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¡•Introduction and Summary 

in 1875 and 1976 Turkey has had consecutive al l - t ime record 
wheat harvests. In both years wheat area sown has been excep-
tionally large. In 1975 weather con dittoes were unusually favorable 
and in 1976 somewhat above average. This has lead some obser-
vers to conclude that weather and a rea alone account for the high 
production. Others argue that while weather continues to be extre-
mely important, these bumper crops are in part attributable to the 
rapidly increasing use of improved technology. For policy makers 
it is essential to know if these record crops are solely a function 
of large area and good weather or whether improved technology 
has become a major contributor. This paper addresses itself to this 
issue, using statistical analysis in an attempt to separate the effects 
of weather from those of technology. 

The analysis suggests that improved technology is beginning 
to play an important role; moreover, that its impact on production 
may be greater in good weather years than bad. The impact on pro-
duction of the increasing use of technology is sketched. The policy 
implications are (1) the need to expand wheat storage capacity 
and (2) the need to choose between either an export oriented or a 
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self-sufficiency strategy. More analysis is needed if this latter policy 
choice is to be made intelligently and implemented effectively. 
Particularly important is an analysis of foreign market potential for 
wheat and an analysis of the sets of relative prices needed to limit 
wheat production to domestic needs and shift to other crops the 
land thus released. 

!!. The Statistical Analysis 

The method employed in this paper is linear regression analysis, 
a technique which can be used to determine the extent to which the 
annual variation in one (dependent) variable can be "explained" by 
annual variation in other (independent) variables which are thought 
to influence the dependent variable. In this study there are two 
dependent variables analyzed: wheat yield per hectare and total 
wheat production. CH-matoIogical and technological factors believed 
to influence production are used as the independent variables. 

The approach used in this study draws upon the methodology 
and results of "Forecasting Wheat Production in Turkey" by Arthur 
Coffing of the US Department of Agriculture. H However, based 
upon discussions with agronomists of the Wheat Research and 
Training Project!, significant changes were introduced in the va-
riables used in the prediction equations. 

The period analyzed was 1947 using annual data. (2) 
Following Coffing, Ankara weather data was used to represent 
national climatic conditions. The same variables which Coffing used 
with the 1947 - 1969 data were tried with the 1947 - 1975 data. Whe-
reas Coffing's equation explained 82 percent of the yield variation 
for the former period (R2 = 0.82), when the highly variable 1970 -75 
crops were included the percentage of variation explained by the 
equation fell to 65 percent (R2 = 0.65). This prompted the search for 
a set of variables with greater explanatory power. 

Discussions with wheat agronomists were .helpful in isolating 
the key climatic variables. Where Coffing had integrated precipi-
tation and temperature in an "aridity index", the agronomists hypot-

(1) Another useful source of information on wheat forecasting in Turkey is Prof. 
Olan Forker (1971). 

(2) Note : It should be mentioned that the yield and production figures used are 
those published by the Staie Institute of Statistics. US Department of Agricul-
ture estimates are substantially lower. 
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hesized that in winter it was extreme cold that most powerfully 
affected yields with the crucial precipitation occurring in the 
spring. High, May and June temperatures when the crop was 
heading and filling were expected to affect yields adversely. 

Therefore, ¡instead of combining precipitation and temperature 
in an aridity index the key climatic variables were .hypothesized to 
be: the average of April-May rainfall (PAM); the lower of the 
January or February average temperature (TMIN); the June ave-
rage temperatue (TJUN). As to technical factors, fertilizer consump-
tion in the year in which the crop was sown was hypothesized to 
be the major contributor to yields (Ft-i) 

These theoretical considerations led to the testing of the func-
tion : 

(1) Yield = f (PAM, TMIN, TJUN,Ft-!) 

This resulted in a considerable improvement over the aridity index 
formulation. The equation fitted was : 

(2) Y = 1575 + 4.72 PAM + 20.35 TMIN — 48.03 TJUN + 

(3.88) (2.63) (2.34) 
0.0877 Ft-1 

(4.39) 

(FP) = .75; standard error of the estimate (SEE) = 115. 
Numbers in () are t values. 

Where Y = yield in kg. per hectare 

PAM = Ankara precipitation in mm (April + May) -r- 2 

TMIN = Ankara temperature in °C; lower of January or 

February plus 10 to make all values positive. 

TJUN = Ankara June temperature in °C. 

Fm = Total fertilizer consumed in thousands of metric 
ton (gross, not nutrient). (Note that this is) 
total consumption, not just fertilizer used on 
wheat.) 

Other factors affecting yield were explored but none proved 
to be statistically significant in explaining yields. These factors 
included both fall and winter precipitation. May-June rainfall was 
tested but had less explanatory power than did April-May rainfall. 
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Consumption of herbicide, an input known to improve yields, was tried 
in the equation. Probably due to its relatively recent introduction 
and the small area covered to date, herbicide consumption was not 
statistically significant in explaining yields. 

A simple time trend as a proxy for gradually improving techno-
logy was tested in place of fertilizer consumption. This improved 
the fit of the equation slightly (R2 = 0.78; SEE = 108). However, since 
the difference was slight, and perhaps due only to the linearity of c 
time trend, it appears that fertilizer has been by far the most im-
portant ingredient cf the improving technology over this period. 
Thefore the equation containing fertilizer was used as it has more 
policy relevance than the one with the time variable. A time trend 
variable tends to suggest some sort of "automatic" progress whe-
reas in reality it seems likely to be fertilizer which is responsible for 
most of the secular yield increase. 

As production i'S a function of both yield and area, one could 
develop a separate area equation and use the combination to 
predict production. However, Coffing found that the only statisti-
cally significant variable affecting area was the past year's wheat 
area. H Therefore this area variable (area thousands of hectares) 
AM was added to the yield equation to obtain a production equa-
tion. The equation estimated was (production in thousands of tons) : 

Prod = 1959 + 39.85 PAM + 121.77 TMIN - 252.86 TJUN + 
(3.95) (1.87) (1.48) 

0.6275 F m + 1.097 Am 
(2.83) (7.15) 

R2 = .91 SEE = 954 

The combination of variables affecting yield plus the previous 
year's wheat area explain 91 percent of the variation in production. 

These equations permit an analysis of the impact of change in 
the independent variables upon wheat yields and production. The 
effect of a unit change in each of these variables in shown below : 

PAM : An increase of 1 mm of rain in the April - May average 
increases average wheat yield 4.72 kg per hectare and 
production by 40 thousand tons. 

(1) Of course, one could use current year area, but this is normally unknown un-
til after the harvest. To develop an equation also useful for forecasting, past 
year's area was used. 
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TMIN : An increase of one degree in the minimum temperature 
in January/February increases average yield by 20.4 

kg per hectare and production by 122 thousands tons. 

TJUN : An increase of one degree in the 'maximum temperature 
in June reduces average yield by 48.0 kg per hectare 
and production by 253 thousand tons. 

F t-! : An increase of 1000 tons in the national total consumption 
of fertilizer in the year the wheat was sown increases 
average yield by 0.088 kg per .hectare and production by 
628 tons. (Again, note that this is total fertilizer consump-
tion, not just that on wheat) 

At-x : An increase of 1000 hectares in land in wheat the previous 
year increases production by 1,097 tons. 

Another way of looking at the effect of these variables is to 
examine the change in yield and production which occurs when each 
of the independent variables moves from its extreme low value to 
its extreme high value over the 29 years. The difference between the 
variable's high and low is set forth below along with the corres-
ponding range in wheat yields and production. 

Ranges in Production and Yield Under Extreme Conditions 

Yield range Production range 

PAM : Lowest (1961) = 22 mm 378 kg/ha 3.2 million tons 
Highest (1963) = 102 mm 
Ave. = 48 mm 
Range = 80 mm 

TMIN : Lowest (1950) = -7.0°C 228 kg/ha 1.4 million tons 
Highest (1955) = 4.2°C 
Ave. = -0.7°C 
Range = 11.2°C 

TJUN : Lowest (1952) = 17.8°C 206 kg/ha 1.3 million tons 
Highest (1956) = 22.1°C 
Ave. = 19.8°C 
Range = 4.3°C 

Ft-i : Lowest = 0 326 kg/ha 2.3 million tons 

(000 tons) Highest = 3720 
Ave. = 873 
Range = 3720 

In the framework of the regression equation, spring rainfall is 
the single most important factor affecting yield and production. 
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The results suggest smaller but important variations due to tempe-
rature. Yield and production have been increased importantly over 
the period by the use of fertilizer. 

III. The Impact of Technology 

As noted, in the regression equations the only discrete element 
of new technology closely related to yield increases is fertilizer use. 
Without any other technological element, the variables in the regres-
sion equations are able to explain a very large share of annual yield 
and production variation. H Moreover, in all but two of the 29 years 
considered, the production equation correctly predicts the direction 
of change in production relative to the past year even if not the 
exact magnitude. In the yield equation the direction of change is 
correctly predicted in all but 3 of the 29 years. The relatively good 
fit of the equations and their accuracy in predicting the direction of 
annual change gives considerable confidence that they capture accu-
rately over this period the major determinants of wheat yields and 
production. 

In the last several years the government has made systematic 
and determined efforts to introduce a series of improved practices 
into wheat production. Reflecting the fact that lack of moisture is 
the major limiting factor in most of Turkish wheat production, these 
improvements are oriented toward better moisture conservation. 
They include such things as earlier and better tillage to kill moisture 
using weeds and to build an insulating mulch; use of herbicides to 
control moisture loss by weed growth in the crop; contour plowing 
and stubble mulching on erosion-prone land. With improved moisture 
conservation and weed control, production can benefit more fully 
from the fertilizers and improved varieties also being extended to 
the farmers. 

The question posed at the beginning of this paper was whether 
or not the introduction of these techniques has had any statistically 
significant effect on yield and production. Whlile not conclusive, 
there is substantial evidence that particularly in 1976 there has been 

(1) It should be noted that while the number of tractors was not statistically signi-
ficant as an independent variable, the impact of the tractor is picked up within 
the variable "previous year's area in wheat". During the fifties.the area in 
wheat was rapidly expanded as large numbers of tractors were introduced un-
der U. S. Marshall plan asistance. 
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a fundamental shift upwards in production beyond what can be 
explained solely by good weather and fertilizer use. 

Charts 1 and 2 show, respectively, yield and production over 
the period 1947-1976. The solid line represents the actual data and 
the dotted line the yield and production as estimated from the 
equations. The equations fitted to the 1947-1975 data were used to 
predict 1976 yield and production. 

It is apparent from the charts that in both 1975 and 1976 wheat 
yield and production substantially exceeded that predicted by the 
equations. Moreover, in 1976, weather factors were substantially less 
favorable than those of 1975 leading to the expectation of a drop 
rather than a rise in yield. 

Given that the equations seem to explain yield and production 
quite well, what is the chance that an extreme value such as that 
of 1976 could occur within the production structure represented by 
the prediction equations One way to address this question is to 
look at the size of the unexplained annual variation relative to the 
standard error of the estimate (SEE). The basic idea is that if these 
unexplained "residuals" are distributed normally (in a "normal" bell 
shaped curve) then one expects 68 % of the actual values to lie 
within one standard error of the equation's estimates. 

In Chart 3 (yield) and Chart 4 (production) only the difference 
between the annual actual and estimated values are plotted. For 
example, in 1954 actual production was about one million tons below 
the estimated production; therefore the value of - 1,000,000 is plot-
ted. The horizontal reference line at zero is thus the estimated value 
for each year. What is plotted is the amount of annual variation not 
explained by the variables in the estimating equation. 

The dotted horizontal lines lie one standard error (SEE) away 
from the estimated value line. The dotted lines above and below 
these are placed so that they are each two standard errors away 
from the estimated values. There is only a 5 % chance of an actual 
value falling outside these limits. Two aspects of the plotted results 
are noteworthy. First, until recently the actual figures clustered 
fairly well around the prediction line. From 1971 on, the actuals are 
more extreme on both the upside in good weather years and on the 
downside in poor weather years. 

Secondly, while all the values over the 29 years of the regression 
equation fall within 2 standard errors of the estimate, the 1976 values 
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for both production and yield fall far outside these limits. There is 
only -about one chance in one hundred that the estimate could be so 
far off unless there were some new force at work not captured in 
the equations. This new force is probably the combined impact of 
improved cultural practices, better varieties, and herbicides. H 
These technological improvements are now in wide enough use that 
when combined with abundant rainfall the effect has been a spec-
tacular increase in production. Particularly noteworthy is the near 
doubling of herbicide consumption in 1976. Whereas in the past 
almost all the annual variation could be explained by variations in 
weather and fertilizer use alone, particularly in 1976, it cannot be so 
explained. 

IV. The Outlook for Wheat Production 

This analysis suggests that in addition to fertilizer, other inputs 
and improved practices are playing an expanding role in increased 
Turkish wheat production. However, it is not possible to say in any 
given year how great the contribution of the improved technology 
will be. In a year of abundant moisture, every part of the improved 
production package contributes to pushing up yields. Conversely, in 
a year of very low rainfall, only some elements of the package 
contribute their full potential. Herbicides, by curbing weed growth, 
should have a positive impact even in a low moisture year; so will 
cultural practices which help retain moisture from the previous 
year and so will the disease resistance of improved varieties. Howe-
ver, fertilizer is of limited benefit without moisture. Thus, while even 
in a poor year there are elements of the paokage working to prevent 
a disaster, in a very good weather year —with everything in the 
package contributing ful ly— spectacular yields are not only possible 
but likely. 

The implications of this interaction between weather and tech-
nology are extremely important. They can be sketched suggestively 
by relating weather patterns to yield estimates under traditional 
and improved technology. For this purpose, the first step is to 
analyze long-run weather patterns using the key parameters of the 
prediction equations. Five classes of year were defined from the 

(1) For example, a recent survey in Ankara Province indicated that herbicide was 
used in 1976 on 58 percent of the wheat fields. Moreover, of those using her-

bicide most were using it for the first time in 1976 (Mann, 1977). For analysis 
of this survey data see Some! (1977). 



Chart 1 : Plot of Actual Yields and that Estimated by Regression Equation (Kg/ha.) 
(1947-1976) 
Gerçek üretim ve regrasyon denklemi ile tahmin edilen üretim arasındaki 
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Chart 2 : Plot of Actual Production and that Estimated by Regression Equation 
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Chart 3 : Plot of Difference Between Actual Yield and that Estimated by 
Regression Equation 1947-1976 
Gerçek verim ve regrasyon denklemi ile tahmin edilen verim arasındaki 
farkın grafiği. 
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Chart 4 ; Plot of Difference Between Actual Production and that Estimated by 
Regression Equation. 1947-1976 (Million Tons) (Milyon Ton) 
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point of view of weather effect on wheat production. The impact of 
the equation's three weather factors on yield was calculated for 
each year, 1946 - 1975. An average weather year for wheat was de-
fined as one where the weather caused yield to deviate from "trend" 
(adjusted for fertilizer's contributon) by less than 50 kg/ha. A mo-
derately good/bad year was defined as one where weather deflected 
yield + / - 5 0 to 150 kg/ha from trend. A very good/bad year was 
one where the weather effect was greater than + / -150 kg/ha. 
The relative frequency of each class of weather year in the past 
thirty years is shown below. (Longer-term weather data was exa-
mined, but as there is some suggestion of secular change toward 
increased rainfall, only the past thirty years were used. The annual 
April - May average 1926 - 1945 is 39.4 mm; 1946 - 1975 it is 48.6 mm.) 

Table 1. Relative Frequency of 5 Classes of Wheat Weather 
Years 1946 - 1975. 

No. Rough chance of occurrence 
Years Percentage in eight years 

Average 8 27 2 in 8 
Moderately good 7 23 2. i n 8 
Moderately bad 8 27 2 in 8 
Very good 4 13 1 in 8 
Very bad 3 10 1 in 8 

T o t a l 30 100 

Having estimated the likelihood of various classes of weather 
conditions affecting wheat yield, the next task is to estimate yields 
under traditional and improved technology. For the traditional tech-
nology, an estimate of one ton per hectare was used reflecting 
the approximate historical situation at low levels of fertilizer and 
ether modern inputs. For the effects of weather, in accordance 
with the findings above, + / - 100 kg./ha. is added for a mode-
rately good/bad year. For a very good/bad year, + / - 250 kg/ha is 
added to the average yield under the traditional system. 

Estimates of yields using the improved package of practices 
under farmer conditions were provided by wheat scientists with 
long experience with the improved technology under Turkish con-
ditions. These estimates were guided by the research results repor-
ted in Mann (1975), USAID/OSU (1976), USAID/OSU Turkey Team 
(1973 and 1975) discounted somewhat for farm level conditions. In 
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an average year a yield of 2.0 tons per hectare can be reasonably 
expected under farmer conditions with the improved package on le-
vel plateau land. In a moderately bad year this might fall to 1.5 tons 
and in a very bad year to 1.25 tons. In a moderately good year 2.4 
tons should be attainable and in a very good year 3.0 tons. These 
estimates under varying weather conditions are summarized below : 

Table 2. Yields with Traditional and Improved Technology 
Under Varying Weather Conditions (Tons/Ha) 

Traditional Improved 

Very good weather 1.25 3.0 
Moderately good 1.10 2.4 
Average weather 1.00 2.0 
Moderately bad 0.90 1.50 
Very bad weather 0.75 1.25 

As the improved technology comes into wide usage, the range 
of production levels between a very bad and a very good year will 
tend to widen. To demonstrate this effect, Table 3 has been 
constructed. It shows the production which results under each •of the 
five weather classes with (a) all of the wheat land under traditional 
systems, (b) with 1/4 of the area under ¡improved technology and (c) 
with 1/2 of the area under each system. Nine million hectares was 
selected arbitrarily as the total area in wheat. (In 1976 wheat area 
harvested was estimated to be 9.25 million hectares.) 

As noted above, even in a poror weather year application of the 
package of practices should raise yields substantially over tradi-
tional systems: 1.25 tons/hectare in the estimate above compared 
to 0.75 tons in the traditional system. Thus technology can buffer 
the effect of adverse weather compared to traditional practices. 
However, also as noted earlier, not all elements in the package can 
be fully effective under low moisture levels. In contrast, when good 
weather brings full expression of the package's potential the 
increase over traditional systems is even more dramatic, t1) In our 
illustration this is estimated at 3 tons compared to 1.25 tons under 
traditional systems. 

(1) Consistent with this is the statement by Hepworth that the "payolf from impro-
ved farming was greater in the good year than in any other year" (USAID/ 
OSU, 1976 : 16). 


