.2 89_’
o e | 5235 525 =2 > 8 ;%_2 S 2L B3
G t=| "Eg| "Eg| Tsh| Tgh| °EE| g§
- T T o < - °x
|_
i ] (mm) (m*ha) (m*/ha)
1 |CLOVER Sprinkler 588.95| 5,889.50 0.98 0.80 0.78 7,512.12
1
MIXED .
2 FRUITS Drip 410.00 | 4,100.00 0.98 1.00 0.98 4,183.67
1 | CEREAL Sprinkler 208.94 | 2,089.40 0.98 0.80 0.78 2,665.05
2
FORAGE .
2 CORN Drip 349.21| 3,492.10 0.98 1.00 0.98 3,563.37
1 |CORN Drip 349.21| 3,492.10 0.98 1.00 0.98 3,563.37
2 | MELON Drip 193.07 | 1,930.70 0.98 1.00 0.98 1,970.10
3
3 |ONION Drip 463.83 | 4,638.30 0.98 1.00 0.98 4,732.96
4 | TOMATO Drip 448.29 | 4,482.90 0.98 1.00 0.98 4,574.39
4 | 1 | SUNFLOWER | Sprinkler 333.95| 3,339.50 0.98 0.80 0.78 4,259.57
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Table 4.4

Crop water requirement parameters for KAR Project

= Crop Water Requirement Parameters
e
O o
c| & CIRi; | WCE;; | WAEi; | OIEij | TDRj
.g [
G Qo = 4 Pl
5|2 Crop c c S c$ § > S > —_c» § S
xio Type -8'8 o E a & 5 & C SR c T2 = €
3 TS| 93P o8| 22| TS 2| 582 s
o a2 | 5g235| 525 = > L ;5_‘9 >2L8 B.=
O £2| "EgZ| TEF| TshE| Teh| °EE| E£3
4 4 o < 4
i ] (mm) (m¥ha) (m¥ha)
1 | CLOVER Sprinkler 570.39 | 5,703.90| 0.98 0.80 0.78 7,275.38
MIXED :
1| 2 | crurTs Drip 400.81| 4,008.10| 0.98 1.00 0.98 4,089.90
3 | VINEYARD Drip 343.26 | 3,43260| 0.98 1.00 0.98 3,502.65
MIXED :
1 | VeceTABLES | Prip 311.75| 3,11750| 0.98 1.00 0.98 3,181.12
2 | 2 |MELON Drip 197.68 | 1,976.80| 0.98 1.00 0.98 2,017.14
3 |CORN Drip 34450 | 3,445.00| 0.98 1.00 0.98 3,515.31
FORAGE .
1 | coRrN Drip 34450 | 3,44500| 0.98 1.00 0.98 3,515.31
3
2 | CEREAL Sprinkler 201.98 | 2,019.80| 0.98 0.80 0.78 2,576.28
4 | 1 | SUNFLOWER | Sprinkler 330.62| 3,306.20| 0.98 0.80 0.78 4,217.09
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Table 4.5

Crop water requirement parameters for HUS Project

= Crop Water Requirement Parameters
e
O| o
c| & CIRij | WCE;; | WAEi;j | OIEij | TDR;j;
2| F
_fg o - — S 4=
ol| 2 Crop c c$ c S éa Sa _<c3 §q‘:,
xio Type 238 o E a2 E 53 C 52cS| TS = E
o < S S w @ Sw @ =2 S o2 5 c.2 89_’
o Lo | 53235 525 =2 > 8 ;%_2 S2L B3
O =2 E o Eo 5§ gE| OEE < o
e - @ - O o L b L — 5 2
[vd o 2
i ] (mm) (m*ha) (m*/ha)
1 |CLOVER Sprinkler 597.32| 5,973.20| 0.98 0.80 0.78 7,618.88
1
MIXED .
2 FRUITS Drip 400.75| 4,007.50| 0.98 1.00 0.98 4,089.29
FORAGE .
1 CORN Drip 344.45| 3,44450| 0.98 1.00 0.98 3,514.80
2
2 | CEREAL Sprinkler 201.95| 2,019.50| 0.98 0.80 0.78 2,575.89
1 | SUNFLOWER | Sprinkler 330.58 | 3,305.80| 0.98 0.80 0.78 4,216.58
3
2 | CANOLA Sprinkler 104.15| 1,041.50| 0.98 0.80 0.78 1,328.44
1 |CORN Drip 344.45| 3,44450| 0.98 1.00 0.98 3,514.80
2 | MELON Drip 197.65| 1,976.50 0.98 1.00 0.98 2,016.84
4
3 | TOMATO Drip 436.61| 4,366.10 0.98 1.00 0.98 4,455.20
4 | ONION Drip 454.92 | 4,549.20 0.98 1.00 0.98 4,642.04
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Table 4.6

Crop water requirement parameters for KLV Project

= Crop Water Requirement Parameters
e
O o
c| & CIRij | WCE;; | WAE;; | OIEij | TDR;;
.g [
G o 4 4 Pl
5|8 Crop c c 5 c$ §L>)~ Sa _<c3 §8
xio Type -Sg a2 E a2 E 5 & C 5= c T8 = €
o < S Sw P Sw & = o2 s o2 5 © .2 88
o 22| 5g235| 025 =2 > 8 ;5_'2 >28 B.=
O £2| "EgZ| "Eg| T3] T CEG| E£8
4 4 O < 4
i ] (mm) (m*ha) (m¥ha)
1 |[CLOVER Sprinkler 570.33 | 5,703.30 0.98 0.80 0.78 7,274.62
1
MIXED .
2 FRUITS Drip 400.75| 4,007.50 0.98 1.00 0.98 4,089.29
FORAGE .
1 CORN Drip 344.45 | 3,444.50 0.98 1.00 0.98 3,514.80
2
2 | CEREAL Sprinkler 201.95| 2,019.50 0.98 0.80 0.78 2,575.89
1 | SUNFLOWER | Sprinkler 330.58 | 3,305.80 0.98 0.80 0.78 4,216.58
3 | 2 | TOMATO Drip 519.39 | 5,193.90 0.98 1.00 0.98 5,299.90
3 | MELON Drip 197.65 | 1,976.50 0.98 1.00 0.98 2,016.84
1 [CORN Drip 344.45 | 3,444.50 0.98 1.00 0.98 3,514.80
MIXED .
4 12 VEGETABLES Drip 311.72 | 3,117.20 0.98 1.00 0.98 3,180.82
3 | ONION Drip 333.63| 3,336.30 0.98 1.00 0.98 3,404.39
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4.2.2 Inputs of Annual Available Water for Irrigation

As it is seen from Eq.(3.12), the result of OF2 depends on AW values, so that, AW

values of selected projects are given in this chapter.

As stated in Section 3.2, the annual available water, AW amount is calculated within
the context of “Climate and Water Resources” part of planning studies considering
precipitation, evaporation, seepage and life water. It is assumed that the annual

available water amount is constant for each year.

The methodology of determination of annual total water from stream is that the annual
rainfall depth which is obtained by empirical methods; e.g. “Turc Method” and
“Coutagne Method”, is multiplied by precipitation area. In order to determine the
annual available water for irrigation purpose, all the losses and releases should be
obtained. The losses and releases that should be obtained in certain projects are
precipitation loss, seepage loss, life water release, spillway release and domestic water

requirement release.

In the light of this information and studies, reservoir operation studies are carried out
within the context of “Climate and Water Resources” part of planning reports and

results of studies are directly used for this study.

Summaries of reservoir operation studies of the certain projects are given in following

tables.
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Table 4.7 Summary of reservoir operation study of CD1 Project

(+) Annual Total Water from Stream 0.713 hm?
Evaporation Loss 0.051 hm?
Seepage Loss 0.040 hm?
Life Water Release 0.113 hm?
(-) Annual Total Water Loss / Release 0.204 hm?
-> Annual Available Water for Irrigation 0.509 hm?
Table 4.8 Summary of reservoir operation study of CD2 Project
(+) Annual Total Water from Stream 1.350 hm?
Evaporation Loss 0.070 hm?
Seepage Loss 0.077 hm?
Life Water Release 0.201 hm?
Domestic Water 0.150 hm?
(-) Annual Total Water Loss / Release 0.498 hm?
-> Annual Available Water for Irrigation 0.852 hm’?
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Table 4.9 Summary of reservoir operation study of GOZ Project

(+) Annual Total Water from Stream 0.504 hm?
Evaporation Loss 0.033 hm?
Seepage Loss 0.010 hm?
Life Water Release 0.056 hm?
(-) Annual Total Water Loss / Release 0.099 hm?
-> Annual Available Water for Irrigation 0.405 hm?
Table 4.10 Summary of reservoir operation study of KAR Project
(+) Annual Total Water from Stream 1.800 hm?
Evaporation Loss 0.110 hm?
Seepage Loss 0.049 hm?
Life Water Release 0.221 hm?
(-) Annual Total Water Loss / Release 0.380 hm?
- Annual Available Water for Irrigation 1.420 hm?
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Table 4.11 Summary of reservoir operation study of HUS Project

(+) Annual Total Water from Stream 2.025 hm?
Evaporation Loss 0.101 hm?
Seepage Loss 0.033 hm?
Life Water Release 0.231 hm?
Spillway Release 0.416 hm?
(-) Annual Total Water Loss / Release 0.781 hm?
- Annual Available Water for Irrigation 1.244 hm?
Table 4.12 Summary of reservoir operation study of KLV Project
(+) Annual Total Water from Stream 2.700 hm?
Evaporation Loss 0.169 hm?
Seepage Loss 0.054 hm’
Life Water Release 0.291 hm?
Domestic Water 0.500 hm?
(-) Annual Total Water Loss / Release 1.014 hm?
-> Annual Available Water for Irrigation 1.686 hm’
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4.2.3 Inputs of Agricultural Economy

The agricultural economy parts of planning reports were prepared with the guidance
of “Sulama Projelerinin Planlama Asamasinda Tarimsal Ekonomi Planlama
Miihendislik Hizmetleri Teknik Sartnamesi” published by State Hydraulic Works
(DSI). As mentioned in agricultural economy parts of planning reports, surveys
conducted to landowners, verbal and written information obtained from official

institutions were used as data for studies.

Some criteria are taken into account in order to determine crop types and percentage

distributions of them in cropping patterns. These are as following;

¢ Climatic conditions of the region,

e General agricultural policies of Turkey,

e Average land sizes,

e Cropping pattern of nearby irrigation fields,

e Tendencies of farmers,

e Growth periods of crop types,

e Crop rotation system,

e Domestic and foreign market demands of agricultural products

e Labor potentials of the region,

o Research results of agricultural research and broadcasting institutions,

e Agricultural Finance Institutions' products based credits and the forecasts and

approaches of technical staff conducting research.
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It is assumed that the yield of the crops currently being cultivated will increase, the
crop rotation system will be applied and the usage of the required inputs (fertilizer,
drug) of irrigated farming will become widespread with the occurrence of the

irrigation projects.

According to field works, surveys and observations conducted by agricultural
engineer, the annual yields, Y in kilogram per hectare are estimated, the average
unit sale prices, SP for year 2013 in TL per kilogram are obtained and production
costs, C for year 2013 in TL per kilogram of each crop types are calculated. The
multiplication of yields and sale prices gives production income in TL per hectare
and also the difference between production income and production cost gives
agricultural profit. In order to determine net agricultural profit, it is required to
consider development and adaptation process of crop types. Achieving predicted
cropping pattern and estimated yields of crop types takes time. The required
adaptation and development period is 5 years for plants that are currently being
grown under dry farming conditions but will be watered; 3 years for plants that are
being watered under limited conditions but will be watered properly; 10 years for
fruit crop types. As the development and adaptation period increases, the duration
that is necessary for reaching the maximum agricultural profit level increases. The
calculated agricultural profit values are multiplied by development period
coefficients, DC which are calculated and given by DSI so as to get net agricultural
profit, NP. The interest rate for the project that is taken as 5%, the economic life
of dam (or pond) that is taken as 50 years and development and adaptation period
of crop type are considered to obtain development period coefficients. The
calculated DC values taken from the book published by DSI, “Sulama Projelerinin
Planlama Kademesinde Zirai Ekonomi Etiidlerinin Yapilmasi”, are given in

Table 4.13.
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Table 4.13 The calculated development period coefficient, DC values by
State Hydraulic Works

Developement Coefficient with
the Economic Life of 50 Years and
(year) the Interest Rate of 5%

Development Period

1,000
0.974
0.949
0,924
0.501
0.6878
0.855
J.834
0,813
G 0,792

AT B L

o @

The agricultural economy parameters which are ordered as annual yield, Y, sale price,
SP, production cost, C, development period, DP, development period coefficient, DC
and annual net agricultural profit, NP are identical for the certain crop type all over the
province and the parameters are given in Table 4.14 as a database of optimization
models. The NP values are calculated as stated in Eq.(3.10) and they are directly used

in optimization models as constant values.
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Table 4.14

The agricultural parameters of the crop types

Agricultural Economy Parameters

Yij SPij Cij DP;; DCij NP;;
c E E +— = T
# Crop Type 3o . S _ g 5 256 | 25
S = L O o » s .0 8.8 o = ==
E3 S T S < S'C o5 E 532
c s na T O > 2 2T c2a
< £ s> | 88| £5
= a a © < g
(kg/da) (TL/kg) (TL/da) (year) (TL/ha)
1 |CANOLA 370 1.00 180.00 3 0.949 1,803.10
2 |CEREAL 600 1.20 217.00 3 0.949 4,773.47
3 |CLOVER 1300 0.75 409.00 10 0.793 4,488.38
4 |CORN 950 0.70 164.00 5 0.901 4,514.01
5 |FORAGE CORN 5500 0.25 383.00 5 0.901 8,937.92
6 |MELON 3200 0.70 233.00 3 0.949 19,046.43
7 |MIXED FRUITS 2500 1.50 301.00 10 0.793 27,350.57
MIXED
8 \VEGETABLES 3000 0.85 675.00 5 0.901 16,893.75
9 |ONION 2500 0.75 398.00 5 0.901 13,307.77
10 |SUNFLOWER 400 2.85 216.00 3 0.949 8,768.76
11 [TOMATO 3000 0.85 450.00 5 0.901 18,921.00
12 [VINEYARD 900 1.80 263.00 10 0.793 10,761.01
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In this study, the minimum and the maximum limits of percentage distributions of crop
types in the cropping patterns are determined by considering predefined deviations
from values obtained in planning studies, so that, determined cropping patterns in
planning reports take an important place. The cropping pattern parameters taken from

planning reports of each project used in this study are given in Table 4.15 -

Table 4.20. The aftergrowth crops and related parameters are not included in the
following tables since they are not used in optimization studies due to reasons which

are stated in Section 4.3 (Modification of Planning Report Values).

Table 4.15 CD1 Project - Planning report cropping pattern parameters
Cropping Pattern
c Xi,j planning
Rot;ct)irz)n Crop S
Group Type Crop Type Percentage Distribution in
Planning Report
i ]
1 CLOVER 15.00%
! 2 MIXED FRUITS 7.00%
1 CEREAL 10.00%
2 2 SUNFLOWER 16.00%
1 FORAGE CORN 16.00%
3 2 MELON 10.00%
1 MIXED VEGETABLES 6.00%
4 2 CORN 15.00%
3 TOMATO 5.00%
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Table 4.16 CD2 Project - Planning report cropping pattern parameters
Cropping Pattern
c Xiji planning
Rot;(zi%n Crop o
Group Type Crop Type Percentage Distribution in
Planning Report
i J
1 CLOVER 16.00%
! 2 MIXED FRUITS 6.00%
1 CEREAL 10.00%
2 2 SUNFLOWER 16.00%
1 FORAGE CORN 16.00%
3 2 MELON 10.00%
1 MIXED VEGETABLES 5.00%
4 2 CORN 16.00%
3 TOMATO 5.00%
Table 4.17 GOZ Project - Planning report cropping pattern parameters
Cropping Pattern
c Xi,j planning
Rot;ct)i%n Crop o
Group Type Crop Type Percentage Distribution in
Planning Report
i ]
1 CLOVER 5.00%
. 2 MIXED FRUITS 20.00%
1 CEREAL 10.00%
2 2 FORAGE CORN 15.00%
1 CORN 10.00%
2 MELON 6.00%
3 3 ONION 4.00%
4 TOMATO 5.00%
4 1 SUNFLOWER 25.00%
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Table 4.18 KAR Project - Planning report cropping pattern parameters
Cropping Pattern
Cro Xiji planning
Rotati%n Crop o
Group Type Crop Type Percentage Distribution in
Planning Report
i J
1 CLOVER 6.00%
1 2 MIXED FRUITS 10.00%
3 VINEYARD 6.00%
1 MIXED VEGETABLES 10.00%
2 2 MELON 6.00%
3 CORN 10.00%
1 FORAGE CORN 16.00%
3 2 CEREAL 10.00%
4 1 SUNFLOWER 26.00%
Table 4.19 HUS Project - Planning report cropping pattern parameters

Cropping Pattern

Xi,j planning
Crop Rotation Crop Type S
Group Crop Type Percentage Distribution in
Planning Report
i J
1 CLOVER 10.00%
1 2 MIXED FRUITS 15.00%
1 FORAGE CORN 15.00%
2 2 CEREAL 10.00%
1 SUNFLOWER 10.00%
3 2 CANOLA 15.00%
1 CORN 10.00%
2 MELON 6.00%
4 3 TOMATO 5.00%
4 ONION 4.00%
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Table 4.20 KLV Project - Planning report cropping pattern parameters

Cropping Pattern
Crop Xij planning
Rotation Crop S )
Group Type Crop Type Percentage Distribution in Planning
Report
i J
1 CLOVER 20.00%
1 2 MIXED FRUITS 5.00%
1 FORAGE CORN 15.00%
2 2 CEREAL 10.00%
1 SUNFLOWER 14.00%
3 2 TOMATO 5.00%
3 MELON 6.00%
1 CORN 15.00%
4 2 MIXED VEGETABLES 6.00%
3 ONION 4.00%
4.3 Modification of Planning Report Values

The processes of determination of crop irrigation requirement, CIR and determination
of cropping pattern in planning studies are explained in Section 4.2.1 and
Section 4.2.3, respectively. Because the aim of this study is to compare values taken
from planning reports and values obtained from optimization studies, methodology
and acceptances of planning reports should be applied for optimization studies.
However it is necessary to modify some acceptances and making corrections so as to
make comparison between planning report and optimization study clearly. The

modifications and corrections are as following:

e The overall irrigation efficiency, OIE values will not be rounded up to two

decimal places as done in planning reports.
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e The weighted average of total delivery requirement, TDR will not be calculated
as the ratio of ‘the weighted average of crop irrigation requirement’ and ‘the
weighted average of overall irrigation efficiency’ as it was carried out in

planning report studies.

Firstly the total delivery requirement of each crop type (Eq.(3.2)) and then the

weighted average of these values should be calculated.

This inequality between two processes stated above is represented below

mathematically.

n

3

>

i=1

( CIR;; ¥ ) Y 2T CIR ;X X
WAE; x WCE;; ~ " (z;nlzanAE xX) (zgnlz"mWCE xX)

1

-
1l

The right side of above equation is the methodology used in planning studies

and the methodlogy at the left side will be used for this study.

e The after growth crop types will be removed from cropping patterns since their
percentage distribution were not be evaluated in totality, in other words, the
summation of percentage distributions of all crops except for the after growth
crop’s is equal to 100 percent. In order to calculate the weighted average of
some values, e.g. total delivery requirement and annual net agricultural profit,
the summation of percentage distributions of all crops in the cropping pattern
has to be equal to unity (100 percent).

In the direction of above statements, the calculations of crop water requirement
parameters of planning report and modified planning report parameters are given in
Appendix A (Table A.1 - Table A.6) and comparisons of planning report parameters

and modified planning report parameters are given below (Table 4.21 - Table 4.26).
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Table 4.21

Parameters

modified parameters

Planning Report

Values

CD1 Project - Comparison of planning report parameters and

Modified Planning
Report Values

Annual Available Water for

S AW 509,000 m? * 509,000 m?
Irrigation
Weighted Average of Total TDR 433141 m? 4,316.63 m°
Delivery Requirement

L . A
Irrigation Area Size ~(AW/TDR) **118.00 ha 117.92 ha
Weighted Average of Annual NP 10,424.68 TL/ha 10,439.63 TL/ha
Net Agricultural Profit
Total Annual Agricultural TP
Profit T 1,230,112 TL 1,231,001 TL

* Taken from the planning report (no modification)

** Rounded up to integer in planning studies

Table 4.22

Parameters

modified parameters

Planning Report

Values

CD2 Project - Comparison of planning report parameters and

Modified Planning

Annual Available Water for

Report Values

L AW 852,000 m? * 852,000 m*
Irrigation
Weighted Average of Total TDR 4,357.03 m 4,356.63 m’
Delivery Requirement

S . A
Irrigation Area Size ~(AW/TDR) **196.00 ha 195.56 ha
Weighted Average of Annual
Net Agricultural Profit NP 10,097.76 TL/ha 10,087.21 TL/ha
Total Annual Agricultural TP
Profit _(AXNP) 1,979,161 TL 1,972,695 TL

* Taken from the planning report (no modification)

** Rounded up to integer in planning studies
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Table 4.23

Parameters

modified parameters

Planning Report

GOZ Project - Comparison of planning report parameters and

Modified Planning

Values Report Values

Annual Available Water for AW 405,000 m® * 405,000 m°
Irrigation
Weighted Average of Total TDR 429639 m* 3,970.82 m’
Delivery Requirement

L . A
Irrigation Area Size ~(AW/TDR) **94.00 ha 101.99 ha
Weighted Average of Annual
Net Agricultural Profit NP 12,789.70 TL/ha 12,777.31 TL/ha
Total Annual Agricultural TP
Profit —(AXNP) 1,202,232 TL 1,303,208 TL

* Taken from the planning report (no modification)

** Rounded off to integer in planning studies

Table 4.24

Parameters

modified parameters

Planning Report

AV

KAR Project - Comparison of planning report parameters and

Modified Planning

Annual Available Water for

Report Values

L AW 1,420,000 m? * 1,420,000 m*
Irrigation
Weighted Average of Total TDR 3.814.72 3,762.86
Delivery Requirement

L . A
Irrigation Area Size ~(AW/TDR) ** 372.00 ha 377.37 ha
Weighted Average of Annual
Net Agricultural Profit NP 11,111.20 TL/ha 11,120.30 TL/ha
Total Annual Agricultural TP
Profit _(AXNP) 4,133,366 TL 4,196,493 TL

* Taken from the planning report (no modification)

** Rounded off to integer in planning studies
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Table 4.25

Parameters

modified parameters

Planning Report

Values

HUS Project - Comparison of planning report parameters and

Modified Planning
Report Values

Annual Available Water for

L AW 1,244,000 m? * 1,244,000 m?
Irrigation
Weighted Average of Total TDR 3,778.75 ¢ 3,661.95 m?®
Delivery Requirement

L . A
Irrigation Area Size ~(AW/TDR) ** 329.00 ha 339.71 ha
Weighted Average of Annual
Net Agricultural Profit NP 10,579.65 TL/ha 10,588.78 TL/ha
Total Annual Agricultural TP
Profit —(AXNP) 3,480,705 TL 3,597,115 TL

* Taken from the planning report (no modification)

** Rounded off to integer in planning studies

Table 4.26

Parameters

modified parameters

Planning Report

KLYV Project - Comparison of planning report parameters and

Modified Planning

Annual Available Water for

Values

Report Values

L AW 1,686,000 m? * 1,686,000 m?
Irrigation
Weighted Average of Total TDR 4,306.58 m* 427477
Delivery Requirement

i i i A *%
Irrigation Area Size ~(AW/TDR) 391.00 ha 394.41 ha
Weighted Average of Annual
Net Agricultural Profit NP 9,721.25 TL/ha 9,622.17 TL/ha
Total Annual Agricultural TP
Profit —(AXNP) 3,801,009 TL 3,795,056 TL

* Taken from the planning report (no modification)

** Rounded off to integer in planning studies
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CHAPTER 5

RESULTS OF OPTIMIZATION PROBLEMS

5.1 Optimization Overview

The crop irrigation requirement, coefficient of irrigation efficiency, estimated crop
yield, production sale price and cost, development period coefficient and determined
cropping pattern values taken from planning reports prepared under the control of State
Hydraulic Works the 11" Regional Directorate are used in the studies.

The optimum cropping patterns are obtained by using two different optimization
formulation having two different objective functions for the selected six projects. The
first objective is maximizing irrigation area to increase number of family taking
advantage of irrigated farming. The second objective that is also accepted by DSI in

studies is maximizing agricultural profit from whole irrigation area.

As stated in previous chapters, required data has been taken from relevant planning
reports and then it was required to determine lower and upper limits of crop percentage
distributions in order to obtain bound constraint of decision variables, so that similar
studies are reviewed. As a result of analyses of similar studies, it is observed that these
boundaries had not been obtained in line with the certain rules. In the present study,
six boundary sets were determined by decreasing and increasing cropping pattern
values obtained in planning studies with accepted deviation ratios which are 5%, 10%,
15%, 20%, 25% and 30%. However, upper limits of “Cereal” crop type are taken as

values given in planning report since cereal can be growth at agricultural field that is
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not irrigated. In addition to this, in the GOZ project, forage corn crop type’s lower
limit is taken as given in planning report in that forage corn is growth as animal feed

and animal husbandry takes an important place for locals.

To sum up, twelve optimization models for each selected project, in other words,
seventy two optimization models have been solved in order to achieve wide range and
comparable solution set by using Solver module of Microsoft Excel software. The
Objective Function 1 is a linear and the Objective Function 2 is a nonlinear

optimization model.

The optimization results; namely, the cropping pattern, Xi; the weighted average of
total delivery requirement, TDR the weighted average of net agricultural profit, NP,
the irrigation area size, A and the total agricultural profit, TP values in tabular form are
given in Appendix B (Table B.1 to Table B.36). Additionally, the graphs showing
cropping patterns that have been obtained as a result of modified planning reports,
Objective Function 1 (maximizing irrigation area) and Objective Function 2

(maximizing total agricultural profit) are given in Figure B.1 to Figure B.36.

There are 9 decision variables in optimization models of CD1, CD2, GOZ and KAR
projects and 10 decision variables in HUS and KLV projects’ which are equal to

number of crop type in the relevant project.

5.2 Summary of Results of Optimization Models

The two main parameters which are the results of optimization problems, the irrigation
area size, A and total agricultural profit, TP are summarized in the following tables and
graphs. The tables and graphs demonstrate values determined from planning reports,
modified planning reports, Objective Function 1, Objective Function 2 results and

change between optimization results and modified planning report values.
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Table 5.1

CD1 Project - The irrigation area size, A results of the planning
reports and the optimization models

Irrigation Area Size
iati . Modified jecti i
Dewiation of Planning Report 9 e Objective Function (@ Results ObJec_tlv_e FL_Jnctlon @ Results
Percentage [PR] Planning Report O EviiTizeian o Irieien A (Maximization of Agricultural
Distribution [MPR] Profit)
h h
(ha) (ha) MPR
5% *118.00 117.92 119.15 1.05% 118.70 0.67%
10% *118.00 117.92 120.41 2.12% 119.95 173%
15% *118.00 117.92 121.70 3.21% 121.00 2.61%
20% *118.00 117.92 123.02 4.33% 122.06 3.51%
25% *118.00 117.92 124.36 5.47% 123.14 4.43%
30% *118.00 117.92 125.74 6.64% 124.24 5.36%
* Rounded to integer in planning studies
127 ey
«= e Planning Report [PR] >
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126 s
e o o o Modified Planning Report [MPR] E
125 C;o‘
=== Objective Function (1) Results
(Maximization of Irrigation Area)
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<
=
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118 P T e P e T T e TP e TT e TT o T e TT e TT e TToTT o T o TT o TT oW
117
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Deviation of Percentage Distribution
Figure 5.1 CD1 Project - The irrigation area size, A results of the planning

reports and the optimization models
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Table 5.2 CD1 Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Total Agricultural Profit
Deviation of ; Modified L . Objective Function (2) Results
Percentage i anm;??Repon Planning Report (l\/cl)al::ien?ilz\/:tiangft IIl:’:i ®atii$15:\|rt§a) (Maximization of Agricultural
Distribution (PRI [MPR] g Profit)
o e changewrt = _ = | change wrt
5% 1,230,112 1,231,001 1,244,348 1.08% 1,267,152 2.94%
10% 1,230,112 1,231,001 1,257,977 2.19% 1,303,926 5.92%
15% 1,230,112 1,231,001 1,271,898 3.32% 1,341,341 8.96%
20% 1,230,112 1,231,001 1,286,121 4.48% 1,379,413 12.06%
25% 1,230,112 1,231,001 1,300,654 5.66% 1,418,160 15.20%
30% 1,230,112 1,231,001 1,315,509 6.86% 1,457,600 18.41%
- 1500 I L
g == e Planning Report [PR] ;«
3 &
p= e o » o Modified Planning Report [MPR] X
1.450 Q&
n
—0== Objective Function (1) Results >
(Maximization of Irrigation Area)
— 1.400 == Objective Function (2) Results
|—_| : (Maximization of Agricultural Profit)
=
Y
S
S
a 1.350
<
b
2
=
2
= 1.300 2
< g
— X
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©
'_
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G ® Gub ® Gubd © Gubd © Gubd © G © Gud © Gud C Aud CAud CAud CAud CAud O b O
1.200
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Deviation of Percentage Distribution
Figure 5.2 CD1 Project - The total irrigation profit, TP results of the planning

reports and the optimization models
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Table 5.3 CD2 Project - The irrigation area size, A results of the planning
reports and the optimization models

Irrigation Area Size
Dewiation of Planning Report M.odified Objective Function (D Results Objec_tiv_e FL_mction @ Results
P-erc(-anta-ge [PR] Planning Report e o Iiesien A (Maximization o_f Agricultural
Distribution [MPR] Profit)
(ha) (ha)
5% *196.00 195.56 197.68 1.08% 196.96 0.71%
10% *196.00 195.56 199.84 2.19% 198.38 1.44%
15% *196.00 195.56 202.05 3.32% 200.95 2.75%
20% *196.00 195.56 20431 4.47% 202.81 3.71%
25% *196.00 195.56 206.62 5.65% 204.71 4.67%
30% *196.00 195.56 208.98 6.86% 206.64 5.66%

* Rounded to integer in planning studies
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Figure 5.3 CD2 Project - The irrigation area size, A results of the planning

reports and the optimization models
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Table 5.4 CD2 Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Total Agricultural Profit
Deviation of ; Modified L . Objective Function (2) Results
Percentage Pl anm;%Report Planning Report (l\/cl)al::ien?ilz\/:tiZingfull::i ®ati'§isilrt§a) (Maximization of Agricultural
Distribution (PRI [MPR] g Profit)
o e changewrt = _ = | change wrt
5% 1,979,161 1,972,695 1,995,813 1.17% 2,030,244 2.92%
10% 1,979,161 1,972,695 2,019,436 2.37% 2,088,622 5.88%
15% 1,979,161 1,972,695 2,043,582 3.59% 2,147,997 8.89%
20% 1,979,161 1,972,695 2,068,268 4.84% 2,208,597 11.96%
25% 1,979,161 1,972,695 2,093,512 6.12% 2,270,328 15.09%
30% 1,979,161 1,972,695 2,119,334 7.43% 2,333,227 18.28%
2.400 °
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L2 N
= 2
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Figure 5.4 CD2 Project - The total irrigation profit, TP results of the planning

reports and the optimization models
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Table 5.5 GOZ Project - The irrigation area size, A results of the planning
reports and the optimization models

Irrigation Area Size
Dewiation of Planning Report M.odified Objective Function (D Results Objec_tiv_e FL_mction @ Results
P-erc(-anta-ge [PR] Planning Report e o Iiesien A (Maximization o_f Agricultural
Distribution [MPR] Profit)
(ha) (ha)
5% *94.00 101.99 10257 0.56% 102.16 0.16%
10% *94.00 101.99 103.14 113% 102.33 0.33%
15% *94.00 101.99 103.73 1.70% 102.50 0.50%
20% *94.00 101.99 104.32 2.28% 102.67 0.66%
25% *94.00 101.99 104.92 2.87% 102.84 0.83%
30% *94.00 101.99 105.53 3.46% 103.01 1.00%

* Rounded to integer in planning studies
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Figure 5.5 GOZ Project - The irrigation area size, A results of the planning

reports and the optimization models
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Table 5.6 GOZ Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Total Agricultural Profit
Deviation of Planning Report Modified Objective Function @) Results Objective Function @) Results
Percentage PR Planning Report (Maximization of Irrigation Area) WP C AN
Distribution [PR] [MPR] s Profit)
(TL) (TL)
5% 1,202,232 1,303,208 1,290,769 -0.95% 1,333,464 2.32%
10% 1,202,232 1,303,208 1,278,189 -1.92% 1,363,820 4.65%
15% 1,202,232 1,303,208 1,265,467 -2.90% 1,394,275 6.99%
20% 1,202,232 1,303,208 1,252,600 -3.88% 1,424,832 9.33%
25% 1,202,232 1,303,208 1,239,585 -4.88% 1,455,489 11.69%
30% 1,202,232 1,303,208 1,226,419 -5.89% 1,486,249 14.05%
. 1.550 T -
= == e Planning Report [PR] oB
= o <,
= > <
= 1500 e e e Modified Planning Report [MPR] 3 =
" =
(=)
—0=— Objective Function (1) Results 2
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Figure 5.6 GOZ Project - The total irrigation profit, TP results of the planning

reports and the optimization models

68



Table 5.7 KAR Project - The irrigation area size, A results of the planning
reports and the optimization models

Irrigation Area Size
Dewiation of Planning Report Mf)diﬁed Objective Function (D Results Objec_tiv_e FL_mction @ Results
P-erc(-anta-ge [PR] Planning Report e o Iiesien A (Maximization o_f Agricultural
Distribution [MPR] Profit)
(ha) (ha)
5% *372.00 377.37 | Sezel 0.50% 378.25 0.23%
10% *372.00 37737 381.17 1.01% 379.13 0.47%
15% *372.00 377.37 383.10 1.52% 380.01 0.70%
20% *372.00 377.37 385.04 2.03% 380.90 0.93%
25% *372.00 377.37 387.01 2.55% 381.79 1.17%
30% *372.00 377.37 389.00 3.08% 382.69 141%

* Rounded to integer in planning studies
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Figure 5.7 KAR Project - The irrigation area size, A results of the planning

reports and the optimization models
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Table 5.8 KAR Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Total Agricultural Profit
Deviation of Planning Report Médlfled Objective Function (1) Results Objec_nv_e IRUE @ RESiE
Percentage [PR] Planning Report (Maximization of Irrigation Area) WP C AN
Distribution [MPR] Profit)
(TL) (TL)
5% 4,133,366 4,196,493 4,220,556 0.57% 4,278,741 1.96%
10% 4,133,366 4,196,493 4,244,861 1.15% 4,361,370 3.93%
15% 4,133,366 4,196,493 4,269,412 1.74% 4,444,386 5.91%
20% 4,133,366 4,196,493 4,294,212 2.33% 4,527,789 7.89%
25% 4,133,366 4,196,493 4,319,265 2.93% 4,611,583 9.89%
30% 4,133,366 4,196,493 4,344,576 3.53% 4,695,771 11.90%
4.800 o
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= r;
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Figure 5.8 KAR Project - The total irrigation profit, TP results of the planning

reports and the optimization models
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Table 5.9

HUS Project - The irrigation area size, A results of the planning
reports and the optimization models

Irrigation Area Size
Dewiation of Planning Report Mf)diﬁed Objective Function (D Results Objec_tiv_e FL_mction @ Results
P-erc(-anta-ge [PR] Planning Report e o Iiesien A (Maximization o_f Agricultural
Distribution [MPR] Profit)
(ha) (ha)
5% *329.00 339.71 34461 1.44% 34231 0.76%
10% *329.00 339.71 349.65 2.93% 34494 1.54%
15% *329.00 339.71 354.84 4.45% 347.62 2.33%
20% *329.00 339.71 360.18 6.03% 350.34 3.13%
25% *329.00 339.71 365.69 7.65% 353.10 3.94%
30% *329.00 339.71 371.37 9.32% 355.91 4.77%

* Rounded to integer in planning studies
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Figure 5.9 HUS - The irrigation area size, A results of the planning reports and

the optimization models
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Table 5.10 HUS Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Total Agricultural Profit
Deviation of Planning Report Médlfled Objective Function (1) Results Objec_nv_e IRUE @ RESiE
Percentage [PR] Planning Report (Maximization of Irrigation Area) WP C AN
Distribution [MPR] Profit)
(TL) (TL)
5% 3,480,705 3,597,115 3,584,300 -0.36% 3,701,232 2.89%
10% 3,480,705 3,597,115 3,571,111 -0.72% 3,806,953 5.83%
15% 3,480,705 3,597,115 3,557,530 -1.10% 3,914,316 8.82%
20% 3,480,705 3,597,115 3,543,540 -1.49% 4,023,359 11.85%
25% 3,480,705 3,597,115 3,529,121 -1.89% 4,134,122 14.93%
30% 3,480,705 3,597,115 3,514,255 -2.30% 4,246,645 18.06%
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=] ™ e}
= <3} ]
S 4200 4.« Modified Planning Report [MPR] 3

4.100 === Objective Function (1) Results
(Maximization of Irrigation Area)

== Objective Function (2) Results

8.82%

E 4.000 (Maximization of Agricultural Profit)
=
s 3.900
S
o
[ 3.800
2
3 '
o . o ' ] ] !
g 3.700 8 N E : ; z
< 2 X ° e e =]
< 8 s 8 & g
£ 3.600 74N L | S S W S | S S S G S B S S e S S e v
|_

3.400

0% 5% 10% 15% 20% 25% 30% 35%

Deviation of Percentage Distribution

Figure 5.10 HUS - The total irrigation profit, TP results of the planning reports
and the optimization models
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Table 5.11 KLV Project - The irrigation area size, A results of the planning
reports and the optimization models

Irrigation Area Size
Dewiation of Planning Report Mf)diﬁed Objective Function (D Results Objec_tiv_e FL_mction @ Results
P-erc(-anta-ge [PR] Planning Report e o Iiesien A (Maximization o_f Agricultural
Distribution [MPR] Profit)
(ha) (ha)
5% *391.00 394.41 398.76 1.10% 397.65 0.82%
10% *391.00 394.41 403.21 2.23% 400.94 1.66%
15% *391.00 394.41 407.75 3.38% 404.29 2.51%
20% *391.00 394.41 41241 4.56% 407.69 3.37%
25% *391.00 394.41 417.17 5.77% 411.16 4.25%
30% *391.00 394.41 422.04 7.00% 414.68 5.14%

* Rounded to integer in planning studies
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Figure 5.11 KLV Project - The irrigation area size, A results of the planning
reports and the optimization models
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Table 5.12 KLYV Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Total Agricultural Profit
Deviation of Planning Report Médlfled Objective Function (1) Results Objec_nv_e IRUE @ RESiE
Percentage [PR] Planning Report (Maximization of Irrigation Area) WP C AN
Distribution [MPR] Profit)
(TL) (TL)
5% 3,801,009 3,795,056 3,852,661 1.52% 3,910,044 3.03%
10% 3,801,009 3,795,056 3,911,551 3.07% 4,026,936 6.11%
15% 3,801,009 3,795,056 3,971,769 4.66% 4,145,781 9.24%
20% 3,801,009 3,795,056 4,033,362 6.28% 4,266,628 12.43%
25% 3,801,009 3,795,056 4,096,376 7.94% 4,389,527 15.66%
30% 3,801,009 3,795,056 4,160,862 9.64% 4,514,532 18.96%
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Figure 5.12 KLV Project - The total irrigation profit, TP results of the planning
reports and the optimization models
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5.3 Discussion of the Results

In the linear and nonlinear optimization models of selected projects different deviation
ratios namely, 5%, 10%, 15%, 20%, 25% and 30% are used so as to observe the change
of results with respect to deviation ratio. As seen from the Figure 5.13 and Figure 5.14
representing the results of GOZ project given as an example, the R-squared values of
linear trendlines approach to 1 or they are equal to 1. The R-squared value shows
fitness of the trendline to the data so it means that as the deviation ratio of percentage
distribution increases, the total agricultural profit, TP and the irrigation area size, A

results increase or decrease linearly.
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Figure 5.13 GOZ Project - The irrigation area size, A results of the planning
reports and the optimization models
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Figure 5.14 GOZ Project - The total irrigation profit, TP results of the planning
reports and the optimization models

Since the determination of deviation ratios of percentage distribution does not depend
on arule, the present study is conducted with different deviation ratios of Xi;. However,
it is necessary to specify a certain deviation ratio in order to obtain final results for
projects. In the direction of studies conducted by academicians and specialists, it is
observed that the average deviation ratio is 25% which is also used for the present
study. The results, TP and A, determined with a deviation ratio of 25% and the general

evaluation of the group of pond and irrigation system projects are given in Table 5.13.
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Table 5.13 Optimization results of all selected projects solved for 25% of
deviation ratio of percentage distribution

Modified Objective Function (D Results Objective Function 2) Results
. . (Maximization of Irrigation Area) (Maximization of Agricultural
Project Type of | Planning Report Planning Report Results Profit) Results
Result [PR] Values [MPR] 7
Results | change wrt i change wrt
f MPR MPR
1 A(ha) *118.00 117.92 124364+ 5.47% 123.1414  4.43%
cor |
1
1 TP(TL) 1,230,112 1,231,001 1,300,654  5.66% 1,418,160+ 15.20%
1
: A (ha) *196.00 195.56 206.62/4r 5.65% 204714 467%
cp2 |
: TP (TL) 1,979,161 1,972,695 2,093512i4+  6.12% 2,270,328i4F 15.09%
1
NG *94.00 101.99 104924 2.87% 102844 0.83%
GOz 1
: TP (TL) 1,202,232 1,303,208 1,239,585  -4.88% 1,455,489 4 11.69%
1
I A *372.00 377.37 387.014F 2.55% 38L79Mr  117%
KAR |
I TP (L) 4,133,366 4,196,493 431926514  293% 4,611,583 9.89%
1
: A (ha) *329.00 339.71 365.691F 7.65% 353.10i4r  3.94%
HUS
: TP (TL) 3,480,705 3,597,115 3529,12114  -1.89% 4,134,1224¢ 14.93%
1
: A (ha) *391.00 394.41 417174 5.77% 411164  4.25%
KLV
1
: TP (TL) 3,801,009 3,795,056 4,096,376}t 7.94% 4,389,527 4F 15.66%
1
I A(ha *1,500.00 1,526.96 1,605.774F 5.16% 1576.7414F  3.26%
TOTAL |
1 TP(TL) 15,826,585 16,095,568 165785144+  3.00% 18,279,210 13.57%
1
TP: The total agricultural profitin TL
A: The irrigation areasize in hectare

* Rounded to integer in planning studies
The deviation ratio of percentage distributions is taken as 25%

When the TP and A values of PR and MPR are compared, it is seen that there is not
huge proportional differences between them except for values of GOZ project. The
reason is that the percentage distribution of aftergrowth crop type, forage corn,
removed in MPR is 15% which is considerably greater than the other projects’ that
is 5%.
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The linear function, Objective Function 1 and the nonlinear function, Objective
Function 2 are solved by using Simplex LP and GRG Nonlinear methods respectively.
As stated in Section 3.3, while the Simplex LP method guarantees the global optimum
solution for linear models, the GRG Nonlinear method guarantees the global optimum
solution for linear models but not for nonlinear models. The initial values of decision
variables affect the results, so that Multistart option of GRG Method which provides
operations with different initial values is used to get global optimum solutions. In
accordance with accepted deviation ratio of cropping pattern that is 25%, the detailed
results can be seen in (Appendix B) Table B.5 and Figure B.5 for CD1 project, in Table
B.11 and Figure B.11 for CD2 project, in Table B.17 and Figure B.17 for GOZ project,
in Table B.23 and Figure B.23 for KAR project, in Table B.29 and Figure B.29 for
HUS project, in Table B.35 and Figure B.35 for KLV project.

As seen from table of overall results (Table 5.13) for %25 percent of deviation ratio,
in the results of OF1, the rate of change in size of irrigation area, A values with respect
to values of modified planning reports (MPR) changes between 2.55% to 7.65% and
the change in whole irrigation field is 5.16%. The rate of change in total agricultural
profit, TP values with respect to values of modified planning reports (MPR) changes
between -4.88% to 7.94% and the change in whole irrigation field is 3.00%. In the
results of OF2, the rate of change in total agricultural profit, TP values with respect to
MPR values changes between 9.89% to 15.66% and the change in whole irrigation
field is 13.57%. The rate of change in size of irrigation area, A values with respect to
MPR values changes between 0.83% to 4.67% and the change in whole irrigation field
is 3.26%.

In the OF1 results of GOZ and HUS projects , although the irrigation area size, A and
the number of family taking advantage of irrigated farming increase, the total
agricultural profit, TP from whole cultivated field decrease. In other words, increase
in the irrigation area, A does not always guarantee higher agricultural profit, TP.
Only the unit irrigation water requirements of crops are considered if the aim is

minimizing total delivery requirement, TDR, in other words, maximizing irrigation
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area, A. Since the unit irrigation water requirement of crop does not correspond to unit
agricultural profit per unit irrigation water requirement of crop, in accordance with
types of crop in cropping pattern, the total agricultural profit may decrease while the
irrigation area increases. In the OF1 results of other projects, both A and TP values
increase. In the OF2 results for all applications, it is seen that both A and TP parameters

increase.

The difference in obtained percentage of distribution, Xi; for a certain crop in
consequence of OF1 and OF2 should be also discussed. Table 5.14 and Figure 5.15
are given as an example results. Since the target is achieving minimum crop irrigation
requirement, TDR in order to maximize the irrigation area size, A in OF1 model and
maximum agricultural profit, TP in OF2 model, it is estimated that the percentage
distribution of crop(s) having lower irrigation requirement, TDR;; in comparison with
crops in its crop rotation groups for OF1 optimization model and the percentage
distribution of crop(s) having higher net profit in comparison with crops in its crop
rotation groups for OF2 optimization model would be as much as possible. For
example, as seen from Table 5.14 and Figure 5.15, Corn crop type’s irrigation
requirement is less than Onion and Tomato’s which are another crop types in crop
rotation group 1 (i=1) and the net agricultural profit, NP of crop is less than the other’s.
As it is expected, the percentage distribution, X;; of corn is at the upper limit which is
12.5% in OF1 model and is at lower limit which is 7.50% in OF2 whereas it is 10% in
modified planning report studies.
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CHAPTER 6

CONCLUSION

6.1 Summary

The aim of the present study is to obtain optimal cropping pattern that directly affects
the main characteristics of irrigation system. Cropping pattern depends on available
water for irrigation purpose, crop irrigation requirement and net production profit
phenomenon, so that to carry out optimization study, related data sets are needed. The
two objective functions are used for optimization process. The first objective is
maximizing irrigation area in order to provide more family with an opportunity to take
advantage of irrigated farming and the other one is maximizing net agricultural profit
which is the common method. The objective functions are constrained by minimum
and maximum limits of crop distributions together with equality of summation of crop

distributions to unity and crop rotation limitations.

The study is initiated after examining studies taking place in literature which are also
about optimization of crop pattern. It is seen that there is not too much difference
between conducted studies with regard to methodology, however, in some studies,
there are more types of parameter constraining decision variables in comparison with
the other ones. In order to compare results obtained from optimization models and
values available in planning reports, modification on planning reports was required
because of reasons stated in Section 4.3. To solve optimization models, Solver add-in
of Microsoft Excel software is used. The objective functions, decision variables and

constraints are defined for Solver. As mentioned in previous chapters, within the scope
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of the present study 72 optimization models are solved. Since defining all parameters
for each optimization problem is taking considerable amount of time, a code is
developed in VBA defining optimization models by using values in Excel cells in
desired format for each case. Thus, it could be possible to obtain results of problems
in a very short time. The minimum and maximum limits of decision variables are
specified by applying deviation ratios (5%, 10%, 15%, 20%, 25% and 30%) on crop
distribution values determined in planning reports. Each optimization model imports

required values from “DB” (DATABASE) sheet instead of repeating data entry.

OF1 results in linear optimization model and it is solved by Simplex LP method
whereas OF2 results in nonlinear optimization model and solved by GRG (Generalized
Reduced Gradients) Nonlinear Method. The initial value of decision variables affect
the results of optimization and GRG does not guarantee the global optimum solution
if the model is nonlinear. Optimization models are solved for different starting values
practically to get global optimum solutions thanks to developed code in VBA.

The six pond and irrigation system projects prepared by “State Hydraulic Works the
11" Regional Directorate” are used for application of the study. As stated
in Section 5.3, 25% of deviation of crop distribution is accepted as in similar studies
performed by researchers and solutions and comparison of solutions with modified
planning reports are summarized in Table 5.13. As a result of optimization problems,
for the cumulative of projects, it is possible to irrigate 5.16% more cultivation field
(OF1) or to get 13.57% more agricultural profit (OF2) which is corresponding to 2.1

million TL per annum in comparison with modified planning reports.

The results point importance of optimization of cropping pattern. Although it is true
that determination of cropping pattern is theoretical account in case of implementation
gap on agricultural facilities, determination of irrigation area size with limited water
source and sizing of hydraulic structure are carried out in the direction of obtained

cropping pattern.
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State Hydraulic Works (DSI) is the main investor establishment responsible for the
assessment of all water resources of Turkey. Even though the optimization study for
designing hydraulic structures is necessitated, it is not obliged for obtaining cropping
patterns by DSI. In accordance with results of this study, it is highly suggested to carry
out the optimization studies for determining optimum cropping pattern for each

project.

6.2 Future Works

The minimum and maximum limits of each crop distribution can be determined by
considering seasonal market limitations. Potential labor availability can be added as a
constraint. Furthermore, crop irrigation requirements can be calculated with
Penman—Monteith Method which requires more detailed data instead of
Blaney-Criddle Method.
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APPENDIX A

CALCULATIONS OF THE PLANNING REPORT TDR VALUES AND

MODIFIED PLANNING REPORT TDR VALUES
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APPENDIX B

RESULTS OF OPTIMIZATION PROBLEMS

The obtained optimum cropping patterns and relevant parameters are given in

following tables and graphs in the order stated below.

CD1 Project Table B.1 to TableB.6
Figure B.1 to  Figure B.6
CD2 Project Table B.7 to TableB.12
FigureB.7 to  Figure B.12
GOZ Project Table B.13 to Table B.18
Figure B.13 to  Figure B.18
KAR Project Table B.19 to TableB.24
Figure B.19 to  Figure B.24
HUS Project Table B.25 to  Table B.30
Figure B.25 to  Figure B.30
KLV Project TableB.31 to Table B.36
Figure B.31 to  Figure B.36
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APPENDIX C

PERMISSION LETTER REGARDING DATA USE

T.C.
ORMAN VE SU iSLERI BAKANLIGI
Devlet Su isleri Genel Miidiirliigii 11. Bolge Miidiirliigii

Sayr @ 82435503-622.03-50807 23.01.2017
Konu : Bilgi ve Belge Talepleri

ORTA DOGU TEKNIK UNiVERSITESINE
(ingaat Miihendisligi Boliimii- Dumlupmar Bulvar: 06800 Cankaya/ANKARA)

ilgi  :04.11.2016 tarihli ve 382906 sayili yaziniz

llgi yazida, "Tekirdag 1. Grup Golet ve Sulamalar Planlama Rapor" dijital
formlarinin, akademik galismalarda kullamimak iizere, yiiksek lisans 6grencisi Cem OZCAN'
la paylagilmasina yonelik gerekli iznin verilmesi talep edilmektedir.

Akademik ¢aligmalarda kullamilmak kaydi ile sz konusu ise ait dokiimanlarin
kullanilmasinda Bolge Miidiirliigiimiizce sakinca goriilmemektedir.

Geregini ve bilgilerinizi arz/rica ederim.

ismail GEZ
Bolge Miidiirii a.
Bélge Miidiir Yardimcisi

EK/EKLER :
1- Tekirdag 1. Grup Gélet ve Sulamalan Planlama Raporu ( CD ortaminda Cem OZCAN' a
elden teslim edildi )

SUvenii Eiekirgs

Ac
1Sl 1la Ay )
ASlH e Ay :7'(1!( —)»‘ /D

Sek D (V2N

Bu belge, 5070 sayili Elektronik Imza Kanununun 5. Maddesi geregince glivenli elektronik imza ile imzalannstir
Orjinal elektronik belge adresi: 'https:/evrakdogrula.dsi.gov.tr' Dogrulama Kodu: PIKJ-AC10-US03-1374]

Bilgi Igin:
Adres : DSI 11. Bdlge Miidiirliigii Londra asfalt 22100 EDIRNE Hiiseyin ISIK Miihendis
Telefon : (284) 214 81 85 Belgegeger (Fax) : (284) 225 31 94 Elektronik Telefon : 0284 2148185
Ag: www.dsi.gov.tr e-posta : huseyini@dsi.gov.tr
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