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Abstract 

Functions for total wheat production, the major agricultural crop of Gaziantep, Sanliurfa, Diyarbakir, and Mardin provinces in 
Southeastern Anatolian Project (SAP) region in Turkey were developed by using annual data for the 1963-1989 period. Regression analyses 
were carried out on the multiple-linear, quadratic, and Cobb-Douglas functional forms of total wheat production in the region effected by 
cultivation area, fertilizer usage, and rainfall. From the economical theories' point of view the model revealed good insight. The models 
were statistically significant at the 95% confidence level. Irrigation is valued quite substantially. Output elasticities of inputs are less than 1 
and function coefficient is elastic. Thus input employment can be increased to increase wheat production. Further research based on factor 
analysis is recommended. Published by Elsevier Science B.V. 
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1. Introduction 

A production function, in agriculture generally is 
a bio-physical concept which indicates the relation
ship between the physical quantities of a crop grown 
and the set of inputs used to produce the crop under 
consideration. In other words, 

( 1) 

where, Y is the physical amount of the crop and X1, 

x2, . . . xn quantities of respective inputs consumed 
for producing a given amount of product. Production 
functions can be constructed either for agricultural 
crops or industrial materials. The latter are much less 
complicated to obtain than the former. The reasons 
for this are that the interaction effects existing among 
inputs, and the uncontrollable natural exogenous fac
tors to which farming activities are widely exposed. 

' Corresponding author. 

0169-5150/98/$17.00 Published by Elsevier Science B.V. 
PII S0169-5150(97)00031-5 

The effect of natural factors on many industrial 
products is minimal or at a negligible level. 

The development of production functions is very 
important especially in the agricultural sector, be
cause agricultural production depends significantly 
upon climatic or environmental factors, or both. In 
developing countries application of new and im
proved farming techniques (such as irrigation, fertil
izer usage, seed of new varieties) has been lacking. 
As a result agricultural crop yield may be more 
susceptible to climatic factors. Therefore, the unde
termined and stochastic events in nature may signifi
cantly change the crop production that results in 
unreliable crop forecasts. Thus, it is important to 
develop forecasting techniques that depend upon the 
most reliable and objective variables. 

The policy of price floor setting in Turkey has 
been applied to most crops, e.g., wheat, barley, 
lentil, tobacco, hazelnuts, etc. The crops and the 
levels of their official floor price change every year 
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depending on the political influences of different 
power groups. Thus, knowing a realistic production 
level means having dependable information about 
the potential supply of a given crop in the market 
that greatly helps decision makers to set a realistic 
market price for that crop. 

This would permit agro-industries, which either 
supply inputs for agricultural sector or handles agri
cultural crops, to adjust their production capacities 
according to the crop yields in the sector. Thus, it is 
important and necessary for them also to know, 
beforehand, the short-run and long-run crop produc
tion forecasts in the country. 

Production functions can be significant references 
andjor planning tools for producers, consumers, rel
evant industries, and policy makers for their ex ante 
and ex post decision making processes in establish
ing, directing, and setting the size of firms in agricul
tural as well as industrial sectors. 

2. Objective of the research 

The main objective of this study was to construct 
a function for total production of wheat in Southeast
ern Anatolian Project (SAP) region in Turkey. For 
this purpose wheat that is grown in a representative 
area of SAP region consisting of Gaziantep, Sanli
urfa, Diyarbakir, and Mardin Provinces, is consid
ered. 

3. The study area 

Gaziantep, Sanliurfa, Diyarbakir, and Mardin 
provinces represent the SAP region quite satisfacto
rily in terms of general agricultural, climatic, and 
environmental conditions. Total agricultural land in 
the research area was 2.94 million ha in 1988. This 
represents 84.5% of the total agricultural area of the 
SAP (Kocberber and Altin, 1990, p. 24). The follow
ing classifies the region in terms of its non-agricult
ural and agricultural characteristics. 

3.1. Nonagricultural characteristics of the research 
area 

The SAP Region extends from east to west along 
the Syrian border. It is surrounded by an arc of the 

Taurus Mountains to the North that prevents the 
extension of the Eastern Anatolian climatic condi
tions towards this region. The region is dominated by 
level plains with an average elevation of 500-800 m 
joining with the Syrian Dessert to the South. 

The Euphrates and Tigris rivers are the two main 
surface water sources in the SAP Region where 
water development projects have been undertaken 
for irrigation and/ or energy generating purposes. 
The Euphrates and Tigris rivers with respective total 
lengths of 2800 km and 1900 km flow into the 
Persian Gulf; collecting water from 184614 km2 

land area of Eastern Anatolian Region (DIE, 1992b, 
p. 12, Yurt Ansiklopedisi, 1984, pp. 7856-7857). 
Total water flowing in the Euphrates and Tigris 
rivers on the average, is 30 X 109 m 3 , and 15 X 109 

m3, respectively. (DSI, 1980, p. III-19). 

Table 1 
Climatic characteristics of SAP study area 

Gaziantep Sanlimfa Diyarbaldr Mardin 

1. Temperatures (°C) 
Annual average 14.5 18.1 15.8 15.8 
Maximum (monthly) 27.3 31.5 31.0 29.6 
Minimum (monthly) 2.5 5.1 1.6 2.7 

2. Soil temperature at 10 em depth (°C) 
Annual average 16.4 19.4 18.5 15.8 
Maximum (monthly) 29.9 34.0 34.4 29.9 
Minimum (monthly) 4.2 5.9 4.1 3.0 

3. Sunshine hours (h /day) 
Annual average 7.51 8.28 8.00 7.41 
Maximum (monthly) 12.26 12.56 12.43 11.38 
Minimum (monthly) 3.48 4.16 3.46 3.58 

4. Precipitation ( mm) 
Mean annual total 502.4 463.1 491.5 713.4 
Maximum (mmjmonth) 96.2 93.1 74.6 139.2 
Minimum (mmjmonth) 1.3 0.6 0.6 0.4 

5. Relative humidity(%) 
Annual average 60.0 49.0 54.0 52.0 
Maximum (monthly) 78.0 71.0 77.0 76.0 
Minimum (monthly) 41.0 28.0 27.0 30.0 

6. Number of frosty days 
Mean annual total 55.8 22.5 62.7 57.7 
Maximum (monthly) 17.8 9.2 20.2 21.4 

Sources: DIE, 1992b, pp. 16-29; DMI, 1974, pp. 149, 150, 199, 
200, 313, 314, 433, 434, 666. 
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Climatic conditions in the research area are gener
ally characterized as continental, but it is not as cold 
as the Central and Eastern Anatolian Regions be
cause of the protection provided by the Taurus 
Mountains to the North of the region. Some climatic 
indicators like temperature, precipitation, relative hu
midity, and number of sunny days for the provinces 
are given in Table 1. Comparison of the provinces in 
terms of these climatic factors reveals that Sanliurfa 
Province is the most arid, and Gaziantep, with 60% 
relative humidity and 14.5°C annual average temper
ature, is the most humid and the coolest. Daily 
sunshine hours range between 7.41-8.28 h/day. This 
is a positive factor for the region for crops needing 
large amounts of solar energy. 

Climatic variables must be evaluated by their 
seasonal fluctuations, rather than annual totals. Be
cause, crops' water needs are closely related to their 
vegetation periods and their types. In the study area 
monthly average temperatures change between 
2.98°C in January and 29.85°C in July, which is 
calculated by taking arithmetic average of data of 
four provinces covered in this study. The regional 
precipitation is minimum in August (0.73 rom) and 
maximum in January (100.78 rom) (Table 2, Fig. 1). 

Wheat grown in Turkey is two types, winter and 
summer wheat varieties, which are sown in Novem-

Table 2 

ber 15-early December, and in early March-early 
May periods, respectively. Although the length of 
harvesting period change from region to region, it 
lasts about 45 days between the last week of June 
and the first week of August in the study area. Water 
needs of winter wheat varieties grown predominantly 
in the study area are given in Table 2. 

During the vegetation period of wheat lasting 
between November and June its total water need is 
615.66 rom reaching to maximum of 207.75 rom in 
May (TOPRAKSU, 1982, pp. 228, 273, 450, 582). 
Comparison of annual total water needs of wheat and 
value of precipitation reveals that there is a shortage 
of 73.06 rom/year of rainfall. On the other hand, 
from March until harvesting time water shortages 
increase from 26.37 rom in March to 172.77 rom in 
May. Therefore, these periods are considered espe
cially critical for wheat. 

According to the 1990 census the populations of 
these four provinces are 1.14 million (Gaziantep), 
1.00 million (Sanliurfa), 1.09 million (Diyarbakir) 
and 0.56 million (Mardin). The annual population 
growth rate varies between 2.587% and 4.616% all 
of which are above population growth rate of Turkey, 
2.171%. On the other hand, the urbanization rate is 
not very high in the research area, viz., it is 40.7% of 
total population in Sanliurfa, and 44.7% in Mardin, 

Average monthly temperature, precipitation, and consumptive use of water of wheat in SAP study area 

Regional averages• Water consumption of wheat (mmjmonth) Water surplus• (mm/month) 

Temperature ("C) Precipitation (mmjmonth) 

January 2.98 100.78 20.50 80.28 
February 4.50 79.33 23.18 56.15 
March 8.33 75.88 102.25 -26.37 
April 13.90 65.78 154.35 - 88.57 
May 19.68 34.98 207.75 -172.77 
June 25.73 4.43 ~~ -c~ 

July 29.85 0.78 
August 29.45 0.73 
September 24.73 2.00 
October 17.60 22.66 
November 10.73 57.55 31.48 3.93 
December 5.25 90.55 28.40 62.15 
Annual 16.05 542.60 615.66 -73.06 

•Arithmetic average of data of Gaziantep, Sanliurfa, Mardin, and Diyarbakir provinces. 
bDifferences between water consumption and precipitation. 
Sources. For climatic data: DIE, 1992b, pp. 16, 24; DMI, 1974, pp. 313, 314. For wheat water consumption: TOPRAKSU, 1982, pp. 228, 
273, 450, 582. 
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Fig. I. Monthly temperature, precipitation, and water consumption of wheat in SAP area. 

and 57.9% in Diyarbakir. Gaziantep with a 72% 
urbanization rate is an exceptional city,(DIE, 1992b, 
pp. 39-40). 

3.2. Agricultural structure of the research area 

The allocation of land for different agricultural 
activities is given in Table 3. It is observed in the 
table that more than 3 j 4 of the total land is under 
field crops in both the SAP Region and the study 

Table 3 
Allocation of agricultural lands in study area and SAP region, 
1988 

Land SAP region Research area 
allocations 

Area (ha) %of Area (ha) %of %of 
total total SAP 

Field crops 
Cultivated 2 711953 77.9 2293914 78.0 84.6 
Fallow 217363 6.2 194975 6.6 89.7 
Vegetable Land 66780 1.9 59079 2.0 88.5 
Vineyards 135 847 3.9 116715 4.0 85.9 
Orchards 313284 9.0 240198 8.2 76.7 
Olives 36831 1.1 36531 1.2 99.2 
Total 3482058 100.0 2941412 100.0 84.5 

Source: Kocberber and Altin, 1990, p. 24. 

area. The other lands constituting orchards, vegeta
bles, vineyards and olives occupy 1.1-9.0% of the 
total. A similar land allocation pattern has been 
observed in the study area. Wheat as a major crop in 
the region under investigation is grown in 36.8% of 
the total study area followed by barley (23%). Total 
wheat production was 861.012 tons in the area stud
ied in 1989, which was 78% of total wheat produc
tionofSAPregion(DIE, 1992a,pp. 53-55,129-131, 
153-155, 233-235, 269-271, 297-299). There is 
extensive farming of field crops covering the major 
portion of agricultural lands in the area. However, 
gross returns generated from intensively grown fruits 
are higher (26.4% of total return) than income from 
the field crops (17.8%), which is not an unexpected 
situation (Kocberber and Altin, 1990, p. 33). 

4. Related research 

General theoretical knowledge about production 
functions is readily available in many textbooks. 
Heady and Dillon (1961) studied the characteristics 
of production functions constructed for agricultural 
crops grown in the US. In this respect, it is a 
reference based on empirical works. Henderson and 
Quandt (1971), Walters (1963), Nerlove (1967), Ak-
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soz (1972), Ustunel (1978) and Dinler (1989) are 
other references, which study production functions at 
a theoretical level. 

Gunay (1992) prepared a reference on the nutrient 
requirements of more than 20 important crops in 
Turkey and gave additional information about fertil
ization techniques for them. 

Demir (1976) used regression and log-linear anal
yses in order to determine the factors, which effect 
the use of high yielding varieties and fertilizer appli
cations. Climatic conditions creating risk problems in 
agricultural activities are important factors that influ
ence the adoption of high yielding wheat varieties 
and fertilizers. 

Mann (1977) established a functional relation be
tween wheat production and the independent vari
ables, temperature, precipitation, and fertilizer usage 
in Ankara Province and its vicinity. For this purpose 
he used production and climatic data for the 1946-
1976 period. As a result, it was observed that spring 
precipitation and fertilization had significant effects 
on wheat yield. Moreover, the effects of technology 
in the agricultural sector were analyzed and forecasts 
were presented. 

Kazgan (1983) established a relationship between 
wheat production as the dependent variable and wheat 
market price, general price index, and the prices of 
nitrogenous and phosphorous fertilizers as indepen
dent variables by means of multiple regression anal
yses. 

By adopting a Cobb-Douglas type model Toruner 
and Karakaya (1975) constructed a production func
tion for total gross return generated from cereals, 
legumes, industrial crops, and fruits. They regressed 
crop production on the independent variables, pre
cipitation, soil temperature, and the use of controlled 
agricultural inputs (viz., fertilizer, new and improved 
seed varieties, irrigation, and mechanization). They 
developed four different production functions for the 
1967-1970 period based on cross-sectional data. 

None of the above mentioned works were pertain
ing to the SAP Region. Moreover, if one excludes 
Mann (1977) few Turkish studies considered meteo
rological factors that generally have been treated as 
the sources of unexplained, residual variation. 

Thompson ( 1969) tried to determine the effect of 
precipitation and temperatures of April, May, June, 
July and August-March periods, along with the 

technological developments in 1920-1945 and 
1945-1968 era on mean state yields of wheat grown 
in the Wheat Belt of the US. The results of multiple 
regression analyses revealed that those factors ac
counted for 80-92% of state annual wheat yields. 

In terms of location and crops under investigation 
the following two works are closely related to this 
study. Erkan and Mazid ( 1991) used primary data 
collected from 153 farmers in seven provinces in 
Northern Syria and in three provinces in Southeast
em Turkey (Gaziantep, Sanliurfa and Mardin) by 
personal interviews. They constructed a Cobb
Douglas type production function between barley 
yield and six independent variables including a 
dummy variable for regions, amount of seed, variety, 
quantities of phosphorous and nitrogenous fertilizers, 
and soil depth. It was determined that the effects of 
fertilizers and seed changed depending upon the 
amount of fertilizer and the region; generally the 
yield of two-row-white barley was higher than of 
two-row-black barley. 

The full benefit of fertilization may not be real
ized, unless a sufficient amount of water is available. 
In fact, fertilizer use with no irrigation or in the 
absence of rainfall may cause some yield reduction. 
In order to investigate this for barley Mazid and 
Bailey (1992) constructed a quadratic production 
function based upon data obtained from field experi
ments under actual farmers' conditions in Syria. The 
conclusion of their research supported the above 
hypothesis that low fertilizer use especially in dry 
years with low precipitation reduced the risk factor 
and consequently the negative effects on barley yield 
became relatively less. 

5. Data base development and statistical proce
dures 

5.1. Development of data base 

Secondary data was compiled into a 27-year 
data-base spanning between 1963-1989. The data 
set pertained to wheat production (~), cultivation 
area (A), precipitation (m), temperature, and con
sumption of fertilizer types (N, P, K), and their 
squared forms and products. 



80 !.H. Ozsabuncuogluj Agricultural Economics 18 (1998) 75-87 

Production data were total annual output in metric 
tons for the four study provinces in each year as 
obtained from the State Institute of Statistics (DIE, 
1963-1988). Daily precipitation data, provided by 
the State Meteorological Directorate (DMI), was 
grouped into three critical periods in the growth 
cycle of wheat in the region. They are 51 days in 
sowing (October 11-November 30), 61 days in 
growth (March 21-May 20), and 41 days in harvest
ing (June 21-July 31) periods. 1 Average rainfall at 
the research area is calculated by using Eq. (2) 
below: 

4 nk 

Pk = L L P;j4 (2) 
i= 1 j= 1 

where pk is precipitation in mm for the eh period 
k = 1,2,3, i = 1,2,3,4 the provinces, j is a specific 
day in each period, and n1 = 41, n2 =51, and n3 = 
61 days. Thus, daily precipitation is summed for a 
specific period for all provinces and divided by four 
to get the average rainfall of the SAP study area for 
that period. 

The temperature index was simply the number of 
days when the daily average temperature fell below 
ooc in December-February. This variable was desig
nated to indicate the relationship between fulfillment 
of chilling needs of seeds in the soil during winter 
days and the level of crop production. Daily average 
temperature for the study area was calculated by Eq. 
(3) adopted by DMI: 

t; = (tl + t2 + 2t3)/(1 + 1 + 2) (3) 

where t1, t2 , and t3 are the respective temperature 
readings at 7:00AM, 2:00 PM, and 9:00PM. The 
weighted sum of the temperature readings is divided 
by the sum of the weights. 

Because fertilizer data are not available at the 
provincial level in the study area, data collected from 
the private records of Turkish Agricultural Supply 
Organization in Gaziantep and from local Agricul
tural Extension Offices was used to develop fertilizer 
data base. 

1 We could increase the number of such periods by taking the 
shorter intervals for better simulation, but it would create the 
problem of using too many independent variables. Thus, only the 
critical wheat vegetation periods in terms of precipitation were 
considered. 

5.2. Statistical procedures 

Multiple-linear, Cobb-Douglas, or quadratic 
functional forms are usually chosen for agricultural 
production functions. For more information on these 
forms see Heady and Dillon (1961) and Henderson 
and Quandt (1971). Using readily available computer 
programs these three forms of the production func
tion were estimated. In each case regional output of 
wheat was regressed on the climatic and input data 
described above. Each function was then statistically 
evaluated on the basis of R 2 , t statistics, Durbin
Watson, and Von-Neumann measures of auto-corre
lation. 

Explanatory power of a functional model can be 
measured by the coefficient of multiple determina
tion (R2 ). However, one can calculate adjusted coef
ficient of multiple determination (R~) in order to 
avoid the overweighing of the models by using the 
following relation: 

(4) 

where, n number of observations, and k number of 
parameters including the constant term (Ettek, 1973, 
p. 153). 

The Durbin-Watson test can be used to determine 
the existence of autocorrelation, but it is applicable 
only for the case where the number of observations 
is greater than or equal to 15, and the number of 
independent variables is less than or equal to 5. 
Therefore, the Von-Neumann test statistic (v) was 
utilized for the model of this study. The Von-Neu
mann statistic is derived from Durbin-Watson statis
tics, i.e., 

v=D(n-k)/(n-k-1) (5) 

where, D =Durbin-Watson test statistics (Ertek, 
1973, pp. 190-191). For further discussions on these 
statistical procedures see Wonnacott and Wonnacott 
(1970), Ertek (1973), Draper and Smith (1966), 
Johnston (1972), Walpole and Myers (1990), Walpole 
(1982) and Kilicbay (1986). 

Total crop production is the product of total culti
vated area and average yield of a given plant, so for 
a given year, total wheat area has to be included in 
the model. However, this variable needs to be lagged 
for 1 year, as this year's harvest is made from the 
land allocated in the previous year. So the 1-year-
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lagged wheat cultivation area was included as one of 
the independent variables in the models. 

On the other hand, the crop growing season of 
field crops such as wheat and barley starts in the last 
quarter of a year and ends in the middle of the 
coming year. However, the precipitation data are 
recorded by calendar year. Therefore, rainfall in 
sowing period of the previous year (m21 _ 1) is used 
for forecasting the present time production level, that 
is, growing season climatic observations. 

5.2.1. The multiple-linear production function 
The multiple-linear form of the function is as 

follows: 

where, Yr = total wheat production of four provinces 
in metric tons, t = any reference time, t - 1 = lagged 
time, A = total wheat production area in four 
provinces in hectares, m2 , and m 3 = precipitation 
during growth and harvesting periods, respectively 
(mmjm2 ), TI =temperature index, N =usage of ni
trogenous fertilizer (N in kg), P = usage of phospho
rous fertilizer (P20 5 in kg). 

The constant value and coefficients of indepen
dent variables obtained from multiple linear regres
sion analysis and the statistical test results are given 
in Sec. I of Table 4. As is expected, the signs of 
precipitation in harvesting period (m3) and tempera
ture index (TI) are negative. The negative sign of N 
use may originate from the linearity assumption of 
the model. The other signs are fitting to the hypothe
sis. 

The coefficient of multiple determination of the 
model is R 2 = 0.9442 and the correlation coefficient 
of it is R = 0.9717. This means 97.17% of the 
variation in the dependent variable (total wheat pro
duction) can be attributed to the changes in the 
independent variables included into the model. The 
residual variation can be explained by the variables 
not existing in the model. After the adjustment by 
degrees of freedom (see Eq. (4)) R; = 0.9225 and 
Ra = 0.9605 both of which indicate that there is a 
very high correlation between the dependent and 
independent variables (Mayer, 1982, p. 32). 

Table 4 
The results of regression analyses of wheat 

Independent variables Coefficients t values F values 

I. The production function in multiple-linear form 
Constant term 352227.0000 1.1651 
Land (A) 0.3791 1.0469 228.04" 
Precipitation in: 
Growth period (m 2 ) 1028.9053 1.9914 7.54" 
Harvest period (m 3 ) -28414.1200 - 2.7534" 6.81" 
Temperature index (TI) -10358.0200 -3.741 F 4.27" 
Usage of pure N (N) -0.1827 -2.2750" 26.59" 
Usage of pure P20 5 (P) 0.3700 4.9837" 19.30" 
Int. of m 2 and N (m 2 N) 0.0017 3.4488" 11.89" 
R2 = 0.944176; R~ = 0.922467; V = 2.2913; F(model) = 43.49" 

11. Production function in quadratic form 
Constant term -52902.1500 -0.1933 
Land (A) 0.4833 1.4199 204.36" 
Precipitation in: 
Growth period (m2) 5500.2099 3.1171" 6.75" 
Harvest period (m3 ) -34097.2000 -3.1785" 10.10" 
Temperature index (TI) -9547.0359 - 3.5022" 2.07 
Usage of pure P2 0 5 (P) 0.3600 6.2976" 40.65" 
Usage of pure K (K) -0.9346 - 2.2358" 3.78 
Precipitation squared (m~) -10.1518 -1.9432 3.25 
R2 = 0.937708; R~ = 0.913483; V = 2.4914; F{model) = 38.71" 

111. Cobb- Douglas production function in logarithmic form 
Constant term - 10.6809 -2.6049 
Land (A) 1.6143 5.0393" 147.21" 
Precipitation in: 
Sowing period (m 1) -0.0667 -1.1153 1.39 
Growth period (mz) 0.1367 1.6991 7.65" 
Temperature index (TI) 0.0143 0.4059 0.61 
UsageofpureN(N) 0.0931 1.2477 10.42" 
Usage of pure P2 0 5 (P) 0.0565 1.0455 1.09 
R2 = 0.9182; R~ = 0.88548; V = 1.7218; F{model) = 28.06" 

"Statistically significant statistics. 

On the other hand, t statistics indicate that all the 
independent variables but cropping area (A) and 
precipitation in growth period (m2 ) are found to be 
statistically meaningful at the 95% significance level. 
An interesting observation about m 2 and N is that 
their interaction effect (m2 N) is positive and signifi
cant, while m2 , by itself, is effecting production 
adversely. Moreover, the model itself is statistically 
significant at the 95% probability level as the F 
value indicates in Table 4. F values of all the 
independent variables in the model indicate that ad
ditional variation explained due to inclusion of the 
last variable into the model is statistically meaning
ful at the 95% significance level. 
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Calculated v statistic indicates that there is no 
autocorrelation between the independent variables at 
the 95%% level of significance. 

5.2.2. Quadratic production function 
Determination of the final form of quadratic model 

was done by including all the variables, their squared 
forms, and the products of precipitation and fertilizer 
use. Although, this increased R2 almost to one, but 
too many variables with limited number of observa
tions reduced the degrees of freedom, which ques
tions the statistical validity of the model. 

Stepwise regression analyses reached to optimum 
solution by including six variables leaving crop 
growing area (A) out of the model. This rather 
unusual situation is changed by forcing (A) into the 
model at the expense of some reduction in R2 • The 
final form of quadratic model is given below: 

y; = b! + b! A,_!+ bzmzr + b3( mz,)z + b4m3r 

(7) 

where, in addition to the variables used in the linear 
form K = usage of potassic fertilizer (K in kg). 

As is seen in Sec. II of Table 4, the signs of 
vertical intercept, harvest time precipitation (m3), 

temperature index (TI), squared term of growth pe
riod precipitation (mD, and consumption of potas
sium (K) are all negative as expected. Negative 
constant term and squared precipitation can be at
tributed to the model specifications. On the other 
hand, negative sign of K consumption might be due 
to the potassium content of regional soils being 
above sufficient level. 

The coefficient of multiple determination of 
quadratic model is R 2 = 0.9377 and the correlation 
coefficient is R = 0.9684. On the other hand, R; = 
0.9135. 

As is seen in Table 4, m2 , m3 , TI, P, and K have 
coefficients are statistically significant at 95% proba
bility level. Moreover, independent variables A, m2 , 

m 3 , and P have significant contributions to the ex
planatory power of the model, which is shown by 
starred F statistics. The model itself is statistically 
significant at 95% probability level as indicated by 
the model's F = 38.71. Calculated Von-Neumann 
value shows that there is no autocorrelation among 
the independent variables of the model. 

5.2.3. Cobb-Douglas production function 
Expression of Cobb-Douglas type production 

function by using the variables included into the 
model is given below: 

Y=b ·Ab!.mb2.mb3.Tib4.Nb5.pb6 ( 8a) 
t 0 t !t 2t t t t 

where, in addition to the variables used in the previ
ous models m1 = precipitation during the sowing 
period (mmjm2). 

By taking logarithm of both sides the function 
will be converted to linear form that can be evalu
ated by multiple linear regression analysis. 

ln¥; = b0 + b 1 lnA 1 + b2 lnmlt + b3lnm21 + b4 lnTI1 

(8b) 

The parameters and related statistical test results 
of independent variables obtained from regression 
analysis are given in Sec. III of Table 4. The signs of 
coefficients of variables of the model are as ex
pected, except the constant term, which might origi
nate from model specifications. Negative sign of m1 

is logical, because excessive rainfall in sowing pe
riod, as is observed in Table 2, may either retard 
sowing operation or destroy the seeds already sown. 

R2 = 0.9182 of this model is lower than the other 
models. Moreover, none of the coefficients except 
land has statistical significance as indicated by low t 

statistics in Table 4. Only variables, A, m2 , and N, 
make significant contributions to the explanatory 
power of the model. However, the model in overall 
sense is significant at 95% probability level, and 
there is no autocorrelation among independent vari
ables of the model. 

In terms of preference of the models one can 
observe that all of the models are statistically signifi
cant with no autocorrelation among the independent 
variables. With respect to R 2 although the multiple
linear type is preferable to the others, the difference 
between R2 of linear and quadratic models is negli
gible and only 0.0065. 

On the other side, one of the major issues facing 
development planners of SAP is identification, and 
quantification of the benefits of public investment in 
agricultural programs. In Turkey, estimation of pro
duction and economic benefits of SAP irrigation 
water is a case in point. Additionally, there is the 
question of appropriate quantity of water and other 
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inputs that should be utilized in the project area, 
since efficient pricing of, especially irrigation water 
in SAP region is the main concern. 

On the basis of the quadratic production function 
the foregoing analysis will be carried on, because a 
linear model gives only constant first derivatives by 
which optimal input levels cannot be calculated. 
Constant MPP = APP is difficult to explain for irri
gation water and fertilizer consumption. However, 
the squared terms of fertilizers P and K, and products 
of precipitation and fertilizer use, which represent 
interaction effects of the variables do not appear in 
the fitted quadratic model. Cobb-Douglas produc
tion function developed in this study did not give 
satisfactory results in terms of R 2 value of the 
model and significance of coefficients of indepen
dent variables, excluding the variable land (A) (Ta
ble 4). 

On the other hand, variables related to precipita
tion (m2 and m 3 ) of quadratic model are both statis
tically significant, those of linear model only m3 is 
significant. Considering all of these factors quadratic 
model, which simulates agricultural production better 
is accepted to carry on further analyses. 

6. Economic analysis 

In this section of the paper the questions are 
addressed in connection with wheat production in 
four-province study area. The focus is on the follow
ing issues: marginal returns to inputs, input levels, 
substitution possibilities among inputs, and returns to 
scale. 

6.1. The marginal value product of inputs 

The economic analysis in this section starts with a 
calculation of the physical relationship between pro
duction of wheat and six different independent vari
ables of the production function. This relationship, 
defined as the marginal physical product of each 
input, can be expressed by the following equation: 

MPP; = Ll Y j Ll X; (for an interval change) , or 

= dYjdX; (for a point change), 

where MPP; is the marginal output associated with 

input-X;, and Ll (or d) represents the change in the 
variable. In other words, MPPi is the first derivative 
of the production function with respect to input 
variable X;. MPPs of linearly related input variables 
are simply the coefficients of each independent vari
able in the estimated production function. 

The coefficients for the wheat production of Eq. 
(7) are shown in Sec. II of Table 4. The MPP of land 
A, for example, is 0.4833 metric tons of wheat, i.e., 
considering the entire study area in SAP region, one 
additional hectare sown can be expected to increase 
the wheat production by 483.3 kg. In the study area 
each millimeter of m2 increases the output by 5500.2 
metric tons, while m3 reduces it as much as 34 097.2 
metric tons. Additionally, 1 kg of elemental P will 
generate about 360 kg of output. However, the same 
amount of increase in consumption of K will reduce 
wheat production by 934.6 kg. By bringing in the 
market price of wheat, the value of an additional 
level of each input can be computed as follows: 

VMP; = P X MPP; for all i (10) 

where, VMP;, is defined as the value of the marginal 
product of input X;, and P is the unit price of 
wheat. Using the 1993 average price for wheat of 
$148.75/metric ton, 2 the VMP of each input is 
shown in Table 5. Since VMP represents the return 
generated by the additional increment of an input, 
this should just cover the unit price of that input. 
Thus, the VMP values are referred for determining 
the profitability of the last additional unit of any 
input by farm managers. 

As can be seen here, increments of rainfall in 
growing period generate high economic returns. Irri
gation is supplementary to rainfall, i.e., it enters to 
input combination after realization of the last incre
ment of rainfall. Therefore VMP of rainfall might be 
considered as a kind of indicator of the price of 
irrigation water. It is observed that m2 varied be
tween 44.75 mm and 295.85 mm with an average of 
133.35 mm. The MPP figure given in Table 5 is 
obtained by using this average value. Standard devia
tion of this data set is calculated to be 68.14 mm 
which reveals that, empirically, about 66% of pre-

2 Exchange rate of Turkish Lira (TL) in 1993 is taken to be 
US$1.00 = 15000.00 TL. 



84 I. H. Ozsabuncuoglu /Agricultural Economics 18 ( 1998) 75-87 

Table 5 
VMP of production factors of wheat, 1993 

Independent variables (inputs) Marginal product (MPP) Value of MPP; (VMP) 

Land (A) 
Precipitation in: 
Growth period (m2 ) 

Harvest period (m) 
Temperature index (TI) 
Usage of pure P20 5 (P) 
Usage of pure K (K) 
Precipitation squared CmD 

0.4833 

2792.7248 
- 34 097.2000 

-9547.0359 
0.3600 

-0.9346 
-10.1518 

$71.89/Ha 

$415417.82/mm 
$- 5071958.50/mm 
$1420 121.59 
$53.55/kg 
$- 139.02/kg 
$- 1510.08 

Note: 1993 average wheat prices varied between $161.00/metric ton (hard wheat) and $136.51/metric ton (soft wheat). Average of these 
two, $148.75 /metric ton is used for above calculations. 

cipitation is expected to be between 133.35 ± 68.14 
= 65.21 mm and 201.49 mm. As a result the ex
pected limits of VMP for respective lower and upper 
rainfall levels at 66% probability will be $621 211.56 
and $209 624.08 for entire region. These values are 
reached by evaluating the first partial derivative of 
quadratic production function with respect to m2 for 
given lower and upper rainfall limits. Total wheat 
growth area in the study region is around 900 000 ha 
(or 9 000 000 decares) that will yield average price of 
irrigation water to be $0.0462/mmjDa. The upper 
and lower price limits with 66% probability will be 
between $0.069 jmmjDa and $0.0233 jmmjDa in 
growth period. This situation is illustrated in Fig. 2 
by which it is possible to forecast demand for irriga
tion water in the study region. 

Winter wheat varieties require a dormant period 
brought by cool winter days; however, below freez
ing temperatures will result in crop loss as indicated 
by negative MPP and VMP for the temperature 
index (TI). 

Compared to 1993 market prices P that has posi
tive VMP is overvalued, i.e., profit maximizing price 
of pure P is quite higher than its 1993 market price 
of $0.29 /kg. However, due to adverse effect to 
production, K is considered is unnecessary in the 
study region. 

6.2. Marginal rate of technical substitutions 

Optimum input allocation between two substitut
ing inputs that maximizes output subject to a given 
total cost and input prices can be made by satisfying 
the following condition: 

(MPPjr;) = (MPPJrj)i =!= j (11) 

where ri and rj are unit costs of two different 
production factors, input-i and input-j. For n differ
ent inputs Eq. (10) can be generalized for inputs 
1,2, ... ,n. The basic principle involved in this state
ment is that the opportunity cost of the last dollar 
spent for any input must generate equal amount of 
MPP per dollar spent for the concerned input. Rear
ranging the terms of above equation will yield, 

where MRTS x for x is the marginal rate of technical 
substitution of inp~t-i for input-j. These rates are 

l.o 

0.6 

o.z 

0 ----,---,--'-~-,-------,
loo 200 400 mm/m2 

-0.2 

·· .. , 

Fig. 2. VMP of growth period precipitation. 
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Table 6 
Marginal rate of technical substitutions of inputs 

Substituting inputs 

TI p K 

MPPj 
A 1.000 0.000 0.000 0.000 1.343 -0.517 

mz 1.000 -0.082 -0.293 7757.546 -2988.150 

m3 1.000 3.572 -94714.444 36483.201 
TI 1.000 -26519.444 10215.103 
p 1.000 -0.385 
K 1.000 

calculated for pairs of different inputs and given in 
Table 6. As is observed in the table there are practi
cally no substitution opportunities of A for m2 , m3 , 

and Tl. On the other hand, MRTS of m2 for P and 
m3 for P and K are extremely high indicating that 
precipitation can be substituted for fertilizer usage (P 
and K) very easily. 

Output elasticity (E) is a parameter that shows 
the degree of flexibility of an output's production 
level as a response to the variations in input-i 
(Henderson and Quandt, 1971, p. 57). Ei can be 
calculated by taking the ratio of MPPi to APPi where, 
APPi = (Y /X) is the average product of input-i. In 
order to calculate this parameter 1989 value of m2 

and the fitted value of wheat production for the same 
year are used. Since APP = MPP for the linearly 
related inputs, viz. land, temperature index, and fer
tilizer consumption, their E values are unitary. But 
E of growth period precipitation is 

E2 = MPP2 / APP2 

= (3229.7264/12626.299) = 0.3112 

This means, a 1% change in rainfall in growth period 
yields about 0.31% change in wheat production. This 
result reveals that output elasticity is inelastic and 
production activity takes place in the second produc
tion stage where MPP < APP and both are declining. 
As the growth period rainfall increases (decreases), 
Ei decreases (increases) changing between zero and 
one. Here, of course it is realized that rainfall is not a 
controlled variable unlike irrigation water. However, 
in this study irrigation is implicitly considered as the 
substitute of rainfall when it is lacking. 

The coefficient of a production function shows 
the proportional change in crop production, which 

results when all independent variables (inputs) are 
increased by the same proportion, i.e., 

e = (AY/Y)j(Amjm) 

= (AY/Am)(m/Y) 

where (Amjm) is the proportion by which all the 
inputs are expanded (Henderson and Quandt, 1971, 
p. 81). By some mathematical juggling and rearrang
ing the terms one can obtain, 

e = I:[(AY/AXJ/( XJY)] 

= I:(MPPJ APPJ 

= I:Ei i = 1,2, ... ,n 

This is nothing but degree of homogeneity of the 
function and a production function generates con
stant, increasing, or decreasing returns to scale, if 
e = 1, e > 1, and e < 1, respectively. This could 
give an important clue for those who want to decide 
whether to invest in inputs in the study area. 

For the quadratic form presented in this study all 
of the variables except precipitation in growth period 
(m2 ), which is an uncontrollable variable are linearly 
related with the production of wheat. Therefore, for 
this model, it is more suitable to accept constant 
return to scale in spite of e = 5.4786 is demonstrat
ing an increasing return to scale. 

7. Conclusions and recommendations 

From the economic theories' point of view the 
model revealed good insights and significant clues 
on the general characteristics of wheat crop produc
tion in research area. 

The results of regression analysis are highly satis
factory. The independent variables included into the 
model explained more than 90% of variation in 
wheat production realized in 1963-1989 period in 
SAP region. On the other hand, the quadratic model 
in general and five out of seven independent vari
ables all have statistically meaningful coefficients at 
the 95% significance level. 

Inputs evaluated according to their contributions 
to producer's total return (VMP) suggests that irriga
tion in growth period would be extremely valuable 
for production increase. This is a clear indication that 
irrigation investments in the area would generate a 
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considerable amount of added value in the region 
with the provision of other agricultural improvement 
measures. 

Although there seems to be no possibility of 
land-precipitation and land-temperature index substi
tutions, but there is some for fertilizer use. On the 
other hand, one can easily substitute amount of 
fertilizer used for volume of precipitation in growing 
period of wheat and vice versa. Therefore, we can 
claim that, to a certain extent, irrigation or rainfall 
deficiencies can be eliminated by fertilization with 
the provision of right timing. Thus, when irrigation 
facilities are to be developed at the same time, 
fertilizer use must also be reinforced in order to 
increase the crop production in the region. The basis 
of this result is the previous discussions about the 
interaction relations of the variables m2 , N, and 
m2 N of linear model. 

When output elasticities of production factors are 
taken individually, it is observed that production 
takes place in the second stage where MPP and APP 
curves are declining. In fact, in the theory a rational 
producer is expected to maintain equilibrium input 
usage and production in this stage where each addi
tional input generates some positive additional 
amount of product. From this aspect also the model 
is in accordance with the general economic theory. 

Moreover, the function coefficient of the model 
being greater than one indicates that proportional 
increase in the usage of production factors will gen
erate more than proportional increase in wheat yield. 
It is concluded that, in the overall sense, under the 
given input levels the production is in the first stage. 
As an implication of this result a rational producer 
should pass this stage by employing more of produc
tion inputs. 

In the light of the above findings the following 
recommendations could be made for further research. 

(i) In this study the sales of commercial fertilizer 
were used as total fertilizer uses in the research area. 
However, manure of livestock, sheep, and goats is 
another nutrient source utilized in the study area. 
VMP of P and K being out of order of their market 
prices might be due to this fact. However, there are 
no reliable data on amount and distribution of this 
organic fertilizer's application. Thus, number of those 
animals mentioned above could be used as an inde
pendent variable in the models of further research. 

(ii) More objective variables such as additional 
climatic factors covering entire life cycle of the crop 
must be adopted in model developments. 

(iii) On the other hand, in a real life situation the 
number of parameters that determine the production 
level of a crop is much higher than just seven 
variables used in this model. Moreover, it is quite 
possible to cover the entire vegetation period of a 
crop segmented by shorter intervals in terms of 
climatic factors, which might generate more interest
ing results. However, because of limited number of 
observations, and the problems of multi-collinearity 
and autocorrelation it is not recommended to in
crease the number of independent variables beyond a 
certain level. 

Therefore, a different approach that does not re
quire any prior assumption about the relationship 
between dependent and independent variables could 
be followed. For example, factor analysis method 
groups large number of parameters according to their 
correlation coefficients. By inspecting these groups 
one can make a decision about the modeling and the 
kinds of independent variables as well. 
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