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CHAPTER _TEN

WEATHER-CROP RELATIONSHIP:
A GENERAL REVIEW -

10.1 Introduction : Many factors affecting agricultural production

and productivity in Iraq have been discussed in the previous Chapters.
The effect of measures to improve agricultural production and prod-
uctivity through the planned utilisation and/or modification of these

factors does not seem to have been very significant.

Since agriculture is an open-air industry which very much depends
not only on socio-economic and technical factors, but also on exbgamous
factors, in particd]ar weather and climate (see Fig. 1.1), we must
consider those factors as affecting agricultural productivity. First, we
consider the relation between weather and agricu]tura]kproductivity and
secondly the degree to which this relation can be utilized to provide
some valuable information to the agricultural po11cy'haker at the national
and regional levelsand to farmers in farm management and decision making
at the farm level. The need for such studies will be discussed Tater in
this Chapter.

Weather affects agricultural productivity 1n'twd ways, first,
directly through weather elements such as. rainfall, temperature, etc.,
and seCond1y, indirectly in that weather may be a cause of spreading
or Timiting weeds, plant diseases and pests in the cultivated area
in a particular season.(1) (The indirect effects throﬁgh influencing
soil characteristics have been examined earlier).

Traditionally, farmers in Iraq have only had a limited capability
for protecting their crops from adverse weather conditions, apart
from irrigation. Livestock can be given limited protection but field
crops cannot, espec1a11y if dependeht on natural precipitation. However,

various farm practices can'be employed to avoid or diminish the effects
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of adverse weather and it therefore becomes important to understand the

nature of weather-crop relationships.

The aim of this Chapter is three fold : first, examining the need
for weather-crop studies; secondly, discussing methods of analysing
weather-chp relationship and thirdly, reviewing exiéting work on the

subject in the context of this thesis.

10.2 The Needs for Weather-Crop Relationship Studies

Researchers for a long time have tried to study the relationship

‘between agricultural crops and weather conditions. Usually, crops

are represented by the final yield and weather is represented by a
sing1e factor or combination of factors. This relationship can be
utilized in different ways, the most common uses being : first, in
agricultural policy and farm management or decision making; secondly,
‘as a sub-set or the set of variables in production function; thirdly,
in forecasting (pre-harvest estimate) as well as the estimating of
actual agricultural production; fourthly, in irrigation purposes;
fifthly, in the possibility of estimating the cost of damage to prod-

uction due to weather factors, and crop insurance.

| The relationship between weather and~future crop yields, the
basis of production forecasting, has various economic, organisational
and technical implications. For the governmeht and government agencies,
these include the organisation of transport and storage facilities at
the right time to help to minimize losses due to e.g. pests, birds and
unexpected weather conditions after the harvest and deciding annual
pricing policy for a particular crop. The imp1icatioﬁs are particularly
important for import and export po]icﬁes, éspecia]ly in a country like
- Iraq where the risk of crop failure, for example of wheat in the rainfed

area, due to weather condition is very high. If it proves possible
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to establish reasonably precise constants to measure crop-weather
correlations this may also provide useful indirect ways to check the

accuracy of agricultural data which is collected by other methods.

An understanding of crop - weather relations is also important
at farm level, since risks of harvest Toss may be minimized by the
appropriate application of improved methods of dry farming and the
adoption of new technology. This,however,cannot be aéhieved without
highly developed extension services and skilful farm management in

both private and social sectors.

In all, we see without doubt the economic value of understanding

weather=-crop relationships.

10.3 Methods of Analysing Weather-Crop Relationship

Generally speaking,there are two major ways of analysing weather-
crop re]ationships; the first one is the weather cycle approach, the
second based on statistical ana]ysis.(z)_ The emphasis on statistical
technique to express weather-crop relationship will be used in this
Study. Nonethe]ess;a brief explanation of the weather cyc]e as a method
which can be used to express weather-crop relationship will first be

given.

10.3.1 VWeather Cycle

This approach assumes that agricultural production or agricultural
productivity will increase or decrease according to a particular weather
cycle,such as sunspot incidence. This weather cycle varies in terms of

length, time of occurrence and effects from one country to another.

Studying the weather cycle and its effects on agricultural

production or productivity (production/cultivated area of certain crops)
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has long aroused a good deal of interest among economists, statisticians,
metéoro]ogisté and others. The main disadvantages of us1ng such analysis
in many countries are the lack of time series data tb allow such analysis
and the doubtful accuracy of data based on simple observations between

weather cycle and agricultural production.

Nonetheless, several studies have been carried out using different
techniques to determine the length of the cycle and its effects on certain

crops, such as those of Moore.fand‘Shan(3:4)

10.3.2 Statistical Techniques

Several statistical models have been developed to study weather—crop
reTationships‘ In this technique W. Baier has definéd wéather-crop
ahalysis models as the products of two or more factors, each representing
the (simplified) functional relationship between a particular plant
response, i.e. yield, and the variations in selected variables at different
stages of plant development.(s) J. Mather has classified weather-crop
relationships into three groups according to the number and type of
exploratory variables (independent variab1es).(6) These groups are: first,
individual primary weather factors, such as tempe}ature and rainfall;
secondly, combined primary weather factors; and thirdly, secondary (derived)

climatic factors, such as soil temperature and soil moisture.

In the following chapters, an attempt is made to build up a weather-
crop model for agriculture in the rainfed area of Iraq using single or

combined primary weather variables (see Chapters 12 and 13).

10.4 Dafa Required for Weather-Crop Studies

It is obvious that two sets of data are requiréd for weather-crop

analysis : first, agricultural data, such as the yield per land unit of

a particular crop, and,éecond1y, meteorological data, such as rainfail,
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temperature,etc. Data on each set can be obtained in-two ways : the

first one is experimental data and the second is time series data.(7)

Experimental data has its advantages and disadvantages. The
main advantage of experimental data is that all factors; including
weather variables,are under control. Researchers may vary one or two
variables at a time and keep the rest constant. Then the influence of
such variables on, for example,yield, is measured. The disadvantages are
that experimental data is expensive to obtain and requires a large
number of technica] staff. Moreover, data co]]ected from experimental
stations rarely represents the actual weather conditions in the field
since only a Timited number of secondary variables are introduced.
Thus, it can be misleading to use experimental data to measure weather-
crop relationship and then simply to extrapolate results to cover a

region or country.

Time series data also has advantages and disadvantages. Time
series data are always subject to different recording_ekrors, and these
will affect the accuracy of explanations of the Qeather-crop relation-
ship. Also, time series production data are affected by other trends
due to changes in production techno]ogy,éte, and this may require
further analysis before examining weather-crop relationship. This is
one reason why earlier chapters concentrated oh such non-weather
factors. Nonetheless, time series data, where available, are more
comprehensive and better represent actual con&itions at farms region

and country levels in terms of production and weather variables. -

10.5 A General Review of Weather-Crop Studies

It is impossible here to review all type of studiesof the analysis
of the weather-crop relationship, but-it is essential to mention some
key types in order to understand the progress achieved in analysing

techniques.
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10.5.1 Pioneer Studies : One of the earliest attempts to forecast

yield from meteorological data was carried out in 1874 by Sir Rawson W.
Rawson, the governor of Barbados.(S) His approach was Qery simple: he
compared graphs of the rainfall variable with graphs of yields of sugar
tane which was the chief crop of the island. From such comparison, he
believed that the yield of sugar cane (hogsheads) coulﬁ be estimated by

multiplying each inch of rainfall in the preceding calendar year by 800.

A series of papers was later published in different countries
to explain the influence of weather factors on yields of some crops and
there were 2,324 weather-crop studies reported and published between

1900 and 1930 alone.(%:10)

In 1907 R.H. Hooker claimed to be the

first to use a series of correlations between wheat yield, rainfall and

temperature in Eng1and.(]]) H.L. Moore used the regfession technique to
forecast cotton yields in the U.S.A. and he claimed that his method was

more accurate than other official methods.(12)

In 1924, Fisher used regression techniques to examine the effects
of rainfall on the annual yield of wheat at Rothamstéd,‘in particular the
rainfall distribution during the growing‘season and howithat affected
the final yield.(’3) He fitted 5th degree polynomial function to the
actual rainfall data of each year and calculated the feéression of the
actual yield on the coefficient of these polynomials, after eliminating
Tong-term trends. This approach was widely applied 1ater by many people

in different countries.

In terms of the practical application of weather-crop relationship
studies, in June 1941, the Canadian Agricultural Bureau began to issue
for the Prairie Provinces wheat condition figures based on weather
factors. At the same time it discontinued the co11ection of the field

observations of crop correspondents. This was the first time an official
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agency applied weather factors to wheat production forecasts, claiming
that on an average of 7 out of every 10 instances, the crop condition
figures based on weather factors approximated more closely to the final

yield of the crop than did the previously published figures.(l4)

10.5.2 Recent Studies : In the last three decades a good deal

of progress has been made in studying weather-crop relationship, becoming
more sophisticated in terms of mathematical and statistical analysis
and/or in the number of variables included or treated in the analysis.
With the development of computers, caicu]ation of such sophisticated

models becomes easier and faster.

W. Baier says that in spite of this progress weather-crop studies
were not seriously considered at the national level by agricultural policy

makers until relatively reCent1y.(]5)

The stock in grain and other
foodstuff was very high in most exporting countries during the 1950's and
1960's and agricultural lands were withdrawn from agricultural production
partly because of such surpluses. The situation chdnged during the
seventies, the widespread droughts of 1972 being followed by shortfalls

in production of foodstuff in most regions. Due to such circumstances
attention'is now paid to weather-crop studies. Moreover, international
organizations such as F.A.0. and W.M.O. héve increased their efforts

to provide more information on weather f1uctuat16n‘and its impact on
regional and global shortfall of food production. In the following -
pages, examples ffdm”differéntméount;féshfb represéhﬁ, for example, the |
objective of the study, the technique involved in the analysis and the
imporfance of the crop under the study are reviewed. In addition, many studies

have been reviewed by J. Mather, W.J.Maunder and w.Bajer,(]6’]7’]8’19’20)

P73
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10.6 Studying The Effect of Weather Factors on Yield and Its Forecasts :

10.6.1 Examples from the U.S.A : The U.S.A. is one of the leading

“exporting countries of grain, mainly wheat, corn, maize and soybeans.
Until 1972 large stocks of grain were available in spite of various

policies to reduce the cultivated land area.

Several techniques have been developed to study the effect of

- weather on yields of major crops. L. Thompson, for example, published
several studies examining the effect of weather on yield of corn,
soybeans, sorghum and wheat in the main producing states.(21’22’23’24)
His approach is based on multilinear or multi-nonlinear regression
techniques and using primary weather variables, e.g. rainfall and
temperature during the growing season. He also used Tinear and non-
linear trends to separate the influence of techno]ogy from weather.
Although this approach can be used to make early fofecaéts of the yield,
~ Thompson's real objective was to measure the influence of certain weather

factors on yield. He found that weather and technology were responsible

for 80-90 per cent of the annual yield variation of these crops.

In 1973, L. Thompson‘and others published a study on the impact
of weather on agricultural production of wheat, corn and soybeah in the

(25) The reason for this study was to formulate

main producing states.
u.s. agricu1tura1 export policy in a manner consistent‘with the best climat-
ological judgement as to whether or not the favourable weather conditions

of tHe previous years would persist. A multi-regression technique was

applied as illustrated in the following formula :
Y =A+f, (year)+ fo (weather) ............. (1)

Where Y 1is the forecast yield, f (year) is the trend which can be Tinear
" or non-linear. In this particular study, it was considered that the

trend was Tinear prior to 1945 and either linear or quadratic from
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1945 to 1973. The portion denoted as f (weather) ié expressed in the

form

where X, is the monthly state average precipitation or temperature. ii
is the long term sample average value of X; e The coefficients A,B,C are

estimated by regression.

Apparently, the conclusions from this study are that weather‘departure
from normal conditions will lower the yield, and secondly, the reliability
of grain yield in the previous years was due to an extraordinary sequence

of favourable growing seasons which could not be expected to continue.(26)

An alternative way of separating the yield effect of weather factors
has been developed in research conducted by the Economic Research Services,
U.S.D.A. called the Weather Index. (27) This approach is essentially

simple and the general procedure is as follows:-

1. Yield data is collected from agricultural experimental stations
where practices haye been controlled, where, therefore,year to year

variation in yield data will be due primarily to weather.

2. A trend is fitted to the data to describe the:yield effect due to

changes in factors which were not held constant, such as soil conditions.

3. A weather index from each series was computed as a ratio of the
actual yield to the trend yield (computed yield).

4, Weather indices for each crop at each location were weighed together

into an index for a particular crop for a particular region or country§28529)

Shaw argues that the weather index is more reliable in separating
the effect of weather on yield from the effect of technology than regression

techniques for the following reasons . (30)
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1. In regression techniques the trend might not respresent changes
in technology very accurately. Shaw believed that the application of
new technology, HYV's for example, follows a 1ogistfc function and the
level of production is maintained at the same level Unti] a new tech-
nology is introduced. Such fluctuation in the production level may be

over or under-estimated by fitting a linear trend, for example.

2. In regression techniques, it is assumed that the yield is affected
by two broad factors, weather and technology, but it 1stdoubtfu1 whether
the two factors are independent. Here, it is assumed that there is an
interaction between weather and technology. This interaction might not

be solved by the regression techniques.

3. In regression techniques there is a problem of selecting the
meteorological variables and geographical aggregation. Clearly, the
researcher will se]ect variables which give high explanation (high RZ),

but these meteorological variables may not represent the phenological
development of the plant, or select them on the basis of agronomic research
results. Aggregation may cause errors and require extra work, for example
different weighting schemes may be used to construct a yie]d average

and meteorological average.

Shaw believed all these problems would be solved if awegther index

is used.

An examination of the first point reveals that the introduction of
new technology will not necessarily follow a logistic function, especially
in developing countries, since the adoption of a new technology takes a
long time to reach its potential level, or near potential level. It 1$
true it will shift the supply curve, but not necessarily in the same
pattern which is suggested by Shaw. Fitting a non-Tinear trend, however;

may solve this problem.

- N
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As far as the second point is concerned, it seems that measuring the
interaction between weather and technology is very difficult to tackle in

any model and it requires extra attention.

Se1ec£1ng meteorological variables which express the relationship
between weather and yield is always very difficult. Different weather
variables individually or in combined forms may have different effects
on yield. The best the researcher can do after'sound investigation, is
to select the right variables which best express such a relationship for
a specific crop at a specific location. Therefore, since the relationship
between crop and climate is not yet fully clear, there is no general
model which can be applied now. Robertson developed a factoria]
regression model and claimed it could be applied in any region, but the

meteorological variables may still have to be varied.

Regardless of the advantages of the weather index this approach
doe$ have a shortcoming. It seems that the data used in this technique,
which is based on microclimatic and controlled experiment fields, does
not necessarily represent an adequate sample of actual meteorological and
agricultural conditions in a region or a country. Even when using
weighting techniques to aggregate a weather index to represent a regioh
or a country, this approach is not adequate. Moreover, in most devel-
oping countries agricultural experimental station% are very scarce. Shaw;
noticed this problem and he suggested that plots could be selected from
cooperating farmers to represent the bases for weather index cal-
cu]ation.(31) This suggestion is a practical one and>can be used in
developing countries, especially those which have adopted crop-cutting
surveys to estimate the harvest. Nonetheless, extra care should be taken

to select the right plot in the sample.

Another technique to estimate a weather index, by J.P. Doll, is
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to estimate yield response as a function of meteorological data and
trend. Doll believed his model gave a more accurate weather index

than that of Shaw and Stalling. (32)

In his conclusion, Doll says
that calculating a weather index based on one variable cannot be taken

as a final word.

10.6.2 Examples from Canada : Canada is particularly interested

in the world wheat production and market situation since it has long

been one of the larger producers in the world. Most of the Canadian
wheat ¢rop is grown in the three Prairie provinces and since this area

is more uniformly delimited in extent than other major wheat prod-

ucing areas in the world, the balancing of drought or disease losses

in one part of the area by good conditions in another pakt is less

likely. Consequently, fluctuations in national wheat production are
often greater in Canada than in other major wheat producing countries.(33)
Analysing weéather-crop relationships to forecast or to measure the impact

of weather factors on wheat is obviously very important at national and

international levels. .

G.W. Robertson developed a Factorial Yield-Weather Model (FYWM)
to forecast wheat yield at Swift Current in the Saskatchewan province of

Canada.(34’35)

This FYWM, Robertson says, contains some desirable
characteristics which others neglect. These characteristics are -

summarized as :-

1. The model should include basic weather elements which difectly
affect the growth and development of the ¢rop and whiéh are readily
available from meteorological networks or can readily be estimated from
available data. Elements considered basic for this.purpose are daily
maximum and minimum air temperature, global radiation; and soil moisture

(or vainfall in semi-arid regions).
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2. These basic elements should be used in realistic combinations
in a mathematical formula which will permit the determination of

characteristic crop response functions for each element.
3. Provision must be made for including antecedent crop conditions.

4, The model should permit the evaluation of the current crop
condition in terms of potential yield at any time during the growing
season, |

5. The model should permit the use of forecast weather elements, when
avaiTab]e, or of climatological probabilities should it be desirable to
determine the probable potential yield distribution uhder various

future c0nd1tions.(36)

Although Robertson mentioned the possibilities of using daily
weather variables, he used monthly data in his application of this

model at Swift Current.

Generally speaking, the FYWM involved the summation of the
products of severél quadratic or linear functions of the various weather

elements mentioned befbre.(37)

At Swift Current, thé improvement in the accuracy of the estimates,
as the season progresses,‘is indicated by the value of the coefficient of
determination (R2) for the estimated yield against observed yield
which increased from 27 per cent at'the end of April to.73 per cent
at the end of August, and the value of the standard errof of estimates
decreased from 524 kg/hectare at the end of April to 355 kg/hectare at
the end of August.(38) Increasing the accuracy of forecasts as the
harvest approaches is a]éd considered important by Moore, Baier and
w1111ams.(39’40) G.W. Robertson applied his model to forecast fresh

fruit bunch yield of oil palm trees in Ma1aysia.(4])

42,43)

A similar

technique was developed by Bajer. |
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10.6.3 Example from India : Several attempts have been made to

study the effects of weather variables on agricultural crops, such as

(44,45,46) In the cése of rice, for example, it

rice, wheat and maize.
has been realizéd that an above average weekly total rainfall during

the nursery peribd is beneficial (the period between emergence and trans-
planting). During the vegetative period heavy monsoon rain has an’
adverse effect on the final yield. The ripening phase is the phase

which is most susceptible to excess rainfa11.(47)

10.6.4 Examples from other Countries : Forecasting yields by

using meteorological data has spread to many countries.

In Iran, for example, J. Lomas conducted a special study to assess

the probability of predicting wheat yield in Iran from rainfall data in such

a manner that it would provide an objective assessment of the wheat pot-
ential of the main wheat growing area of Iran. He found that from a
linear simple regression model using verified 1972 data from 18 exper-
imental sites that 52 per cent of the wheat yield variation could be

explained by rainfa11.(48)

Hashemi used Iranian regional wheat production figures, inciuding
both irrigated and non-irrigated yield data, of the Ministry of Agric-
ulture for a five year period to determine the response-of total wheat
output to changes in September - June precipitation. _Greatest yield
response, roughly 10% per 10 mm. changes in precipitation, was found in
regions where the total September - June precipitation was only 50 mm.
Most of the wheat in this area is produﬁed with the aid of supplementary
irrigation. Regions having more than 400 mm. respond negatively to an

increase in precipitation.(49)

Hashemi, however, managed to make a forecast of wheat yield at the

national level by using November - April precipitation as in the
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following equation -

Y

375 P = 16.5 vurrerrnnnnnn. e (3)

(r = 0.78)

In Egypt, A.K.A.A.H. Ali investigated'the effect of
weather/climate on five main agricultural products : cotton, maize,
wheat, rice and sugar cane.(so) He applied two techniques. The first
was a correlation analysis between the yield of individual crbps and
five weather variables : maximum and minimum temperatures, relative
humidity, wind speed and sunshine. He used average weather factors
during the growing season in the first correlation series and then
correlated monthly weather variables during the growing season in the
second series. He found from this analysis that the monthly weather
variables in general are more significantly correlated with yield than

average weather factors during the growing season.

In the second approach he used the Fisher equation mentioned
above to study the effect of minimum and maximum temperature on yields

of products mentioned earlier.

One of the many studies carried out in Israel was that by
J. Lomas to study the economic significance of dry farming in the
arid region.(5]) He used simple and multi regrESsion,ﬁprincip1e
cbmponent analysis and the Fisher equation to study the relationship
between wheat yield and fainfa11. A11 these methods showed good
results. He concluded that a 20 per cent profit margin Cpu1d probably
be obtained in seven of every ten years only in an area where the mean
annual rainfall is at least 300 mm. Where rainfall is below 300 mm.
additional irrigation is essential, for in an area of 240 mm. 20 per

cent profit margins can only be obtained 3-4 times in every 10 years.
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10.7 Using Weather-Crop Relationship in Agricultural Production Functions

As noted earlier the weather-crop relationship can be used in prod-
uction or supply functions (see page 383). The argument among economists,
however, is whether to use primary weather variables or a weather index.
J.L Stallings argues that weather index is a uéefu] presentation of
weather elements in a supp1y function and it has been used in several

(52,53)

occasions, as we will see later. Other economists, however,

prefer to use primary weather variables.

Z. Grilliches took the weather index which was calculated by
J.L. Stallings and calculated an aggregate supply elasticity by using
a simple lag distributed mode].(54) Relative price, technology and
other economic variables were : used in the model, in addition to the
weather jndex earlier mentioned. He found that the weather index proves
to be a very useful tool of analyéis, accounting forva substantial
fraction of the exp]afned variance, and he went on to say, fOn the
whole, the results seem to indicate that a ten per cent change in the

'Stallings' weather indices implies a change of about 4 per ceﬁt in
||(55)

both the total farm output and all crops output indices.

B. Oﬁry says : "The model builder hopes to construct a system
that offers a structure approximating reality to a degree sufficient
for the practical purpose.of\inyestigation. Such a structure is
described through a set of relations regardihg environmental facﬁors,
human behaviour, as well as technological and institutional factors,
and through the joint probability distribution of non-observable
random disturbances and errbrs of measurement. Its va]idity is subject
to changes and depends upon the degree of permanence of economic laws,

as well ds that of the state of techno]ogy“.(SG)
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Bearing in mind this view, Oury attempted to build an econometric
model to estimate yield and acreage separately of wheat in France, and
the total production as results of these two models. In a third model

B. Oury estimated the total production directly.

He selected weather variables, economic variables and other
variables which represent technology or trends. His analysis was based
on two premises: first, the study of the influence of weather variables
on yield, acreage and total production and secondly, the selection of
significant variables to be used in estimating yield, acreage and total

production.

Considering weather variables, he tested a large number of indiv-
idual weather variables such as number of rainy days, rainfall and
the T. De Martonne aridity index which is -

P

I = —'mo teesssesccasesanas (4)
where:
I = De Martonne aridity index
P = Precipitationcm.

T = Temperature ke
Oury maintained that the aridity index has many advantages.(57)

As for economic variables, he used wheat price ratio to other
crops, such as barley and maize, fertilizer consumption, wheat price, etc.
In all he selected fifty independent variables to be used in different

mode]s.(sg)

For the yield model Oury managed to explain 91 per cent of the
average yield of all wheat with a standard error of estimate smaller than
150 kilograms per hectare, or 7.5 per cent of the average yield of the

period under the study. Also, he said it is possible to'use the model
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as soon as April weather conditions are known, to get the first guess-
estimate of the yield of wheat and then to get progressiye]y
closer and closer to the actual value as soon as precipitation and
témperature data become available for May, June and July. High
explanation and Tow standard of error were obtained in the acreage
model and the direct production models.

A. Coffing used the T. De Martonne aridity index to forecast

(pre-harvest) wheat production in Turkey.<59)

| In foreign trade,
Turkey depends to a large extent on wheat export, and variation in
weather condition, especially rainfall, causes an annual fluctuation
in wheat output. So, it is obvious that pre-harvest estimates provide

very valuable information.

An aridity index was used to compute the effect of weather.
Use of the index has an advantage over the use of a precipitation
variable alone in the production function because the index includes
the temperature, through its effect on evaporation, and on the avail-

ability of soil moisture for plant growth.

Coffing used the same approach as Oury by estimating production
directly and indirectly. Indirectly by forecasting the yield of wheat
and area under production in separate models. Then he estimated prod-
uction by multiplying the estimated yie]d by the estimated area. The
standard error estimation was 9 per cent for the yield and total

production models and 4 per cent for the area model.

Although somé economists have used different forms of weather
indices, many economists have used primary weather variables in their
studies. J.W.B. Guise, for example, used primary weather variables
in a Cobb-Douglas function to study factors affecting the annual

(60)

aggregate average wheat yield in New Zealand. Over 98.6 per
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cent of the variance of the dependent variables in the sample was
accounted for by the regression relationship involving seven weather
and four non-weather variables, only one of which related to technol-
ogical changes. Although Guise says that weather variables used in
this model are'over-simplified, it does appear to provide a reasonable
quantitive estimate of the influence of weather on wheat yiglds.

Also, he added that a simple function of specific weather elements,
such as those used here, can never capture all the nuances of weather,
but crop yield response often appears to be closely associated with

gross changes in certain elements of weather.

Since the impact of certain weather variables on agricultural

- production and agricultural productivity of a single crop has been

successfully measured, these relations might be used to evaluate farmers'
profits or losses in a single season which are caused by changes in the
weather conditions. Several studies have been carried out to make

such assessments. (61,62,63) For example, W.J. Maunder studied the
fluctuation in agricultural income in New Zealand, and he concluded

that significant changes in agricultural income do take place as a
result of weather thanges. The effect of such variations may affect

the agricultural exports upon which the country dépends.(64)

10.8 Conclusion

This chapter has dealt with a general review of weather-crop
relationships and emphasised their importance to various fields, such as

economic, irrigation, and agronomy studies.

Generally speaking, weather-crop relationship studies have had
two main approaches : weather cycles and statistical techniques.
Although many studies have been carried out to relate fluctuation of

agricultural production to certain weather cycles, the results, so far,
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are not very satisfactory for forecasting yield.

Statistical techniques are the most commonly used to forecast
yield from meteorological data. In these technfques yield is expressed
as a dependent variable and weather variables and trend as independent
variables. Weather variables have taken either single or combined
primary variables, or secondary variables. Many models have been
developed using regression or factorial analysis, but the most common
technique is multi-regression analysis - the Fisher equation and

FYWM are examples of such techniques.

A high proportion of variation in the annual yield of particular
crops has been explained by these models, and genera]iy speaking, the
accuracy of the forecasts increases progressively as the final harvest ;
approaches. This does not mean that the relation betWeen plants and
weather is not important at the early stage of the plant growth, but
it means that in the early stage of plant growth no direct way has been
found of measuring the correlation between yield and weather variables

under field conditions.

Another attempt was made in the U.S.A. to measuré the impact
of weather on crops by calculating Weather Index from experimental
data. This method has its shortcomings because the type of data

used was inadequate.

Experience shows that the weather-crop relationship is very
useful in improving the accuracy of production function assessment or
in eva]uat{ng farmers incomes. We consider the implication of these

relationships in Iraq in the following three chapters.
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CHAPTER ELEVEN

| AGROCLIMATOLOGICAL CONDITIONS

11.1 Introduction

It is clear from Chapter 10 that the implications of the weather-
crop relationship is significantly important in many aspects of agric-
ultural planning and development and, therefore, several models have been

developed to express such relations.

Analysing weather-crop relationship, as noted earlier, requires
two sets of data: agricultural and meteorological. -The purpose of this
chapter is to examine, in detail, the available aéricu]tura] and
meteorological data which can be used for the investigation of weather-
crop relationship in Iraq. Agricultural data, such as tdta1 production
and total cultivated area, are obtained from the annual statistical
abstract for the period between 1949/50 and 1968/69 and directly from the
Ministry of Agricultural and Agrarian Reform for the period‘between
1969/70 and 1975/76. The choice in each case is determined by the need
to ensure that agricultural data series are drawn from the most con- .
sistent and smallest number of sources. Meteorological data are obtained
directly from the Meteorological Office. Other data obtained from other

sources when needed are. referenced.

11.2 Area Under Study

Although weather affects agricultural production throughout the
country, the rainfed area in the Northern region of Iraq has been chosen

for such investigation for the following reasons:-

(1) In the Central and Southern regions agriculture depends on
irrigation as supplementary to rainfall .in winter and aé a necessity in
summer. Irrigation as a modifier of the impact of climate and weather

on agriculture therefore introduceshuman action as another variable
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to the weather-crop relationship.

(2) The addition of irrigation as another factor to the equation
also requires the consideration of other physical data at the micro
level (farm level) on crop conditions, and such analysis is beyond
the objective of this study. Irrigation also introduces further
variables in soil characteristics. Since soils are relatively free
from irrigation induced salinisation and water logging in the rainfed
area, this helps to eliminate the effect of these factors on

yield (see page349).

(3) In this region a crop-fallow annual succession is uniformly
adopted in grain cultivation and this strengthens uniformity against

which we can study the weather-crop relationship. j |

11.3 Crops Under Study

Two crops will be considered in this sample investigation of the
impact of certain weather factors on agricultural productivity in Iraq.
These crops are winter grown wheat and barley and are chosen for the

following reasons:-

(1) Both are winter crops which depend upon winter conditions in general

and rainfall in particular dufing the growing season.

(2) These two crops are extremely important regionally in terms of

area under cultivation and of production as we will see Tater.

(3) These crops are not only important to this particular region, but
are also important from the national economic point of view (see page 70 ).
Since government efforts are directed towards self-sufficiency in wheat
and barley as staple foodstuffs, this study has immediate and direct

applied value.
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11.4 The Distribution of Wheat and Barley Production

We noted in Chapter 4 that the rainfed region is dominated in
winter by cereal production, mainly wheat and barley. Table 11.1
shows that two-thifds of the national-area under wheat production is in
the rainfed Northern region. This area produced 60 per cent of the total
national production of wheat - Table 11.2. Barley lies in second place
with the Northern rainfed area possessing nearly 38 per cent of the national
area under barley and producing about 35 per cent of the national total
(see Tables 11.1 and 11.2).' Clearly, any weather effect on such crops
can have significant positive or negative consequencés for the whole
country.

“Within the Northern region,'TabTes'11f3 and_11.4,rey¢a].that.Ni"éveh is
the 1eading broVincé for pfoduétion.éf ahd aréa Qndér wheat and barley,
followed by Kirkuk, Arbil and Sulaimaniya. Nineveh and Kirkuk Provinces
together have three-quarters of the area and total production of wheat

and barley.

11.5 Agricultural Data

The three main components are : total cultivated area, total

production and yield.

11.5.1 The Cultivated Area : The cultivated area under wheat

fluctuated irregularly during the period under the study (1949/50 -
1975/76). The coefficient of variation during this period is

30.4 per cent for the whole region (see Table 11.5), very high compared
with the 15 per cent variation coefficient of area under wheat production
in the rainfed area of Syria.(l) The 1argest area under wheat prod-
uction was reported in 1971/72, at é total of 7,124 thousand donums;

the Towest recorded was 1,173 thousand donums in 1949/50 (see Table 11.5
and Appendix H, Table H.1 for details). Regarding the variation of area

under wheat production, Table 11.5 shows the mean, minimum, maximum,



-408-

Table 11.1 The Distribution of Area Under Wheat and Barley by

‘Regions in Irag*

egion North Centre South Total
% % % %

Crops
Wheat 66.38 17.36 16.26 100
Barley 37.75 29.29 - 32.96 100

* Average of 27 years

Source : calculated from Appendix H, Tables H.1 and H.3

v

Table 11.2 The Distribution of Wheat and Barley Productien by
“Regions in Iraq® '
Region
North Centre South Total
% % % %
Crops
Wheat 59.30 19.91 20.79 100
Barley 35.11 30.28 34.61 100
* Average of 27 years
Source : calculated from Appendix H, Tables H.2 and H.4.
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Table 11.3 ‘The Provincial Distribution of the Area Under Wheat

and Bariey 1n the Northern Region

Wheat Barley
Province
Nineveh 57.90 50.46
Arbil 16.80 16.63
Sulaimaniya 5.30 7.32
Kirkuk 20.00 25.59
Total 100 100

* Average of 27 years

Source : calculated from Appendix H, Tables H1 and H3.

Table 11.4  The ProvwnC1a1 Distribution of the Production of Wheat
: ~‘and Barley in the Northern Region*

Crops '
. Wheat - Barley
Province

Nineveh 57.70 51N
Arbil 15,10 . 14.29
SuTaimaniya 7.50 : 7.92
Kirkuk | 19.70 26.68
Total 100 100

* Average of 27 years

Source : calculated from Appendix H, Tables H2, H4.




Table "11.

The Mean, Maximum, Minimum, Standard Deviation and Coefficient of Variation

of Area Under Wheat and Barley Production in Northern Iraq=F

{000 Donums )

1608.0

Wheat Bariey
: Coeff. Coeff.
Mean Maximum | Minimum - S.D. vafia- Mean Maximum Minimum S.D. va(ia-
Province tion : tion
Nineveh 2,524.30 | 3709.0 967.0 | 898.71 35.6 811.37 1272.0 357.'0 205.54 25.33
Arbil 732.52 | 1}69.0 222.0 190.98 26.1 267.37 423.0 129.0 88.62 33.2
Sulaimaniya 230.19 818.0 62.0 216.63 94 .1 117.74 333.0 44.0 64.93 55.2
Kirkuk 870.56 | 1483.0 | 428.0 216.61 24.9 411.48 579.0 205.0 99.89 24.33
Northern )
Region 4347 .9 7124.0 1732.0. |1320.8 30.4 2340.0 1]81.0 286.04 17.8

Source

* Average of 27 years.
Calculated from Appendix H, Tables Hit and H.3.

-0Llb-
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standard deviation and the coefficient of variation for the whole region,
as well as for each province. It is clear from this that the lowest var-
iation in area under wheat occurred in Kirkuk, followed by Arbil,

Nineveh and Sulaimaniya respectively.

The area under barley production fluctuated less than the area under
wheat as can be seen in Table 11.5. The coefficient of variation is 18.7
per cent for the Northern Region as a whole. The maximum area under barley
production was 2,140 thousand donums in 1956/57 and the minimum area was
1,181 thousand donums in 1972/73. As far as the variation of area under
barley production is concerned, Table 11.5 shows the mean, maximum, minimum
standard deviation and the coefficient of variation for provinces, as well
as for the whole region. It is clear from this table that the Towest
variation of area under barley was in Kirkuk and Nineveh. Table 11.5 also
shows that Nineveh and Kirkuk are the major producing provinces of wheat and
barley. Fig.11.1 shows the production area of wheat and barley in Irag

and in the rainfed areas.

11.5;2 Production : The second component of agricultural data is
the total production of a particular crop (wheat and barley in the case of
this study). Table 11.6 shows the mean, maximum, minimum, standard
deviation and the coefficient of variation by province, as well as for the
whole region. We see that wheat production also fluctuated during this
period of the study (see Appendix H, Table H.2 for details). The coeff-
icient of variation of wheat production is 64.3 per cent for the whole
region. In a similar study carried out in the rainfed area of Syria and
Jordan, Al1-Shirbini has found the coefficient of variation of wheat prod-

uction are 40 and 52 respectively, both Tower than in Iraq.(z)

Moreover, comparing the coefficient of variation between wheat
production and area under wheat production reveals that wheat production

fluctuated almost twice as much as the area under wheat production.
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This means that wheat production is not only affected by areal variation,
but also by other factors which could be environmental, mainly weather,
socio-economic and technical factors. In other words, production is

also affected by fluctuation of the yield per land unit.

Regarding fluctuation in wheat production in each province, Table
11.6 shows that Arbil had the Towest production f1uctu$tion during this
period. Nineveh and Kirkuk shara the second place, a similarity which is
not surprising given the similarity of the weather conditions in these two
provinces, as we will see later. Sulaimaniya had an exceptionally higher
production fluctuation than other provinces, partly attributable to the

high fluctuation of sown area and partly to other factors (Table 11.5).

Barley production, on the other hand, shows less fluctuation than

does wheat. Table 11.6 shows the mean, maximum, minimum, standard deviation,

and the coefficient of variation of barley production for the whole region
as well as for each proyince. The maximum production was 680 thousand tons

which occurred in 1953/54 and the minimum production was 138 thousand tons

in 1974/75 (see Appendix H, Table H.4 for details). The coefficient of

variation of barley production is 50.7 per cent which is Tess than the
coefficient of variation of wheat production, for reasons established later
in this thesis. ‘Table 11.6 shows that Arbil had the lowest provincial
barley production fluctuation, followed by Nineveh, Kirkuk and Sulaimaniya
respectively. Sulaimaniya, however, shows high flucfuation in barley
production. Fig.11.2 shows wheat and barley production in Iraq and

in the rainfed area.

11.5.3 The yield : The yield of a barticular crop is a function
of two factors : the total production and the cu]tivated or harvested
area. These two components, especially production, are subject, as
noted earlier, to the three major influences; socio-economic, technical

and environmental (See Fig. 1.1).
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Table 11.6 The Mean, Maximum, Minimum, Standard Deviation and the Coefficient of Variation of Wheat and
‘BarTey Production in Northern Iraq
(000Tons)
Crop Wheat Barley

Province Mean Maximum | Minimum 'S.D. vggﬁgigon .Mean Maximum | Minimum S.D. vggigigon
Nineveh 342.67 1325.0 52.00 232.07 67.7 154.96 395.00 36.00 | 91.257 58.9
Arbil 89.63 201.0 19.00 43.263 47.2 43.33 81.00 16.00 20.914 48.3
Sulaimaniya 44,44 214.0 2.00 51.599 | 116.1 24.00 117.00 2.00 22.573 94.1
Kirkuk 117.26 416.0 45.00 79.688 68.0 80.89 250.00 24.00 52.651 65.1
gggggﬁ‘”" 593.8 1956.0 - | 187.0 | 381,93 64.3 303.41 | 680.00 | 138.00 [153.82 50.7

Source :

Average of 27 yearé.

Calculated from Appendix H, Tables H.2 and Ha.

-Gy~
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Earlier examination of the impact of the socio-economic and tech-
nical factors, has shown that these factors have had limited effects on
improving yield per unit in the rainfed area in particular. It may be,
however, assumed that yield is subject to areal variability and weather
conditions.

Since area is an essential element in the measurement of yield, it
is necessary to investigate two specific points : first, the relation
between the area under cultivation and total production and secondly, the
trend, or the increase or decfease in cultivated/harvested area which is

associated with total production during the period under study.

Hypothetically, if the correlation between total production and
area is negative, one may expect that production is increasing whilst
area is declining. On the other hand, if the correlation between
production and cultivated land is highly positive, one may~expect‘that
an increase in cultivated area is mainly responsible for increasing

production.

As far as Northern Irag is concerned, Table 11.7 shows the cor-
relation between area under wheat production and total production is
0.74, significantat Ipercent level.This means that an_ihérease in area
under production was the most important single factor in increasing the
total wheat production. This situation is similar to the case of East
Jordan where Al-Sherbini has found that the correlation between total
wheat production and harvested area is 0.809 and for Irbid,Amman and
Karak are ,582,.746, .769 respectively. (3) The highest correlation
between wheat production and area under production is .965 in
Sulaimaniya. Although there is a high correlation between wheat prod-
uction and area under production in Sulaimaniya, there is also a high
coefficient of variation in wheat production and area under production

(see Tables 11.5 and 11.6). The correlation between wheat production
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and area under production are .74, .67, .65 for Kirkuk, Nineveh and

Arbil respectively.

In thé case of barley, the correlation between area under prod-

uction and total production is .62 for the Northern region as a

whole, significant at 1 per cent level (see Table 11.7). This correlation
is Tower than the correlation between wheat production and area under
production for the same region. This is probably due to the fact

that barley production and area under production fluctuated more randomly
than the case of wheat (and see 1ater). The correlaﬁion between barley
production and area under cu]tivation‘for each province are .78, .62,

.61 and .54 for Sulaimaniya, Kirkuk, Nineveh and Arbil respectively.

These correlation coefficients are also Tower than the correlation between
‘whegt_production and area under production for the same_pkovinces.
Fig:311.3 sﬁows total production, area under production and the yield of

wheat and barley in the rainfed area.

Examining the impact of area on production and consequently on
yield requires looking af the trend (increases or decreases) in area
cultivated during the period under study. A series qffregression analyses
has been carried out separate]y.for area and production of wheat and
barley as dependent variables and years, taking time as ah independent

variable starting 1 for 1949/50 and 27 for 1975/76.

For the whole region, Table 11.8 shows that there is a significant
increase in both area and total production of wheat. Therefore, the
area under wheat production increased at a faster rate than the total

production (see Fig.11.4).

Since an increase in area was'ma1n1y responsible for increasing
total production then yields per land unit were not significantly

increasing. The implications of these trends will be discussed later.
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11.3 PROBUCTION, AREA UNDER PROD. & YIELDS OF WHEAT & BARLEY IN THE NORTHERN
AEGION OF IRAQ ,1949/50-75/76
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Table 11.7 The Correlation Between Production and Area
under Production*

f o Crops Wheat Barley
Province
Nineveh .6745 ;6139
Arbil ~.6506 .5397
Sulaimaniya .9656 .7780
Kirkuk .7410 .6190
Northern 7444 L

* Significant at 1% Teval

Source : Calculated from Appendix H, Tables HI, H2, H3 and H4.
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Table 11.8 Regression Analysis of Wheat Production and Area
Under Production on Time*
Province Functions L; I S.E.
Wheat Production
Nineveh 125.44 + 15,22 T .53 .28 200,59
(3.13)
Arbil 50.775+ 2.76 T .51 .26 37.97
(2.96)
Sulaimaniya -13.316+ 4.13 T .64 .40 40.67
(4.11)
Kirkuk 67.22 + 3.57 T .36 13 75.94
(1.91)
Northern Region 229.28 + 26.04 T | .54 .29 |327.56
(3.22)
Area
Nineveh 1423.5 + 78.631 T .69 .48 659.50
(4.83)
Arbil 452 .17+ 20.023 T .83 .69 107 .98 5
(7.50)
Sulaimaniya -388.738+ 19.21 T .70 .50 156.95
(4.95)
Kirkuk 691.75 + 12.56 T .46 .21 196.12
(2.60)
| Northern Region 2528.6 + 130.42 T| .79 | - .62 |827.83
3 | (6.38)
H {

Source :

* Value in brackets is the t-value for significancetests.

Calculated from Appendix H, Tables H.1 and H.3.
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Table 11.9 Regression Analysis of Barley Production and Area
Under Production on Time¥

Province Functions r r2 S.E
Barley Production
Nineveh 143.03 + 0.85 T .007 | .005 92.808
(0.37) :
Arbil 40.43 + 0.21 T .08 006 21.3
(0.4)
Sulaimaniya 28.59 + 0.33 T A2 .01 22.87
(0.58)
Kirkuk 98.35 - 1.25 T .19 .04 52.74
(0.96)
Northern Region 310.42 - 0.52 T .03 0.00 156.83
(0.13)
Area
Nineveh 782.55 + 2.06 T .08 0.006 208.95
(0.40)
Arbil 199.62 + 4.84 T .43 .19 81.45
(2.41) '
Sulaimaniya 117.19 + 0,04 T .005 0.00 66.22
(0.02)
Kirkuk 480.27 - 4,99 T .40 L.16 93.51
: (2.16) |
Northern Region 1577.4 +2.18 T .06 | 0.004 291.17
(0.30) ; |

* Value in brackets is the t-value for significancetests

Source : Calculated from Appendix H, Tables H.2 and H.4.
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For the individual provinces, it is clear from Table 11.8 that area

everywhere increased at a faster rate than total production.

Table 11.9 shows the results of the similar regression analysis for
barley. It is clear that barley production did not 1ncréase during the
period under study for the whole region and also that none of the regression
functions are significant. Area under production shows no significant
increase except in Arbil province. Nonetheless, the rate of growth is very
small compared to the rate of growth of the area under wheat production.
Kirkuk province, on the other hand, shows a decline in the area uﬁder

barley production, which could be related to economic factors.

It might be concluded from the foregoing discussion that the rate
of growth of wheat production was lower than the rate of area under
wheat production. Neither barley production nor area under production

show any significant increase.

Since the rate of areal growth was faster than the rate of produc-b
tion growth, it might be expected that there was no significant change in the
yield of wheat and barley for 1949/50-1975/76.\ Appendix H, Tables H.5 and -
H.6 show the yield of wheat and barley respectively for the period men-
tioned. It is clear that the yield of these two crops fluctuated as a result
of area fluctuation and other factors, mainly weather. Nonetheless, another
set of regression analysis has been carried out to test any significant
improvement in the yield of these two crops. In this case the yields
of wheat and barley were taken as dependent variables and time as an indep-
endent variable. Generally speaking, the results of this analysis show
there were no significant changes in the yield of wheat or barley (see
Table 11.10). The rate of growth of barley yield is actually negative
which suggests the yield per unit is declining, but this is statistically
an insignificant change because the test of significance of the regression

analysis is very Tow.



Table 11.10
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Regression Analysis of Yield on Time in the Rainfed

Provinces Function f r2 S.E.
Wheat
Nineveh 106.47 + 1.72 T .23 .05 58.10,
(1.20)
Arbil 116.87 + 0.27 T .05 .002 44,24
(1.10)
Sulaimaniya 146.41 + 1.50 T 23 .04 57.00
(1.41)
Kirkuk 107.23 + 1.658 T .22 .05 57.80
(1.43)
Northern Region 108.91 + 1.55 T .24 .06 | 51.21
(1.23)
Barley
Nineveh 188.96 - 0,14 T .01 0.00 88.10
(0.63)
1 Arbil 195.93 - 2.24 T .30 .09 58.02
(1.56) ‘ |
Sulaimaniya 201.68 - 1.02 T .1 .01 81.34
(0.51)
Kirkuk 201.31 - 0.94 7 .08 .006 95.92
(0.40)
Northern Region 194.98 - 0.75 T .08 .006 76.52
(0.40)

Value in brackets is the t-value for significancetests.

Source : Calculated from Appendix H, Table H5 and H6.




Table 11.11 The Mean, Minimum, Maximum, Standard Deviation, and the Coefficient of Variation of Wheat and
Barley Yields by Province in the Rainfed Area of Northern Iraq*

(Kg./Donum)

-Gev-

i\ Crops Wheat | Barley
Province Mean Minimum | Maximum >-D. ‘vgg?gigon -Mean Minimum | Maximum S.D. vggigigon
Nineveh 131.63 | 31.60 | 308.0 | 59.466 | 45.18 | 187.04 | 58.100 |358.60 |86.345 | 46.16
Arbil 120.66 | 31.40 | 200.00 | 43.405 | 35.97 | 164.62 | 42.900 | 278.50 | 59.608 | 36.21
Sulaimaniya  167.32 | 18.50 | 333.00 | 57.106 3613 |187.44 | 21.50 | 487.50 | 80.162 | 42.77
Kirkuk 129.31 | 49.600 | 280.50 | 57.967 | 44.83 | 188.14 | 83.100 | 484.50 | 94.265 | 50.10
ggg%g”‘ 130.62 49.20 | 274.60 | 51.71 39.60 | 184,50 [103.70 394.20 | 75.27 ' 40.80
3 |

* Average of 27 years

Source : Calculated from Appendix H, Tables H5 and H6.
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These general results are not surprising in the context of earlier
sections of this study. For purposes of our analysis it means that we
can ignore any yield trends of the kind that might have been expected
from the influence of factors other than weather and climate. A similar
situation has also been observed in Jordan and Syria.(4) Table 11.11
shows the mean, minimum, maximum, standard deviation and the coefficient
of variation of wheat and barley yield. It is clear from this table that
the coefficient of variation of the yield of barley is relatively higher
than that of wheat. Since there was no significant improvement in both
yields, it could be assumed that these variations are related to weather

variations, areal fluctuations and random variation.

11.6 Meteorological Data

This is the second set of data which is required for weather-crop
relationship studies. Here, it might be useful first to give a general

picture of the Iraqi climate and later more detail for the rainfed area.

Iraq lies approximately between the latitudes of 30N to 37°N and
Tongitude of 38%F to 48°F and it is, therefore, located in the southern
portion of the temperate zone of the northern hemispheré.(5) Winter s
cold and wet compared with other seasons and lasts from December to
February. Spring, March to April, is characterized by a rapid increase
in temperature and rain which comes in the form of heavy showers
accompanied by thunder storms. Summer is hot and rainless 1astihg from
May to September. Autumn lasts from October to November and temperatures

drop and cloudiness increases during this season.

Meteorological observations were first made in 1888, and in 1936
the Meteorological Department of the Directorate General of Civil
Aviation was estab1ished.(6) Although the number of meteorological

stations has increased, the discontinuity of recording meteorological
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(7,8)

observations is still a major problem. In addition, lack of adequate

and reliable data is still a matter of concern.(g)

In 1968, the first agroclimatological observatory was opened
at Fadhaliya, about 20 km. north-east of Baghdad.(]o) It was difficult,
however, for the observatory to cover all relative factors to provide
average data. Mdreover, a single agroc]imatd1ogica1 observatory is
inadequate for serious studies and the location of the centre makes

its observations largely irrelevant to the rainfed zone.

11.7 Precipitation

The average annual rainfall for the whole country has been estimated

to be 260 mm. (11:12)

In the north the annual rainfall is much higher
‘.than:the'aVerage, while the desert receives much less rainfall. Rainfall
is also influenced by the:topography of the country. The mountain‘région
in the north receives higher annual rainfall, while the lowlands of thé
Mesopotamian plains are characterized by Tow amounts of rainfa]].(]3’14)
-Except; however, for the high mountain region in the north and north-east
dufihg the coldest paft of the winter season, precipitaﬁion in Irag is
always in the form of rain.(]s) Table 11,12 shows the mean monthly,
seasonal and annual rainfall for a number of stations spread all over
.the countky. It is ciear from this table that stations in the north

and north-east, such as Salahuddin, Sinjar and Mosul receive more
rainfall than stations in the Central and Southern bart of the country.
In general, rainfall increases from the south and south-west towards

the north and north-east. Also, Fig. 11.5 shows the rainfall distribution
. in the cbunfry. This feature makes agriculture without irrigation
virtua11y impoSsible‘in the €entral and Southern part of the country,

the serious hazard 1imit being approximately the 240 mm isohyet ac¢carding
to UNESCO. (16)

The monthly rainfall distribution reveals that January is the



Table T1.12

The Mean Monthly, Seasonal and Annual Rainfall in Selected Stations in Iraq

Mean Monthly Precipitation:(mm)

]

Mean Seasonal VA
Precipitation (mm)

(2)

Thalen, D.C.P.(1079) :

The Lco1ogy

| stations | Lati- |Longi-|Alti- I Nev. UReb. | May Sept.  Annua1|cases
- ‘tude | tude |tude [Oct. | Nov. | Dec. Jan.é Feb. " Mar. | Apr. | May | Aut: Wini. Spﬁg. Sﬁh: _ (vears)

|salahuddin |36°37' |44°13(1,088] 13.5| 90.1]96.5 | 109.7 92.5 | 106.2| 89.3| 53.2| 103.6 - 298.7 [248.7 . -  651.0| -
Sinjar 36%19" [41%0'| 538| 8.8| 31.6|70.8| 77.7| 60.7 | 67.0| 53.0| 33.1; 40.4.209.2 [153.1 - | 402.7| 22
Mosul 36%19' 43%9'| 223[10.2| 36.5| 65.6 | 67.7| 64.6 | 69.6 50.8| 24.9 46.7 197.9 [145.3, - = 389:9|. 30
Kirkuk 35928 |44%24'| 331| 4.3| 40.8|58.6 | 60.7|61.8| 75.5| 51.0| 21.0 45.1 181.1 147.5 - ' 373.7| 30
'Khanagin 4,3} 30.6| 47.8 | 62.0} 53.7 | 66.7} 37.3 18.2 34.9 1163.5 [122.2, - | 320.6| 26
Baiji 34%6' [43%29'| 115| 1.5| 23.5|26.9 | 34.6 24.2| 33.5| 25.3) 8.5 25.0 8.7 |67.3, - 178.0| 13
Baghdad = |33°20' [44%25'| 34| 3.7|17.2| 22,9 | 25.3| 24.4| 22.7| 22.3| 8.1, 20.91 72.6 |53.1 - | 146.6| 30
Basrah 30°33' 47°8'| 2| 1.0| 22.8|30.2 | 22.8| 13.8| 20.2] 20.4| 7.8 .23.8 66.8 | 48.4] - | 139.0] 30
Hai 32°10" |46%3'| 15| 3.2| 20.3|23.1| 24.9| 20.8| 19.3| 18.2| 9.5| 23.5 68.8 |47.6° - | 139.3] 30
Samawa 31%18" {45°17'| 6| 2.6| 25.1| 25.6 | 17.5| 16.8| 7.8] 9.7| 5.21 27.7 59.9 | 22.7: - | 110.3| 11
Haditha 34%4" |42%2'| 140| 7.8| 16.5]| 16.2 | 17.9| 15.2| 16.3| 9.2 5.9 24.3, 49.3 | 31.4 - | 105.0| 10
Ana 34%28" |41%7'| 150 5.3| 9.8| 22.5 | 18.6| 16.9| 20.4| 22.2| 5.7 15.1| 58.0 | 48.3 - | 121.4} -
Hitt 33%38" |42%50'| 58| 1.1| 25.0| 16.0 | 24.0| 15.4| 20.7| 20.3| 7.1| 26.1| 55.4 | 48.1, - | 129.6| 18
Diwaniya = |31959' [44%59'| 20| 3.9| 15.5] 20.2 | 21.2| 15.0| 16.9| 17.8| 8.4| 19.4| 56.4 | 43.1| - | 118.9] 30
Habbaniya |33%22' [43°34'| 44| 2.3} 20.2] 13.1 | 27.9| 12.0| 10.5| 19.9] 6.2 22.5| 53.0 [ 36.6| - | 112.1| 30

iNasiriya (31971 146%13'] 3| 2.2} 16.8] 20.4 | 19.2} 13.4| 15.8| 16.6/ 7.1 19.0| 53.0 | 39.5| - | 111.5| 30
Rutba 33%z2* {40°11*} 615| 5.4| 13.3] 16.3 | 13.6| 13.6| 15.4 17.6! 15.0| 18.7| 43.5 | 48.0| - | 110.2] 29
Kerbela 32°37' |44%2'! 29| 0.3 8.9 19.3 | 16.7] 15.9| 11.5[ 18.2] 3.9| 9.2} 51.9 [ 33.6] - 94.7| 10
Najaf SR 7.1) 16.2} 12,3 | 22.4| 12.9| 2.0| 12.0: 7.0| 23.3| 47.6 | 2.0 - | 91.9] -
Nukhaib 322’ |42°15%| 305 1.9| 7.8| 5.4 | 10.1| 5.00 1.5| 5.7 2.3/ 9.7] 205 | 9.5 - | 39.7] -
Sources : (1) UNESCO : Irag - Contributions on Natural Resources Research, Table No.3, p.20.

and Ytilization of Shrub ! anoe]ands in Ira$agTe”IJugk B. gg -Publishers,

he Huge,

~8¢h-



The Percentage of Mean Monthly and Seasonal Rainfall to the total Rainfall

Table 17.13
Months 1 Seasons
{
7 S {
Stations Oct. Nov Dec Jan Feb. Mar Apr. May {0ct-Nov (Dec-Jan |Mar-May Total
_|Autumn  [Winter |Spring

Salahuddin 2.07 13.84 14,82 16.85 [ 14.21 16.31 13.72 8.17 | 15.91 45.88 38.20 100
Sinjar 2.19 7.85 17.58 19.29 15.07 16.64 | 13.16 8.22 | 10.03 51.95 38.02 100
Mosul 2.62 9.36 16.82 17.36 16.57 17.85 13.03 6.39 11.98 50.76 37.26 100
Kirkuk 1.15 10.92 15.68 16.24 16.54 20.20 13.65 5.62 12.07 48.46 39.47 100
Khanagin 1.34 9.55 14.91 19.34 16.75 20.80 11.63 5.68 10.89 51.00 38.11 100
Baija 0.84 13.20 15.11 19.44 13.60 18.82 14.21 4.78 14.04 48.15 37.81 100
Baghdad 2.52 11.73 15.62 17.26 16.64 15.48 15.21 5.53 14.26 49,52 36.22 100
Basrah 0.72 16.40 21.73 16.40 9.93 14.53 14.68 5.61 17.12 48.06 34.82 100
Hai 2.30 14.57 16.58 17.88 | 14.93 13.85 13.07 6.82 16.87 49.39 33.74 100
Samawa 2.36 22.76 23.21 15.87 15.23 7.07 8.79 4.71 25.11 54. 31 20.58 100
Haditha 7.43 15.71 15.43 17.05 14.48 15.52 8.76 - 5.62 23.14 46.95 29.91 100
Ana 4.37 8.07 18.53 15.32 13.92 16.80 18.29 4.70 12.44 47.78 39.78 100
Hitt 0.85 19.29 12.35 18.52 11.88 15.97 15.66 5.48 20.14 42,75 37.11 100
Diwaniya 3.28 13.04 16.99 17.83 12.62 14.21 14.97 7.06 16.32 47.43 36.25 100
Habbaniya 2.05 18.02 11.69 24 .89 10.70 9.37 17.75 5.53 20.07 47.28 32.65 100
Nassiriya 1.97 15.06 18.30 17.22 12.02 14,17 . | 14.89 6.37 17.04 47 .53 35.43 100
Rutba 4.90 12.07 14.80 12.34 12.34 13.97 15.97 13.61 16.97 39.47 43.56 100
Kerbela 0.32 9.40 20.38 17.63 16.79 12.14 19.22 4.12 9.71 54.81 35.48 100
Najaf 7.73 17.63 13.38 24 .37 14.04 2.17 13.06 7.62 25.35 51.80 22.85 100
Nakhaib 4,79 19.65 13.60 25.44  1-12.59 3.78 14.35 5.79 24.43 51.64 23.93 100
. Average 2.79 1 13.91 ' 16.38 13.98 | 14.20 6.37  16.69 ~ 48.75 | 34.56 100

Source :

Calculated from Table 11.12

-6l
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©1G,.11.5 MEAN ANNUAL RAINFALL(mm)¥*
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FIG,.1l.6 MEAN WINTER ( ECEMsER -~ :EBRUARY) RAINFALL(mm )%

3 HADITHA

DIWANIYA

. -
\O
\t
\.
\\
@ .
. 6(/ >
Q). \.\
R .
¢6/° \. N
I, Q ey
40 /

IRAQ |

iz Sl m— =
50 0 50 100 150 200
KM : KM

SCALE 1: 5,000,000 I

% Based on 15 year's or more data - period 1941-1970.

Source : As in Fig. 11.5, De22e

s




-432-

FIG. 11.7 AN SPRING (MARCH =~ MAY) RAINF;‘LLL(mm)‘V“
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FIG. 11,8 MEAN AUTUAM(OCTOBER-NOVEMBER) R.-.INFALL(mm)¥ h
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Fig. 11-9 LOCATION OF METEOROLOGICAL

STATIONS
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- wettest month, followed by December, April, February, Makch, November,
May. and October (see Table 11.13). Table 11.13 reveals that almost half
of the annual‘raihfa11f0c6urs in the winter season (December - February),
mdre than one third during spring (March - May) and the vest in the
autumn (October - November). This means that about 85 per cent of the
annual rainfall occurred during the winter and spring seasons. Figs.

11.6, 11.7, and 11.8 show the rainfall distribution, by seasons.

11.8 Precipitation in The Rainfed Area

In order to study precipitation in more detail in the rainfed
area, a number of meteOroTogica] stations have been selected, each with
at.least 11 years of observations. Table 11.14 shows the mean, minimum,
maximum, standard deviation and the coefficient of variation for all these

stations, and some particular points can be made.

1. The medn of annual rainfall of these stations differs slightly from
the mean of annueT rainfall reported in Table 11.12 because of differences

~in the periods covered.

2. The étations in the extreme north and north-east at high altitudes
have nuch higher mean annual rainfall than the stations in the foothill
afeas. Most.of the stations in Sulaimaniya and Arbil provinces, except
Arbil station itself, come under this category. Also, most of the
stations in Nineveh, except Sinjar, Mosul and Telafar, come under this
category, and most of these stations are located in the extreme northern

portion of Nineveh province which is now called Duhok province.

3. A1l the stations in Kirkuk province and Sinjar, Mosul and Talafer
‘stations in Nineveh province which have Tower mean annual rainfall, are
located in the foothill region (see fig. 11.9). This regjon is dominated

by wheat end barley production (see Table 11;1).

4. Rainfall variability is very important from the agricultural point



Table 11.14 The Minimum, Maximum, Mean,-St. Dev. and the Coefficient of Variation of Total Rainfall
: by Stations in the Rainfed areas* of Iragq (mm.)
Stations ATti- | Latitude | Longitude 2:§egf Minimum | Maximum Mean Std.Dev. | éfcegiga-
bude, tion
Nineveh province
1 Sinjar 538 36219 41 50' 27 139.40 819.10 407.46 164.80 40.45
2 Mosul 223 36019' 43%09" 27 221.20 | 643.00 384.61 111.09 28.88
3 Telafar 273 36922" 42 28! 27 170.60 579.80 324 .07 112.85 34.82
4 Agra 716 | 36%5: 4393 20 446 .20 1503.40 882.27 283.79 32.17
5 Sersank 1,046 36058' 43032' 20 323.80 1,727.60 943.61 464,80 49.26
6 Dohuk 860 36 52" 43 02! 20 340.40 1018.70 588.93 185.44 31.49
7 Amadiya 1,236 37905 43°30" 18 535.30 2040.50 893.79 353.10 39.51
8 Zakho 442 37%08" 42947 13 399.80 1052.40 717.12 177.13 24.70
Kirkuk province
1 Kirkuk 331 35 28" 44° 024! 27 194.80 650.50 384.20 110.28 28.70
2 Hawija 305 06 ) 43047' 27 115.40 422.20 255.42 81.91 32.07
3 Iftikhar 204 35 44 27" 21 76.20 557.60 243,65 106.56 43.74
4 Tuz-Khurmatu | 220 34%3" 44°39" 21 55.60 599.50 253.39 137.55 54,28
Arbil province
1 Shaglawa 414 35 %24: 44 20" 27 432.20 2186.60 936.43 360.78 38.53
2 Arbil 1,006 36 11 44 0" 23 205.50 731.70 436.34 118.61 27.19
3 Rawnduz 1,008 36° 037" 44032' 22 515.70 1552.50 924,33 257.17 27.82
4 Salahudin 853 36927 44°13" 21 125.90 1007.90 - 654.46 217.04 33.16
Sulaimaniya prov. _ :
1 Dokan | 670 35057' 44°58' 26 460.00 1342.70 799.66 251.66 31.47
2 Sulaimaniya | 853 35 33" 45 27" 23 312.00 1228.80 721.87 209.55 29.03
3 Halabja L 724 35011' 45 59° 19 353.90 1074.10 627.31 182.94 29.16
4 Bakrajo . 750 35,34 45 23" 20 444 .10 1175.00 733.36 214.93 29.31
5 Penjwin 1,311 35 37" 45 Ogg: 12 715.00 | 1863.10 1201.4 389.47 i 32.42
6 Chwarta 1,356 | 35944 45935" 11 436.90 | 1266.20 = 762.57 266.42 34.94
Source Qur Calculation

* There are differences in the mean of annual rainfall of some stations in this Table and Table No.
differences are due to number of years under the study.

(11.13 . These
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of view. In'genera1, as the,mean of the annual rainfall increases, the
rainfall variability coefficient decreases and vice'versa. This means
rainfall reliability increases as the coefficient of rainfall variation
decreases and this is very important for agriculture. Table 11.14 shows
the coefficiént of rainfall variation for the stations in the rainfed area.
A1though Mosul and Kifkuk Stations show leds variation in rainfall, the
mean annual rainfall is not very high, while Penjwin station has the highest
mean annual rainfall and also has a relatively high coefficient of
rainfall variation. A study carried out by UNESCO shows that the
coefficient of‘the rainfall Variation is higher ‘in the Central and
1Southefn parts‘of the country.(]7) Fig.11.10 shows the relation between

flean annua1 rainfall and the coefficient of rainfall variation.

Relating the mean anhua1 rainfa11iand the rainfall variation to
agriculture, tﬁe UNESCO study recommended that a minimum of 240 mm. of
annual rainfall and 37.5 per cent of variation could be accepted as a
theoretical 1imit requirement for dry land farming in the Middle East
region. (18) w1th‘the exception of a few stations in the rainfed area,
it is safe to assume that rainfall is reliable, according to these -

¢criteria, for dry farming in the rainfed area of'NorthErn'Iraq.(19)

11.9 Rainfall Distribution in The Rainfed Area

It has already been mentioned that almost 85 per cent of the annual
rainfall occurs during winter and spring seasons for the whole country
ahd the rainfed area shares almost the same kind of sedsonal rainfall
distribution. Table 11.15 shows the seasonal rainfall in the rainfed
area. It is clear that about 88 per cent of the rafnfa11 occurs in the
winter and spring seasons. Variation in the seasonal rainfall is ¢learly
very important in relation to agriculture. For eXample, autumn rainfall

may affect decisions confro11ing the area cultivated or sown, whilst
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Table 11.156 Distribution of Seasonal Rainfa]] in
the Rainfed Area

Autumn Winter ﬁ Spring |
Ocﬁ;§9v % Dﬁgaieb % fMa;ﬁ;May %
Sinjar | 37.87 9.27 | 205.67 | 50.36  164.83 | 40.36
Mosul 42.70 | 11.10 | 187.32 | 48.70 ; 154,64 | 40.20
Telafar 36.09 11.14 | 157.89 | 48.72 % 130.09 | 40.14
Agra | 118.13 13.39 | 447.66 | 50.74 f 316.52 | 35.87
Sersank 126.52 13.30 | 441.42 | 46.38 | 383.71 | 40.32
Duhok 73.86 | 12.54 | 301.52 | 51.20 | 213.56 | 36.26
Amadiya 118.96 13.31 | 397.17 | 44.44 | 377.67 | 42.25
Zakho 84,18 | 11.74 | 349.63 | 48.76 | 283.27 | 39.50
Ki rkuk 40.25 10.48 | 190.46 | 49.57 | 153.48 | 39.95
Hawi ja 29.19 | 11.43 | 121.61 | 47.61. | 104.62 | 40.96
Ftikhar 29.48 12.10 | 119.15 | 48.90 95.02 | 39.00
Tuz-Khurmatu 26.68 | 10.53 | 121.37 | 47.90 | 105.34 | 41.57
‘Shaqlawa 104.65 | 11.18 | 510.41 | 54.51 | 321.37 | 34.31
Arbil 43.66 10.00 | 218.95 | 50.18 | 173.73 | 39.82
Rawanduz 115.07 | 12.45 | 436.43 | 47.22 | 372.83 | 40.33
Salahuddin  102.89 15.72 | 313.44 | 47.89 | 238,13 | 36.39
Dokan 91.26 | 11.41 | 394.90 | 49.38 | 313.50 | 39.21
Sulaimaniya 87.36 12,32 | 332.75 | 46.94 | 288.79 | 40.74
Halabja 83.08 | 13.24 | 315.73 | 50.33 | 228.51 | 36.43
Bakrajo | 98.14 | 13.36 | 329.62 | 44.89 | 306.57 | 41.75
Penjwin 131.95 10.98 | 625.22 | 52.03 | 444.59 | 36.99
Chwarta 79.55 10.43 | 397.30 | 52.10 | 285.73 | 37.47
Average 77.34 | 12.09 | 314.35 | 49.14 | 248.02 | 38.77

Source : Calculated from Table 11.16
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winter rainfall may affect decisions to apply fertilizers or other
inputs. The same could be said for the spring rainfall. As far as
the rainfed area of Iraq is concerned, analysis shows that autumn and

spring rainfalls are more variable than those of winter.

The mean monthly rainfall, however, is not less important than
seasonal distribution. Monthly rainfall affects farmers' decisions
as well as the growth of the plants, and consequently will affect the
yield and total production of a particular crop. Table 11.16 shows
the mean monthly rainfall in the rainfed area. It is clear that the
monthly rainfall distribution is not the same as the national average
or even the seasonal regime. The wettest month in this region is
March with a mean monthly rainfall of 112.89 mm, followed by February,
December, January, April, November, May and October. Except for years
when heavy autumn showers occur in Qctober, precipitation significant
enough for agriculture usually starts in November and continues until

the end of April. (20)

For mean, minimum, maximum, standard deviation
and the coefficient of variation for each month in the selected

stations, see Appendix H, Table H.7 for details.

For the daily rainfall, UNESCO carried out an investigation to
study the frequency of daily rainfall for various statiqns. Téb]e
11.17 shows the mean frequency of daily rainfall for various class
intervals. Broadly speaking, it can be seen that over 80 per cent
of rainy days in the rainfed areas have precipitation of 10 mm. or
Tower whilst in the rest of the country, 90 per cent of the rainy days

have precipitation of 10 mm. or lower. (21)

Also, Fig. 11.17 shows the annual mean of rainy days. It is
clear the north receives more rain than the rest of the country.
Nonetheless, Kaul reported that the mean number of days per year with

rainfall 10 mm. and less 1is about 40 in the Mosul area and 15 in the
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Table 11,16 ‘Mean Monthly Rainfall (mm) at Stations within the
Rainted Area
- Y

Stations No. Ol oct. | Nov. | Dec. | Jan. | Feb. |March |April | May
Sinjar 27 8.47 | 29.40| 67.96] 73.82| 63.89| 68.07| 60.59| 36.17
Mosul 27 9.73 | 32,97} 60.29| 62.79| 64.24| 72.10| 56.68| 25.86|
Telafer 27 5.44 |"30.65| 51.49| 55.55| 50.85| 58.29| 49.50| 22.30
Agra 20 {24.13 | 94.00 145.63|146.30 155.73|148.30{126.84 41.38
Sersank 20 119.22 {107.30{145.59(134.81|161.02|170.33[151.45| 61.93
Duhok 20 |17.21 | 56.65|110.17 105.16 86.19{124.50| 69.62| 19.44
Amadiya 18 120.01 | 98.95{142.31]116.31{138.55|159.73{162.10| 55.84
Zakho 13 [19.85 | 64.33]131.41[105.92{112.30|117.41|114.54 | 51.32
Kirkuk 27 | 4.12 | 36.13| 60.71| 62.09| 67.66| 72.75| 56.69| 24.04
Hawija 27 3.17 | 26.02| 40.28| 40.98| 40.35| 42.01| 45.43{ 17.18
Ftikhar ‘21 2,51 | 26.97| 40.31] 40.96| 37.88| 41.51| 42.41| 11.10
Tuz-Khurmatu 21 2.93 | 23.75| 46.06 36.66' 38.65| 50.58| 40.73| 14.03
Shaqlawa 27 |16.42 | 88.23{169.82|139.68(200.91|161.52)/122.04| 37.81
Arbil 23 5.57 | 38.09] 66.91 73.04 _79,60 79.72| 58.38| 35.63
Rawanduz 22 (23.62 | 91.45(125.90(133.48{177.05|165.42/140.27 | 67.14
Salahuddin 21 {11.70 | 91.19/105.04{111.80| 96.60} 94.41{ 93.77| 49.95
Dokan 26 6.47 | 84.79(116.47|133.68(144.75]130.64|130.73 | 52.13
Sulaimaniya 23 |14.47 | 72.89|102.05{115.47 115.23 125.33(118.72 | 44.74
Halabja 19 9.46 | 73.62| 99.74{117.89{ 98.10|106.62] 91.77| 30.12
Bakrajo 20 9.98 | 88.16{106.45/116.11{107.06{123.69{128.46 | 54.42
Penjwin 12 113.98 |117.97|205.37|181.46{238.39(226.75|161.41| 56.43
Chwarta 11 5.62 | 73.93{110.56|140.33|146.41|143.81{105.23| 36.69

Source : OQur Calculation




Table 11.17 Mean Frequency of Daily Rainfall for Various €lass Intervals
Class Intervals Any No. of
Stations Tr-10 mm. |10.1-30 mm. |30.1-50 mm. [50.1-1.80mm|. 80 mm. Rain | years data
Mosul 77.72 20.56 1.37 0.09 0.00 99.74 30
Kirkuk 65.52 9.11 1.43 0.17 1 0.07 76.30 30
Khanaqin 43.67 6.64 0.74 0.49 0.04 51.58 30
Baghdad 53.49 3.40 0.34 0.09 0.00 57.32 30
Rutba 55.58 3.52 0.17 0.00 0.00 59.27 30
Hai 44.15 3.13 0.27 0.03 0.00 47.58 30
Diwaniya 32.27 2.59 0.40 0.07 0.00 38.33 30
| Nassiliya 37.46 2.27 0.47 0.30 0.00 40.50 30
Basrah 47.35 3.69 0.40 0.09 0.03 .52.16 30

Source : UNESCO, 1975 :

Irag - Contributions on natural resources research, Table No.6, p.32.

~Evi-
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area west of Sinjar.(zz) These figures are very much below the figures

reported by UNESCO.

11.710 Air Temperature

Plant growth is not only affected by rainfall, but also by air
temperatures which affect not only the growth of the plant itself
directly, but also affect soil temperature and moisture, evaporation and
evapotranspiration. In this section, the temperature characteristics
will be reviewed for the whole country as well as the.temperature

conditions during the growing seasons in the rainfed area.

11.10.1 Minimum Temperature : Temperatures become crucial for

plant growth at a threshold level, above which growth is vigorous, and
below which it slows down, complete cessation or plant death at freezing
point. There is no fixed threshold level for plant growth because

that depends on other circumstances, but its range varies between

3 -59%. As far as Iraq is concerned, the threshold point is set at

59C and the occurrence of such Tow temperatures is very important to
agriculture. (23) Fig.11.12 shows the frequency of days of minimum
temperature of 59C or less for the whole country. It is difficult to
assess precisely the extent of damage due to this low temperature

without more agroclimatological observations.

Here minimum temperature observations during the growing season
of winter crops for two stations at the rainfed area have been consid-
ered. Tables 11.18 and 11.19 show the mean, minimum, maximum, standard
deviation and the coefficient of variation of the minimum temperature
at}Mosu1 and Kirkuk stations. Table 11.18 shows that January is the
coldest month in Kirkuk with{a'meaﬁfminihum_témperature of 4.56°C. . In Mosul
§tation, January is also the coldest month with mean minimum temperature

of 2.17°C. Temperaturesbelow the threshold point also extend into
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December and February (see Tables 11.18 and 11.19). Moreover an analysis
of the coefficient of variation reveals that as the temperatures drop
the coéfficient of variation increases. This means that the annual
variation of the low temperature is very high. The coefficient of var-

fation of minimum temperatures is particularly high at Kirkuk station.

11.10.2 Maximum (High) Temperature : Genefa11y speaking; the range
between minimum temperature ahd maxihum temperature diurnally and
between winter and summer is very high in Iraq. In fact, high temp-
erature is not as severely damaging on the plant growth during the
winter season as for the summer crops. High summer temperatures, mainly
dde to high radiatidn and Tong duration of sunshine, méy seriously
affect the plant growth, but in this study, maximum temperature can be
considered only in relation to the4growing season of the winter crops.
Tables 11.20 and 11.21.show the mean, minimum, maximﬁm, standard dev-
jation and the coefficiént of variation of maximum temperatures at
Mosul and Kirkuk stations. It is clear that January has the lowest
mean of maximum temperature. A]thbugh,tﬁe coefficient of variation
~ increases as temperatures drop, this increase is véry much less than the
coefficient of minimum femperature. In other words, maximum temper-
atures are more stable than mjnimum temperatures. Fig. 11.13 shows the
frequency of days with maximum temperaturesabove 40.T. The average
mean of monthly temperature (maXimum and minimum) reveals that January
has the lowest temperaturesand the coefficient ofvvariation increases

as temperature decreases (see Tables 11.22 and 11.23).

11.11 Soil Temperature : Many meteorological observations are

available but often only for short periods; this is especially true
for records of soil temperature. Data are available only for six years

and for one Sstation (Mosul) in the rainfed area, and therefore soil

temperature cannot be used for further analysis. Table 11.24 shows
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Table 11.18 ' The M1n1mum Maximum, Mean, Standard Deyiation and the Coeff—
~icient of Var1at1on of Average Monthly Minimum Temperature ( C)
"~ at Kirkuk Station in the Rainfed Area During the Growing Season
Month Ngésg: Min. Max. Mean  |Std.Dev. zfgf g?f
var,
October 27 14,10 20.30 17.47 | 1.47 8.41
November 27 8.70 14.20 11.14 1.26 11.31
December 27 3.30 8.00 6.12 1.24 20.26
. January 27 0.00 7.90 4.56 1.75 38.38
February 27 2.20 8.70 5.80 1.64 28.28
March 27 5.30 11.20 8.79 1.50 17.07
April 27 11.00 16.50 13.54 1.27 9.38
May 27 15.60 21.90 18.99 1.58 8.32
Qéﬁ”ﬁ?ﬁ.?iﬁs, 27 9.70 | 12.0 10.81 | 0.63 |5.8 |

Source

Table 11.19°

: Our Calculation

The Minimum, Maximum, Meah, Standard Deviation énd“the Coéff? o

icient of Variation of Average Monthly Minimum Temperature (°C)
- at Mosul Station in the Rainfed Area During the Growing Season

Month Ngésgz Min. Max. Mean  |Std.Dev. ngf gg“
var.
October 27 7.30 15.40 11.98 2.08 17.36
November 27 3.70 9.60 6.91 1.42 20.55
December 27 - .80 6.90 3.15 1.61 51.43
January 27 -2.60 5.40 2.17 1.84 84.79
February 27 - .70 6.30 3.48 1.71 49.14
March 27 3.90 9.80 6.64 1.52 22.89
April 27 9.40 12.90 10.85 .99 9.12
May 27 11.60 19.20 15.49 1.66 10.72
ﬁ;ﬁﬂﬁ$ﬁ°$2;;. 27 6.30 9.60 7.60 87 s

Source :

Qur Calculation
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Table 11.20 - The Minimum, Maximum, Mean, Standard Deviation and the Coeff
“icient of Variation of Average Monthly. Maximum Temperature (°C)
at Kirkuk Station in the Rainfed Area During the Growing Season. .

Month Ngésgi Min. Max. Mean Std.Dev. zfgf g?"}
var,
October 27 27.90 34.40 32.02 1.67 5.22
November 27 19.20 28,30 22.78 1.94 8.52
December 27 12.90 19.10 16.12 1.84 11.41
January 27 7.80 18.90 13.66 2.45 17.94
February 27 11.30 19.10 15.65 2.07 13.23
March 27 15.80 24.10 19.68 1.81 9.20
April 27 21.60 29.60 25.64 2.19 8.54
May 27 21.50° 35.80 32.56 2.99 9.18
Q;ﬁ”&gi_%g;;. 27 20.50 | 23.90 | 22.33 .95 4.26

Source : Our Calculation

Table 11.21 ' The Minimum, Maximum, Mean, Standard Deviation and the COeffa |
“icient of Variation of Average Monthly Maximum Temperature «("C).
-at Mosul Station in the Rainfed Area During the Growing Season

Month N2352§ Min. Max. Mean | Std.Dev. Z%?f gg’

S | var.
October 27 26.10 34.60 31.44 2.06 6.55
November 27 18.80 27.00 21.94 1.77 8.07
December 27 11.30 18.40 14.70 1.83 12.45
January 27 7.40 17.30 13.00 | 2.3 | 18.00
February 27 11.20 18.90 15.34 1.99 12.97
March 27 14.00 22.80 19.26 2.0 10.44
April 27 21.70 36.60 | 25.63 3.06 11.94
May 27 22.80 36.30 | 32.28 | 2.83 8.77
Qg§r§g§-§ggg. 27 19.90 | 24.10 | 21.71 | 1.06 4.88

Source : Our Calculation




-450-

Table 11.22 The Minimum, Maximum, Mean, Standard Deviation and
the Coefficient of Variation of Average Monthly Mean Temperature
(CO) at Kirkuk Station in the Rainfed Area During the

Growing Season

Month Ngésg: Min, Max. Mean |St.Dev. zfgf gg"

var.
October 27 21.70 | 27.40 | 24.78 | 1.37 5.53
November 27 14.50 21,30 17.01 1.51 8.88
December 27 8.30 13.30 11.15 1.45 13.00
January - 27 4.40 13.40 9.14 | 1.95 21.33
February 27 6.80 13.50 10.76 1.79 16.64
March - 27 10.60 17.30 14,27 1.54 10.79
April 27 16.60 23.00 19.64 1.66 8.45
May 27 19.00 28.90 25.79 2.14 8.30
Qgi”?gﬁpfea' 27 15.20 | 17.90 | 16.57 | .766 4.62

Source : Our Calculation

Table 11.23: The Minimum, Maximum, Mean, Standard Deviation and
" the Coefficient of Variation of Average Monthly Mean Temperature
(CO) at Mosul Station in the Rainfed Area During the

Growing Season

Month Ngésgz Min. Max. Mean |St.Dev. ngf g?”
. var.
October 27 19.40 24,20 21.77 1.39 6.38
November 27 11.90 18.10 ..} 14.43 1.27 8.80
December 27 5.70 11.10 8.93 1.38 15.45
January 27 3.10 11.20 7.61 1.84 24.18
February 27 5.50 11.80 9.41 1.69 17.96
March 27 9.70 15.00 13.09 1.49 11.38
April 27 11.40 23.40 17.90 | 2.13 - 11.90
May 27 19.90 26.60 | 23.91 1.63 6.82
Average sea- 27 13.30 | 16.00 | 14.64 | .74 5,05
| _son Temp.

Spurce : Our Calculation




Table 11.24 Mean Monthly Soil Temperature (C°) at Different Depths During the Growing Season
at Mosul Station*
Month Time 6 a.m. Time 12.a.m.
5 cm 10 cm 20 cm 50 cm | 100 cm 5 cm 10 cm 20 cm 50 cm | 100 cm
October 18.2 19.4 22.6 24.3 25.5 27.1 24.0 23.3 24.4 25.5
November 10.5 | 11.9 14.6 18.1 20.6 16.3 15.1 14.7 18.0 20.5
December 5.2 6.6 8.2 12.2 15.6 9.3 8.8 8.6 12.2 15.5
January 3.1 4.4_. 5.6 9.1 11.8 7.8 6.7 6.0 9.2 _ 11.9
February 4.9 6.0 6.8 9.3 11.9, 10.8 9.1 7.6 9.3 | 11.0
March 9.7 10.5 11.5 12.7 | 13.1 16.7 14.4 12.3 12.8 13.0
April 15.6 15.6 16.3 16.8 16.1- 24.0 211 17.7 16.7 16.2
May 21.9 21.6 22.2 | 21.6 20.2 31.4 27.7 23.6 21.6 | 20.2

* Average of Five years

Source :

calculated from data obtained from the Meteorological office.

-16p-
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soil temperatures (C) at various depth at 6 a.m. and 12 a.m. local
time. It is clear that variation between 6 a.m. and 12 a.m. at
20, 50, 100 cm. depths is negligible. The Towest sdi] temperature

at all depths was recorded in January,

11.12 Evaporation and Potential Evapotranspiration

Evaporation and potential evapotranspiration are very crucial
for agriculture in general and for agriculture in the rainfed area
in particular. In the latter, rainfall constitutes fhe water-supply,
while water loss occurs in the form of evaporation and evapotrans-
piration, runoff and seepage. The difference between water-supply and
water-loss is assumed to be stored in soil as soil moisture. The
availability of the latter is very significant for the plant growth

during the growing season.

Meteorological class A pans are used to estimate evaporation in
Iraq. Evaporation generally increases as temperature increases and
Table 11.25 shows the mean monthly evaporation for 11 stations through-
out the country. It is clear that evaporation reaches its seasonal
peak in July. It also appears that evaporation rates in the South are
lower than in the Central and Northern zones of the country through-

out the year, this because of the higher humidity levels.

Penman's method has been used to estimate potential evapo-
transpiration in Iraq for a number of statjons and Table 11.26 shows
potential evapotranspiration for some of these. It is clear that
potential evapotranspiration is lower at northern stations such as

Mosul, Kirkuk and Salahaddin than at other stations. in other parts

of the country (See Fig.11.14).

Water availability to crop plants can be assumed from the

climatic ‘point of view to be the difference between water gain and



- Table 11.25°  Evaporation (mm), Monthly Normal for Iragi Meteorological Stations Generally starting 1967-1974

}
Station Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec
Sinjar A- 70.6 76.6 143.4 178.7 315.1 449.1 513.9 488.7 351.3 238.7 102.2 64.0
B- 4 4 3 4 4 4 4 4 4 4 4 4
Mosul A- 64.8 86.3 134.7 191.5 300.2 398.2 500.8 532.2 350.2 208.9 106.0 61.5
B- 8 8 8 8 8 8 8 7 7 7 8 8
Kirkuk A- 50.2 64.1 104.6 137.8 254.2 258.0 399.6 365.4 277.3 184.2 69.4 48.8
B- | 8 8 8 8 8 8 8 8 8 8 8 8
Ana A- 44 .4 68.4 130.0 179.4 281.5 409.3 480.3 432.0 276.9 180.1 81.8 46.0
: B- 6 6 7 7 6 6 6 7 7 7 8 8
Rutbah A- 65.3 9.2 177.3 268.3 327.3 475.3 573.4 459.5 405.3 267.2 131.6 78.8
B- 6 7 7 6 7 7 7 7 6 6 7 7
Baghdad A- 73.9 99.3 184.5 261.3 403.8 522.8 600.5 533.0 370.5 247.0 134.6 61.4
B~ 7 8 8 8 '8 8 8 8 8 8 8 6
Najaf A- 65.4 77.9 146.1 211.0 300.1 409.8 470.0 409.4 296.5 198.4 105.9 59.6
B- 8 8 8 8 8 8 ' 8 8 8 8 8 8
Diwaniya | A- 51.5 70.7 125.2 170.2 259.7 336.1 390.4 357.7 274.0 188.9 99.8 64.2
B- 8 8 8 8 8 8 8 8 8 8 8 8
Nasiriya | A- | 53.3 73.8 139.7 185.5 292.0 320.0 373.9 361.5 283.9 187.1 94.9 57.6
B- 8 8 8 8 8 7 8 8 7 8 8 8
Amarah A- 76.1 98.2 191.5 259.7 | 450.0 657.8 703.4 590.1. 496.5 276.2 166.7 79.5
B- 3 3 3 3 3 4 4 4 4 4 4 4
Basrah A- 62.4 77.3 141.8 184.0 249.8 267.1 291.6 274.5 213.4 158.4 87.8 62.8
B- 8 8 8 8 8 8 8 8 8 8 8 8
NOTES : 1. A- Represents monthly normals of evaporation in millimetres
2. B- Represents No. of Recorded years.
3. The Information. is from Evaporation Pan Class " A ",

Source : Meteorological Dept. of Iraq.
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Table 11.26 Monthly, Seasonal and Annual Mean Potential Evapotranspiration (mm)

MONTHS SEASONS
Station Oct| Nov| Dec] Jan] Feb. Mar.[Apr. |May |June [July | Aug.|Sept.|Autm.| Wint] SprJ Summ. [Annual Remarks
Mosul 99.4146.6/23.1[27.0/46.0 | 82.7]124.8{195.3]248.0{266.1(251.0{172.0] 146.0| 96.1{402.9| 937.1|1.581.4 | ) By Penman's
Baghdad 137.6 ?2.1 42.3147.6(74.6 [125.7{170.9|235.1/294.9|304.4|219.1]197.8| 209.7 {164.5 |531.7 1,016.2{1922.1 % E§§ggdlong

" Basrah 135.2 76.3-48.1 51.4{75.3{126.5{164.5|221.2256.3/259.3242.3{189.0{211.5(175.8{512.2 | 946.9 |1846.4 ; ;ggaeéata
Kirkuk H]3].O 61.0{30.0{35.0{49.0 | 85.0 148;0 223.0(276.0(279.0(219.0|208.0| 192.0 |114.0 {456.0| 982.0(1,744.0 | ) g:g)
Khanagin . |{135.0 61.0 33.0(38.0(65.0 | 89.0{161.0|247.0{289.0{293.0{277.0{193.0| 196.0{136.0{497.0 {1052.0 {1.881.0 ; ‘g i%_c

"Anaﬁ' <= 1105,0151.0123.0134.0(62.0 {126.0(190.0|236.0|264.01{272.0(240.0}198.0[ 156 .0 {119.0(552.0 | 974.0 |1.801..0. ;g‘gg q"’;
Rutbah  1133.0/60.0|44.0/45.0/65.0 [116.0 155.0(192.0(241.0266.0{209.0[170.0| 193.0 [154.0 [463.0 | 836.0 |{1696.0 § 35@

4 ' : : ‘ 2%
Habbaniya (133.0(61.0(44.0|43.0{73.0{125.0{170.0{235.0{298.0{329.0/296.0(194.0| 194.0|160.0(530.0|1117.0{2001.0 | )’ 5.2)'§
Najaf  [129.0|61.0(30.0/32.0|57.0 [115.0|143.0{198.0{303.0/312.0|300.0{221.0| 190.0 [119.0|456.0 {1136.0 [1901.0 % §§§;
Hai - 150.0 70.0141.0{36.0(53.0 49870 136.0{191.0{305.0|{310.0{300.0{228.0} 220.0 {130.0|425.0 {1143.0|1918.0 | ). .: 2)§ ,
Nassir“iya 138.0(68.0|42.0(59.0|64.0 {115.0|155.0{205.0 |287.0|256.0|255.0./208.0| 206.0 {165.0 [475.0 1,006.0 {1852.0 g) éég g‘

“ Diwaniya 131.0 66.0|40.038.0160.0 {106.0{152.0200.0 291.0(311.0|262.01197.0/ 197.0 13870 458.0 {1,061.0 1354.0 g '§'§3 !
Sinjar 117.0'62.6 22.6127.0 38.5. 60.2/116.21195.3{265.6|288.6({277.0{197.0 179.6 88'1,37]f7 1028.2 |1667.6 3,;Ef8g.g c
Salahuddin 1108.0|51.015.0|14.0/25.0| 63.0(117.01175.0|216.0|225.0/223.0 |180.0 159.0 | 54.0355.0 | 844.0 [1412.0 | ) gé)ﬁ g
Nukhaib  1144.0|58.0 40.0(43.0)72.01140.0,185.0 223.0336.0(369.0/298.0 240.0:202.@1755.'0 548.0 |1243.0 2148.0 3 §'§ ggg

o o

T Shep-

Source . UNESCO (1975) : Iraq : Contributions on Natura1 Resources Research, Pakfs,>Tab1é 11, p.57.
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FIG. 11.14 MEAN ANNUAL POT NTIAL - VAPCTRANSPIRATION(cms)
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water loss through potential evapotranspiration. For annual cereals
a ground storage level of 100 mm. of moisture is taken as a signif-
icant indicator of an excess of rainfall over potential evapotrans-

piration.(24)

For working purposes the rainfall : P/E ratio can be categorised

as follows:

1. Humid - the period when the rainfall is equal to or more

than potential evapotranspiration.

2. Moist - when rainfall is equal to, or more than half of potential
evapotranspiration.
3. Moderately dry to dry - when rainfall is less than half of

potential evapofranspiration, but greater than one-tenth of it.

4, Very dry - when rainfall is equal to, or less than, one-tenth

of potential evapotranspirétion.

The application of this categorisation to the rainfed areas

gives us the following division of the agricultural year :

1. During a moist period preceding the period of humidity (November)
no irrigation is required as cereal crops at that time are in their
initial growth stages and the actual evapotranspiration normally does

not exceed 50 to 60 per cent of the'potential evapotranspiration.

2. The humidperiod lasts from late November to April, although in
the mountain region it lasts from earTy November to mid'June. During the
ripening stage the actual water demand starts falling off rapidly,

and'no jrrigation is required. Accordingly, one may assume that water
availability is sufficient, on average, for cereal crops in the rainfed

area during the whole winter growing zone.
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11.13 Relative Humidity: This is the last important meteorological factor

of relevance here. Data based on actual recordings fbr 27 years are
available for two stations (Mosul and Kirkuk) in the rainfed area.
Tables 11.27 and 11.28 show the mean, minimum, maximum, standafd
deviation and the coefficient of variation of relativé-humidity for
the two stations. Relative humidity increases gradually from October
to January and it starts to decrease after that. In other words,
relative humidity increasesas the amount of-rainfa]1'increases from
October to January, whilst fhe coefficient of variation decreases

as relative humidity increases. The coefficient of variation reacheé

its minimum level in January or February in the case of Mosul.

11.14 The growing Season: It is always difficult to establish a firm time-

table for the growing season for cereal crops in the rainfed area. This
depends, in general, on the relation between the rainfall season and the
need for cultivation and/or sowing the land at the beginning of the
season. If rainfall is delayed farmers postponé the time of sowing
which will affect the phenological periods of the plaﬁt growth. UNESCO,

however, has classified the growing season for wheat crops in Nineveh province as

follows: -

1. Seeding 1 - 20 November;

2. Germination and tillering Mid Nov. - End Feb.
3. Heading 10 ->25 April;

4. Ripening 25 May - 10 June;
5. Period of active growth 1 March.Q 15 May;

Duration 200 - 210 days
In general, the active growth period extends from‘the late
humid period to the end of the moderate dry to dry perjod (1 March -
15 May). Ptanting occurs during the moist period (November), or in

other words, takes place after a sufficient amount of rain has fallen.
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Table 11.27 The Minimum, Maximum, Mean, Standard Deviation and the Coeff-
icient of Variation of Average Monthly Relative Humidity at
Mosul Station in the Rainfed Area During the Growing Season
(N % of co-
0. of i eff. of
Month cases Min. Max. Mean St. Dev, var.
October 27 19.00 44.00 29.82 6.31 21.16
November 27 38.00 70.00 51.89 8.80 16.96
December 27 51.00 78.00 67.52 7.20 10.66
January 27 46,00 88.00 70.04 8.48 12.11
February 27 54.00 75.00 65.00 6.10 9.38
March 27 45.00 71.00 58.52 7.66 13.09
April 27 31.00 67.00 51.22 8.35 16.30
May 27 22.00 60.00 34.93 10.25 29.34
Average sea- _
son Rel.Hum- 27 55.10 73.40 66.22 4,22 6.37
idity
Table 11.28  The Minimum, Maximum, Mean, Standard Deviation and the Coeff-
- icient of Variation of Average Monthly Relative Humidity at
~;Kirkuk15tqtion in the Rainfed Area During the Growing Season
% of co-
No. of . _
Month cases Min. Max. Mean St.Dev. | eff. of
4 var,
October 27 37.00 61.00 48,78 6.35 13.02
November - 27 51.00 78.00 67.04 6.88 10.26
December 27 69.00 89.00 79.70 5.14 6.45
January 27 68.00 85.00 80.44 3.98 4.95
‘February 27 61.00 85.00 74.44 5.44 7.31
March 27 54.00 81.00 69.48 . 6.83 9.83
April 27 35.00 77.00 62.82 9.19 14.63
May 27 25.00 70.00 47.04 10.29 21.88
Average sea-
son Rel.Hum- 27 47.00 59.20 53,63 3.62 6.57
idity _
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Heading occurs during the periods ranging from moist to moderately dry
and ripening during the moderate to dry period. So, it seems that
rainfall distribution or water ayai]abi]ity generally matches the

phenological periods of the cereals growth in the rainfed area.

11.15 Conclusion and Final Remarks

The rainfed area of Northern Iraq has been chosen as a case-study
of the effect of climate and weather on agricultural production and prdd—
uctivity. In this region agriculture is dominated by the cultivation
of wheat and barley during the winter season and the direct impact
of climatic factors, in particular rainfall, on production is not
significantly modified by environmental control such as irrigation.

The region produces approximaté]y 60 per cent and 35 per cent respect-
ively of the national wheat aﬁd barley production. About 66 and 38

per cent of the cultivated area under wheat and barley respectively lie
in this region. Any impact of wheather conditions in general, and
rainfall in partiéular, on the production of these two crops has serious

consequences for the national economy.

Data required for this study are of two main types : agricultural
and meteorological data. Agricmltural data consist of measurements
of production, cultivated area and yield of a particular crop. The
selection of meteorological data is considerably governed by the avail-
ability of data relating to particular weather factors. In this case
the three variables which can be utilised are : rainfall (monthly and
annual), temperature (minimum and maximum) and relative humidity. Other
climatic factors cannot be considered because time series records are

too short and too few to enable useful analysis.

The production of wheat and barley fluctuated during the 27 years
under the study (1949/50 -~ 1975/76). The coefficients of variation of
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wheat and barley production are 64.3 and 50.7 respectively. The coef-
ficient of variation of area under wheat was 30.4 ahd under barley was
17.8. The coefficient of variation of production is higher than the
coefficient of variation of area under production, thus other variables
were involved, these variables ranging from technical and socio-
economic to environmental. From the analyses made earlier in this thesis,
it can be concluded that technical and socio-economic factors have had
very little impact on production, and so the environmental conditibns

must be tested.

A series of regression analyses for area and production of wheat
and barley shows that the area under wheat has increased at a higher
rate than the rate of production growth, although there was no signif-
icant change either in the area under barley or in barley production.
Another set of regression analyses for the yield of wheat and barjey
shows that there was no significant improvement in the yield of whéat.
Barley shows a decline in the yield per land unit, although this decline

is insignificant as a statistical trend.

We have seen that fhe rainfed area receives more rainfall than the
rest of the country. About 88 per cent of the rainfall occurs in the
rainfed area during winter and spring, compared with a national average
of about 85 per cent. The monthly distribution shows that January is
the wettest month for the whole country. In the rajnfed area, March

was the wettest month, this followed by February and January.

The study of variation in annual rainfall reveals that the

coefficient of variation decreases as the annual rainfall increases.

The second meteorological variable, air temperature, is considered
in the form of minimum, maximum and average mean temperature during the
growing season. The feature critical to enable agriculture is the

thermal threshold point, below which plant growth is very slow or
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ceases; this threshold in Irag is taken as being 5°C. The number of occasions
during the growing season when temperature falls for periods below this
threshold may affect the plant growth in general and the yield in particular,

and some risk does exist in parts of the rainfed area of Northern Iraq.

Soil temperature, although important for agroclimatological studies,
cannot be incorporated in our analyses because of the absence of long time

series data of this variable.

Agriculture in the rainfed area relies on water availability in the
soil, this soil moisture balance |is goverhéd“by the difference between water-

supply and water-loss.

Analysing potential evapotranspiration reveals that the growing season

starts with moist soil conditions in November during the sowing period. The

humid period, from late November to April, is associated with active plant
growth. During the ripening period soil water condition may be described as
moderate dry to dry appropriate for plant needs. Thus the distribution of rain-
fall, the main determinant of water availability, coincides with plant require-

ments during the growing season, but variability both in total growing

season rainfall and in distribution ddring the growing season can be critical.

Relative humid{ty increases during the growing season until it reaches
its peak in January. This increase is related to the increase of rainfall.
THe coefficient of variation of the relative humidity decreases as the mean
monthly relative humidity increases (See Tables 11.27 and 11.28).

We can state, therefore, that the phenological cycle of piant growth,
within a growing season extending from October/November to May/June, matches:
the regime of water évai]abi11fy.

However, it can be concluded that the rainfa11.area, in general, is
suitable for dry farming when the annual rainfall is at Teast 240 mm. and the
coefficient of rainfall variatibn is no greater than 37.5 per cent, these as
first approximations. In the following two chapters, we analyse the effect of

rainfall, air temperature and relative humidity on wheat and barley in the

~rainfed area of Northern Iraqg.
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CHAPTER TWELVE

THE EFFECTS OF WEATHER. FACTORS ON WHEAT YIELD

12.1 Introduction

It became clear in the previous chapter that the rainfed area of
northern Iraq is generally suitable for dry farming cereal production of
wheat and barley. It was also tonc]uded that no significant trend in
wheat and barley yields could be demonstrated statistically (see
Table 11.10), and consequently, fluctuations in the annual wheat and
barley production during the period of study (1949/50-1975/76) are the
resultants of two main factors : area and yield fluctuations. Yield
fluctuations appears mainly due to variations in weather conditions
both directly and 1nd1reét1y. Although weather conditons may affect
farmers' decisions determining the area cultivated, especially in the
long term, this point will not be considered in this study (Fig.1.1).
In this chapter, we shall concentrate on how much yield fluctuations

were determined by climatic factors.

As earlier noted, the climate-crop relationship is complex, but
now that this set of factors affecting agricultural productivity and
production in Iraq has been as far as possible isolated from socio-
economic and technical factors, we can turn td some simple direct
statistical procedures for studying the effect of weather and climate
on yields, first of wheat, and then of barley in Chapter 13, by using

correlation and regression analyses.

Three main weather variables are used in both cases, rainfall
(monthly and total), monthly temperature and relative humidity. As
itwas noted earlier the lack of adequate data has prevented us from

utilising other variables singly or in combination (see pages 426-427).
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12.2 A Review of Other Relevant Studies

Whilst the study of the effects of weather conditions on agriculture
is a very well developed subject in many countries (see chapter 10), as

far as Iraq is concerned only two studies have been traced.

The first of these was published by UNESCO in 1976, in which

three separate functions were arrived at(1) :

Yo = 256.1 + 0.301 Xy + 0.937 X, for wheat
Yo = 447.5 + 0.427 X1 + 0.935 X2 for barley
Yo = 950.3 +0.209 X; + 0.969 Xo + 44.9 X5 for 5ak1ey
Where
Yé = The estimated yield.
X] = The average rainfall for the north and north-east of Iraq
for October-May.
X2 = The average rainfall for the north and north-east of Iraq
for January and April.
X3 = The average temperature of November, January, March and April.

The above regression equations have multiple correlation
coefficient of 0.65, 0.64 and 0.75 respectively, all of them significant

at a 1 per cent level.

The second study was.published by F.Y.Yussif in 1979.(2) He used
regression analysis to study the effect of rainfall on the yield of wheat
and barley in Nineveh and Sulaimaniya provinces in the rainfed area. Two
sets of data were selected in this study, one based on the actual yields
for these provinces between 1967/68-1975/76, the second set obtained from
three experimental farms in these provinces. The final evaluation of |
the effect of rainfall and temperature were represented in 36 regression

functions of wheat and barley.



-466-

He concluded that the relation between yield of the two crops
and rainfall is positive in some cases and negative in others, implying
that there are other factors affecting the yiéld other than rainfall.
Yussif also concluded that there is a good possibility of improving

yields through improving the farming system.

12.3 Analytical Approach

The total period under study here is between 1949/50 and 1975/76.
During previous discussion of the socio-economic and technical factors,
the need appeared for considering two sub-periods, i.e. the pre-land
reform years between 1949/50 and 1957/58 and those of the poest-land
reform period between 1958/59 and 1975/76. Evidence already presented
indicates the impact on agriculture of the institutional changes which
followed land reform. In order to minimise the effects of these changes
on this analysis it was decided to study the effect of weather on

agriculture during four different periods :

I.  The whole period between 1949/50 - 1975/76 (27 years);

II. Pre-land reform period between 1949/50 - 1957/58 (9 years);

III. Post-1and reform period between 1963/64 - 1975/76 (13 years).
Here, the first five years after land reform are excluded since these
appear to have been years of agricultural adjustment, even dislocation,
caused by land reform. During these five years the area under cultivation

reached its lowest levels (see Appendix H, Table H.1l & H.3 for details).

~IV. The fourth period is based on the combination of the two sub-

periods 1949/50 - 1957/58 and 1963/64 - 1975/76 (22 years).

Correlation and regression analyses are used to study the effect

of certain weather factors on cereal yields in the kainfed area of

Northern Iraq. The statistical package programme used in this ana1y§i§a

| is:deas'(see reference 19). =
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12.4 The Correlation Between Wheat Yield And Total Rainfall

A series of correlation matrices have been cérried out between
annual rainfall and wheat yield for 22 selected meteorological stations
in the rainfed area of Northern Irag. Table 12.1 shows the coefficient
of these correlations for the whole Period I (1949/50 - 1975/76). It is
clear from this table that wheat yield is positively correlated with
total rainfall in twelve stations. Although, these correlation coefficients
are significant at 5 and 1 per cent level, they are not as high as

(3,4) This does not mean that rainfall

reported in Jordan, Syria and Iran.
is necessarily less important in Iraq, but can be explained as follows.
First, this could be due to the effect of rainfall distribution during the
growing season, especially if the relatively mild winter which helps the
plant growth, is taken into account.(s) Secondly, this 27 year period
consists of two sub-periods which are known to have had different socio-

economic conditions which could have affected the correlation between wheat

yield and total rainfall.

One distinct fact of spatial differentiation to appear from these
correlation coefficients is that the correlation between'wheat yield and
total rainfall is particularly Tow in the highland regions (over 600 m),
with greater relief amplitude and where minor grain growing zones exist.
(Fig.11.9 and Table 11.14 show the location and altitude of these
stations). Nonetheless, there are some significantly positive correlation
coefficients between wheat yield and total rainfall at high upland
stations, for example Shaglawa station in Arbil province, Sersank and Dohuk

stations in Nineveh province and Chwarta station in Sulaimaniya province

(although the latter station has a short 11 year time series). This suggests

that other factors affect wheat yield in the upland stations in addition to

rainfall, such as soil conditions, wind aspect and micro-climate conditions.
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A1-Sherbini, however, argues that the correlation between wheat
yield and total rainfall is relatively low when the total annual rainfall
is relatively high, basing his conclusion on observatidns in Syria.(6)
Hooker has similarly pointed out that when total rainfall is above a certain
optimum level the correlation between a particular crop and rainfall is low
because the relation itself is not 1inear.(7) He showed for example, that
the correlation between oat yields and rainfall in eastern Scotland is Tow
because the rainfall conditions are near the optimum level. Hooker's
theory appears adequate to explain the Tow correlation between wheat yield
and total rainfall in some high land stations of Northern Iraq where
total rainfall is.higher than in the foothill stations (see Table 11.14),
but the question remains of how to determine the optimum level of rainfall!l
In agrometeorological terms one also has to consider rainfall distribution
during the growing season, other climatic factors, as well as soil conditions

and farming practice.

The correlation between wheat yield and total rainfall for the
Period II-between 1949/50 - 1957/58 (pre-land reform period) is very much
higher than for the whole period. Table 12.2 shows the correlation
coefficients between wheat yield and total rainfall which indicates that
wheat yield was then clearly dominated- by environmental conditions in

general and rainfall in particular.

It appears, however, from Table 12.2 that the correlation between
total rainfall.and wheat yield is not always significant in the upland
stations. Only three upland stations show a significant and positive
correlation between wheat yield and total rainfall, Zakho, Dohuk and

Amadiya in Nineveh province.

The third correlation series is carried out between total rainfall
and wheat yield for Period III, post-land reform (1963/64 - 1975/76).

Table 12.3 shows the results of these correlations. The coefficients of
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these correlations are very close to those obtained in Syria for the same
period (1958 - 75).(8) It is obvious from this table that the correlation
between wheat yield and total rainfall is generally lower than for the
pre-land reform period, except for Telafar station which shows a very

slight increase.

It is not easy to diagnose the reasons for the decrease in the
correlation coefficient in this period in relation to the pre-land reform
period, but it is probably dué to a slight improvement of other non-climatic
factors in general and to mechanization in particular. Chapter 8 shows
that the number of tractors and combined harvestors increased during the
whole period (see page 299). This suggests that some improvement in tillage,
harvesting and timing of farm operatiorsmight have 6ccurred in the post-land
reform period. The mean of wheat yield in the post-land reform period
“was 141.7 kg./donum and the coefficient of variation was 45.3 per cent,
compared with a mean of wheat yield for the pre-land reform period which
was 123.48 with coefficient of variation of 48.8 per cent. This suggests
that wheat yield became less affected by average annual rainfall, although
severe drought or héavy rainstorms or a combination of adverse climatic
factors could still be important. Nonetheless,. Iraqi farmérs in general

are still not fully aware of the importance of dry farmﬁng, protecting

against erosion, increasing moisture availability and improving prod-
9)

uctivity of the 1and.(

As far as the correlation between total rainfall and wheat yield
according to altitude is concerned, Table 12.3 shows that rainfall is
positively correlated at the foothill plains of the low relief amplitude

where the major production zones exist.

The fourth series of correlations carried out between total
rainfall and wheat yield is for Period IV, the two sub-periods between this

1949/50 - 1957/58 and 1963/64 - 1975/76 in combination. Table 12.4
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shows the results of these correlations. This table shows that total
rainfall is positively correlated with wheat yield both at 5 and 1 per
cent level of significance in the foothill plains of low relief amplitude,
such as Mosul, Sinjar, Telafar in Nineveh province and Kirkuk, Hawija,
Iftikhar and Tuz-Khurmatu in Kirkuk province. In other stations the
correlation is less significant as in the case of Aqra, Dohuk and
Shaqlawa, or has no significant correlation. Rainfa]l'in these latter
stations is greater than stations in the foothill fegiOn. Zakho 1is an
exceptidn, but we have to set its significant correlation against the

very small number of cases (short time series) (see Table 12.4).

Comparing the correlation coefficient of Period IV (22 year) with

the others reveals the following points:-

1. The correlation coefficient of the 22-year Period IV (1949/50 -
1957/58 and 1963/64 - 1975/76) is generally improved in comparison to the
27-year Period I (1949/50 - 1975/76) (see Tables 12.1 and 12.4).

2. The correlation coefficients of the Period IV is lower than the
correlation coefficients of the pre-land reform Period 11 (1949/50 -
1957/58), except for Sersank station which is located at a higher altitude.
This supports the internal logic behind and other evidence leading to our

sub-division of the whole period.

3. The correlation coefficients of the 22-year Perijod IV are generally
‘higher than the correlation coefficients of the post-land reform period.

Again, this reinforces the validity of our period sub-divisions.

It can further be concluded from these serjes of correlations

between total rainfall and wheat yield :-

1. It seems that total rainfall is positively correlated with wheat
yield in the foothills plains of low relief amplitude and where the

major grain growing zones are located regardiess of the selected period.
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These stations are mainly located in Nineveh and Kirkuk provinces.

2. This does not mean that total rainfall in the uplands,where a
greater amount of rainfall falls and where minor grain growing zones exist,

is not important in relation to wheat yields.

3. It seems that the correlation between total rainfall and wheat yield

is lowest when rainfall is highest.

4. The pre-land reform period was very much affected by physical
environmental factors in general and total rainfall in particular (see
Table 12.2). The highest rainfall correlation coefficient with wheat

yield was obtained during this'period.

5. The correlation coefficients for the post-land reform period between
wheat yield and total rainfall were Tower than for the pre-land reform
period, and this suggests that, whilst in earlier sections of this thesis
it appeared that socio-economic and technical benefits of post-1958

policy were on the whole disappointing, some associated improvements

did lessen the adverse direct effects of climate on agriculture.

6. Excluding a five year period following the lLand Reform lLaw of

1958 from the whole period results “in improvement in all correlation:
coefficients. This implies thaf during these five years after 1958

there were various social, political and economic factors of adjustment

and dislocation which affected production and productivity. The correlation
coefficients for this selected Period IV generally lie between the
correlation coefficients of the pre- and post-land reform periods.

Perijod IV appears to be the most reliable for the study of the impact

of weather factors on wheat yield.
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12.5 The Correlation Between Wheat Yield and Monthly Rainfall

Here also a series of correlation matrices have been calculated
between wheat yield and monthly rainfall for the four periods identified

earlier in this chapter.

The correlation coefficients between wheat yield and October rainfall
are negative but not significantly so in most stations for all periods as
can be seenvfrom Tables 12.1, 12.2, 12.3 and 12.4. This negative
correlation between wheat yield and October rainfall is a matter of concern
and requires some explanation. First, sudden heavy Showers may delay soil
~preparatian and encourage farmers to postpone cultivation and sowing.

- Consequently this may shorten the growing season and lead to a lower final
yield. Oury found in France that, similarly, autumn rain tends to delay
or hamper soil preparation for and sowing of winter wheat.(]o) Secondly,
October rainfall can be observed to increase weed growth in fields, and
consequently, this may reduce yields. Khammo's obseryations of weeds 1in
wheat in Sulaimaniya province is relevant here.(]]) A study in India
reveals that additional rainfall during the tilling phése is detrimental

(12) The firm causative 1inks cannot be found without

to wheat yield.
proper field studies including micro-climate 1nvestigatidn, and such studies
are beyond this thesis. Bearing in mind, however, both October temperature
(see Tables 11.22 and 11.23) and October rainfall (see Table 11.16), we

can assume that the second factor, weed growth, is one important explan-

ation for this negative correlation between wheat yield and October rainfall.

November rainfall clearly has an important role in determining
final wheat yield. The correlation between wheat yield and November
rainfall for the whole period (27 year) is significantly positive at
six stations (see Table 12.1). These stations are Mosul, Sersank and
Dohuk in Nineveh province, Shaglawa in Arbil province and Bakrajo and

Chwarta in Sulaimaniya province. Only Arbil station shows an insignif-
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icant negative correlation. For the rest of the stations, the correlation
of November rainfall with wheat yield is generally higher than October, but

not statistica]ly significant.

For the pre-land reform period. (9 years), the correlation between
wheat yield and November rainfall is not .significant, except in three
upland stations (see Table 12.2). These stations are Halabja, Penjwin
and Chwarta. Telafar, Iftikher and Arbil Stations show negative correlation
coefficientsbut they are not significant. Other stations show insignificant

positive correlation.

For the post-land reform period. (13 years), the cqrrelation between
wheat yield and November rainfall is positively significant in Dohuk,
Iftikhar and Shaqlawa stations (see Table 12.3). Three stations have
| insignificant negétive correlations. These stations are Amadiya and
Zakho in Nineveh province and Tuz-Khurmatu in Kirkuk province. Other
stations show insignificant positive correlation between wheat yield and
November rainfall. These corre]atioﬁ coefficients, howe?er, are higher
than the October correlation coefficients in general. These and the
preceding results tend to weaken the argument that pre-land reform
agriculture was more vulnerable to weather forces than the post-reform
period.

In the case of the 22 year period, the correlation coefficients
between wheat yield and November rainfall are very close to the correlation
coefficients of the whole period in general. As can be seen from
Table 12.4 the correlation coefficients are positively significant at
seven stations. These stations are Mosul and Dohuk in Nineveh province,
Shaqlawa in Arbil and finé]]y Halabja, Bakrajo, Penjwin and Chw arta in
Sulaimaniya province. Two stétions have insignificant negative correlation
coefficients. These stations are Hawija and Arbil. The rest of the

stations have insignificant positive correlation coefficients.
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Generally speaking since germination and tillage occur from late
November to December, November rainfall tends to be very crucial in

providing sufficient soil moisture for seeds to germinate.

Considering, in general, the correlation between wheat yield and
December, January and February rainfall for the whole period reveals that
those three months have less impact on final yield. None of the correl-
ation coefficients are significant, except for December and February
rainfall at Telafar station and December rainfall in Sinjar are signif-

icant at 5 per cent level (see Table 12.1).

It seemé, however, that in the up]énd region where small grain
growing zones exist, December, January and(February. at two
stations) have insignificant negative correlation. This means that any
increase in the rainfall during these months might reduce the final
yield. Other upland stations mainly in Arbil and Nineveh provinces,
howéver, do not share these characteristics. The probable reason for
this negative correlation is that December and January in particular, together
with February are the coldest months during the growing season (see
Tables 11.22 and 11.23). During this period plant growth can be either
very slow or nil, and less water is required. In addition, low temperatures
during these three months also reduce the amount.of.evaporation and

consequently leave enough soil moisture for what plant growth occurs.

In the case of the pre-land reform period, December and January
rainfall show a mixture of insignificant negative and positive correlations
with wheat yield, except for Agra and Telafar stations where both of them
are significantly and positively correlated (See Table 12.2). February,
on the other hand, shows a significant correlation in Iftikhar and
Tuz-Khurmatu (see Table 12.2). There is no significant correlation

between wheat yield and February rainfall in other stations.
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For the post-land reform period, the correlation coefficients between
wheat yield and December and January rainfall are insignificant, as can be
seen from Table 12.3. Only Sinjar station shows a significantly positive

correlation between December rainfall and wheat yield. The correlation

! between wheat yield and February rainfall is only significantly positive
in Telafar and Zakho stations, while it is significantly negative in
Amadiya (see Table 12.3). The correlation coefficiénts.in other stations

are not significant.

In the case of the 22 year Period IV, Table 12.4 shows that the

correlation between December, January and February rainfall and wheat

yield is not significant except in Telafar station where February rainfall

is positively significant.

As mentioned before, most active plant growth extends from March
ﬁ to April (see p.457), and consequently one would expect more positive

correlation between rainfall during these months and wheat yield.

Examining the correlation between wheat yield and March and April
rainfall for the whole period reveals that rainfall in these two months
might have a significant impact on the final yield. In fact, March and
April rainfall are significantly correlated with yield in most of the
foothill stations, while it is less significant in the upland stations
(see Table 12.1). This could be explained by two factors. First, the
upland stations receive more rainfall than the foothi]irregion and one
would assume that more sojl moisture was available for plants during
March and April. Secondly, evaporation is lower in the upland stations
because of relatively low temperatures and this probably means more
adequate available soil moisture. The lack of more detailed data,
especially for soil moisture, prevented us from drawing more precise
conclusions. Only two upland stations show insignificant negative

correlation between April rainfall and wheat yield : Amadiya in Nineveh
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province and Salahuddin in Arbil province. For other stations, the correl-
ation coefficients are insignificantly positive although higher than the
correlation coefficient of January and February in genefa]. This implies

that April and March rainfall may still have some impact on the final yield.

As for the pre-land reform period, the correlation between wheat
yield and March and April rainfall is significantly positive in most of the
foothill stations (see Table 12.2). Only Salahuddin station in Arbil
~ province shows insignificant negative correlation between wheat yield and
April rainfall. The rest of the stations show insignificant positive
correlation coefficients, and these coefficients are higher than January

and February correlation coefficients.

The post-land reform period shows a difference in correlations
between March and April rainfall and wheat yield as can be seen from
Table 12.3. March rainfall is nowhere significantly correlated, neg-
atively or positively, with yield. April rainfall, on the other hand,
is significantly correlated with wheat yield only in Sinjar and Mosul
stations. It is clear that the relationship between wheat yield and March
" and April rainfall in Period III (post-land reform) differs from the relation
between wheat yield and March and April rainfall in Perjods I and II. This

difference appears to be due to a cbmbination of four factors:-

1.  In Period III, the average mean of March and April rainfall is generally

higher than for the whole Period I.

2. The coefficient of rainfall variation for each month tends to be high
at the beginning of the rainy season (October and November) and becomes
Tower in December, January and February, increasing again during March,

April and May as the end‘of the vainy season approaches.

3. The coefficient of rainfall variation for each month for the short period
tends to be higher, indicating that rainfall is more changeable in the

shorter period than in the longer one.
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4, ° In the post-Tand reform per1od as noted earlier, we are dealing w1th a
’s1tuat1on in which physical env1ronmenta1 cond1t1ons a"cord1ng to" other
ev1dence are “less dominant.

The corre]at1onvbetween_wheat yield and March and April ratnfa]]ifor the
22 year Period IV has improved slightly in relation to the whole'period corr- .
e]ation"COefficients For Period IV March and April rainfall -is s1gn1f1cant1y .‘_v
corre]ated in most of the footh111 stations, as can be seen fnom Table 12.4. -
For the up1and stations, the corre]at1on is not s1gn1f1cant except in
Chwarta, but the record for this station is very limited. Genera11y speak1ng
~this. Tow correlat1on between wheat y1e1d and March and Apn11 rainfall 1s due .
to the reasons given on page 475. Sa1ahudd1n station shows an 1ns1gn1f1cant :
negat1ve correlation between wheat yield and Apr11 rainfall.. At other stations,
.-the correlation coeff1c1ents are 1ns1gn1f1cant1y pos1t1ve ' | |

‘ The Tast month of" the growing season for cenea]s is May, from m1d May

. the wheat‘crop can be ready for harvesting in some years and in somev]ocat1ons.'

Insuffﬁcientidetailedldata is available to show how large a proportion of the

»main'hanvest'period 'which on average falls in June, does actually take place
in‘that month. So, for example, in one year 1n Kirkuk province over 95 per o

cent of the wheat harvest may take place 1n June wh11st in Sulaimaniya’ province:
it may be 80 per: cent. In the f011ow1ng year there. may be no change fin Kirkuk
prov1nce but the proport1on in Sulaimaniya province may fall to.-50 per cent.

- Many factors could be involved in determ1n1ng this type of seasonaT and reg1ona1

"_'var1at1on for example, the date;of sowing can vary according.to climatic and.

~other factors as noted ean]ier§ the seasona] tempenature regime and rainfall
djstributionvduring the growing season can have significant 1nf1uenoes;’sot1
texture and fertility with their regional variation will also have an effect.

‘Given all this the correlation between May rainfall andtwheat yield could

. -be ‘expected to be complex or even confused. - An exam1nat1on of the corne]atlon

between wheat yield and May rainfall. for Per1ods I to IV as shown 1n Tab]es
12. ] to 12.4 does in fact show the following:-

a)f, In.all four periods there are more positive corre]at1on coeff1c1ents
than negat1Ve _ '
~b) In Period II, for wh1ch as. noted elsewhere, there is some ev1dence that

c11mat1c influences on production were stronger than during Period II1, 8 out

- of 22 stat1ons record negatwve correlation. coeff1c1ents companed w1th 2 out of
22 1in Perjod_III. However, except for five positive correlation coefflc1ents

at foun stattons in K1rkuk prov1nce and Salahuddin station in- Arbil province, all
tother correlat1on coeff1c1ents, both-positive and negat1ve ‘are very-low. .

& ,v.c),'f” In Per1od III there are e1ght s1gn1f1cant1y pos1t1ve correlat1on
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-coeff1c1ents and both negat1ve corre]at1on coeff1c1ents are -weak,. Perhaps of

1mportance, is the fact that of the significant pos1t1ve corre1at1ons, 3 are
again in Arbil prov1nce 2 1in K1rkuk prov1nce and three now appear 1n N1neveh

' p)"OV'l nce

d)  When we examine the larger se]ected time ser1es in Periods I and IV, the

'overa11 balance is one of positive correlation coeff1c1ents compared with Perijod

I.. The effect of selecting the 22-year per1od (Period IV),here as elsewhere
is one of sirengthen1ng the correlat1on coeff1c1ents S1gnif1cant1y, the
strongest correlation coefficients are found at al] the four stations in K1rkuk

: prov1nce Salahuddin in Arbil provxnce and Agra in Nineveh province.

The on]y,tentat1ve conclus1on31we can establish are that May rainfall at
some .places and in some years can:be s1ight1y counter-productive,-fbr_example,

f}if,it coincides with the harvesting of ripened grain or if it comes as. damag-
ving1y heavy showers. On the other hand, -in some reg1ons, possibly in K1rkuk

province, May ra1nfa11 may predom1nant1y fall at a not too late stage of gra1n
r1pen1ng and thus be benef1C1a1 -We may also note (see Append1x H, Tab1e H.7)

“{hat the coefficient. of var1at1on of May rainfall is second only to that of

October and much higher than that of 1nterven1ng months. From th1s stat1st1ca1

‘,analys1s and our observation of other farming var1ab1es both in time and place,

we can only say that the effect of May rainfall on wheat product1on and
productivity cannot be exactly stated in genera] terms app11cab1e to the

'VVj-whole rainfed zone.

One can sum up from the forego1ng d1scuss1on the f0110w1ng main

1. October rainfall is negat1ve1y corre]ated with wheat y1e1d in a11

perieds Although these correlations coefficients are not s1gn1f1cant from
the stat1st1ca1 point of view, they are still a matter of concern. Two

© reasons have been proposed for these negat1ve correlations . weed growth and
' de]ay1ng the sowing time. But in fact, without a field study th1s negat]Ve
»re1at1on cannot comp1ete1y be explained.

2. - November rainfall (early rainfall) s very 1mportant due to. the fact

that its.occurrence coincides with Lhe germ1nat1on period.

3. December, January and February ra1nfa11 are not s1gn1f1cant1y

.corre1ated with wheat yield, except at one or two stations and some

stations in the uplands as well as in the foothills have 1n51gn1f1cani

,negat1ve correlation coeff1c1ents The reason for this appear to be that'-
: act1ve pTant growth is at 1ts 1owest and least respons1ve to ra1nfa11
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*%k

* . Significant at
1]

'l% ]

Table .12.1  The Correlation Between Monthly Rainfall, . Total Rainfall and
Wheat Yield in the Rainfed Area (1949/50-1975/76), 1

.‘N P ' Tﬁ I-Tota]

Station O- OVl oct.| Nov. | Dec. | Jan. | Feb. |March April | May |Rain-
cases | | fall |
Nineveh
Sinjar 27 | .081 |.360 .391% | .284 | ,136 [.232 |.521** 5-.1]3 489
Mosul 27 | .018 |.429*% | ,227 | .154 | .177 |.393* |.,402*% | -,232|.477*
Telafar 27 | .068 |.220 J429*% | 249 | .407%|.381* | .260 -.054 |.624**
Agra 20 |-.140 |.394 .290 | .351 | .012 {.300 |.158 .1881.403
Sersank 20 (-.200 |.491* | .083 | .361 | .342 |.481* | ,365 -.1061.461%*
Dohuk 20 |-.059 |.584**%| 199 | .238 | .123 |.248 |.357 .148|.528*
Amadiya . 18 |-.255 |.326 .066 | .001 |-.164 |.236 +.021 .152|.048
Zakho 13 | .224 |.241 .233 | .033 | .376 |.576* |.346 .154.681*
Kirkuk
Kirkuk 27 |-.376 | .180 .038 | .183 | .142 |.369 |.418* 111 {.555%*
Hawija 27 |-.383 |.030 190 ; .189 | .033 |.653** ,L458* L1411, 644%*
Iftikhar 21 |-.405 | .424 .034 | .118 | .290 |.565*%* ,648** 086 |,738**
Tuz-Khurm-| 21 |-.128 | .160 076 | .161 | .219 |.533* | .485* | -.059|.466%
atu
Arbil . _
Shaqlawa 27 |-.167 | .502**| ,269 | .043 | .339 |.098 |.082 .285 |, 395*
Arbil 23 |-.353 .028 .009 | .176 | .206 |.210 |.122 .193/.298
Rawanduz 22 (-.073 |.419 .383 | .110 | .089 |.132 }.003 .032.338
Salahuddin| 21 |-.021 | .171 |..094.} .206 | .022 |.176 .243 .1961.194
Sulaimaniyal
Dokan 26 |-.158 | .247 .029 |-.064 | .118 [.199 |.175 -.185.160
Sulaimaniya | 23 |-.175 | .370 219 |-.348 | .172 |.204 |.121 -.405(.029
Halabja 19 | .092 | .324 153 (-.167 | .135 [.235 |.099 -.3431.061
Bakrajo 20 |-.148 | .454* |~.143 |-.186 |-.044 [.165 |.192 .271.046
Penjwin - 12 |-,030} .693 .453 |..037 | .013 |.322 |.381 -.140.336
Chwarta 11| .228 | .771*% |-.282 1-.120 | .501.}.278 |.615* | -.244|.622%
5% level .
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Table 12.2°  The Correlation Between Monthly Rainfall, Total Rainfall and
Wheat Yield in the Rainfed Area (1949/50-1957/58), II

3 No.of| Oct. | Nov. |Dec. | Jan. |[Feb. |March [April [May .Tota1
Station cases ‘ Rain-
fall
Nineveh
Sinjar 9 505 | .226 |{.109 | .378 |.239 {.,742* | .757*| .190 | .766%*
Mosul 9 .075 | .366 | .345 |-.028 |.293 {.788* | .571 | .085 | .745%
Telafar 9 .208 |~.074 .| .164 | .873**% 104 |.825**| ,463 |-.256 | .787*
Agqra 6 150 | .696 | .851%| .955** 085 |.714 .394 | .247 | .748
Sersank 7 |=-.179 | .463 -.2562 | .125 |.272 |.419 443 | ,020 | .326
Dohuk 8 093 | .546 | .004 | .390 |{.310 |.807* | .304 |-.200 | .780*
Amadiya 8 [-.169 | .586 |-.481 | .423 |.421 |.681 .591 [-.098 | .888**
Zakho 7 .064 | .493 1.000 {-.172 |.587 |.850* | .537 | .142 | .778*%
{Ki rkuk
Kirkuk 9 |-.117 | .066 |[-.159 |-.225 ;477 .890**| ,708* | ,541 | .815**
Hawija 9 |-.511 | .363 [-.126 [-.007 {.293 |.933**| ,758*| ,472 | .862**
Iftikhar 9 |-.296 |-.162 |-.266 | .016 |.743*|.779* | .819*% .569 | .862**
Tuz-Khur- 7 (-.386 | 189 [-.367 |-.170 |.756%*.879%*| ,885*% 561 | .892**
matu N _ _
Arbil
Shaqlawa 9 .040 | .454 |-.160 |-.034 .330 |.497 279 | .063 | .389
Arbil 9 |[-.280 |-.250 |-.233 | .082 |.244 |.628 459 | .032 .| .326
Rawanduz 9 078 { .360 | .418 | .181 [.057 |[.462 .341 | .038 | .486
Salahuddin 4 -,064 | .115 | .027 | .288 {.219 |.882 |~.085 | .587 | .936
Sulaimaniya
Dokan ~.394 | .253 [-.054 (-.225 |.254 |.369 .548 |-.070 | .285

8

Sulaimaniya| 8 |-.252 | .694 |.307 [-.480 [.411 |.285 | .559 | .040 | .319

Halabja 9 .688% | ,748* |-,282 |-.156 |.325 |.352 .606 |-.070 | .548

Bekrajo 6 |(-.342 | .653 |-.493 |-.328 |.246 |.477 | .440 |-.121 | .287

Penjwin 9 |-.088 | .719*% |-.625 |-.023 |.048 |.382 | .456 |-.200 | .377
7 | .367 | .878%%-.414.|-.266 |.564 |.410 | .780% |-.198 | .666

Chwarta

*  Significant at 5% level.
*% ] -I % 1}
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The Correlation Between Monthly Rainfall, Total Rainfall and

Table '12.3
Wheat Yield in the Rainfed Area (1963/64-1975/76), 11

. -{No.of | A s Total

Station Cases Oct. | Nov. | Dec. | Jan. | Feb. [March |April |May Rain-
fall

Nineveh
Sinjar 13 |-.088 | .278 | .550*| .223 | .211 | .066 | .682** 092 | .542*
Mosul 13 -.109 | .447 | .234 | .106 | .020 | .428 | .523* -.044 | .572*%
Telafar 13 |-.064 | .228 | .509 | .237 | .666*| .201 | .399 LT66%H [ 792%%*
Agra 13 |-.305 | .458 | .250 | .107 | .058 | .097 | .273 .748%% 409
Sersank 7 1-.350 | .398 | .645 | .670 | .590 | .517 | .010 694 | .622
Dohuk 7 |-.226 | .761*| .501 | .090 |-.653 | .232 | .471 -.108 | .485
Amadiya 81| .813 |-.344 |-.164 |-.211 |-.779*|-.012 |-.261 548 1-.259
Zakho 6 | .155 |-.282 | .201 | .047 | .841*%| .573 | .063 .857* | .550
Kirkuk
Kirkuk 13 {-.576* .107 | .149 | .235 | .066 | .136 .342 .664* | 524
Hawija 13 {-.615*% .083 | .361 | .179 |-.784 | .527 | .466 JTT4%% 722%*
Iftikhar 7 |-.784*% ,849%*|-,463 |-.248 |-.229 _.16] 706 .248 | .538
Tuz~Khur- 10 |-.129 |{-.029 | .029 | .114 | .063 | .461 | .134 .318 |.278
matu : L
Arbil
Shaqglawa 13 |~-.428 | .664*| ,473 | .428 | .385 |-.060 | .004 L705%% 571*
Arbil 13 |-.432 | .143 | .225 | .250 | .247 | .024 |-.015 .498 | .3356
Rawanduz 8 {-.153 | .411 | .648 | .615 | .071 |~-.535 | .353 .736* | .487
Salahuddin 12 |-.156 | .419 |-.151 | .229 | .030 |-.037 |-.424 J727*%% 014
Sulaimaniya
Dokan 13 |-.287 | .255 | .086 |~-.027 | .278 |-.138 | .095 529 | .252
Sulaimaniya 10 |-.433 | .062 {-.378 |-.177 | .412 | .368 |=.118 | .037 |.125
Halabja 51-.379 | .334 |-.281 | .583 | .037 | .863 | .262 .403 | .595
Bekrajo 9 {-.361 | .290 [-.860 | .164 |-.172 |-.120 |-.019 .652 | .095
Penjwin + '
Chwarta +

*  Significant at 5% level

*%k 1l

+ No Correlations because there

1%

are few cases.
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Table 12.4 The Correlation Between Monthly Rainfall, Total Rainfall and
Wheat Yield in the Rainfed Area (1949/50-57/58,1963/64-75/76),

IV
" . No.of N Total
Station cases Oct. | Nov. | Dec. | Jan. |Feb. [March|{ April |May Rain-
fall
Nineveh o ,
Sindar 22 | .065 |.265 |.379 |.259 |.176 [296**|.708** | 113 | .599**
Mosul 22 |-.016 | .436* | .240 |.062 |.119 |536**|,532** | ,015 | .613**
Telafar 22 | .030 |.182 |.418 |.227 |.463* [469* |.434* | .333 | .776%**
Agra 19 {-.191 | .368 |.340 |.431 |.047 .275 |.271 .632%% 512%
Sersank 16 |-.226 | .462 |.053 |.324 .282 479 |.315 .070 | .437
Dohuk 1 15 |-.093 | .531* | .221" |.237 |.068 314 [.356 |-.159 | .541*
Amadiya 16 |-.072 | .313 r.086 |[.079 r.161 .235 |.104 .118 | .109
Zakho 13 | .224 | 241 |.233 |.033 |.376 |.576* |.346 154 | .681**
Kirkuk
Kirkuk 22 |-.407 | .097 .008 |.094 |.205 |.416 |.486* | .554*% .656**
Hawija 22 |-.505 .014 | .199 |.137 |.071 [.719%*| 554*% | 444* )| ,783**
Iftikhar 16 [-.476 | .281 [.122 F.113 |.380 |.661**) 764** | ,509* | .796**
Tuz-Khurm- 17 |-.096 | .065 [-.122 |.010 |.380 |.646** .465 | .413 | .550* °
atu '

Arbil

- |Shaqlawa 22 |-.277 | .527* | .260 |.188. |.353 [.124 |.094 .368 | .451*
Arbil 22 |-.353 F.014 |-.001 | .158 |.247 1.214 |.114 194 | .296
Rawanduz 17 |-.037 | .373 | .443 |.319 |.053 |.128 |.318 .203 | .474
Salahuddin 16 (-.087 {.320 |-.091 | .247 |.085 [.265 .r.282 .518* | .235
Sulaimaniya
Dokan - 21 (~.269 |.250 | .033 |-.155 |.237 |.193 |.263 .223 | .269
Sulaimaniya| 18 (-.293 |.499 [-.328 |-.359 |.399 [.293 |.180 .037 | .222
Halabja 14 | .094 | .545* |-,220 |-.078 |.265 |.334 |.524 .033 | .390
Bakrajo 15 1-.342 | .550* |-.203 -.145 |.161 |.282 |.238 067 | .231
Penjwin 9 |-.088 |.719*|-.625 -.023 |.048 |.382 |.456 |-.120 |-.377
Chwarta 7 | .367 | .878*%-.414 |-.266 |.564 |.410 |.780* |-.198 | .666

*  Significant at 5% level,
*%k n -l % n
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-4, Mérch and’Apri1akainfa11 is significantly corre1ated 1nlmoét of the
- foothii]lstations:with wheét y1e1d; -Thé.post—1ahd reform period shows a
different form of corré]atiOh betWeen wﬁeat yield and-March and'ApriT
rainfall than does'théApre~1and reform pefiod. This changing pattern'of'
corre]ations in this short'periqd is‘attributque not only to,¢1imatié
~ factors but also to soéio—econohic'ahd technological. Within the climatic
factoﬁs:it appears that rainfall- is statistica11y'morejchangeable'during _

v  thé short pér1ods espec1a11y‘for_these’months at'the‘beginqing or'end‘bf

_the.rainy'éeaéons. : R ' o : |

‘,=5;‘ o Mayffainfa11.shows both negétiVeband.positive corhelatién'cpéffic- 
. _ients} ﬂThe reasoné for that cén be_eXp]ained~by two faétoréﬁ fivsf thé
forh-énditimé'of.rainfd]l occurkenCe, and secondly; thé stége of p]ant
growth-at the time that rainfall is received. jAgain'fof'the'shofi :
'_’period f¢f1ow1ng land reform the differehce between qorreléﬁfon coeffic=

‘1ents béfdre.and'aftekfland’réform'jndiCatesfthe'présénce-bf btheh‘causa1

-'fagtors;(see_p.471).

'7T2;6',The Correlation Between Wheat Yield and Air Temperature.

The influence of temperature on yield of a pahticu]ar érqp'comes~
direct1y through the development of the p]anf, and indirectly through
. _ v 3 (13)

the influence of temperature on-water availability_énd wa£er streésﬂ
It was noted in Chaptér 11 data on teﬁpehature is on]y'avai1qb1e'fof‘two:

| stationé-in the.rainfa11vareé of‘Nokthern Irag :vMosu1 andlKirkuk, bbth ,
1o¢ated‘1n the fodthi11_region where major.cerea1 zones exiét:-'The_
‘series of éorrelat{th'analysed.are between wheat y1e1d ahd first,lﬁ L
, évé?agé'mdnth]y*maxfhuh temperature;vsecond; average monthly'minimqm;7k'
temperature; thffd;'the averégefmonthWy'mean temperatdré'andjfourth thé‘

"ayerdge'seaSOna1 minimum, maximum and mean temperatures. -
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12.6.1 The Correlation Between Wheat Yield And Average Monthly

The analysis of correlation between wheat yield and average monthly
maximum temperature is based, as before, on four periods (see page 466).
Table 12.5 shows the results of these correlations. One of the most
obvious points to emerge is that the average monthly maximum temperature is
negatively correlated with wheat yield, except for October which has a
positive correlation. This implies that maximum temperature has negative
effects on the field yield. This seems logical in an ?rfd region where
- high temperatures mean high radiation.and high evapordtion, especially

at the beginning and at the end of the growing season of cereals.

Considering the significance of these correlations for both stations
for all periods reveals that average November and December maximum temper-
atures are significantly and negatively corre]atéd with wheat yield (see
Table 12.5). This is, one might expect, taking into account the average mean
monthly rainfall in these two months (see Table 11.16) and the average mean
monthly maximum temperature (see Tables 11.20 and 11.21). This means any
decline in the average monthly maximum temperaturéfw111 reduce the amount of
evaporation and consequently will increase soil moisture. Improving sofl

moisture during the germination period is an important factor affecting yield.

In the case of average January maximum temperature'it is not signif-
icantly correlated with wheat yield at the Kirkuk statjon for any of the
four periods, but is significantly and negatively correlated for the two sub-
periods I and IV, at Mosul station (see Table 12.5). However, all the
January correlation coefficients are Tower than the correlation coefficients
for November and December. Average February maximum temperature is not sig-
nificantly correlated with wheat yield for any period at either station. We
can suggest the following reasons for this low correlation between yield |

and average January and February maximum temperatures, First, average
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January and February maximum temperatures are lower than recorded for other
months of the growing season (see Table 11.20 and 11.21 ) and, other
things being equal, evaporation will be less than in November énd December
(see Table 11.25 ). Secondly, the amount of rainfall.is relatively high
(see Table 11.76 ) so that even when evaporation occurs there is sufficient
soil moisture to support the low level of plant growth at this time.
Average March maximum temperature is only significantly and negatively
correlated with wheat yields at Mosul station in the 22 year Peridd Iv.
Average April maximum temperature is significantly and negatively correlated
with wheat yield in Kirkuk station in the pre-land reform Period II.

Average May maximum temperature is -significantly and negatively correlated

with wheat yield in Kirkuk in the post-land reform Period III. The reason

for this variety of correlations between-March and May abpear as follows :

the direct effects of seasonal changes in average monthly maximum temperatures
do not appear to be critically important for cereal crops whiéh have been
chosen for their general suitability for -the prevailing thermal regime.

The indirect effects of changes in average monthly maximum temperatures,

~e.g. through influencing evaporation rates, do not appear to be large

enough to affect plant growth during the wettest months, December to
February, or reduce seil moisture significantly between March and May when
there is some rainfall. The high variability of rainfall between March
and May and the correlation between this and yields seem to be sufficiently
strdng to make the correlation between average monthly maximum temperature
and wheat yield rather weakly variable. |

12.6.2 The Correlation Between Wheat Yield and Average monthly
’ - Minimum Temperature -

Four sets of correlations have been calculated for. Mosul and Kirkuk
stations and are shown in Table 12.6; In general, average monthly minimum

temperature is less important.than the .average monthly maximum temperature.
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Table 12.5 The Correlation Between Maximum Temger?ture and
Wheat Yield at Mosul and Kirkuk Stations
Kirkuk Mosul

Month Number of Cases Number of Cases

27 9 13 22 27 9 13 22

I IT IT1 I8 I 1T IT1 v
October .051 .188 .027 .091 .021 |-.057 074 |[-.022
November‘ .507** 1-.398 |-.576% |-.483* |-, 522*%*|- 685% |-,399 -.484*%
December .408* |-.401 |-.480 |-.445*% |-.610%*|-.649 |-.674%* f;660**’
January .275 1-.367 |-.099 |-.208 A7* 1-.320 0 |-.499 | -.430*
February 290 [-.262 |-.330 |-.305 234 |-.361 |-.245 |-.314
March 193 |-.258 |-.420 |-.311 |-.133 |-.542 |-.472 |-.453
April 236 |-.856%%|- 127 |-.251 196 |-.406 .078 {-.217
May 153 {-.201 |-.675* |~.292 .080 |-.422 |-.146 |-.247
Av.Seas-
onal Max- L559%* |- 673% |- 594% [~ 626%*| - BGk* |-, 795%* - 667* |-, 703*
imum Tem-
perature I 4_J

*%

*  Significant at 5% level.

1%
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Average monthly minimum temperature tends to be negatively correlated
with wheat yield between October to ngruary. Average March and April
minimum temperature:tends to be posifive]y correlated with wheat yield,
except for a few cases. Average May minimum temperéture'is negatively

correlated with wheat yield.

In terms of significance, average November minimum temperature is sig-
nificantly and negatively correlated with wheat yield at both stations in the
pre-land reform Period II. Average December minimum temperature is signif—
icantly and negatively correlated with wheat yield in three periods in Kirkuk
but not at Mosul. Average February minimum temperature is significantly and
negatively correlated with wheat yield in Mosul station in the post land

reform Period III. Some general conclusions can be drawn.

1. Average November and December minimum temperatures are as important
as average monthly maximum temperatures because whilst temperatures drop
during the night thus saving evaporation of soil moisture, minimum temper-

atures do not appear to inhibit germination.

2. ‘Average January and February minipum temperatures have 1ittle influence
on the yield even though average monthly minimum temberatures drop below

the theoretical threshold point (see p.444). Wheat can withstand low

‘temperatures and tolerate a relatively wide range of temperature at this

state of growth.(]4’15) Moreover, the meteorological station records refer
to air temperatures and since soil temperature at 10 cm. at 6 a.m. is above
freezing point (see Table 11.24) we have to conclude that Tow average
monthly minimum air temperature; are not in general critical for yields

over periods of 10 years or more.

Nonetheless, this does not mean that wheat yield is unaffected by
frost damage in some exceptional cold winters. The positive correlation

between wheat yield and average April and March minimum temperature
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Table 12.6 The Correlation Between Minimum Temperature and Wheat
Yield at Mosul and Kirkuk Stations

Kirkuk ~ Mosul
Month - Number of Cases Number of Cases
L 27 9 13 22 | 27 9 13 22
I 11 I11 v I 11 111 1V

.358 (-.343 -.202

October

047 | 140 |-.196 |-.027 |-.192

November 361 |-.730% |-.193 |-.350 |-.044 |-.667* | .022 -.130

.342  |-.488* 1-.150 480  -.131 -.225

E December |-.482* |-,.690%

.300 |-.392 |-.138 |-.231 141

January J133 1-.104 | -.104

February |-.262 .072 |-.466 |-.244 |-.076 .245 f-.573* -.165
March .075 179 1-.133 .029 .164 127 i .038 132
April .028 |-.636 .294 .091 .049  1-.330 é .190 .138
May -.104 |-.400  |-.144 |-.237 |-.254 |-,547 }-.471 '-.277
Av.Seas-
onal Min- [-.399* |-.526 |-.336 |-.386 |-.183 .687* |-.368 -.228
imum Tem-
perature

*  Significant at 5% level.
* % n ‘ 'l % 1]
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probably means that minimum temperature does affect the plant itself
during a critical period of phenological growth, for exahp]e, flowering,
seed farming, étc. Moreover, there are negative though statistically
insignificant correlations between wheat yield and averége October and

May minimum temperatures.

12.6.3 The Correlation Between Wheat Yield and Average Monthly
- Mean Temperature

The average monthly mean temperature utilised here is simply the
minimum plus the maximum temperatures divided by 2, since the latter are

the only available published data.

A series of correlations between wheat yield and the average monthly
mean temperature has been calculated. The results of these correlations
are shown in Table 12.7 and from these certain observations can be

made.

1. The average monthly mean temperature is negatively correlated in

most cases,

2. Average monthly mean temperature is most important at early stages

of plant growth, November and December, because of the relation between
temperature and the amount of rainfall during this period and the consequent
effects on soil moisture balance. Table 12.7 shows that average November
and December mean temperatures are signi%icant]y and negatively correlated

with wheat yield in many cases.

3. Average January, February and March mean temperatres have no signif-
icant influence on wheat yields for the same reasons mentioned

earlier (p.485).

4. Average April mean temperature is negatively and significantly correl-

ated at 1 per cent level in Kirkuk station in the pre-land reform period.
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Table 12.7  The Correlation Between Average Monthly Mean Temperature
and Wheat Yield at Mosul and Kirkuk Stations

Kirkuk Mosul
Month Number of Cases Number of Cases
7 i 1 & 9 B iy |9
October .004 214 |-.086 .039 -.142 |-.226 |-.169 |-.142
November -.479*% |-.588 |-.435 |-,465*% |-.386*|-.896%**|-,257 |-.387

December -.456* |-.,541 |-.424 |-.477% | -.489%- 651* |-,487 |-.548**
January -.310 [-.391 {-.132 |-.240 -.371 |-.267 |-.376 |[-.332
February -.286 |-.121 |-.415 |-.295 -.159 |-.058 |-.410 |-.254

March -.076 |[-.068 |-.311 |-.162 -.075 [-.348 |(-.248 |-.213"
April -. 141  |-.816%%| 197 |-.13] -.111 |-.263 042 |-.094
: May -.143 |-.263 |-.468 |[-.296 -,200 |-.582 |-.322 |-.368

Average
Seasonal
Mean
Temperature

-.511*%*% |- .598 |-,511 |-.538% |- 5]7%- 745% |. 578% |- 597**

Significant at 5% Tevel.
%% st ']% 1]
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5. Average October and May mean temperatures are not significantly

correlated with wheat yield.

Three average seasonal temperatures have been calculated. These
averages are : first, average seasonal maximum temperature; second, average

seasonal minimum temperature and third, average seasonal mean temperatures.

The correlations between wheat yield and the average seasonal maximum
temperature are significantly negative in all periods in both stations
(see Table 12.5). 1In fact, the correlation coefficients between wheat
yield and average seasonal maximum temperatures are more significant than

the correlation of indiviual months.

The correlation between wheat yield and average seasonal minimum
temperature is less significant. The correlation coefficients are
significant in two periods only (see Table 12.6). The correlation between
wheat yield and average mean seasonal temperature is significantly negative 1in

most periods except two, as can be seen from Table 12.7.

The general conclusions which can be drawn from the foregoing
analysis of the correlation between wheat yjeld and temperature are

as follows:-

1. Average monthly maximum temperature is most important at the beginning
of the growing season. This is related to high temperatures leading to

high evaporation rates and consequently water stress at germination. Average
monthly rainfall does not appear high enough to counteract this drying

out and any drop in maximum temperature seems to help to conserve soil
moisture. Statistically this is proved by a very significant negative
correlation between monthly rainfall and average monthly maximum temperature,

especially in October and November.
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2. Average monthly minimum temperatures have ]ess influence on wheat
yield 1in general, but are also most important at the beginning of the
growing season. To some extent there may be a direct occasional negative
effect of very low minimum temperatures on plant growth, but indirectly
monthly minimum temperatures do not affect soil moisture in the same
degree as the maximum temperature. The latter point is reinforced by

the Tow correlation between minimum temperature and rainfall.

3. The average seasonal maximum temperature and the average mean
seasonal temperature appear to be better indications of final yield than

does average seasonal minimum temperature.

12.7 The Correlation Between Wheat Yield and Relative Humidity

Four series of correlations between wheat yield and relative
humidity for each station have been analysed and the results shown in
Table 12.8. It is clear that late season relative humidity is more
important in determining the final yield. Relative humidity during March,
April and May to some extent affects plant absorptidn of water during

this active growth period and can affect seed formation.

March relative humidity is significantly and positively correlated
in Mosul and Kirkuk stations in the pre-land reform Period II. April
relative humidity, on the other hand, is not significantly correlated at
either station in the post land reform Period III. May relative humidity
is significantly and positively correlated with wheat yield in two

Periods III and IV in both stations (see Table 12.8).

As for other months, the correlation coefficients are not signif-
jcant regardless of the sign of the correlation, except October which

shows a significant negative correlation in Kirkuk in one period.
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Table 12.8 The Correlation Between Relative Humidity and Wheat
Yield at Mosul and Kirkuk Stations
Kirkuk Mosul
Month Number of Cases Number of Cases
27 9 13 22 27 | 9 13 ! 22
I I1 111 1V I ‘ II IIT | 1V
October | -.383* | -.385 | -.468 | -.422 | -.181 | -.076  -.32 = -.289
November .234 -.266 441 .133 .268 .109 .294 © .169
December .103 -.405 .348 .057 .055 i -.070 .154 % .062
January .029 -.507 .215 -.037 .256 .105 314 | .182
‘ |
February .089 .192 -.456 -.183 .089 A71 § -.114 .050
March .244 .682* .155 .310 .274 - .826%*  .285 .373
- |April B17%*%) ,862**| 358 .589* A451* L744%* .436 .524*
May 312 1 .549 LI55%% | 612* .287 .487 .670%| ,510*

* Significant at 5% level

*% "

'l% "
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12.8 Regression Analysis

This is the second procedure used to analyse the effect of rainfall,
temperature and relative humidity on wheat yield in the rainfed area of

northern Iraq. After testing several mathematical techniques it was decided

(16,17,18)

to apply linear and multi-linear regression functions. In the

case of multi-Tinear equations, the selection of the independent variables

in the equation is achieved by using a stepwise regression technique.(]g)

12.9 The Effect of Total Annual Rainfall on Wheat Yield

Regression analysis is first used to study the effect of total annual

rainfall on wheat yield for each province in the rainfall area.

12.9.1 'Thé Effect of Total Rainfall on Wheat Yield in Nineveh Province

Eight meteorological stations in Nineveh province are selected for a.
regression of average wheat yield against total rainfall at each station
in the province. Bearing in mind the significance of the correlation coeff-
icients between wheat yield and total rainfall found in Section 12.4, one
may anticipate that the fqoth111 stations will give more reliable results.
That this is so, with the best results obtained at Telafar station, can be
seen in Table 12.9 for all periods. Other results can be seen in Appendix I,

.Table I.1.

The first function in Table 12.9 explains 39 per cent of the annual
wheat yield variation for the whole period in this province. The standard
error of this estimation furction is 47.40 kg./donum. This function
indicates that an increase of 10 mm. of rainfall will increase wheat prod-

uction by 3.3 kg./donum above the average (152,43 kg./donum).

For the pre-land reform Period II the best regression function fis
for Amadiya station (see Appendix I, Table I.1). This is probably because

the average total rainfall for Period II is very much below the average total
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rainfall for the whole Period I, and therefore any precipitation increment
would be Tikely to have the greatest effect on yield. This point must also
be regarded as possibly qualifying our earlier assumption that agriculture
before 1958 was more vulnerable to physical environmental faétors than later.
Less exceptional in this respect, Telafar station is‘se1ected for examination
here because of its location in the predominatly grain growing foothill
region and has the second best regression function; in Period II this
function explains 62 per cent of the annual wheat yield variation (see
" Table 12.9). The standard error of the estimation function of 39.79 kg./donum,
i.e. an increase of 10 mm, will increase wheat yield by 6.22 kg./donum above
the average. Wheat production during this pefiod was clearly very dependent

upon rainfall.

The function of the post-land reform Period III explains 63 per cent
of the annual wheat variation (see Table 12.9). The standard error of this
estimation function is 40.95 kg./donum. In this function an increase of
10 mm. of rainfall will increase wheat yield by 3.88 kg./donum above the
avefage. Although the response of wheat yield 1in thié function is less than
in the pre-land reform period function it still explains almost the same

annual variation as for Period II. (see Table 12.9, functions No.2 and 3).

The last functien (4) for the combination of the pre- and post-land
reform periods explains 60 per cent of the annual wheat yield variation in
Nineveh and it is very significant from the statistical point of view -
the f-value is very high. The rainfall coefficient for this function
shows that an increase of 10 mm. will increase wheat yield by 4.2 kg./donum

above the average.
A comparison of these four functions reveals the following:-

1. The rainfall coefficient is at its highest Tevel during the pre-land
reform Period II (see Table 12.9, Function No.2). This means that wheat

yield was very strongly affected by the rainfall during this period, whilst
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Table 12.9 Regression; of Wheat Yield on Total Rainfall at Telafar
) Station in Nineveh Province

‘ . r
. No.of : ;'2 i i
No. Functions Cases r it 1S,E. F Notes
|
i
1 [y =25.12 +0,33 TR 27 .62 .39 147,401 15,92*%  For the whole
(3.99) | Period I
2 ). =-58.03 +0.622 TR 9 | .79 | .62 |39.79 11.37%% Pre-land reform |
(3.37) Period 11 ‘
3 ¥ =3.658 40,388 TR 13 79 | .63 140.95| 18.50*% Post-land reform
(4.30) Period 111
| |
4 ¥ = -4,18 +0.420 TR 22 .76 .60 140.00 30.20*{ The combination
- (5.50) - of the two
. Periods IV
‘
!

Value in Brackets is the t-value for significancetests

* Total rainfall means seasonal total rainfall since there is no
rainfall in the summer

** Significant at 1%

Source : Qur Calculation
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rainfall during Period III, post-land reform, had less effect on wheat
yield. We also have to put this contrast in the context of two other
trends. First the cultivated area expanded to include more marginal land
in terms'of rainfall in Nineveh province, as illustrated by Table 11.8
showing the cultivated area expanding at an average annual rate of 78.63

thousand donums during 1949/50 - 1975/75.(22)

Secondly, since there was
a slight improvement in wheat yield during the whole period, one may assume

that there was some improvement in farming practice. (see p. 299 ).

2. The Tevel of rainfall coefficient of function No.4, Period IV,
lies between the level of the rainfall coefficient for Periods II and III
due to the effect of the high rainfall coefficient during the pre-land
reform period which is part of this series. Nonetheless, since there is
an improvement in the regression function, one may also hypothesize that
there was a dislocation period between 1958/59 and 1962/63 following land
reform if we assume that other conditions remained the same. Comparing
function No.4 with function Nos. 2 and 3 reveals there is not much diff-
erence in terms of standard error, or in terms of exp]aining the annual
wheat yieid variation, whilst in addition, this funcfion is more accurate

from the statistical point of view.

3. Fig. 12.1 further illustrates the influence of total rainfall on
wheat yield for each function being especially strong during the pre- and

post-land reform Perjods II and III.

12.9.2 The Effect of Total Rainfall on Wheat Yield in Kirkuk Province

Data on rainfall is available fbr four stations in Kirkuk, most of
which 1ie in the foothill region. Here, the average wheat yield in the
province is regressed against the total rainfall at each station.  The
best results of these regressions are those for Hawija station and are

shown in Table 12.10. Appendix I, Table I.1 shows the results of the
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TR=TOTAL RAINFALL (MM)

[

/ -~ din_vield kg/donum
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regressions for all four stations and it is clear the regression analyses

for all of them are good.

Interpreting the first function in Table 12.10 reveals that this
function explains 42 per cent of the annual wheat yield variation. The
standard error of the estimation function is 45.2 kg./donum. This function
shows that an increase of 10 mm. in the total rainfall would be expected

to increase wheat yield by 4.56 kg./donum.

If we compare this function with that of Telafar statioh in Nineveh
we see that both functions are very close in terms of explaining the
variance, standard error and significance level. The only difference is
the slightly higher total rainfall coefficient of the Hawija Project
station regression function. This shows how similar are the general

environmental conditions in these two provinces.

The second function is that for the pre-land reform Period I1I
which shows that an ihcrease of 10 mm. 1in rainfall will increase wheat
yield by 5.39 kg/donum in Kirkuk province. This function explains 74
per cent of the annual wheat variation in this province. Generally
speaking, this function is more reliable than its counterpart function in

Telafar station.

Function 3 explains 52 per cent of the annual wheat yiejd var-
jation during the post-land reform Perjod III. The coefficient of rainfall
of this function shows that an increase of 10 mm. in rainfall will increase
wheat yield by 5.92 kg./donum above the average. The standard error of
this estimation function is 43.66 kg./donum. However, the post land reform
period in Hawija Project regression function is less significant from
the statistical point of view than at Te1afar. Although the regression
function for the post-land reform period shows the effect of rainfall on
wheat yield has increased in value, this 1is opposite to the general |

trend (see Appendix I, Table I.7 for details).
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(5.63)

Table 12.10° The Regression of ‘Wheat-Yield on Total Rainfall at Hawija
Project Station in Kirkuk Province
g . No.of| . w2
No.: Functions cases| i3 S.E. F Notes
1 = 12.822 + .456 TR | 27 64 | .42 145.2 [17.76** For the whole
(4.21) Period I
2 = -2.975 + ,539 TR 9 .86 | .74 |33.66{20.28** Pre-land reform
(4.50) ’ Period II
3 = ~18.994+ .592 TR | 13 .72 | .52 {43.66|11.95%* Post-land reform
(3.46) Period III
4 = -9.853 + .561 TR | 22 .78 | .61 [38.10{31.67** The combination

of the two
Periods 1V

Value in Brackets is the t-value for significancetests

*% Significant at 1% level

Source : Our Calculation
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As in the case of Nineveh province, the most accurate function from
the statistical point of view is function No.4 in Table 12.10. This function
explains 61 per cent of annual wheat yield variation. The standard error
of this estimation function is 38,10 kg/donum. Comparing this function with
the similar one inTelafar station shows both of them are Very close from the
accuracy point of view. The only difference fs between the coefficient of
rainfall in both equations. Fig. 12.2 shows wheat y1é1d response to total
rainfall in Kirkuk province.

12.9.3 The Effect of Total Rainfall on Wheat Yield in Arbil and
“‘Sulaimaniya Provinces

Most of the territory of these two provinces lies in the high
mountain region in which cereal production is restricted to small valleys.
Most of the meteorological stations are located at higher altitudes than
the stations utilised earlier, and most of the former stations receijve

greater annual rainfall (see Table 11.14).

Only one station in Arbil province gives analytical results superior
to the general level and the significance of regression functions for these
provinces 1is very much lower than the significance of those functions

examined earlier. Shaqlawa station has been selected to illustrate the
.position in Arbil and Sulaimaniya - see Table 12.11. Data for other stations

are given in Appendix I, Table I.1.

As far as Sulaimaniya province is concerned, regression analysis of
wheat yield on total rainfall shbwed no significance for any station,
and no improvement in results followed the testing of a non-linear formula.
The results of these regressions can be seen in Appendix I, Table I.1.
Regression analysis therefore confirms the eariier correlation indications
that there is a Tow statistical relation between wheat yield figures for

the provinces and the rainfall as recorded at meteorological stations.
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Table 12.11 The Regression of Wheat Yield on Total Rainfall at
=Shaq1awa*$tation in Arbil Province
. No.of . 2
No. Functions cases| ' r S.E. F Notes
1 (Y =76.124 + .048 TR | 27 40 | .16 140.4414.63* | For the whole
(2.15) Period I
2 1Y =67.145 + ,069 TR 9 .39 | .15 149.71({1.24 | Pre-land reform
(1.12) | Period II
3 Y =73.772 + .048 TR | 13 .57 | .33 [31.05(5.32* | Post~Tand reform
(2.31) Period III
4 |Y =76.755 + .050 TR | 22 .45 | .20 |38.03|5.10* | The combination
' (2.26) of the two
Periods IV

*

Value in Brackets is the t-value for significancetests

Significant at 5% level
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The reasons for this can be Tisted briefly as follows:-

1.  These two provinces are not major production areas of wheat and
wheat production is not as dominant an element in this agriculture. Many
variations in wheat yield could be ascribed to factors other than rainfall

in such conditions.

2. Since total average rainfall in these highlands is higher and
closer to the theoretical optimum for wheat yields, under these conditions
the relationship between yield and rainfall can, statistically, be expected

to be lower.

3. Other micro-climatical, topographical and soil conditions may have
stronger and more variable effects in this less environmentally homogeneous

region.

4. The Tocation of the Met.station may not represent the real con-
ditions in cereal growing areas. Again, improvement in agroclimatology is

clearly required.
The following points can be concluded from the foregoing discussion. |

First, total rainfall very strongly affects wheat yield in the
foothill region. The best regression functions are obtained at Telafar
in Nineveh province and Hawaja Project in Kirkuk province. Both of these
functions prove that a large proportion of the annual wheat yield var-
jation can be attributed to variations in total rainfall, especially in
the pre-land reform period when the rainfall coefficients are slightly
higher than for other periods. The range of explanation due to total
rainfall, which is shown in these functions, is between 39 - 74 per cent.
Secondly, we may safely assume that the Period IV 22 year regression

function for total annual rainfall at Telafar and Hawija Project provides

a basis for forecasting wheat yield in these two provinces.
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12.10 The Effect of Monthly Rainfall on Wheat Yield

The second set of regression analysis results are presented for
wheat yield as a dependent variable and monthly rainfall as independent
variables for each of the selected meteorological stations in the rainfed

area and for the same selected periods.

The aims of this regression analysis of the effect of monthly
rainfall on wheat yield for each province are twofold. First, they may
provide some useful information for developing irrigation as supplementary
to rainfall. Secondly, to explore the possibilities of making pre-harvest
forecasts (before the end of the harvest) of wheat yields, with stated
reliabilities for each province : such early forecasting could have many

useful implications (see pages 382-383).

The results of these regression functions are given as a whole in
Appendix I, Table I.2. Considering the effect of rainfall for each month
during the growing season, the following summarised conclusions can be

drawn:-

1. October rainfall does not appear in the regression function very
frequently, i.e. October rainfall has little effect on wheat yield.
Nevertheless, when it does appear in the regression function, it has a
negative coefficient in most cases, which means that October rainfall
has a negative influence on the final yield (see Table 12.12). The
reasons for this have been explained earlier (see page 472). October
rainfall does appear in a very few regression functions with a positive

coefficient but this is statistically of even less importance.

2., It seems that early rainfall occurring during November is a primary
factor in the determination of final wheat yield. November rainfall
appears in many of the regression functions in most periods. The effect

- of November rainfall itself on the final wheat yield is positive, except

for two stations in the post land reform period (see Table 12.12).



-506-

In crop seasonal growth terms we are now dealing with thegermination

-period which occurs from late November to early December. Arthur Coffing

indicated in his study in Turkey that because a significant proportion of
the wheat crop is autumn-planted and is still sown by broadcasting, as is
also true in our region, autumn rainfall is important to the extent that
it ensures adequate seedbed preparation and germination. While a dry
autumn means poor germination, too much autumn precipitation can mean
delayed p]anting.(Z]) This statement explains the importance of November
rainfall and also it partially explains the occasional negative influence

of October rainfall in the final wheat yield.

3. The number of December and January appearances in the regression
functions is very small in comparison with November rainfall. December and
January rainfall tends to have less effect on the final yield, for reasons
explained earlier (see page 474). Nonetheless when they appear in the
regression function, they show positive and negative coefficients (see

Table 12.12). This could be related to the éverage rainfall of these two
months during the selected period when rainfall occurs, i.e. whether it is at
the beginning or at the end of the month, and the effect of other climatic

factors, etc.

4, Late rainfall or spring rainfall, which occurs during February,
March and April, has a strong influence on the final wheat yield. February
rainfall, in fact, shows a generally positive effect on the final wheat
yield, with a negative in only one function. MMarch and April rainfalls
a]Ways have a positive influence on the final yield (sée Table 12.12).

The importance of spring rainfall here is parallelled in Coffing's

Turkish study.(zz)

4
£

Given the active growth of the plant during these months which /
includes flowering and seed formation, plant requirements for water are

high. C.C. Webster and P.N. Wilson have indicated that shortage of
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water during the formation of reproductive organs and flowering can ser-

iously reduce cereal grain yie]ds.(23)

5. Finally, the influence of May rainfall on the wheat yield is rather
complicated and more puzzling with a mixture of negative and positive
influences. In the whole period and in the pre-land reform period May
rainfall shows both a positive and negative effect on the final yield.

But for the post-land reform period and the 22 year period, May rainfall
shows only very.strong positive influences. It appears a reasonable
assumption that May rainfall can have negative influence on the final yield,
if one also gssumes that the crops are mature and ready for harvesting. In
other words, there is no need for water. However, May rainfall for the
22-year and post-land reform periods has shown a positive influence on
wheat yield. May rainfall also shows a positive influence on wheat yield

in Turkey. (24)

In the case of Turkey, where the Anatolian harvest takes
place during July and August this would have been expécted. In Irag it
is more puzzling. Nonetheless, it seems the most 1ikely reasons for this

situation are as fo11ows(see pp.477-478) -

First, May rainfall is highly variable from season to season
(see Appendix H, Table H.7 for details) and it may be dangerous to attach
too great an importance to particular results. Secondly, May rainfall
usually comes in the form of showers. If these showers are very heavy,
they may destroy the crops, and if these showers are light and fall early

in the month they can be beneficial or at least not damaging.

It may be concluded in general that autumn rainfall during November
is very important in determination Qf the final wheat yield, and also
that February, March and April rainfall have a positive influence on

the final yield.
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12.11 The Effect of Monthly and Total Rainfall on Wheat Yield

After a careful study of the correlation matrix between monthly
rainfall and total rainfall, it is found that the correlation between them

is not very high. In other words, there is no risk of mu]tico]]inearitygzs)

In order to improve the regression function, it was decided to

use monthly rainfall as well as the total rainfall in one formula.

The results of the regressions for the four periods can be seen in
Appendix I, Table I.3. Generally speaking; it can be seen from these
tables that there is not much improvément.in the regreséion function
resUlts. Most of the regression functions appear in this regression
without total rainfall as a significant factor. This indicates that
seasonal/monthly rainfall distribution is a very useful measure for

determining the final wheat yield.

Nonetheless, in some cases where total rainfall is included in the
function side by side with monthly rainfall for all periods, the
regression formulas show some improvement in some statistical parameters

such as the standard error or the coefficient of determination (RZ).

12.12 The Effect of Temperature on Wheat Yield

As mentioned before,data on temperature is available at two stations,
one in Kirkuk province and the other one in Nineveh province. The form
in which this data is available is average monthly data for minimum and
maximum temperature. Three sets of regression analysis have been calculated
between wheat yield as a-dependent variable and first, average monthly
maximum temperature, second, average monthly minimum temperature and
third, average monthly mean temperature. In addition, the average seasonal
temperature, which is the average of the eight months of the gkowing'season,

has been included for each category.
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12.12.1 The Effect of Average Monthly Maximum Temperature
on Wheat Yield

The results of these regression functions can be seen in Appendix I,
Table I.4 for the two stations for all periods. It appears for the whole
period (1949/50 - 1975/76) that average November maximum temperature and
average seasonal maximum temperature negatively affect the final wheat
yield in both stations. In other words, any decrease in the average
November maximum temperature or average seasonal temperature down to a\
certain level will benefit wheat yield. This may be the case 1if other
climatic conditions, such as seasonal precipitation and radiation, are
considered in the context of an arid and semi-arid climatic regime.
Nonetheless, both of these functions explain 49 and 51 per cent of the

annual wheat yield variation in Kirkuk and Nineveh provinces respectively.

In the case of the pre-land reform period, average April maximum
temperature negatively affects wheat yie]ﬁ at Kirkuk Station. This negative
influence could be ré]ated, as it is said before, to soil moisture or to
the grain development 1tse1f.(26) At Mosul station, on the other hand,

average December and average seasonal maximum temperatures negatively

‘influence wheat yield, whilst average January maximum temperaturespositively

influences wheat yield (see Appendix I, Table 1.4 for details). It is not
surprising that January has a positive influence on the final wheat yield,
since it is the coldest month of the growing season. Any increase in
temperature might encourage plant growth. The regression function for the
pre-land reform period explains 73 and 96 per cent of the annual wheat
yield variation in Kirkuk and Nineveh provinces respectively, which is

higher than for the whole period.

Multiple regression for the post land reform period shows that
average November and May maximum temperatures negatively affect the final

wheat yield at Kirkuk station. At Mosul station, it appears that only
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average December maximum temperaturesnegatively affect wheat yield
(see Appendix I, Table I.4 for details). The negative effects of average
November and December maximum temperatureshave already been explained
before (see page 485). As far as May is Concerned, it seems that high

temperature during ripening time reduce the grain weight.(27)

The results of the regression of the combination of the pre- and
post-land reform period show that average November and average seasonal
maximum temperaturesnegatively affect the final wheat yield ét Kirkuk
Station. The reasons for this were explained earlier (see page 484 ).

At Mosul Station, average February maximum temperature positively affects
the final wheat yield, whilst average seasonal maximum temperature
negatively affects wheat yield. The reason for positive effect of average
February maximum temperaturé is the same as in the case of January

‘(see page 510).

Discussing the accuracy of these functions reveals that the pre-
land reform period is more accurate from the statistical point of view.
As stated previous]y, these two functions explain 73 and 96 per cent
of the annual wheat variation in Kirkuk and Nineveh provinces respectively.
Kirkuk station, however, showé that the regression functions for the post-
land reform period, the combingtion of the pre- and post land reform
periodsand the whole period are in second, third and fourth place respec-
tively in terms of explaining the annual wheat yield variation (see

Appendix I, Table 1.4 for details).

Regression functions in Nineveh province show that the combination
of the two periods, the whole period and the post-land reform period are
in second, third and fourth place respectively from the statistical

accuracy point of view (see Appendix I, Table I.4 for details).

Generally speaking, it seems from the evidence we have from these
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results that average seasonal maximum temperature is‘an important factor

in determining the final wheat yield. Any decrease in average seasonal maximum
temperature benefits the final yield. In addition, average Nevember‘

maximum is also very important because it appears in many functions.

Other months, such as December, January, and April also have some

influence on wheat yield as is shown in the regression function.

12.12.2 The Effect of The Average Monthly Minimum Temperature

Briefly it appears that minimum temperature has little effect on
wheat yield since for some periods and some stations it is not a significant
variable in the regression function (see Appendix I, Table 1.4 for details)*
For example, there are no significant-variables in the regression function
at Mosul Station either for the whole Period I or for the combination
of the pre- and post land reform Period IV. Also, there are no significant
variables in the regression functions for. the post land reform Period III

at Kirkuk station (see Appendix I, Table I.4 for details).

Nonetheless, the regression function for the whole period at Kirkuk
Station reveals that average December minimum temperature has a negative
influence on theé final wheat yield. This function explains only 23 per
cent of the annual wheat yield variation in Kirkuk province, which is

relatively low by the standard of the regression function for the average

| monthly‘maximum temperature for the same period (see Appendix I, Table I.4

for details).

In contrast, the best regression function of average monthly minimum
temperature is obtained at Kirkuk Station for the pre-land reform period.
This function explains 97 per cent of the annual wheat yield variation in

Kirkuk province. This function also shows average November, February and

* The significance of each variable in the regression function is
determined by the value of t at a certain level, usually 5 or 1 per cent level.
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April minimum temperatures have a negative effect on the final wheat yield,
whilst average March minimum temperature has a positive effect (see
Appendix I, Table I.4 for details). Regression functions at Mosul Station
show that the average seasonal minimum temperature has only a negative
influence on the final wheat yield, and it explains only 42 per cent of the

annual wheat yield.for the same Period, II.

At Mosul Station, however, the regression function for the post-land
reform period shows that average February and May minimum temperatures have
a negative influence on the final wheat yield in Nineveh province, whilst
average April minimum temperature has a positive influence on the final
wheat yield (see Appendix I, Table 1.2 for details). This function explains
66 per cent of annual wheat yield variation in Nineveh province. There are

no significant variables in the regression function in the case of Kirkuk

Station for the post-land reform period.

Only One regression function appears for the combination of the pre-
and post-land reform periods, IV, this at Kirkuk station. This function shows
that average December minimum temperature has a negative influence on the
final wheat yield, but it explains only 24 per cent of the annual wheat

yield variation in Kirkuk province.

Summing up the effect of average month]yvminimum temperature on
- wheat yield reveals that average November minimum temperature negatively
affects wheat yield. This can be explained by first, the direct effect
on the plant during the germination period and, secondly,.the indirect
effect through influencing the availability of soil moisture for germin-

ation, especially if the average November rainfall is considered.

It is rather difficult to give a firm reason for the negative
effect of average December and February minima on wheat yield other than
by the effect of average minimum temperature on the plant itself, even

though winter-wheat can withstand freezing temperaturesﬂ28)
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Average March and April minimum temperaturespositively affect
wheat yield, and this could be related to the effect of average minimum
temperature during these months on seed development during this period.(zg)
Average May minimum temperature negatively affects wheat yield.

]2 12.3 The Effect of Average Monthly Mean Temperature On
‘Wneat Yield

The last use of regression analysis to study the effect of temp-
erature is by using average monthly mean temperature as well as the average
seasonal mean temperature (the average of eight months) in the regression

function.

Appendix I, Table I.4 shows the results of these regression functions.
It is clear from these that average seasonal mean temperature appears as a

significant variable in all functions, except in the pre-land reform

period in both stations. The effect of the average seasona1.nman temperature
on wheat yield is negative, as can be seen from the sign of the coefficient
in the regression function. This means that any decrease in the average
seasonal mean temperature will benefit the final wheat yield. In addition
to that, it seems that average November mean temperature is the second

most important variable. It appears in the pre-land reform period at

Mosul Station, whilst at Kirkuk Station, it appears in the whole period
regression function and in the regression function for the combination

of the pre- and post-land reform periods. The influence of average
November mean temperature is also negative. This is quite obvious since
both average monthly minimum and maximum temperature negatively influence
the final wheat yield. The last variable which shows a significant
influence on wheat yield is average April mean temperature. This month
appears in the pre-land reform period and in the post-land reform period,

and its effect on wheat yield is negative and positive respectively.

Examining the accuracy of these functions reveals they lie between

the accuracy of the average monthly maximum temperature and average
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monthly minimum temperature. This is not surprising‘since.average
monthly mean temperatures fin thése cases are the means ofvminimum and
maximum temperature. Thus, the effect of the Tow relation between wheat
yield and average monthly minimum temperatdre has affected the accuracy

of these functions.

Finally, it can be concluded from the previous discussion on the
effect of temperature on the final wheat yield that maximum temperature

has the most influence on the final yield. This influence is usually

' negative; any decrease in maximum temperature will benefit the yield.

This negative influence of maximum temperature on wheat yield could be as
a result of direct relation between plants and maximum temperature, or

indirectly through soil moisture and evaporation. For example, the

negative influence of average November maximum temperature on wheat

yield is most likely to be attributed to high temperature producing
high evaporatibn and consequently Tow soil moisture, especially if one -
considers the factor -importance of average November brecipitation. On
thé other hand, the negative influence of maximum temperature on wheat
yié]d at the end of the growing season is mainly a fesu]t of direct
1nf1uéh¢e on the plant itself, particularly through stunting grain dev-

(30,31)

elopment. In addition, the average seasonal maximum temperature

has shown a negative influence on the final wheat yield.

Minimum temperature, however, appears to be less jmportant than
maximum temperature. This 1s,probab1y.due to the fact that winter
conditions in these regions are not very harsh in the areas where wheat is
grown. Although minimum air temperature may drop fo QOC or below in
some seésons, field conditions can be more favourable, and the wheat

plant can survive hard winter conditions if the roots are not damaged.(32)

Average monthly and seasonal mean temperature follows almost the

same pattern as maximum temperature. Average November méan temperature has
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a negative influence on the final yie]d, In general, it appears that:

average seasonal mean temperature 1s a very important factor in |
determining the final wheat y1e1d '

12.13 The Effect of Relative Humidity on Wheat Yield

" As in the case of temperature, month]y data on relative humidity is .
available at two statibns Mosul and Kirkuk. Regress1on analysis between
wheat y1e1d as the dependent variable and monthly relative humidity record-
ings as.independent variables has been carried out for both stations for
all pekiods.' The results of these régkessions can be seen in Appendix I,
Table {.5. - o -

It is clear from this set of regre551on functions that April relat1ve
hum1d1ty has a pos1t1ve influence on the wheat yield 1in that it appears in
five funct1ons out of eight, proving the importance of April re]at1Ve
'hum1d1ty during the Tate active growth period. May relative hum1d1ty also :
shows a positive influence on the final wheat yield. March relative humidity ;
shows a'positive influence on wheat yié1d during the pre-land reform perijod |
at Mosul station. October and February relative humidity,'on the other
hand, negatively affect final wheat'yield at Kirkuk and Mosul stations
respectively during the post-land reform Period ITI. |

»

>The general conclusion that late relative humidity.during the active
growth period of March and April s very important, is main]y due to the’
fact that relative humidity affects photosynthesis which is very. 1mportant
during this period. (33) In May re]at1ve humidity can play an 1mportant
role either through its effect on photosynthesis or through its association

with available moisture at a time when mean precipitation is low and average

mean temperature is high.

12, 14 Forecast1ng Wheat Yield From Meteoro1og1ca1 Data

F Yates’ d1st1ngu1shed between forecasts and est1mates by prOpos1ng

“that "forecasts" should denote an estimate of the yield of the crop

furn1shed at some date well before the harvest. (34) Therefore, there are
(35) Here an attempt will be
made.to forecast wheat yield from meteorological data, on the bas1s of '
what has been established in thxs study.

many ways which y1e1d forecasts can be made.

A1though 4t would be useful to producepa unique model for forecasting
wheat yield from ‘meteorological observations for the rainfed area of Northern
Irag, it seems, however, rather difficult if one is 11m1ted to the
utilisation of a small number. of meteorological records of e1ementary or
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primary forms of factors. The results so far are far'from encouraging.
Variations between local climatic conditions and their - 1nf1uence on wheat

| yield, in particular, may prevent one from producing a mode] for the whole

area. It is clear, for example, that rainfall is less clearly correlated

with cereal (wheat and barley) yields in the upland regions.with relatively

scattered, small growing zones. On the other hand, in the foothills regions

rainfall has a significant effect on cereal yield at all stations 1in this

region and in Nineveh and Kirkuk provinces most specifically. Moreover,

the geographical aggregation of agricultural and meteorological data from

a few stations may affect the real validity of demonstrating the re]at1on

between crop y1e1d and weather variables. (36)

Until more detailed investigations are carr1ed out, a forecasting model
for each’ prov1nce or district could, however, be very useful for the time
being. This is the common procedure in many Middle Eastern countr1es such as

Jordan, Syria, Turkey and Egypt. (37 38 39)

It was clear from the prev1ous_ana]ySis thatathe.reTation between
’raihfa]]i(monthly and total) was not high in the upland région, namely
Sulaimaniya and Arbil provinces. Since these two provinces produéeionTy
22.6 per cent of the total wheat production in the rainfed area, no attempt
"is made here to make wheat yield forecasts for these two provinces in the
absence qf'moreadeta11ed (spatially and in type) data on weather.conditions.

~ Most of the regression functions previously reviéwed.ih this chapter

can.be used for seaSona]]y ear1y forecasts, but further regfessionvfunctions'
" have been developed for Nineveh and Kirkuk provinces. These functions are
based on combinations of different weather factors as 1ndependent variables =
“and wheat yield as a dependent variable. . o

For. forecasting wheat yield in Nineveh and Kirkuk provinces, weather
variables have been drawn from two meteorological stations in each province;
Mosul and Telafar stations. in the case of Nineveh province and Kirkuk and
Hawija stations in Kirkuk province.. Data records on rainfall are obtained
from Telafar and Hawija in Nineveh and Kirkuk provinces respectively,. wh1lst
‘ data on temperature regime and re1at1ve humidity are obtained from Mosu1
~and K1rkuk stations. '

The principal reason behind the combination of temperature and relat1ve :
humidity from an urban station in each province (Mosul and Kirkuk) and the '
rainfall data from a rural stat1on in each province (Telafar and Haw13a), is
that rura] cond1t1ons are. obv1ous1y paramount in d1scuss1on of wheat
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production.  Unfortunately only the urban stations have an adequate time
span of temperature and relative humidityrdata, so- in order to bring some
rural influence to the analysis it was decided to combine data for Mosul
and Telafar in Nineveh province and Kirkuk and Hawija in Kirkuk province.
Since 'in both cases the stations combined are relatively close (50 km.
and 60 km. apart respectively) it is. assumed that variations in the param-
eters believes the stations will be insignificant.

- Tab]es 12.13 and 12.174 show these regression functions for Nineveh
and Kirkuk provinces respectively. An examination of these functions reveals
that they are more accurate in terms of R, R?
previons'functions. Their standard errors'are smaller than some of those
forecasting functions reported by Al-Sherbini (see reference No.3 ,
pp.185-187). S0, they. can pnovide forecasts with a'centain degnee of
accuracy., Appendix I Tab]e I. 6 shows the actual forecasted wheat yield

- for the whole pericd which are based on utilizing functions:No. I and Iy of -

Tables 12.13 and 12.14 for Nineveh and Kirkuk provinces.

The range of accuracy of these forecasting functions 1s between B
Ts. 96 to - 2. 86 per cent of the average actual wheat y1e1d in N1neVeh '

.prov1nce and rang1ng between * 6.38. to ¥ 27.73 per cent of the average
“actual wheat yield in Kirkuk province. These forecasts are pnobably more

accurate than the official figure in some cases, and hence this may increase
the validity of wheat forecasts in Northern Iraq. Table 12.16 shows the
re]at1ve -accuracy (positive and negat1ve) of the forecasted wheat yield

‘as aga1nst actual yield for .Nineveh and Kirkuk provinces for the whole
per1od 1950-1976 utilizing the 22 year period formula ‘(No. 4 in Tables

 12.3 and 12.4). It is clear that during the five year period between
1959 and 1963 the discrepancy is most obvious (see also-Fig. 12.3B

for detaiTs)'for_reasons associated with post-land reform farming dis-

Tocation. For the 13 post-land reform years only 4 of the 13 years

show a discrepancy of more than 10 per cent in Nineveh province, whilst

~in Kirkuk only 4 are less than 10 per cent. Also, it is clear from

Table 12.16 that no trends are observable in either proyinee or in}anyl

'period‘or sub-period; this appears to confirm the absence. of any overall

trend in wheat productivity due to “improved management, 1nputs etc,

'(see Chap. 3 to 7)

Compar1ng the forecast1ng results for both N1neveh and Klrkuk
provinces, Tables.12.13 and 12.14 show that the fonecast1ng'funct1ons

, and standard errors. than the



Table 12.13 Forecasting Equations for Wheat Yield at Telafar Station in Nineveh Proyince

: No. of ) | OF-
No. Function ‘ cases| R R S.E. E-Va]ue
1 |Y = 176.42 + 0.69 R4 + 0.30 R5 - 25.65 MAT 3 - 10.96 MIT6 : ; ,
(3.74) (1.76) (6.90) (2.26) 27 .91 .82 | 28.78 | 15.17
+ 4,99 MAT8  + 3.03 RH7 %
(2.27) (4.64)
2 |Y = 8.73 - 18.55 MIT2 + 7.25 RH6 9 .94 | .89 | 22,97 | 24.55
(3.39) (4.83)
3 |Y = 434.84 + 0.34 TR - 24.65 MAT3 + 18.88 MIT7 - 3.54 RH3 13 .99 .99 9.16 |145.50
(16.15)  (13.15) (7.85) (6.23)
4 |Y = 748.66 + .53 R7 + .16 TR - 16.40 MAT3 + 8.56 MIT4 - 8.24 MATS
(5.95)  (4.80) (9.93) (4.74) (4.43) 22 .99 .98 | 11.14 | 79.29
+ 20.74 MIT7 - 23.62 MITS - 2.80 RH5
(6.35)  (11.39) (4.94) |

-61G-

Value in Brackets is the t-value for significancetests

R4 = January Rainfall TR = Total Rainfall

R5 = February Rainfall o R7 = April Relative Humidity

MAT3 = Average December Maximum Temperature MIT7 = Average April Minimum Temperature
MIT6 = " May Minimum " .RH3 = December Relative Humidity

MAT8 = " May - Maximum " MIT4 = Average January Minimum Temperature
RH7 = April Relative Humidity MATS; = " February Maximum "

MIT2 = Average November Minimum Temperature MIT8 = May Minimum "

RH6 = March Relative Humidity RH5 = February Relative Humidity
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in Nineveh prov1nce show a greater degree of accuracy -than those for -
K1rkuk prov1nce e.g. the standard errors. A1though the avat]ab1e data

- does not show there are. significant d1fferences between wheat y1e1d or
weather cond1t1ons in both provinces, the d1fference in forecast1ng
accuracy between Nineveh and Kirkuk provinces. can only. be exp1a1ned by 5011
cond1t1ons, seed var1et1es farming phact1ces, etc., and these factors
cannot be determined without fneld 1nvest1gat1ons (see Table 12.16). Fig.
12.3, however, shows the actual and fohecasted wheat yields in both Nineveh
and Kirkuk provinces. Two points emerge fnom-this‘figune' first, it con-
firms the ex1stence of a d1s]ocat1on per1od fo110w1ng Tand- refonm between
1959 and 1963 and second]y, it shows the super1or1ty of the forecast1ng

funct1ons in N1neveh province.

The utility and validity of us1ng these formu]ae ultimately depends on
the purpose and use of the forecasts (see pp.382 383). Neventhe]ess, it seems
that the funct1on for the post- 1and ‘reform per1od and the function for the
combination of the pre-land post ~Tand reform. per1ods could be used for fone-‘
:cast1ng,‘w1th1n the stated margins of-error part1cu1an1y snnce<current

"~ pre-harvest estimations are not very accurate.

12.15 Conclusion and Final Remarks

We have already noted the 1mpdrtance of}weathen*enop studies and}how
they couid provide nuch vaTuabTe_informatioh (see pages 382%83). In'this
chaptehdan attempt was'made to study_weathen—ChOp relationship in Northenn
Iraqtby:usind»centain weather tactors-anddwheat yield 1n the rainfed area of
Northern I'raq duringv1949/50—1975/76."This whole period, hdweven, was |
further divided 1nto three sub-peniods;‘fihst, the pre?Tand nefonm nehiod

_(1949/50-1957-/58), secondly, the ‘post-land,'refor'm period (_1_963'/64-1-975/76)



Table 12.14

Forecasting Equations for Wheat Yield at Hawija Project Station in Kirkuk Province

2
. No.of R R S.E. F
No. Function cases
I = 98.046 + 1.19 R6 - 10.2 MIT6 - 2.32 RH1 + 2.70 RH2 27 .82 .68 35.86 11.48

(5.68) (1.97) (2.64) (3.21)

11 =-123.98 + 1.09 R6 + 9.88 MAT1 - 7.41 MATH 9 .99 .99 8.25 1149.66
(19.80) (6.25) (4.85)

I11 = 501.49 + 6.70 R8 + .46 TR - 6.67 RH3 - 1.46 RH4 13 .93 .93 19.52 26.68
(6.65) (4.17) (5.11) (2.11)

1V = 40,881 - 4,35 k1 + .50 R6 + .319 TR 22 .85 . .73 33.82 15.86
(2.07) (1.85) (2.37)

Value in Brackets is the t-value for significancetests

R6
MIT6
RH1
MAT1
MATS,
R8
TR
RH3
RH4
Ri
RH2

March Rainfall

Average March Minimum Temperature
October Relative Humidity
Average October Maximum Temperature
Average February "

May Rainfall

Total Rainfall

December Relative Hum1d1ty
January "

October Rainfall

November Relative Humidity
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12.3 ACTUAL & FORECASTED WHEART YIELDS IN NINEVEH & KIRKUK PROVINCES
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and thirdly, a combination of the pre-and post-land reform periods

(1949/50-1957/58, 1963/64 - 1975/76).
The main purposes of this study can be summarised as follows:-

1. Studying the effect of certain weather variables on cereal yield

for all periods.

2. Assessing whether there was any statistical evidence for improve-
ment in the farming system or farming practice in this region

after the land reform of 1958.

3. Assessing whether there was a period of dislocation which immediately
followed the imp]ementation of the Tand reform. This was shown by
excluding a five year period between 1958/59-1962/63 from the whole
period. This five year period was selected on the basis of a decline

.in the cultivated area, assuming that there was no change in

other'factors.

4, Developing an early wheat forecasting system by using climatological
data. }Such early forecasts would be very useful in making policy
decisions, for example, import and export, pricing, storage

facilities, transport,etc.

5. Studying the possibilities of introducing HYV's into the rainfed area,

and analysing the success of HYV's.

It was clear from previous chapters that there was no indication of
any intensive use of new technology such as HYV's, fertilizers or other
chemical plants protection during the whole period under study. The only
new technology, which it seems was improved, was mechanization in order
to expand the cultivated area. Here we may assume that any f]uctuatfon
in the production resulted from area and yield fluctuation, and that
the latter were influenced by weather factors. Although weather may
indirectly influence the size of area under production this was excluded

from this study (see Fig. 1.1).
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Data availability and accuracy is one of the critical factors

1imiting the methodology of this analysis. A continuous time series of data

for a long period is only available for a limited number of meteorological
stations in this area. Nonetheless,data concerning three primary weather
factors could be used. These factors are rainfall (monthly and total),
air temperature.andvrelative humidity. Wheat yield is used as an agric-

ultural variable.

Although the relationship between yield of a particular crop and
weather variable is very complex, a relatively simple analysis can be

made by using correlation and regression techniques.

The first distinct point appearing from this study is that the
relationship between wheat yield and total rainfall in regions of high
relief amplitude (600 and 6ver), in Arbil and Sulaimaniya provinces, where
minor cereal growing zones exist and high rainfall occurs, is not very
significant. This does not mean thét rainfall is not important, and prob-
ably the main reason for that lack of significance is the effect of other
variables such as rainfall distribution, soil conditions, soi] moisturé
and relative humidity. In addition, it seems that the location of meteor-
ological stations does not well represent the actual environmental con-
ditions of wheat growing because of the heterogeneity of micro-climate
conditions. |

A Tow relation between wheat yield and rainfall was also observed

(40)

in another study. Hooker suggested that the re]ation between yield and

rainfall is not linear above a certain level of rainfa11.(4])

Furthernore,
one may suggest that an improvement in agroclimatology is highly desirable
in this region since it would help, for example, to establish agricultural

production zones which would have many economic advantages.

In the foothill region of Kirkuk and Nineveh provinces, where total

rainfall is less than in the upland region, the relation between wheat
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yield and total rainfall is more significant, especially during the pre-

land reform period. This suggests two points. First, this may show

~domination of environmental conditions in general and rainfall in partic-

ular on agricultural production in this region during this period.
Secondly, it also shows that in the post-land reform period, wheat yield
was less affected by rainfall probably as the result of improvement in

other factors, mechanization in particular.

Having discussed the effect of total rainfall on wheat yield, one
must not underestimate the importance of rainfall distribution during the
growing season and its effect on wheat yield. ‘This ana]ysfs may benefit
farmers in the timing of their farming operations, such as sowing, fert-
ilizing, etc. so as to use best the periods when rainfall is most

effective. In addition, the effect of rainfall distribution could provide

- a good deal of information to formulate irrigation policy (supplementary S T

- or necessary). This also will help to optimise water usage in agriculture.

| The distribution of fainfa]] during the growing season tends to
be more 1mportah£ than'total rainfall. This study revéalswthat early
rainfé]] during November and probably December is very 1mportant. The
effect of early rainfa]l on the final whéat yield is positive in most cases,

and the main reason for this is that rainfall is vital during the germ-

. ination period during these months. Late rainfall during April and March,

also tends to affect the final wheat yield because it coincides with the
active growth period, whilst January and February have less effect on wheat

yield. May rainfall shows some negative and positive effects on wheat

" yield because of the type and timing of rainfall which occurs during this

month (see pp.477-483).

The second weather factor .is air temperature, here measured in four

‘waysffirst, average monthly maximum temperature, secondly, average monthly

minimum temperature, thirdly, average monthly mean temperature and fourthly,
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average seasonal mean temperature for each of the three previous forms.

Generally speaking, the efféct of air temperature on the fina] wheat
yield is negative as could be expected given the semi-arid conditions of
this region. Any increése in temperature can affect plants directly or
indirectly through influencing the availability of soil moisture. It seems
that average monthly maximum temperature is statistically more significant
than other measurements, especially at the beginning of the grqwing season.

The effect of November'temperafure is negative on wheat yield for the

reasons mentioned above.

Temperatures may>become Tess important during January and February;
this can be explained by the fact that winter wheat can survive Tow tem-
peratures. During the active growth period, April and March temperature,

especially maximum temperature tends to affect wheat yield negatively.

Relative humidity tends to affect wheat yield positive]y during the
active growth period of March and April and even in some cases, May.
This is probably due to the high water requirement of plants during this
period and the absorption of water directly from the air through the Teaves,
as well as the association between humidity and water availability in the
root zone. |

In addition to increased mechanization, there 1s:one type of new

- technology which is relevant to trends in wheat yields, néme]y the introd-

uction of HYV's. Data on wheat yield for two wheat HYV's (Mexipak and
Sentor) has been obtained from three experimental férms-in the rainfed area.
Other information on management, application of ferti1izérs (chemical |
and manure), herbicides and pesticides and irrigation is not available;
whilst it is clear that permanent irrigation was not employed at these
statidns, there is no evidence to suggest whether technical inputs have beén
used or not. Nonetheless, the origina1ﬂdata shows there were vefy sharp

fluctuations in the yield of HYV's within the experimental farms both
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from season to season, and between the farms (see Tables 7.5 and 7.6).

Regression techniques have been used to study the effect of total
rainfall on HYV's wheat yield. The results of these regfession functions
can be seen in Table 12.15, and show apparently that total rainfall
negatively affects HYV's on Mosul and Bakrajo experimental farms. In
other words, any increase 1n'rainfa1] decreases HYV's yield. Only the

Telafar experimental farm data show rainfall having positive effects.

Since there is little difference between averagé rainfall in

| quu1 and Telafar stations (see Table 11.14), it is surprising to see
total rainfa]] has a negative effect on wheat yield at Mosul station unless
we assume there are other factors affecting yields at Mosul. The same

point can be made for Bakrajo. ' '

The regression function of wheat HYV's and total rainfall (function
No.3 and 4) in Telafar experimental farm shows a good response as shown
in Fig. 12.4. In fact, 1ntroducing high yield varieties may increase

wheat yield response by more than three fold.

The wider introduction of HYV's into the rainfed area might, there-
fore,create serious problems associated with the high fluctuation in the
yield as the result of rainfall fluctuation. Therefore to secure minimum

 yleld fluctuation the following measurés can be recommended:-

(M) HYV's should be restricted to rainfed areas where the average rainfall
is above certain minimal levels established by the developing agency.
Cultivating HYV's in Tow rainfall areas will only increase wide yield

- fluctuation from one season to another. -

(2)  Traditional or local varieties should be cultivated in areaé'where

rainfall is not 5uff1cfent for HYV's.

(3) The potential yield of HYV's will not be achieved without a full

input package of fertilizers, herbicides and pesticides, extension services



Table 12.15°

Regression of}WV'scﬂ’Whéaﬁon Total Rainfall at Three Experimental Farms in the Rainfed Area

. No. of 2
No. Function cases r r S.E. F
Mosul Experimental Farm
1 Y = 1325.1 - .87826 TR 7 .57 .32 181.81 2.38
(1.54)
2 Ys = 648.34 - .68813 TR 7 .55 .30 150.26 2.12
(1.46)
Talafar Experimental Farm
3 YM = -184.37 + 1.3942 TR 8 .75 .56 - 167.86 7.68
' (2.77)
4 YS = =-235.72 + 1.2471 TR 5 .96 92 53.48 35.15
(5.93)
Bakrajo Experimental Farm
5 YM = 985.21 - .36910 TR 5 .61 .37 78.75 1.74
| (1.32) |
YS = . 808.62 - .3456 TR -5 .53 .28 89.70 1.18
‘ (1.07) : :

S
TR

1}

Value in Brackets is the t-value for significance tests
Yield Maxipak variety (kg./donum).

Yield Sentor variety (kg./donum).

Total Rainfall.

At
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12.4 THE EFFECT OF RAINFALL ON HIGHHHETRIELD VARIETIES OF WHEAT IN THE RAINFED
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machinery, etc. The introduction of such an input package will depend
upon market price and farmers' willingness to invest in agriculture in
the case of the private sector, or on government policy in the case of

state and_co]]ective farms.

(4) Farming practice should be deye]oped from the present simple dry-
fallow farming to technically advanéed dry farming bynusing not only crop
rotations, such as fodder and cereals, but also by adopting systems which
help to preserve soil moisture during the long summer period; Good dry
- farming practice will improve wheat yield substantially, as in the case of

the USA and Australia, both with HYV's and local varieties.

£5) Ceréa] cultivation should not be expanded to,areas.where annual
“average rainfall is below 240-m., as recommended by UNESCO (see page 437), -
unless supplementary irrigation systems are available. Otherwise Tow and
very fluctuating wheat yield will be maintained. Areas with rainfall

below 240 mm. should be developed for livestock grazing.

The evaluation of a wheat forecasting system in the rainfed area,
based on climatological observation, showed that regression function of
wheat yield and rainfall are not significant in most cases in the upland
region of Arbil, Su]aimaniya and the northern part of Nineveh province,
Accurate wheat yie1d forecasts cannot be_made,without further f1e1d studies

on weather-crop relationships in this negibn.

Wheat yield forecasting is, however, possible for Nineveh and Kirkuk
provinces which produced about 80 per cent of rainfed area wheat. Sevéra1.
forecasting formulae have been developed according to the type of climatol-
ogical data and the selected period of study. In addition to these functions,
other functions are built up by using a combination of certain weather |
variables. .These functions produce more accurate results than any of

the previous ones and can be used for future agricultural development.
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To test. this assertion the regression functions shown in Tables
12.13 and 12.4 were used to forecast the hypothetical yields of wheat
between 1950 and 1975. In Fig. 12.3 the results of, firét, using
régression functions for Period I, the whole period and, secondly,
Period IV, the combined pre- and post-land reform periods, are plotted

against actual reported yie]ds;

Two striking points emerge. First, is the very close correspond-
ence between both forecast and actual yields, with the forecast based
on Period IV functions being marginally superior in this respect. Secondly,
and providing very c1éar justification for the necessity of isolating the
period between 1958/59 and 1962/63 as a period of post land reform farming
dislocation, we see that during these five years the actual yields are

totally at variance with the forecasts.

Finally, one may sum up this chapter by saying that total annual
rainfall is still a very important factor affecting wheat yield production
in the foothi]T region, in particular, and the whole rainfed area in
general. Novembef, March and April rainfall is crucial in affecting wheat )
yield. Maximum temperature tends to negatively affect wheat yield.

Relative humidity is more important at the end of the growing season.

In the following chapter, the effect of weather factors on barley

yield will be examined using the same procedures as in the case of wheat.
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CHAPTER THIRTEEN

WEATHER-CROP  STUDIES IN IRAQ

(Barley as a Case Study)

13.1 Introduction

In the previous chapter weather-crop relationships in the rainfed
region of Iraq were studied taking wheat as the first example. In this chapter

barley is taken as a second case study, the same weather variables being used.

Whilst regression analysis of barley yields during the period 1949/50
to 1975/76 indicates a negative trend, i.e. yields decline, none of the
regression functions was significant from the statistical point of view
(the F-values for the regression functions are very low). We can assume
therefore that for our purposes there is no significaht trend change in

yield (see Table 11.19 ).

We have the same objectives and adopt the same analytical procedures

as 1in the study of wheat.

13.2 The Correlation Between Barley Yield and Total Rainfall

The correlation between barley yield and total rainfall tends to
follow the same pattern as in the case of wheat yield. Table 13.1 shows the
correlation between barley yield and total rainfall for the whole Period T,
- 1949/50 - 1975/76. It is clear from this table that the correlation between
barley yield and total rainfall is positively significant in all foothi]1
stations : Sinjar, Mosul, Telafar, Kirkuk, Hawija Project, Iftikhar and Tuz-
Khurmatu, in Nineveh and Kirkuk provinces. The correlation between barley
yield and total rainfall is also positively significant in three upland
stations in Nineveh province. Only one station in Arbil province shows a
significant correlation between barley yield and total rainfall. None of
‘the stations in Sulaimaniya province show a significant correlation between

barley yield and total rainfall,
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The reasons for the low correlation between barley yield and total
rainfall in the upland stations are generally the same as those advanced

in our study of wheat yields (see page 468).

For the pre-land reform Period II 1949/50-1957/58 , the correlation
between barley yield and total rainfall is significant for fewer stations
than in the case of the whole period as can be seen from Table 13.2 Here,
total rainfall is significantly correlated with barley yield at three
foothi1l stations- Sinjar, Mosul and Telafar, and two upland stations -

Dohuk and Amadiya in Nineveh province.

Tptal rainfall is significantly and positively correlated with barley
yield in one foothill station in Kirkuk province, and there is also one
upland station in Arbil which shows a very significant and positive corr-
elation between barley yield and total rainfall. But, the number of case-
years is very small, so the accuracy of such results must be treated with
caution. None of the upland stations in Sulaimaniya province shoWS‘a

significant correlation between barley yield and total rainfall.

The post-land reform Period III shows the same pattern of correlation
between barley yield and total rainfall as in the previous period and the
whole period. Table 13.3 reveals that barley yield is significantly and
positively correlated with total rainfall at three foothill stations -Mosul,
Sinjar and Te1afér, and at two upland stations - Agra and Zakho, in Nineveh

province.

Two stations in Kirkuk province show a significant and positive
correlation between barley yield and total rainfall. These stations are
Kirkuk and Hawija. One station,Iftikhar, shows insignificant negative
correlation, and the fourth station which shows insignificant positive
correlation 1is Tuz-Khurmatu. None of the upland stations in Arbil and
Sulaimaniya provinces shays a significant correlation between barley yield

and total rainfall, regardless of the sign of the correlation coefficients.

44Y__‘V,._._,,.v.____u_.__w«‘,.m
I
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The 22-year Period IV shows the same type of correlation between
barley yield and total rainfall as the whole Period I. Table 13.4 shows
that the correlation between barley yield and toté] rainfall is signif-
icantly positive in most foothill stations- Sinjar, Mosul, Telafar, Kirkuk,
Hawija Project and Tuz-Khurmatu . Only four upland stations, Agra, Dohuk,

Zakho and Rawanduz, show significant correlation between barley yield and

total rainfall. None of the other stations showsa significant correlation.

13.3 The Correlation Between Barley Yield and Monthly Rainfall

An analysis of the whole period shows that October rainfall is
negatively corr elated with barley yield in all stations except four
(see Table 13.1). These stations are Sinjar, Telafar, Tuz-Khurmatu and
Chwarta. But none of these correlations are significant from the statist-

ical point of view. The reasons for this are the same as those advanced

“‘,‘_u* k
|

for wheat (see pp. 472).

November rainfall is positively correlated with barley yield except
in Arbil station,as can be seen in Table 13.1. Only four upland stations
show significant and positive correlation coefficients. These stations are
Agra, Bakrajo, Penjwin and Chwarta. But, as mentioned before, these
stations, especially Penjwin and Chwarta, have a small number of cases
(years)which means that the accuracy of such results must be approached

with caution.

The correlation between barley yield and November rainfall is not as
significant as in the case of wheat yield. The reasons for this are

considered later ( see pp. 538).

December rainfall is positively correlated with bar]ey yield at all
stations in Nineveh and Kirkuk provinces. Only three stations, however, show
significant correlation coefficients. These stations are Sinjar, Telafar

and Agra. The correlation between December rainfall and barley yield at
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all stations in Arbil and Sulaimaniya provinces except two, is negative and

insignificant (see Table 13.1).

January rainfall is positively correlated with barley yield at all
stations in Nineveh, Kirkuk and Arbil provinces, except Iftikhar which shows
a negative correlation coefficient. Only Sinjar and Agra stations in Nineveh
province have significant cofre]ation coefficients. The correlation
coefficients between barley yield and January rainfall are insignificantly

neyative at all stations in Sulaimaniya province.

The correlation between February rainfall and barley yield 1is sig-

nificantly positive at Shaqlawa station in Arbil province. The rest of the

stations show insignificant positive correlation coefficients (see Table 13.1).

It appears from Table 13.1, however, that March rainfall is of some
importance to barley yield. The number of stations which have a significant
correlation between barley yield and March rainfall has increased, particul-
arly in the foothill stations in Nineveh and Kirkuk provinces. Stations in
Arbil and Sulaimaniya provinces show positive and insignificant correlation
between barley yield and March rainfall, except Sa]ahuddin station which

shows a very low negative correlation coefficient.

April rainfall seems also important to bariey yield. As can be seen
from Table 13.7, the foothill stations of Nineveh and Kirkuk provinces show
a significant and positive correlation between barley yield and April rain-
fall. Three stations in Arbil province show insignificant negative cor-
relation between barley yield and April rainfall. As for the rest of the

stations, the correlation coefficients are insignificantly positive.

Generally speaking, as in the case of wheat yield, March and April
rainfall is very important in determining the final barley yieid, this because
of the high demand of water by the plant during this active growth period.

Any shortage of water during thése two months affects the final yield neg-

atively. May rainfall, on the other hand, shows more insignificant negative
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than positive correlations with barley yield (see Table 13.1). This also is
logical if we consider the stagé of the plant growth during this month. It
is clear from Table 13.1 that May rainfall is negatively correlated with
barley yield at all stations except Agra, in Nineveh and Sulaimaniya
provinces, whilst the correlation coefficients are positive at all stations

except Tuz-Khurmatu, in Kirkuk and Arbil provinces.

The question appears why are barley yields not significantly cﬂrre]ated
with early rainfall? From observation of the farming practice we know that
there are significant variations in the timing of barley sowing. A1l farmers
who grow barley will always sow a minimal area hopefully to ensure a base-
level production for animal feed; this is made pessible by the crop's
relative low vulnerability to water shortage. The date of sowing, however,
can be delayed if early rainfall (November and December) is Tow since barley

has a relatively short growing season.

Farmers may a1so be faced with a choice between sowing wheat or barley.
Wheat is more vulnerable to water shortages and has a Tonger growing season,
but gives better cash returns. The result appears to be that if early rain-
fall promises well for wheat farmers will expand the area under that crop;

if it does not farmers may, after some delay, sow more barley.

The aggregate seasonal statistical result indicates that the area under
wheat fluctuates more than that under barley. At the beginning of the season
.farmers have some latitude in choice not only of crop but of timing and the
result seems to be a lessening of the direct correlation between early rain-
fall and barley yield. Given the base-level fodder demand for barley the |

areal fluctuation is lower than for wheat (see Table 11.5).

In the pre-land reform Period II October, November, December, January
and February rainfall are not significantly correlated with barley yield,
except at a few stations (see Table 13.2). March rainfall is significantly
correlated with barley yield at all stations except two, in Nineveh

province. Also, two stations in Kirkuk province and one in Arbil province
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show a significant and positive correlation between March rainfall and
barley yield, whilst other stations show no significant correlation at all
(see Table 13.2). April rainfall is significantly correlated with barley
yield at two stations in Nineveh province, four stations in Kirkuk province
and two stations in Sulaimaniya province (see Table 13.2). May rainfall is
not significantly correlated with barley yield redardless of the sign of the

correlation coefficients (see Table 13.2).

In the post-land reform Period III, Table 13.3 shows that October
rainfall is negatively correlated with barley yield in all stations'except
three. Arbil station shows a significant and negative correlation between
barley yield and October rainfall. Table 13.3 also shows that November rain-
fall is not significantly correlated with barley yield. December rainfall is
significantly correlated with barley yield in four stations in Nineveh province
and one station in Arbil province, as can be seen from Table 13.3. January
and February rainfall is significantly correlated with barley yield at Sersank
station in Nineveh province only (see Table 13.3). It is also clear from this
table that March rainfall is significantly correlated with barley yield at
two stations in Nineveh province and one station in Kirkuk province. Further,
April rainfall appears significantly correlated with barley yield at two
stations in Nineveh province. May rainfall shows a significant correlation
with barley yield at three stations in Kirkuk province. This would be caused by

the same factors considered in relation to wheat (see page 483).

The correlation between barley yield and monthly rainfall for the
22-year Period IV follows the same pattern as for the whole Period I (see
Table 13.4). October rainfall is negatively correlated with barley yield
at more stations, and none of these correlation coefficients are significant.
November rainfall is positively and significantly correlated with barley
yeild at one station in Nineveh province and four stations in Sulaimaniya
province (see Table 13.4). December rainfall is significantly and positively

correlated at three stations in Nineveh province and one station in
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Sulaimaniya province (see Table 13.4).

January rainfall is significantly and positively correlated with
barley yield at one station in Nineveh province. February rainfall,
however, is not significantly correlated with barley yield, and also it is
clear that March rainfall is significantly correlated with barley yield
at any station except Dohuk, in Nineveh province (see Table 13.4). This
table also shows that barley yield is significantly'correlated with March
rainfal] at three stations out of four in Kirkuk province, whilst there is
no significant correlation between March rainfall and barley yield at any
station in Arbil and Sulaimaniya provinces. Two stations in Nineveh province
show a positive and significant correlation coefficient between April rain-
fall and barley yield (see Table 13.4). In Kirkuk province, three stations
show significant correlation coefficient between April rainfall and barley
yield. Two stations in Sulaimaniya province show a positive and significant
correlation between barley yield and April rainfall. Table 13.4 shows that
May rainfall is significantly and positively correlated with barley yie]d at
one station in Arbil province, whilst in other stations May rajnfall is not
significantly correTated with barley yield regardless of the sign of the

correlation coefficients (see pp.477-483).

Generally speaking, the results of this analysis can be summarized |
as follows. First, early rainfall is not as significantly correlated with
barley yield as in the case of wheat yield, probably due to the fact that
barley sowing may be delayed as late as December and January. Secondly,

Tate rainfall during March and April is very important to the final yield.
Rainfall during these two months show more significant correlation with
barley yield than any other months of the growing season. This is due to the
~fact that the plant requirement of water is very high during the period of
active growth. Thirdly, May rainfall shows, in general, more negative

correlation coefficients with barley yield.
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Table 13.1 The Correlation Between Barley Yield and Monthly and Total
Rainfall in the Rainfed Area for Period I,1949/50~1975/76
No.of F . ~ Tot.
cases| Oct. | Nov. | Dec.| Jan. | Feb. | Mar. |April | May | po.0
fall
Nineveh
Sinjar 27 | .035| .285 | .A67*| [413* |.128 |.479*% .617*|-.129 .634%%"
Mosul 27 |-.006| .249 |.347 | .247 }.071 | .589*% ,498*% -,163|.605%*
Telafar 27 | .015| .252 |.462%| .267 |.226 |.494%4 272 |-,112].609%*
Agra 20 | -.058 1 .462* | .586*%4 .509* |.012 |.611*% ,317 .155(.679%
Sersank 20 |-.253| .333 |.063 | .384 |.420 |.488*% ,222 |-.103|.416
Dohuk 20 |-.179 ) .381 |.259 | .346 |.212 |.279 | .502* | -.188|.585%**
Amadiya 18 |-.207 | .267 |.135 | .239 |[.151 | .581*| .093 | -.037]|.355
Zakho 13 |-.050 | .109 |.328 | .190 |[.468 | .846*% ,421 |-.079|.767*%*
Kirkuk
Kirkuk 27 {-.218 .168 | .127 | .103 [.137 | .503*% ,398* | .064.606**
Hawija 27 |-.303 | .042 |.071 | .209 |[.133 | .647*% .335 .088.593*
Ttikhar 21 {-.338 | .184 |.030 |-.081 |.283 i293 .548* | ,089.461*
Tuz-Khur- 21 191 | .150 |.033 | .050 |.325 | .453* | ,582*% - 041].504%
matu
{Arbi1l
Shaglawa 27 |-.219 | .179 | .095 | .048 |.398*| .098 | .058 .178|.255
Arbil 23 |-.396 +.248 .161 | .003 |.307 |.106 |-.114 .2181.035
Rawnduz 22 | -.166 | .263 | .394 | .122 |.297 | .356 [-.088 .1281.434*
Salahuddin 21 |-.194 | .152 +.025 | .167 |.105 [-.007 }-.271 .317(.104
Sulaimaniya
Dokan 26 | -.354 ,258. -.024 |-.201 |.146 | .220 |.198 |-.187|.120
Sulaimaniya] 23 |~-.201 |.408 |-.146 |-.406 |.160 | .138 | .187 | -.3441.033
Halabja 19 | -.069 | .314 [-.220 {-.299 |.189 | .231 | .237 { -.291/.033
Bakrajo 20 { ~-.217 |.512* -,047 |-,382 |.012 | .275 | .312 | -.318/.109
Penjwin 12 | -.019 |.781*%-,488 |-.163 |.002 | .389 | .491 -.276 .325
Chwarta 11 | .237 |.765%%-.327 |-.280 [.320 |.410 {.590 | -.202.541

*  Significant at 5% Tevel

*% "

1%
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Table '13.2 ~ The Correlation Between Bariey Yield and Monthly
' and Total Rainfall in The Rainfed Area for Period II,
1949/30 - 1957/58
) Tot.

No.of . Rain-

cases Oct. | Nov. | Dec., | Jan. | Feb. [March |April | May |[fall
Nineveh
Sinjar 9 | .317 |.240 :.020 |.265 |.266 |.750% |.796 .065 |.687*
Mosul 9 |-.103 |.233 |.216 |-.026 |.180 |.837** .660* | .029 |.668*
Telafar 9 | .49 . 09 |.039 | .130 |.095 |.804** ,660* |-,376 |.790%*
Agra 6 | .060 |{.793 | .836* | .947** .058 |.783 |.500 .350 |.777
Sersank 9 |-.322 |.368 |-.402 | .038 |.279 |.490 |.543 |[-.087 |.278
Dohuk 8 |-.104 |.470 |-.178 | .474 |.330 |.878** .473 |-.351 i.760%*
Amadiya 8 |-.306 |.456 |-.408 | .457 |.450 |.827* |.619 |-.169 |.899*
Zakho 7 |-.041 |.367 |-.153 |-.055 |.584 |.896** .718 |[-.280 |.707
Kirkuk
Kirkuk 9 |-.099 |.312 [|-.126 |-.274 | .472 |.843** ,700* | .068 |.701*
Hawija 9 |-.463 F.171 |-.152 |-.147 |.420 |.707* | .687* | .045 |.609
IfFtikhar 9 |-.193 F.019 |-.187 |-.187 |.670* |.391 | .854**% .106 |.573
Tuz-Khur- 7 |-.476 |.371 |-.300 |-.148 |.639 |.506 |.834* | .065 |.619
matu
Arbil
Shaqlawa 9 | .025 |.329 | .141 | .155 |.399 |.641 |.096 .049 |.515
Arbil 9 |-.141 +.281 | .071 | .067 |.282 |.706* |.364 113 | .447
Rawnduz 9 | .038 |.245 | .532 | .251 |.267 |.493 |.222 .130 | .588
Salahuddin 4 |-,236 |.208 | .036 | .165 {.415 |{.899 |.070 524 | .976*
'Su]aiméniya
Dokan 8 |-.512 |.193 |-.237 |-.427 | .144 |.381 |.618 |-.216 |.127
Sulaimaniya 8 |-.237 |.718*|-.233 |-.476 | .358 |.268 |.585 .039 |.331
Halabja 9 | .703*% | .824*%-.445 |-,180 |.320 {.375 |.695*% |-.260 |.506
Bakrajo 6 [-.350 |.683 |-.476 |(-.363 |.211 |.433 |.397 |-.165|.244
Penjwin 9 [-.042 | .796%%-.732%!-.212 ~.053 |.393 |.572 (-.310.310
Chwarta 7 1,413 |.944%%-,531 ~.362 |.330 [.468 |.804* [-.215 1,562
*  Significant at 5% Tevel
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Table 13.3 The Correlation Between Barley Yield and Monthly and Total
Rainfall for the Post-land Reform Period III,
1963/64 - 1975/76
No.of . Totj—ﬂ
“lcases| Oct. |  Nov. | Dec. | Jan. | Feb. March - April. May Rain-
fall

Nipeveh
Sinjar 13 |-.007 | .173 | .842**| ,536 |~.020 | .455 |.782** |-,126 | .820**
Mosul 13 | .034 | .299 | .516 .325 |-.106 | .673*|,580* [-.068 | .812**
Telafar 13 {~.064 | 514 | ,770%*; 415 | .439| .289 }'.321 489 | .890**
Agra 13 |-.144 | .488 | .665* | ,286 | .006] .519 |.381 458 | .756%**
Sersank 7 -.311 | .367 | .740 .851* ,768% .590 +.182 .593 | .667
Dohuk 7 |-.272 | .513 | .866* | .384 |-.489 | .327 |.622 401 .739
Amadiya 8 | .594 |-.199 [ ,331 299 {-.327 1 .567 {.046 Jd62 | .374
Zakho 6 [-.235 |-.312 | .765 .399 | .630| .972%%,203 .526 | .904%*
Kirkuk
Kirkuk 13 |-.293 | .094 | .334 445 |-.149 | .321 |.294 .587% .684%*
Hawija 13 |-.392 | .164 | .232 .532 [~-.293] .621%],.303 B683*F [ 787**
Ftikhar 7 |-.627 | .353 |-.661 |~-.148 |-.428-.271 |.208 .906%*K - 214
Tuz-Khun- 10 | .549 | .141 .291 170 (-.104( .366.|.301 627 | .506
matu _ : v
Arbil
Shaqlawa 13 |-.273 | .189 | .205 143 | .413|-.009 P.]ZO 413 .335
Arbil 13 .58]* -. 131 |-.265 |~-.024 | .405|-.088 r.250 .522 | -.106
Rawanduz 8 1-.311 350 | L791* | ,453 | ,2281(-.103 | .412 .587 { .595
Salahuddin | 12 |-.215 | .359 |[-.116 .160 | .153 -.467 -. 307 .330 | -.113
Sulaimaniya
Dokan 13 [-.469 | .396 | .180 .005 | .286|-.249 |.223 397 | .325
Sulaimaniyal 10 |-.48] 165 |-.258 |-.209 | .522| .221 |.060 |-.145| .148
Halabja 51 .017 { .064 |~.592 .377 {-.003| .567 |.550 .361 ) .288
Bakrajo 9 |-.420 | .508 |-.226 133 [-.409| .028 |.314 | .357 | .l44
Penjwin+
Chwarta+ -

*

K%k "

+

1%

Few Number of cases

Significant at 5% Tevel
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Table .13.4 The Correlation Between Barley Yield and Monthly and Total
194020 " s T0k, theo 5 rEAr TET g, V-
No.of ' : : Tot.
cases Oct. | Nov. | Dec. | Jan. | Feb. | March |April | May Rain-
fall
N.ingveh
Sinjar 22 |.035 [.193 JA458% | 403 |.173 |.590*%* | [776%*|-.006 |.747**
Mosul 22 F.031 |.224 2377 | 188 |.087 |.743** | .608**|-,001 |.736%**
Telafar 22 F.009 |.245 JA49% | 250 1,273 |.600** | ,388 .058 |.725%*
Aqra 19 +.078 |.456* | .615%% .557**.026 |.607** | , 391 401 |,758%*
Sersank 16 +.282 {.330 .027 | .359 |.395 }|.490* | .174 }-.030 }.390
Dohuk 15 F.210 |.341 .263 | .338 |.179 |.338 497 |-.194 | .591*
Amadiya 16 ~.137 ].270 124 |-.298 |.168 |.584* | .178 |-.065 |.402
Zakho 13 |-.050 |.109 .328 | 190 |.468 |.846** | ,421 |-.080 |.767**
Kirkuk
Kirkuk 22 -.229 |.146 074 | .078 |.139 |.526* | .426* | .249 |.644**
Hawija 22 |-.401 {.003 021 | .199 |.130 |.671**} ,372 212 | .632*%*
&ftikhar 16 |-.386 |.135 051 |-.162 |.286 |.290 .625%*| ,288 |.465
Tuz~Khurm- 17 | .219 |.353 011 | .044 |.414 [.495% | ,651**| 212 |.618**
atu
Arbil
Shaqlawa 22 |-.284 1,160 | .074 | .138 |.412 {.107 .077 .205 |.281
Arbil 22 |-.397 -.249 .164 |-.004 |.332 |.107 17 .218 |.035
Rawnduz 17 |-.153 [.237 | .446 | .295 |[.311 |.352 | .144 | .274 |.558*
Salahudddn 16 [-.221 |.249 116 | 177 .161 [.014 .248 J492%| 127
Sulaimaniya
Dokan 21 |-.424 1.280 .054 |-.251 }.277 }.223 .261 072 |.212
Sulaimaniya| 18 [-.267 |.539* [-.201 |-.389 |.330 (.163 .257 |-.059 |.180
Halabja 14 |-.081 |.492 .319 {-.235 |.247 |.269 |..577* |-.058 |.232
Bakrajo 15 |-.335 |.634* |-,057 |-.357 |.185 |.360 | .387 [-.117 [.265
Penjwin 9 |-.042 |.796**| ,732* -.212 *+.053 {.393 .572 |-.310 |.310
Chwarta 7| 413 |.944%*-.531 |-.362 | .332 |.468 | .804% -.215 | .562
- i |

*  Significant at 5% level

**k n

1%




-545-
13.4 The Correlation Between Barley Yield and Air Temperature

Data on air temperature are adequately available only for two stations
in the rainfed area of northern Iraq, viz. Mosul and Kirkuk. Four sets
of correlation analysis have been calculated between barley yield and
first, average monthly maximum tempefature; second, average monthly minimum
temperature; third, average month1y mean temperature and fourth, averége
minimum, maximum and mean seasonal temperatures. The correlation between
barley yield and each of these average temperatures is discussed in the

following sections.

13.4.1 The Correlation Between Barley Yield and Average Monthly

Generally speaking, the correlation between barley yield and
average monthly maximum temperature is negative, except in October as
can be seen from Table 13.5. This relationship between barley yield and
average monthly maximum temperature is identical with that found in the

wheat case study, (see page 484).

An examination of the significance of these correlation coeff-
icients reveals that averége November maximum temperature 1s significantly
and negatively correlated with barley yield at Mosul ahd Kirkuk stations
for the whole period. At Kirkuk station, average November maximum
temperature is also significantly and negatively correlated with barley
yield for two Periods, II and IV (see Table 13.5). The correlation.
between March maximum temperature and barley yield is hegatively signif-
icant at Mosul station for Period IV only, whilst April maximum
temperature 1is significantly and negatively correlated with barley yijeld

at Kirkuk station during the pre-land reform period -

Examining, however, the correlation between barley yield and
average monthly maximum temperature, regardless of the significance

of the correlation, shows that the correlation coefficients are
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high at the beginning of the growing season (November and December),
decrease during'January and Februaky and increase again during March
and April. The correlation between average October and May maximum
temperature is very low. The reasons for such a pattérn of correlation
between barley yield and average monthly maximum temperature are
similar to those already noted for wheat (see pp. 485). In addition,
it seems from Table 13.5 that barley yield is less affected by

maximum temperature than wheat yield.

13.4.2 The Correlation Between Barley Yield and Average

As in the case of wheat yield, the effect of average monthly
minimum temperature is less important than the average monthly

maximum temperature. Table 13.6 shows that average May minimum temp-

erature is significantly and negatively correlated with barley yield
both in the whole period and in the 22-year period at Mosul station.
Average November and April minimum temperature is significantly and
negatively correlated with barley yield in the pre-land reform period at
Kirkuk station. The reasons for such Tow impact of the average monthly
minimum temperature have been already explained in the previous

chapter (see page 487).
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Table 13.5 The Correlation Between Barley Yield and Average Monthly
Maximum Temperature in the Rainfed Area
~Station; Mosul Kirkuk

per;;;\\\\\ I I1 I1I v | II I1I IV

! - _

No.of cases 27 9 13 22 27 9 13 22
October .079 191 1 -.069 .081 .224 .418 .054 .250
November L429* 1-.618 |~-.262 1-.393 B502%*! - 669%*! - 471 .516%
December | -.337 ;-.427 |-.347 |-.360 |-.203 |-.271 |-.084 |-.178
January .233 |-.121 | -.290 |-.200 .094 .090 .016 .030
February 126 |-.256 |-.178 |-.196""|-.185 16 {-.198 133
March 254 |-.655 |-.426 |-.571%-.256 |-.361 |-.273 :-.352
April .342 -.532 |-.251 |-.357 .358 .857%* - 115 . 382
May 054 |-.306 |-.067 |-.046 144 .083 |-.390 .190
Seasonal : :
Av.Max. J428% | -.669% | -.482 [ -.511% | ~,449% | - 551 |-.362 L459%
Temp. :

*k

*  Significant at 5% level

'l% il

Sources : Our Calculation
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The Correlation Between Barley Yield and Average Monthly
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Minimum Temperature in the Rainfed Area

IS .

. tation Mosul Ki rkuk

Period I IT 111 IV I 11 III IV

! 1

No.of cases | 27 9 13 22 27 9 13 22
; %

October -.312 1 -.391 |-.312 321 .060 .356 %-.083 .074
November  |-.236 -.729 {-.005 |-.308 |-.353 [-.805%* -.072 |-.365
December -.028 |-.315 .210 .070 .193 .584 1 .192 .184
January .092 032 .201 .120 .035 .068 % 122 .031
February .051 | .302 |-.358 -.014 .153 .180 '-.427 .087
March 133 1-.019 .363 119 .014 .103 .223 .026
April -.175 |-.406 015 126 .120 .661* | ,092 .094
May -.402* | -,582 |-.397 A422% |-.082 . 186 .044 113
Seasonal

Av. Min. -.207 |-.630 |-.074 .249 .218 . 323 .022 179
Temp.

*  Significant at 5% level

%k n

1%
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13.4.3 The Correlation Between Barley Yield and Average Monthly
Mean Temperature

The correlation between barley yield and average monthly mean
temperature is negative as in the case of average monthly minimum and
maximum temperatures. Table 13.7 shows the results of these

correlations.,

Generally speaking, it can be seen from this table that all the
correlation coefficients at Mosul station are negative in all periods,
Kirkuk station, however, shows a low positive correlation between
average monthly mean temperature in some periods. Generally it‘
seems that average November mean temperature has an important negative impact
on the final yield. Average April mean temperature is significantly
and negatively correlated with barley yield at Kirkuk station in the
pre-land reform period. It seems, therefore, that the correlation
between barley yield and average monthly mean temperature is relatively
high during November and December, declinesduring January and Februery

and increases during March and April.

13.4.4 The Correlation Between Barley Yield and Average
Seasonal Temperature '

Correlation has been calculated between bar1ey yield and first,
average seasonal maximum temperature, second, average seasonal minimum
temperature, and third, average seasonal mean temperature. It
seems from Tables 13.5, 13.6 and 13.7 that the average seasonal
maximum temperature is more important than the other measures. Table 13.5
shows that average seasonal maximum temperature is significantly
and negatively correlated with barley yield in three periods at

Mosul station and two periods in Kirkuk station.



~550-

Table 13.7 The Correlation Between Barley Yield and Average Monthly
Mean Temperature in the Rainfed Area

Jtation Mosul Kirkuk
period I I 11 v I 1 I IV
¥ ! ! | l
No.of cases 27 9 13 1 22 27 9 13 @ 22
; : i H !
| i |
October  [-.165 [-.028 [-.236 |-.155 | .167 | .484 |-.015 | .188
November  |-.424% |-.866%*{~.174 |-.424* |-,469% |-.783% |-.280 -.487
i
December  {-.238 |-.418 1-.096 |-.270 |-.204 |-.408 | .056 |-.181
January -.103 |-.063 {-.080 |(-.070 |-.076 |-.086 | .074 |-.004
February — (-.027 |-.044 |-.270 |-.102 [-.156 | .01 [-.316 |-.119
March -.140 |-.486 |-.006 |-.298 |-.140 |-.255 |-.032 [-.212
April -.245 |-.368 |-.142 |-.235 |-.287 |-.828%*|-.040 |-.295
May -.159 |-.519 |-.107 {-.282 |-.130 |=.115 [-.199 |-.178
Seasonal
Av. Mean  |-.394* |-.614 |-.310 |-.472% |-.354 |-.422 |-.206 |-.339
Temp. ' : ' '

* Significant at 5% level

**k " '| % 1]
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Table 13.6 reveals that average seasonal minimum temperature is
not significantly correlated with barley yield in all periods at the two
stations. Moreover, average seasonal hinimum.temperature is insignif-
icantly positively correlated with barley yield in the post-land

reform period at Kirkuk station.

Meanwhile Table 13.7 shows that average seasonal mean'tempekature
is significantly and negatively correlated with barley yield in two periods
at Mosul station and there is no significant correlation at all at

Kirkuk station.

It can be concluded from the foregoing discussion of the correlation
between air temperature and barley yield that the effect of air
temperature on barley yield is less significant than ih the case of
wheat yield. There are many reasons for this. For example, bar]ey
is less sensitive to harsh thermal conditions than is wheat, whilst
late cultivation probab]y'makes temperature less influential on |

final yield.

Nonetheless, it seems that temperature is negatively correlated

with barley yield. Also it is clear that November and April temperature '

in particular may have a negative impact on the final yield. As for
seasonal temperature, it seems that the average seasonal maximum temperature
has shown a more significant relation than the other two seasonal

averages.

13.5 The Correlation Between Barley Yield and Relative Humidity

Data on relative humidity are available only at Mosul and Kirkuk

stations. Table 13.8 shows the results of computed correlations bétween
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barley yield and average monthly relative humidity. In general, relative
humidity is mainly significant during March, April and May. Average March
relative humidity is significantly and positively correlated with barley
yield in all periods at Mosul station and in two periods at Kirkuk station.
Average April relative humidity on the other hand, 15 significantly and
positively correlated with barley yield in all periods at the two stations.
Average May relative humidity is significantly and positively correlated
with barley yield in three periods at Mosul station and one period at
Kirkuk station. Probably the reason for the Tow correlation at the
beginning of the season is due to the lateness of barley sowing relative
to wheat. During the active grthh of March and April high, plants absorb
water both through roots and leaves and the latter can make relative humidity

very important as a source of water.

13.6 Regression Analysis

In this second analytical approach general sets of regression
functions have been built up according to differenf climatic variab]és for
example total rainfall, monthly rainfall, minimum, maximum andlmean
temperature and finally,relative humidity. In the following sections the

effect of each of these variables will be discussed separately.

13.7 The Effect of Total Rainfall on Barley Yield

As in the case of wheat yield, studying the effect of total
rainfall on barley yield is considered for each province individually.
Examining- the results of these regressions has suggested that the effect
of total rainfall on barley yield is not significant in the uplands
stations of Sulaimaniya and Arbil provinces where rainfall is relatively
high, except in some periods which show little effect.' But one cannot
rely on the accuracy of these functions because the number of cases (years)

is very small. Appendix J, Table J.1 shows the results of these regressions.



Table 13.8
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The Correlation Between Barley Yie]d‘and Relative Humidity
' in The Rainfed Area of Iragq

" Mosu Kirkuk
1 15 S ¥4 SRS U I I 1 W
z ?
No.of cases 27 9 13 22 27 9 13 22
October 045 F.197 L85 F.126 £.293 .39 -.298 .29
| %
November 225 F.002 |.235 |.138 |.206 .009 © .377 [ .164
| | g |
|
December .066 |.005 |.093 |.062 .200 ~.255 | .430 |.139
January 336 |.227 |.340 |.283 |.145 |-.481 | .476 | .142
| |
February 256 | .513 |.021 |.256 |.002 |.191 -.330 | .035
|March (551% | . 827%* | 596% | .645%* | 511%% | 563 | 510 | 545
April 671%% | goawx | g60% | 733%%| 6G8%* | 816%*| L57T* | 716%*
May .389% | 458 | .693%*| .566%*| 221 |.110 | .631% | .346

*  Significant at 5% level

*% n

Source

1%

Our Calculation
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In the following sections, the effect of total rainfall on bariey will be
considered in detail only 1n'Niheveh'and KﬁrkUk provinces.

13.7.1 The Effect of Total Rainfall on Barley Yield in
“NinéveR Province

As in the case of wheat, data on total rainfall is available at eight
stations in this province. Appendix J, Table J.1 shows the results of this
set of regressions. One of the most obvious points to appear is that total
rainfall has no significant effect on barley yield at most of the upland
stations of this province, and this is a similar situation to the wheat
‘yield, or to the case of barley yield in Arbil and Sulaimaniya provinces.
The reasons for such low effect have already been noted in the preVious

chapter (see page 494).

Since the results of the three foothill stations ~ Mosul, Sinjar and
Telafar - are very close, one station, Talafar, has been chosen as an example
to study the effect of total rainfall on barley yield. One may note that |
the regression functions for Telafar are not the best for all periods, but
it has the additional advantage of close comparison with_the wheat yield
function at the same station (see Appendix J, Table J.1 for details).

Table 13.9 shows the results of theée regression functions for four periods
at Telafar station. It can be seen from Table 13.9 the effect of total
rainfall on barley yield is positive in all cases. In other words, any
increase in rainfall will increase barley yield. The first function
explains 37 per cent of the annual barley yield variation in this province.
. This function also shows that an increase of 10 mm. of rain will increase

| barley yield by 4.66 kg./donum above the average level. The pre-land
reform function (function No.II) explains 62 per cent of the annual barley
yield variation and it shows that an increase of 10 mm. of rainfall will
increase barley yield by 11.6 kg./donum above the average level. It seems,

as in the case of wheat yield, that rainfall dominates barley yield during
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the pre-land reform period (see page 495). The post-land reform function
(function No. III) explains 79 per cent of the annual barley y1e1d variation,
but the coefficient of the rainfall dropped from 1.16 mm. in the pre-land
reform peribd to .542 mm. in the post-land reform pefiod. This means that
in the pre-land reform period‘barley yield was even more dependent on total
rainfall. Fig. 13.1 explains this situation very clearly. Therefore, the
‘post-land reform function tends to be more accurate from the statistical

point of view than any other function.

The regression.functioh of combinaﬁion of the pre- and post-land
reform periods (function No. IV) explains 53 per cent of the annual barley
yie1d variation in this province. The coefficient of rainfall shows that
an increase of 10 mm. will increase barley yield‘by 5;85.kg/donum.' This
cbefficient is higher than the coefficient of the post-land reform period.
This is probably due to the effect of the high rainfall coefficient in the
pre-land reform period which is- part of the time series in this fuhction.
Comparing the_effect of total rainfall on wheat ahd barley yields in
~ Nineveh province reveals that barley yield responds to tdta] rainfall more
than wheat yield, as one can see from the rainfall coefficients in the
regréssion functions for both crops (see Tables 12.9 and 13,9); Fig. 13.2
. shows the response of wheat and barley yieldsto total rainfall fok the
whole period. It is clear from Fig.13.2 that barley yiefd responds more

than wheat. This phenomenon is related to the following farming poiicy.

1) Farmers cultivate barley when rainfall is late or inadequate in a
particular season. Although the price of wheat is higher, this choice will

still provide adequate incomes to'farmers.

2) Since barley is less vulnerable than wheat to water deficit, farmers
may cultivate barley in more arid regions or on less productive land where
there is considerable risk of severe and damaging water deficit.

As for other statistfcal measurements, fhe two sets of regression

functions (Tables 12.9 and 13.9) reveal a very close correspondence in terms



Table 13.9 Regression of Barley Yield on Total Rainfél] in Nineveh province (Telafar Station)

, No.of o,
No. Function cases : r r S:E. F Notes
I Y = 36.08 + .446 TR 27 .61 .37 69.85 14.73 Whole period
- (3.84)
11 Y =-140.66 + 1.16 TR 9 .79 .62 |73.42 11.58 Pre-land reform
(3.40) period
| I11 Y = -11.699 + .542 TR 13 .89 .79 37.94 "42.04 Post-land reform
(6.48)
1V Y = -4.78 + .585 TR 22 .73 .53 64.98 22.14 22-year
(4.71) . _

-96G-

Value in Brackets is the t-value for significance tests
TR = Total Rainfall
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FIG. 13.1 THE EFFECT OF RAINFALL. ON BARLEY YIELD IN NINEVEH PROVINCE
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FIG. 13.2 THE EFFECT OF RAINFALL ON WHEAT & BARLEY YIELDS IN NINEVEH PROVINCE
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of explaining the annual wheat and bak1ey yield variation (RZ) in Nineveh
province as well as the significance of the regression function, although
the standard errors of barley regression functions are slightly higher.
This probably due to high barley yield variation ovef time (see Table
11.11).

13.7.2 The Effect of Total Rainfall on Barley Yield in
Kirkuk Province -

In Kirkuk province, mostly a foothill region,‘al] meteorological
stations sHow good results. As in the case of Nineveh province, the total
rainfall coefficients in the regression functions are positive except in
one function at Iftikhar station where it is negativekfor the post-land
refofm period. Nonetheless, this cannot be considered a very accurate
function from the statistical point of view because the number of cases is
rather small. The full results of these regressions are given in

Appendix J, Table J.1.

Hawija Project station has been chosen as the example for the stat-
jstical study of the effect of total rainfall on barley yield in this
province. Table 13.10 shows the results of the regression functions for
four periods. The first function, for the whole period I, explains 35
per cent of the annual barley yield variation in this province. The
~ rainfall coefficient of this function shows an increase of 10 mm. in total
| rainfall will increase barley yield by 6.82 kg./donum} The second
function II (pre-land reform) exp1ains'37 per cent of the annual barley
yield variation in this province, and the total rainfall coefficient shows
an increase of 10 mm. in total rainfall will increase barley yield by .
8.04 kg./donum, which is slightly higher than in the first function.
Function III (post-land reform) explains 62 per cent of the annual barley
yield variation, which is very high in comparison with other functions

in the table. The rainfall coefficient of this function show an increase



Table 13.10 Regression of Barley Yield on Total Rainfall at Hawija Station (Kirkuk Province)
} No.of 5

No. Function cases - r r S.E. F Notes

I Y = 13.823 + .682 1R 27 .59 .35 77 .4 13.56 Whole period
(3.68)

II Y = 21.585 + .804 TR 9 .61 .37 111.1 41.3 Pre-land reform
(2.03) period

I11 Y = 40.522 + .823 TR 13 .79 .62 49.63 17.88 Post-land reform
(4.23)

IV Y = 4,066 + .772 TR. 22 .63 .40 80.83 13.32 22-year
(3.65)

Value in Brackets is the t-value for significancetests

TR = Total Rainfall

-096-
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of 10 mm. of total rainfall will increase barley yield by 8.23 kg./donum.
This means that barley yield becomes more influenced by rainfall. Although
this function in particular shows that the effect of rainfall on barley yield
has slightly increased during the post-Tand reform heriod, results of

other stations in this province suggested the opposite (see Appendix J,

Table J.1 for details). This latter suggests there were some improvements

in the farming system in spite of the decline in barley yield during this
period in this province. Fig. 13.3 shows the effect of total rainfall

during the pre- and post-land reform period.

Comparing the effect of total rainfall on wheat and barley reveals
that barley yield response to total rainfall is greater than wheat yield.
Most of the rainfall coefficients in the regression functions are higher
in the case of barley than in the case of wheat yield. .Here again the
question of what grain to grow in a particular season will depend on the
rainfall distribution and on the price of these two commodities which,
in most cases, favours wheat. Fig. 13.4 shows the response of wheat and

barley to total rainfall in Kirkuk province for the whole period.

13.8 The Effect of Monthly Rainfall on Barley Yield

It was noted earlier that early rainfall during October, November,
December, January and February are less important to the final barley
yield than the late rainfall (spring rainfall) during March and April
(see page 536 ). |

In this section, regression techniques will be used to study the
influence of monthly rainfall on barley yield in the rainfed area of
northern Iraq. The second objective, however, of this regression analysis
is to build-up an early forecasting model for barley yield based on

rainfall information as in the case of wheat yield.

Appendix J,’Tab1e J.2 shows the regression functions of monthly

rainfall as independent variables and barley yield as a dependent vaxiable
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FIG. 13.3 THE EFFECT OF RAINFALL ON BARLEY YIELD IN KIRKUK PROVINCE

. (Hawija Station)
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FIG. 13.4 THE EFFECT OF RAINFALL ON WHEAT & BARLEY YIELDS IN KIRKUK PROVINCE
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at 22 stations in the rainfed area for four periods. For analytical
purposes, Table 13.11 summarises the influence of monthly rainfall on

barley yield. The following points can be concluded from this table:-

1) October rainfall has a negative influence on barley yield as in the
case of wheat, for similar reasons (see page 5b5). In addition, the
number of appearances of October rainfall in the regression

function is relatively small.

2) November rainfall tends to be more useful to barley yield, except for
Tuz-Khurmatu station during the post-land reform period which shows
a negative influence. The importance of November rainfall is
associated with plant germination which occurs during this month

when sowing is normally early.

3) December rainfall shows a significant effect on barley yield oniy
during the post-land reform period. During this period, December
rainfall appears at six stations. This might be exb1a1ned as
follows: first, the statistical distribution of rainfall in months,
particularly between November and Décember, introduces a random
factor; secondly, plant germination occurs in early December when
sowing is late and thirdly, probably other factors, including micro-
climatic, may be influential. As for other periods, December rainfall

appears to be less important (see Table 13.11).

4) January and February rainfall js not significantly important in
determining the final barley yield. The number of its appearances
in the regression functions is very low, or none. The reason for
that could be related to first, the already established availability

, of soil moisture and secondly, the Tess activé growth of the plant

itself during this cold period (see Table 13.11).

5) March and Apki1 rainfall appears to be the most useful rain for
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§ barley yield. The appearance of these two months in the regression
functions occurs more frequently than any other month. This could be
related to the active growth period which occurs during these two

months.

6) May rainfall tends to have a mixed negative and positive influence
on the final barley yield. As for the whole and pre-land reform
periods, May rainfall negatively influences barley yield. Meanwhile,
the post-land reform and the combination of the pre- and post-land
reform periods show May rainfall has a positive influence on the
bar]éy yield, and this could be related to the weather conditions

during these periods.

It seems rather difficult to draw a firm conclusion on the influence
of May rainfall in isolation on barley yield, but it seems that rainfall
distribution in April and May taken together is the most effective factor
here, especially if one considers the coefficient of rainfall variation

of May (see Appendix H, Table H.7 for details).

Therefore, in spite of the fact that early rainfall has shown some
significant influence on barley yield, especially November rainfall, late
rainfall is sti]] the most effective factor in determinihg'the final
barTey yield. This, as mentioned before, is related foathe farming decisions

which farmers have adopted (see pages 538 and 555).

13.9 The Effect of Monthly and Total Rainfall on Barley Yield

The main objectives of this analysis are first, to improve the
regression functions which are going to be used for forecastfng, and
secondly, to find out which is more important in its effects on the final
barley yield, monthly rainfall or total rainfall. Appendix J, Table J.3

shows the regression functions at all stations for four periods.




Table 13.11

The Effect of Monthly Rainfall on Barley Yield in the Rainfed Area

Station

Whole period
27-year, 1

Pre-land Reform Period

9 year,II

Post-land Reform Period

13-year, III

Combinations of pre-
and post land Ref.Per.

22-years, IV

Oct
Nov
Dec.
Jan
Feb,
March

May

Oct.

Nov.

Dec.

Jan.
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Oct.
Nov
Dec.
Jan
Feb.
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March
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Considering the first objective there is no significant improvement
in the accuracy of the regression functions in re]atibn to that obtained
by using monthly rainfall only. In other words, adding a new independent
variable, total rainfall, to the regression function is not important.
Regarding the second objective, it is clear that rainfall distribution
throughout the growing season is very important in determining the final
barley yield and this is very logical. This conclusion is made, in the
case of Iraq, on the assumption that total rainfall did not appear as an
independent variable with other variables in a large number of the

regression functions (see Appendix J, Table J.3).

13.00 The Effect of Air Temperature on Barley Yield

Air temperature will be considered in three forms: first, average
monthly maximum temperature, secondly, average month1y mi nimum temperature,
and thirdly, average monthly mean temperature. In addition, the average
seasonal temperature has been calculated for each of them as an extra
variable. |

13.10.1 The Effect of Average Monthly Maximum Temperature on
“Barley Yield

As mentioned before, data on air temperature are available in long
series at two stations - Mosul and Kirkuk. Regression techniques'have
been used to study the effect of average monthly maximum temperature on
barley yield at these two stations. The results of these regressions

can be seen in Appendix J, Table J.4.

It has already been indicated that average monthly maximum
temperature is negatively correlated with barley yield (see
Table 13.5). It appears for the whole period (1949/50 - 1975/76)
that average November, March and April maximum temperéture negats |

ively affect the final barley yield at both statjons. In other
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words, any decline in maximum temperature to a certain level during these
months will benefit the yield. High November maximum temperature might
adversely affect the final barley yield directly through 1ts influence on
plant germination, or indirectly, through its effect on raising evaporation
levels, and consequently, lowering of soil moisture levels. March and April
maximum temperatures affect grain formation, in additidn'to other effects
mentioned above. These two functions explain 39 and 51 per cent of the
annual barley yield variation in Ninevéh and Kirkuk provinces respectively,. '
and the standard errors of the regression functions are very close (see
Aﬁpendix J,Table J.4).

The regression functions at two stations for the pre-land reform
period do not match each other. At Mosul station, the regression function
shows that average January and May maximum temperatures have.a positive in-
fluence on barley yield, whilst average seasonal maximum temperature shows a
negative influence during Period II. The positive influence of average January‘
maximum temperature might be explained by cold spells which may have occurred
during this period (1949/50-1958/59). In this case, any increase in maximum
temperature to a certain point will benefit the plant growth, and consequently,
the yield. Average January maximum temperature has also a positive influence
on wheat yield. This may support the idea of cold spells which occukred
during this period. Although high temperature may negatively affect the
grain weight during the ripening period (May in the case of Iraq), average
May maximum temperature shdws a positive influence on barley y1e1d.(1)
The only explanation for this is average May maximum temperature duking
this period might not be high enough to negatively affect the grain Weight.
In contrast, it may have coincided with the temperature range which helps
to dry the grain. The negative effect of average seasonal maximum
temperature on barley yield means any decrease in the seasonal maximum
temperature to a certain point during the growing season will benefit the

final yield. This function, however, explains 97 per cent of the annual
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barley yield variation during Period II, and the standard error of the
regression function is low in relation to other functions (see Appendix J,
Table J.4).

The regression function for the pre-land reformkperiod at Kirkuk
station shows that average November and April maximum temperatures have
a negative effect on barley yield, whilst average December maximum
temperature shows a positive effect. This positive effect can be explained
in the same way as in the case of January, since December is another
cold month. The reasons for the negative effect of average November and
April maximum temperature are as explained earlier (see page 510). This
function, however, explains 96 per cent of the annual barley yield

variation in Kirkuk province during this period.

In contrast to the pre-land reform Period II which shows the
importance of maximum temperature in explaining a large proportion of the
annual barley yield variation, it seems the average monthly maximum
temperature had a limited or no effect on barley yield during the post-
land reform Period III. There is no significant explanatory variable in
the regression function at Kirkuk station. Meanwhile, the average
seasonal maximum is the only explanatory variable in the regression
function at Mosul station. The negative effects of average seasonal
temperature on barley yield is very clear from this function (see‘

Appendix J, Table J.4).

The regression function for the combination of the pre- and post-
land reform Periods,IVat Mosul station shows éxact]y the same signif-
icant months as in the case of the whole period (see Appendix J,

Table J.4). This, however, indicates the importance of average maximum
temperature on barley yield during these three months, November, March
and April. Moreover, this function is more reliable from the statistical

point of view than the regression function for the whole period. This
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improvement in the regression function is probably caused by omitting the
five year period which followed the land reform of 1958 from the time
series. This indicates that there were abnormal fluctuations in the yield
caused by non-climatic factors. In other words, land reform produced

)
non-climatic dislocations of production during this five year period.

Kirkuk station shows only average November and April maximum
temperatures have a negative influence on barley yield and also reveals
the importance of average maximum temperature during these months in
determining the final barley yield. But, the accuracy of this regression
function is not as good as the regression funcfion of the whole period
(see Appendix J, Table J.4).

1310.2 The Effect of Average Monthly Minimum Température on
"~ Barley Yield

Regression analysis has also been used to study the effects of
average monthly minimum temperature on barley yield in Nineveh and Kirkuk

provinces. The results are given in Appendix J, Table J.4.

At Mosul station, the regression function for the whole period
(1949/50 - 1975/76) reveals only average May minimum temperature has a
negative effect on barley yield when any decrease in average minimum
temperature to a certain point will benefit barley yield. The average May
minimum temperature, which is always well above the critical minimum for
growth, might help plants through eliminating disease or help seeds to
gain more weight (see Tables 11.18 and 11.19). This function, however,
éxp]ains only 16 per cent of the annual barley yield variation in Nineveh
province during this period under study. Moreover, this function is not
as accurate as the regression function for average monthly maximum

temperature for the same period.

The regression function at Kirkuk station reveals average November
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minimum temperature has a negative influence on barley yield in the case
of the whole period. High November minimum temperature may cause

high evaporation, especially if the average November rainfall is taken
into account, or it could affect soil temperature, and consequently
the spread of fungal disease. Both of these factors also affect seed
germination and that will affect the final yield. Moreover, Jen-Hu
Chang has cited cases where soil temperature was significant in the
early stages of corn germination, but air temperature assumed greater
significance in the reproductive stages.(z) It seems any decline

in average November minimum temperature will be useful to the plant.
This function, however, explains only 12 per cent of the annual barley

yield variation in Kirkuk province.

For the pre-land reform period, average November minimum temp-
erature has a negative effect on barley yield at Kirkuk station, whilst
at Mosul station October and November minimum temperatures have positive

and negative effects on barley yield respectively (see Appendix J,
Table J.4). The positive effectiveness of October minimum temperature

could be related to weather conditions during this period and, therefore,
it will not be considered significant because germination does not start
during this month. The negative affect of November minimum

temperature has already been explained above.

~ These regression functions explain 65 and 74 per cent of the annual
barley yield variation at Kirkuk and Mosul stations respectively during
Period II. As for the post-land reform Period III, there was no
significant variable in the regression functions at both stations. This
is rather unusual since there were no great differences between the
average monthly minimum temperatures during this period from Period II. But,
the average barley yield for this period was lower than for the pre-land

reform period and that might affect the relation between barley yield
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and average monthly minimum temperature. Probably other factors also

affected barley yield during this period (see Appendix J, Table J.4).

The regression function for the combination of the pre- and post-
land reform Periods,IV reveals that average November minimum temperature
negatively affects barley yield at Kirkuk station,whilst May minimum
temperature negatively affects barley yield at Mosul station. It
might be concluded from this discussion that average November and May
minimum temperatures have a very strong influence on bariey yield at
Kirkuk and Mosul stations. The reasons for that might be attributed to
the effect of average November minimum temperature on germination and
soil moisture, whi1st average May minimum temperature may have a direct

effect on grain formation or indirectly through affectihg soil moisture.

13.10.3 The Effect of Average Monthly Mean Temperature on
BarTey Yield

The third set of regression functions is between bariey yield as
the dependent variable and average monthly mean temperature as the
independent variable at Mosul and Kirkuk stations. The results of

these regression functions are shown in Appendix J, Table J.4.

It appears that for the whole period (1949/50 - 1975/76) that
average November and April mean temperatures negatively affect barley
yield at Kirkuk station. This also shows the importance of temperature
conditions during November and April and their negative effects on barley
yield as in the case of maximum temperature (see Appendix J, Table J.4),

this for reasons previously given.

At Mosul station, average November mean temperature negatively
affects barley yield. This could be attributed to its effect indirectly

on evaporation and consequently on soil moisture,
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For the pre-land reform period, the regression function at Kirkuk
station reveals that‘average November and April mean temperatures have a
negative affect on barley yield. Meanwhile, only the average November

mean temperature has a negative affect on barley yield at Mosul station.

As in the case of average monthly minimum and maximum temperature,
there are no significant variables in the regression function for the
post-land reform Period III at both stations. The only explanation which
can be given for that is the decline in the barley yield related to other

non-climatic factors.

The regression function for the combination of pre- and post-land
reform periods reveals that average November mean temperature negatively
affects barley yield at Kirkuk station. Meanwhile, at Mosul station the
regression function shows that average January mean temperature positively
affects barley yield. This is logical $ince during January, the coldest
month, any increase in temperature conditions could help plant growth.
Also in this regression function it is shown that average seasonal mean

temperature negatively affects barley yield (see Appendix J, Table J.4).

It can be summarized from this discussion that high temperature
conditions during November, April and May have a negative influence on

barley yield.

13.11 The Effect of Rélative Humidity On Barley Yield

Monthly data on relative humidity are only available at Mosul and
Kirkuk stations for long series. Regression analysis has been used to
study the effect of relative humidity on barley yield. The results of

these regression functions can be seen in Appendix J, Table J.5.

At Kirkuk station, the regression function reveals that average
December and April relative humidity Tevels positively affect barley

yield during the whole Period I. Since relative humidity affects
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photosyhthesis rate and moisture absorption from the air-by the b]ant, it 1is
nothSUPphising‘to see the positive effects of December and'Apr11 relative

- humidity on barley yie]d.(B) These two months (December and April) coincide
with the germination and very activé'growth'periods respectively. Only
average Aphi] relative humidity appears to have a positive effect on barley
yield duking the whole period at Mosul statioh. This also tends to confirm
the 1mportance of April relative humidity.. These two functionS‘exp]ain 51
and -45 per cent of the annua] barley y1e1d var1at1on ‘during this. per1od 1n ;
K1rkuk and Nineveh provinces respect1ve1y ' ;

For the pre-land reform per1od the regression function shows that
average March and April relative hum1d1ty have a negative and positive effect .
: respect1ve1y on barley yield at Kirkuk station. It is rather surprising to
see that average March re1at1ve humidity has a negat1ve effect on barley yleld
Accord1ng to Jen-Hu Chang, re1at1ve humidity has at least two possible bene-
ficial effects on plant growth, espec1a11y during the act1ve growth’ per1od of
~March in the case of Iraq. (4) At Mosul station, average January and March f
relative humidity have positive effects on barley yield during this périod ' '
Nonethe]ess, both funct1ons exp1a1n 83 and 84 per cent of the annual barley
y1e]d var1at1on in K1rkuk and Nineveh prov1nces respect1ve1y during this perlod

- The regression function at K1rkuk stations’ shows_that average October
relative humidity negatively affects barley yield during the post-land reform .
.period Here, it seems that average October relative humidity has the same

~ pattern as October. rainfall in terms of its effects on barley yield. Average

,March and May relative hum1d1ty have benef1c1a1 effects on barley y]e]d in
the same function (see Append1x J Table J.5). Meanwhile, only average

'May relative hum1d1ty pos1t1ve1y 1nf1uences barley y1e1d at Mosul stat1on
for the same period.

Regression function for the combination of pre-land and post-land
reform Periods, IV reveals that ayerage January and April relative humidity
have benef1c1a1 effects on barley yield at Kirkuk station, but only average
'Apr11 re1at1ve humidity positively affects. barley yield at Mosul station.

Tt seems relative humidity at the earky stages shows 11tt1e effects
on barley y1e1d in spite of the appearance of October, December and January
~in the regression functions, except for January in the one case which is
: very swgn1f1cant But, relative humidity becomes more jmportant in the 1ate
stage of the growing season. The reason for that could be related to: first,
more water is demanded by plants ‘during the Tate period and that might
ritﬂcrease the 1mportance of relative hum1d1ty, especially if photosynthes1s is
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'taken inte consideration, and secondTy, a large proportion of barley prod-"
uct1on is spr1ng sown and that is why relative humidity dur1ng December and
January appears 1n many regress1on funct1ons '

'13 12 Forecast1ng Barley Yield From Meteoro1og1ca1 Observat1on

In the prev1ous chapter yield forecasts have been defined as an early
est1mate of the yield before the actual: harvest takes p]ace An attempt to
make a unique forecast1ngvformu1a for barley yield for the whole rainfed area
was not very successful. This is due to the-fact that the re]ation'between
‘barley yield and rainfall in the upland region of Sulaimaniya and Arbil
'provinces.was not very significant. Therefore, as menttoned before, aggreg-
ating metéoro}ogica] and agricu]tural.datavmay affect the accuracy of the fore=-
'casting'formu1a Here, forecasting barley yield will be restricted to Nineveh
and Kirkuk provinces.. Moreover, these two prov1nces produce nearly 80 per
'cent of the total barley product1on of the ra1nfed area.

. In this chapter severa]'regress1on,funct1ons have been déve]bbed to
assess the effect of each individual weather factor on barley yield. Any of
these funct1ons may be used for forecasting barley yield according to the.
purposes of the forecast. In addition to the previous regression functions, one
more regression funct1on has been deve]oped for each period. As in the case.
of wheat, the new forecasting funct1ons are based on a combination of all

_weather'variables available at two meteorological stations in each province

1 (see pp. 517-18). The selection of the weather variable in the regression

function is made by using a stepwise. regression analysis (see page 494),

Tables 13.12 and,]3;13 show the regression functions for each period for

; forecasting.barTeyhyte1d in Nineveh and Kirkuk provinces‘respeCtiveTy; It 1s"
 clear from these tables that these negression‘functibns provide more accurate.
results than the previous functions (see Appendix J for details),.and con-

_ sequently, they could be used for barley yield forecasts. Appendix- J Tab1es J.b
,shows the actua] and forecasted barley yields in. Nineveh and K1rkuk prov1nces

The range of accuracy of the forecast1ng funct1ons is between - 3.20
to ¥ 27.14 per cent of the average.actua1 ‘barley yield 1n_N1neveh.pr0v1nce
and ranging between ¥ 7.41 to.% 33.72 per cent of the average banley.yie1d in
Kirkuk province. Table 13.15 shows the relative accuracy (positive and
'negative)‘of forecasted barley yield against actual yield for the whole period
1950-1976 utilizing the 22 year period formula shown in Tables 13.12 and
13.13. . It isclear from this table that no trends are observable in accuracy
in e1ther province or in any period or sub-period; this appears to conf]rm
the absence of any overall trend in barley product1v1ty due to 1mproved
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_farming system in the rainfed area of Northern Iraq. Also, it is clear

" from Table 13.15 that there was a period of dislocation between 1958 and
-1963 following the land reform. The last point which appears from Table
13.15 is that all -but one forecasting functionifor barley yield in NineVeh
province shows greater accuracy than those for>Kirkuk'province‘(see'aisq
Table 12.12 and 12.13). Table 13.15 shows that for the 13 post-land reform
years oniy 9 of the 13 years shows discrepancies of Tess than 10 per cent,

whilst in Kirkuk only two are less than 10 per cent (see p.518). Fig. 13.58.

shows' the percentage differences between actual and barley yields in both
Nineveh and Kirkuk provinces. Meanwhile, Fig.13.5 shows the actual and -
forecasted barley yields in both'Nineveh'and’Kinkuk provinces. It seems
that the .lower accuracy of barley forecasts in Ki rkuk prOvince is aésociated
w1th a negative trend in barley-: yieid (see Table 11.9). :

The con51derabie variations in accuracy in bariey yie]d forecasts

~ both after time and between provinces raises considerable reservations
about the usefuiness of such forecasts at the moment.. MWe know that barley
" 1is often regarded as a crop of secondary.importance in that it is generaiiy
grown in areas more physically marginal than are used for wheat. One aspect
- of this was noted on.page 555 as it affects the timing of sow1ng ~ Clearly
there is statistical evidence for there being less domination of bariey
yields by the selected climate factors than was the case with wheat. The
1973-1975 percentage accuracy’ figures'for Nineveh prdvince are. SO'different
in order from all other cases between 1964 and 1976 that one is also led
to suspect the accuracy of the reported production data. 1973 was also -
the first year in which there was a government drive to introduce bariey
HYVs but no details are available about this programme .- Clearly further
research and improvement of data coiiection are necessary before any very
.“accurate forecasting of bariey yieids can be made

13.13 ConCiusion,and'FinaiiRemarks

Apparently, the effect of total rainfall on barley yield is least
significant in the Upiand region of Arbil, Sulaimaniya and the northern.
part of Nineveh prov1nce where the annuai rainfall is higher than anywhere
else. The reasons for this have aiready been gijven (see page 468) The

effect of total rainfaii on barley yield on the foothill region however, o

" is more significant: any 1ncrease in ‘the totai rainfall will increase
bariey yieid '



Table 13.12. Forecasting Equation for Barley Yield in Nineveh Province
. No.of 2
No. Function cases R R S.E. F
I YB 291.68 - 13.77 MAT2 - 14.58 MAT3+ 6.57 RHZ 27 .83 .69 50.77 17.39
(2.25) (2.45) (5.99)
11 YB 1488.0 -~ 1.58 R3 - .29 .R5 -~ 87.68 Mi2 9 .99 .99 5.98 558.83
(15.65) (3.86) (28.28)
- 4,73 RAT + 4.32 RA7
(4.98) (13.28)
I11 YB 268.23 + .544 TR - 12.64 MTT 13 .92 .85 33.52 28.97
(7.36) (2.02)
IV YB 172.91 - 24.08 MAT3+ 11.16 MIT4 -~ 5.54 RH5 22 .92 .85 40.84 18.14
(4.57) (2.1) (2.58)
+ 5.85 RH6 + 5.61 RH7
(3.32) (4.48)

L _
MAT2 = Average November Maximum Temperature TR = Total Rainfall
MAT3 = " December " " MT1 = Average October Mean Temperature
RH7 = April Relative Humidity : MIT4 = Average January Minimum Temperature
R3 = December Rainfall RH5 = February Relative Humidity
R5 = February " RH6 = March Relative Humidity
MT2 = Average November Mean Temperature Value in Brackets is the t-value for significancetests
RH1 = October Relative Humidity

A



Table 13.13

Forecasting Equations for Barley Yield in Kirkuk Province

No.of 2
No. - Function cases R R S.E. F
I = 187.60 - 20.93 MAT2 + 3.16 RH6 + 5.71 RH7 27 .83 .69 56.22 16.70
(3.66) (1.96) (3.84) |
11 = 1078.7 - 88.81 MAT7 + 54.15 MIT8 + 6.21 RH4 9 .99 .99 % 13.94 234.00
(23.15) (13.28) (5.69) :
IT1 = =-128.23 + .84 R3 + 4.11 R8 + .48 TR 13 .99 .99 12.11 79.85
(3.08) (7.59) (7.73)
+ 24.72 MIT4 - 14.18 MIT7 + 3.40 RH6
(8.77) (5.37) (7.10)
IV = 294.89 - 20.48 MAT2 + 7.16 RH?7 22 .81 .65 f 63.44 17.55
S (2.71) (4.55) :
MAT2 = Average November Maximum Temperature MIT4 = Average January Minimum Temperature
RH6 = March Relative Humidity MIT7 = = “ April " ! :
RH7 = April " " Value in Brackets is the t-val . g
MAT7 = Average April Maximum Temperature alue in Brackets 1is the t-value for significance tests
MIT8 = " May - Minimum "
RH4 = January Relative Humidity
R3 = December Rainfall
R8 = May Rainfall

Total Rainfaill

ot e o

RTA






-579-

1976

-
~
ﬁm
2] o
u ®
= -]
=
- =
o .
2
a ]
o
x
=} e
2 I
= 1
—
= o«
2
< 2
=y
ut
>
J
= g
=2 _ o
-
=z <” 7
~
8 N 3
| N -]
[ru} \ -3
=1
> 2
&
ot =
w W 2vu
] > ©
m wl -4
& Z
o = 1
=
2
] 2
(=]
ul
o
2 4
'S
@
< 8
=
[= =
=]
5
= g
W n &
.
™
—
.
-
= g
[
o~
2
WNNOG/ "9N g
oaoor [ 4 Re 00002 wWerz 0w oo s ooe 2

Q07314 43768 WALIY-INIT
(1) 00IY3d 370HM WL HO4 OTAIA A37HYE Q3SUIIHOS-HSHO

(AD) SO0IH3d WHOJ3H ONBT-1S0d ¥ -3dd 3HL HO04 07314 A37uHE G3LSUI3W0

KIRKUK

WNNGQ/ "X

1956

1962 1964 6
YEARS 1961 1968 1970 1972 1974 1976

1980

1954

1952

0oes  00Sr 00 O0USE 0000E 0 MU0 OUR

NOILINGOYd THNLIW-3NIT
(1) O0IH3d 30HM 3HL HOJ 0314 A37HHE 03LSHIIHOS-HSHO
(AD) SO0IY3d WHOJ3Y ONUT-1SOd ¥ -38d 3HL 404 07314 A3THHE 031SHIIHCS

" ooos

+

Fas0







—

-580-

The response of barley yield to total rainfall appears greater .than
that of wheat. This is associated with the fact that farmers in the
rainfed area choose to cultivate barley rather than wheat in years
when rainfall in the early season is not adequate for wheat sowing, and

they cultivate barley in more arid regions.

It seems, as in the case of wheat, that the pre-land reform
period was dominated by environmental conditions, espé¢1a11y rainfall,
whilst the effect of rainfall on barley yield decreaséd during the post-
land reform period. This means there was a slight improvement in farming
practice during this period in spite of relative decline in barley yield.
The 22-year Period IV shows more improved results compared with the
whole Period I, indicating that there was a dislocation perjod which
followed the land reform of 1958, i.e. there were other factors affecting

barley yield.

The relation between monthly rainfall and barley yield reveals
that early rainfall is less important to barley yield in comparison to
wheat yield. The main reason for that is related to the farming practice.
Barley is usually a spring or late autumn-sown crop.. If ear]& rainfall
is not adequate for wheat production, farmers may cultivate spring barley
}n order to obtain reasonable incomes. Meanwhile, March and April rainfall
show a very significant and positive affect on barley yield. This 1is

due to the active growth period which coincides with these two months.

Temperature, in general, affects barley yield negatively, espec-
ially during November, March and April. During November temperature |
could affect barley yield through evaporation, and consequently, through
the availability of soil moisture, especially if the average November
rainfall is considered. During March and April, temperature could affect
barley yield directly through plant response or ihdirect]y through the

availability of water.
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The Regression of HYV's of Barley on Total Rainfall

in Three Experimental Farms in The Rainfed Area

of Iraq
‘No.of i 2
cases r | S.E. F
Mosul Experimental Farm
Yi = 403.89 + 1.0584 TR 5 .56 .31 | 193.23| 1.38
(1.06)
YB = 272.28 + 1.0155 TR 6 .48 .23 | 205.14| 1.20
| (1.09) |
Telafar Experimental Farm
YI = -480.91 + 2.3280 TR 4 .80 .63 | 273.67| 3.44
(1.86)
YB = -98.272 + 1.774 TR 4 .60 .36 242.36' 1.12
(1.06)
Bakrajo Experimental Farm
YI = 1788.1 - 1.4210 TR 4 .98 .96 51.38| 49.02
(7.00)
YB = 1715.6 - 1.6543 TR 4 .87 .75 | 170.5 6.03
(2.46)

Value in Brackets in the t-value for significancetests

YI = Yield of Irevat variety of Barley
Yp= " Black " "
= Total Rainfall

TR
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FIG. 13.6 THE EFFECT OF RAINFALL ON HIGHHEAELD VARIETIES OF BARLEY IN THE RAINFED
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Relative humidity}significant1y and positively affects barley yield,
especially during March and April. The reason for this could be related
to greater water requirement by the plant during the active growth period
during these two months when plants can absorb water both through Teaves

and roots.

In the case of wheat, it was assumed that HYV's of wheat could be
introduced to improve wheai yield to the rainfed area in association with
certain otﬁef input requirements and an integrated policy programme.
Here, the possibility of adopting HYV's of barley is examined. Data on
HYV's of barley have been obtained from three experimental farms in the
rainfed area. The same assumptions made in the case of wheat are adopted

here (see page 525).

Table 13.14 éhows the regression function of two HYV's of barley
and total rainfall for three experimental farms. it is clear from this
table that total rainfall has a negative effect on HYV's of barley yield
in Bakrajo Experimental Farm. This means that there were other factors
affecting barley yield in this station. Comparing, however, the response
of traditional varieties with HYV's of barley, Fig. 13.6 shows that the
response of HYV's of barley to total rainfall is greater than with the
traditional varieties. Here, one may assume that there i§ a good poss-
ibility of improving barley yield in the rainfed area by introducing
HYV's but only if all other necessary factors, i.e. fertilizers, exten-

sion,etc., are improved.

Forecasting barley yield from meteorological data was only attempted
for Nineveh and Kirkuk provinces of the rainfed area. No attempt was made
to make a forecast for Arbil and Sulaimaniya provinces because first, the
lack of other meteorological data, i.e. temperaturé and relative humidity,
and secondly, the Tow relationship between rainfall and barley yield in
these two provinces. The value of these forecasting formulaedepends on the

forecast purpose and the objective of the user.
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CHAPTER FOURTEEN

CONCLUSION

Iraq is one of the developing countries which has given considerable
attention to agricultural development in recent years. The shortages and
fluctuations in international food supply, the continuous increase in
population, in many cases the relative increase in per-capita food con- -
sumption, and other factors, were the justification for agricultural dev-
elopment programmes. Howéver; these agricultural development programmes
~have not been as successfui as those in other economic sectors. Agric-
ultural productidh,'espec1a11y food pfoduétion, has not kept pace with
increasing demand, and gradually many developing couhtries,_including
Iraq, have become more dependent on importing food from the large producing
countries. This deficit in food production is not only affecting national
balances of payment, but a]sb can have more serious consequences, such
as deteriorating nutritional situations,worry over food security.etc., and
this in countries with numerically large agricu]tura] populations as well

as rapidly growing urban centres.

The main objective of this stUdy was to coﬁsider the various factors
affectinq,agricu1tUra1 production and productivity in Iraq with especial
emphasis on the role of weather and climate. These factnrs have been
grouned into three major type categories: socio-economic, technical and
environmental (see Fia. 1.1). Clearly, there are strong interrelations
and 1ntefactions betweeh these factors, and,therefore,studying the effect
of a single group of factors, such as weather and climafe,cannot be
carried out in isolation from the others and thus one has examined, in
turn, the effect on production and productivity of these groups of

factors.

The final obiective of studying the impact of weather and climate
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has been achieved by concentrating on the rainfed area of northern Irag.
The reasons for selecting the rainfed area of northern Iraq as a study
area can be summarized as: first, it is a dry farming area in which human
modification of environment is minimal; secondly, it is relatively free
from the soil salinity which introduces variable complexities in the
Central and Southern regions and thirdly, it is dominated by the winter
cultivation of two staple graihs, wheat and barley, which provide suitable

indicators for statistical analysis and international comparison.

Wheat and barley, therefore, have been chosen to study the impact
of certain weather factors on agriculture. These two crops are especially
important in Iraq because of government attempts to be self-sufficient
in these grains,‘and secondly, because they are the most important crops
in terms of area and value in Iraq in general, and in the rainfed area

in particular (see Chapter 11).

Under those conditions where environment is least modified by men,
i.e. rainfed agriculture, we see that the control of climate is significant
on agriculture. Similarly, where environment is partly or fully modified,
j.e. in irrigated agriculture, we see that the control of climate on

agriculture is less directly important, although indirectly critical.

How do we now set this in the context of the socio-economic and
technical factors which we have examined earlier? The effect of these
factors on agriculture can be measured in three ways : first, their direct
effect on rainfed agriculture, secondly, on irkigated;agriculture and
thirdly, on the potential development of agriculture in these two different

types of farming which are also regionally distinct.

Agriculture in Iraq, as in many developing countries, is very
important - it provides employment for a large proportion of the working

population (see Chapter 2) and its contribution to the gross national
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income is significant, regardless of annual fluctuations and excluding
0il revenue (see Chapter 3). Under Iraqi conditions, where agricultural
conditions are harsh, every single inpUt factor has a critical value in
the comp]ex network Qf forces. Also, the development of‘agriculture
demands various.sk111s at different levels without which improvements in
production and productivity are difficult to achieve, and finally all the
inputs and skills have to be évaluéted in a context of strong environ-

mental controls of agriculture,

Iraq, unlike many deve]oping'countries, possesses good potential
for agricultural development, Currént1y, only 27 per cent of the cultivable
land is cultivated annually (excluding the fallow land), this in a
country where arable farming is the most important (seé Chapter 4).
Water resources are potenfia]]y more.than enough for current cultivation |
and probably enough for further expansion of the cu]tivated land, but
only if good water management and utilization are 1mprdved (see Chapter
9). Popu]ation pressure, espécia]]y that of the rural population on
cultivable Tand,is not as high as in many developing countries because
of rapid rural-urban migration after the o0il price increases in 1973

(see Chapter 4).

Following the establishment of the Deve]opment Board in 1950, the
Iragi government gave first priority to agricu]tura] deQe]opment,
especially before the 1958 revolution. Agriculture received the largest
share of planned government 1nve$tment during this peridd. Most of this
investment, however, went to ]arge engineering projects to control water
resources in both the Euphrates and Tigris rivers, and to a lesser extent
either to expand the cultivated area or improve farming standards.
Investment to improve agricultural productivity was not significant during
the pre-land reform period (see Chapter 3). Theréfore, the absence of

such investment in socio-economic aspects as a whole led to rather slow
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or poor returns from such large engineering projects. Private investment
in agriculture was not significant during this period. Large landlords
were not primarily interested in improving land productivity (see
Chapter 3) and, on the other hand, insecure land tenure and poor
landlord-tenant relationships discourag&itenant farmers from investing

in agriculture (see Chapter 5).

After the 1958 revolution, agricu]tufe faced many changes. Among
these changes was the introduction of the Land Reform Law of 1958 and
consequent legislation. In many ways, the institutional and administ-
rative changes which followed land reform removed, without any doubt,
some of the obstacles which had prevented previous significant improvement
in agricultural development. Abolishing the semi-feudalistic pattern
of land tenure, improving landlord-tenant relationships, distributing
land to the peasant farmers and encouraging cooperatives were hypoth-
etically useful measures to improve agricultural production and prod-
uctivity. The land reform itself, however, was not free from problems
in Iraq;poor implementation and bad management resu]ted in very limited
success, especially in improving agricultural prodqctivity. Land
expropriation and distribution took longer than was originally planned
(see Chapter 5). Agricultural production fell significantly immediately
after the Land Reform Law of 1958 (see Chapter 5). Here, one may conclude
that Tand reform in Iraq achjeved its political and probably social
targets more successfully than the economic one. So also ih Iraq, the
programme suffered in the first five years (1958-1963) owing to the
inability to sustain administratively the complex of supporting servyices

hecessary for the successtlloutcome of land redistribution schemes.(])

Another major change associated with the 1958 land reform was the

establishment and encouragement of agricultural cooperatives as a major
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form of agricultural administration and organization. They were not a
complete success in spite of direct government intervention by providing
subsidized credits, supervision, etc. (see Chapter 6). Though the
number of agricultural cooperatives, their members and the area under
their control have significantly increased, the basic idea that agric-
ultural cooperation would achieve a good response from farmers, and
consequently promote agricultural production, was hypothetical rather
than actual (see Chapter 6). Many farmers considered cooperatives as
official government departments rather than organisations in which they
themselves would participate and cooperate, this on the one hand rel-
ated to a lack of understanding and high illiteracy and, on the other, to

poor extension services on the technical side.

Analysing the investment pattern which followed the 1958 revolution
reveals that total planned government investment.contjnuously increased
during this period, but the.share of agricultural invésfment declined
(see Chapter 3). However, the actual government expenditure in agric-
ulture was the lowest among all economic sectors. This was probably a
major set-back for agriculture when, in reality, extra investment was
highly important to cover at least the cost of institutional and admin-
istrative changes, barticu1ar1y in a period when the role of the state;
compared with the private sector,was being enlarged. The only significant
change was that investment in agricultural services was gradually improved.
Nonetheless, these increases were not enough to increaée agricultural
productivity significantly, especially if one considers the size of
investment required in agricultural seryices during @his period when

agriculture was facing major institutional and adminjstrative changes.

As noted earlier, the institutional changes increased the

government's control of input factors as well as production and the
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distribution of most input factors became the functibn of the government.
Basically the main reason for that was the assumption that government
should fill the gap which was left by the dispossessed lTandlords in
providing agricultural services to the new land reform beneficiaries.
The available evidence, however, suggests that input factors, such as
HYV‘s;and fettiTiégﬁéiﬁéfé hbtfexfénsi?ély takennubti,«
by faﬁhéfértﬁéduéhbaiﬁfﬁe ééﬁhff&, éébéé%é]iy ih ééé%ﬁ production (see
Chapter 7). It has been argued that the use of new technology
ultimately depends on other socio-economic factors, such as farmers'
willingness to change, certain economic incentive schemes and on envir-

onmental factors as well,

This has been the case in Iraq. Although the government subsidized
most of the new input factors, farmers' response 1n the use of such
input factors was low, especially in grain production (see Chapter 7).
This may reflect four points : first, farmers in Iraq traditionally and
still adopt a policy which is based on Tow investment and Tow risk.
This point becomes very clear if one considers the utilizationAof
HYV's and fertilizers in the rainfed area of northern Iraq (see Chapter 7);
secondly, the ineffectiveness of economic incentive schemes, such as
pricing policy and marketing organization (see Chapter 3); thirdly,
the absence of active extension services (see Chapter 6), and fourthly,
environmental conditions remained more important than was administratively
recognised. Clearly, the interrelation among these points is very

important.

It seems in particular that the effectiveness of extension services
is the key factor in such a situation to obtain a response in agricultural
development, and farmers willingness of change will especially depend on
such effectiveness. For example, farmers still practice a simple annual

fallow farming system. Accordingly, half of the cultivated land is
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cropped annually leaving the other half to rest for the next season.
Farmers using this crop-fallow farming system in the rainfed region
believe that this system improves soil moisture (see Chapter 9). In

the irrigated area, however, the fallow system is practiced to reduce the

water table and to decrease or control soil salinization (see Chapter 9).

Summer cultivation in both cases is restricted to relatively small areas.

‘Improving the farming system, and consequently obtaining high
yield, requires highly skilled farmers and this cannot be achieved,
especially in Iraqi conditions, without active extension services.
Improving the farming system in the irrigated area is not only a matter
of supplying irrigation water, but also requres a full knowledge of
other factors, such as timing of irrigation, irrigation duties for
each crop, providing and maintaining good drainage systems, adoption
of rotation systems to maximizé the use of water and improve soil
conditions. In the rainfed area, to change from the dry-fallow system
to a true dry farming system also requires different but good skills
and good management, i.e. timingvthe farm operations to ensure they
coincide with rainfall occurrence, selecting the rith crops for

rotation purposes, using the appropriate equipment, ploughing, etc.

Clearly, improving the farming system will depend considerably
on the effectiveness of extension services, especially in Iraq where
farmers' education is low and environmental conditions are critical,
partly on the availability of the right equipment and by creating an

economic environment that is seen by farmers to justify such changes.

Apparently, the government has been unable to provide adequate
services which agriculture badly required despite the increase of
expenditure on agricultural services and direct government intervention

in agrﬁcu]ture through the state and collective farms, farm machin-

R ——
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ery rental stations, providing extension and other services. The state
farms were neither comprehensively successful as extension nor as
commercial farms (see Chapter 6). Farm machinery rental stations were
not efficient and worked at substantial losses (see Chapter 8). Although,
the private sector owned the largest share of farm machinery in Iraq,
it's ability to provide adequate services at the right time and at the
right place is still a matter of concern (see Chapter 8). The avail-
ability of farm machinery at the right time and at the right place

is vital to ‘improve the farming system in both the irrigated and rainfed

areas.

Given all these shortcomings with socio-economic and technical
factors,we see that agriculture is still largely controlled by envir-
onmental conditions. In the rainfed area it has been established that
a large proportion of the annual yield of wheat and barley variation is
related to the seasonal rainfall (see Chapters 12 and 13). The statist-
ical analysis indicates that there has been some relative improvement
in farming practice, but such improvement was not enough to show any

trend of increase in productivity.

Agricultural production before 1958 was dominated by environ-
mental conditions, especially by rainfall in the rainfed area (see
Chapters 12 and 13). Studying the impact of rainfall on the yield of
wheat and barley reinforces other evidence that there was a period of
dislocation which followed the introduction of land reform. Meanwhile,
in the irrigated area, the inefficient use of water resources combined
with harsh environmental conditions, such as high temperature and
high evaporation, haveresulted in low efficiency of water use and the
continued build-up of salts on the top soil which decreased land

productivity (see Chapter 9).
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Clearly, the impact of environmental conditions in general and
weather conditions in particular on both irrigated ahd rainfed agriculture
is negatively affected by the level of development of the socio-economic
and technical sectors. In that sense, one may formulate some

recommendations for the future development of agriculture in Iraq:-

1. Agriculture planning should be more comprehensive and integrated.

Basically, two farming systems should be recognized in such plans, irrigated
and rainfed agriculture, each of them requiring integféted social,
economic and technical programmes appropriate for their fundamental

characteristics.

2. Agricultural investment should be substantially jincreased,
especially on agricultural services, to make for more balanced economic

growth and to give agriculture a real push.

3. Agricultural planning should consider improving agricultural
productivity as its first priority (vertical development). This approacﬁ
would have many socio-economic and technical advantages, especially in

the long term.

4, Improving marketing institutions, marketing intelligence and
pricing policy are necessary to give farmers the real incentive to

improve agricultural productivity.

5. Introducing crop insurance schemes could minimize the risks
involved in agricultural production. Such schemes may therefore encourage
farmers to invest in agriculture, especially when they know that their

crops are insured against natural disasters.

6. Improving agroclimatic studies in both irrigated and rainfed areas,

is extremely important. Such studies would provide vital information which can

be fed back to the planning system at different levels but especially at
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the farm Tlevel.

An acceptance of these basic principles in future agricultural
development would help to improve agricultural production and prod-
uctivity, and consequently would have many significant impacts such as
decreasing food imports, safeguarding water-supplies, controlling
rural-urban migration and improving the rural development as a whole.
In reality, the adoption and execution of such planning is totally
dependent on government policy since the state has aésumed responsib-
ility for all the key elements in agriculture. Such pqlicy,then,has
to recognise the complex interdependence of forces which govern

production and productivity in agriculture.
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Appendix A
Table A.1 Annual Planned Government Investment Between 1951-79
1.D. Thousands
Sector Agriculture Transport Building
- Industry and and Total
Reservoirs, | Agricul- communic- | Services
Year Irrigation, | tural Total ation
Drainage Services
1951 3,024 450 3,474 50 2,642 3,028 9,194

52 7,100 1,300 8,400 3,000 4,800 3,800 20,000
53 10,840 2,150 12,990 ‘ 5,000 5,350 4,450 27,790
54 11,950 2,400 14,350 6,000 5,950 4,650 30,950
55 14,105 860 14,965 4,119 16,068 8,506 43,658
56 25,500 2,700 28,200 17,000 20.250 15,700 81,150
57 27,900 2,700 30,600 16,000 29,300 24,800 100,700
58 28,000 2,300 30,300 11,000 34,150 23,200 98,650
59** 30,250 2,300 32,550 9,000 22,100 22,350 86,000
59* 12,295 2,190 14,485 9,761 22,457 30,523 77,226 |
60 14,288 3,853 18,141 12,568 36,190 70,044 136,943
61%* 8,717 4,176 12,893 10,450 26,205 51,520 101,068 -
61* 13,405 6,147 19,552 14,424 24,860 38,073 96,909
62 13,510 6,669 20,179 24,675 32,410 30,792 108,056
63 16,990 5,770 22,760 39,607 29,800 25,457 117,624
64 19,470 5,228 24,698 43,008 27,890 24,009 - 119,605
65 11,485 14,353 25,838 32,100 26,566 29,610 114,114
66 15,773 13,728 29,501 42,573 23,570 23,813 119,457
67 17,193 12,603 29,796 39,816 20,997 22,668 113,277
68 20,340 19,599 39,939 39,540 20,702 - 23,520 123,701
69 11,520 10,887 22,407 21,000 12,000 15,000 70,407
70 14,900 13,100 28,000 28,000 15,268 13,000 84,268
n 30,700 29,300 60,000 50,000 28,000 28,000 166,000 |
72 13,082 10,129 23,211 28,000 | 16,000 22,000 89,211
73 35,200 29,800 65,000 60,000 40,000 45,000 210,000
74 56,200 133,800 190,000 | 225,000 120,000 175,000 710,000
75%* 54,300 153,200 207,500 448,000 166,000 188,000 1,009,500
76 268,000 709,000 242,500 213,200 1,432,700
77 389,877 966,000 351,600 368,045 2,075,522
78 2,800,000
79 3,283,000

*

Three months

**  Nine months

Source: 1.

Shammem, A.A. and Al-Waeth, A. (1972)
Fulfilment in Iraq between 1951 - 74, Ministry of Planning, Baghdad,

2. Saman, B.B. (1975) : The Reality of Agric

Planning, Baghdad, Iraq (in Arabic).

3. Ministry of Planning : Statistical Abstract of 1976, Ba

: Follow-up Report on The Economic Plans

ghdad, Iraq.

Iraq (in Arabic
ultural Planning in Iraq, Ministry of

).
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Table A.2 Distribution of Planned Government [ nvestment According
‘to Economic Sectors
Sector Agriculture Industry Tra:;gort Bu;;ging Total
Reservoirs,| Agricul- communic- | services
Year irrigation, tural Total ation
drainage services
1951 87.0 12.0 37.8 0.5 28.7 32.9 100

52 84.5 15.5 42.0 15.0 24.0 19.0 100
53 83.4 16.6 46.7 18.0 19.3 16.0 100
54 83.3 16.7 46.4 19.4 19.2 15.0 100
55 94.2 5.8 34.3 9.4 36.8 19.5 100
56 90.4 9.6 34.7 21.0 25.0 19.3 100
57 91.2 8.8 30.4 15.9 29.1 24.6 100
58 92.4 7.6 30.7 11.2 34.6 23.5 100
59** 93.0 7.0 37.8 10.5 25.7 26.0 100
59* 84.9 15.1 18.8 12.6 29.1 39.5 100
60 78.8 21,2 13.3 9.2 26.4 51.1 100
61%* 67.6 32.4 12.7 10.3 26.0 51.0 100
61* 68.6 31.4 20.2 14.9 25.6 39.3 100
62 67.0 33.0 18.7 22.8 30.0 28.5 - 100
63 74.6 25.4 19.4 33.7 25.3 21.6 100
64 78.8 21.2 20.6 36.0 23.3 20.1 100
65 44.5 55.5 22.6 28.1 23.3 26.0 100
66 53.5 46.5 24.7 35.6 19.7 20.0 100
67 57.7 42.3 26.3 35.1 18.6 20.0 100
68 50.9 49.1 32.3 32.0 16.7 19.0 100
69 51.4 48.6 31.8 29.8 17.1 21.3 100
70 53.2 46.8 33.2 33.2 18.1 15.5 100
n 51.2 48.8 36.1 30.1 16.9 16.9 100
72 56.4 43.6 26.0 3.4 17.9 24.7 100
73 54.2 45.8 31.0 28.6 19.0 21.4 100
74 29.6 70.4 26.8 31.7 16.9 24.6 100
75%** 26.2 73.8 20.6 44.4 16.4 18.6 100
76 18.7 49.5 16.9 14.9 100
77 18.8 46.5 16.9 17.7 100

*  Three months
**  Nine months

Source : Calculated from Table A.1 .
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Annual Government Expenditure in the Economic Development

Programmes 1951 - 1575

1.D. Thousand

\\\éector

Frne

Agriculture Transport | Building
Industry and and Total
Reservoirs,| Agricul- communic- | services
Yea;\\\\\\ irrigation,; tural Total ation
drainage services
1951 841 155 -996 - 908 1,127 3,031
52 2,491 274 2,765 81 2,307 2,47 7,624
53 4,795 1,231 6,026 461 2,238 3,228 11,953
54 8,519 1,048 9,567 2,045 4,949 4,030 20,591
55 11,963 458 12,421 2,883 9,916 6,060 31,280
56 12,177 912 13,089 5,039 11,097 13,209 42,434
57 12,855 1,113 13,968 8,591 14,200 19,989 56,748
58 11,438 1,466 12,904 11,880 9,555 17,152 51,491
59** 6,477 1,452 7,929 3,872 12,403 16,053 40,257
59* 2,289 342 2,631 971 1,202 4,320 9,124
60 9,571 1,238 10,809 5,681 7,922 21,182 45,594
61** 4,945 2,252 7,197 5,130 12,008 21,358 45,693
61* 2,195 484 2,679 1,942 2,110 8,838 15,569
62 3,832 2,151 5,983 10,327 15,792 . 26,383 58,485
63 2,648 1,864 4,512 9,530 18,320 21,222 53,584
64 4,061 2,672 6,733 16,516 18,860 30,594 72,703
65 3,206 2,791 5,997 15,128 12,443 16,194 49,762
66 3,732 4,767 8,499 29,288 15,099 12,047 64,933
67 6,962 4,062 11,024 23,722 13,600 . 13,285 61,631
68 8,067 5,177 13,244 18,164 9,924 12,956 54,288
69 9,173 8,333 17,506 17,592 10,092 11,831 57,021
70 14,058 21,145 7,406 | 9,894 52,503
n 49,310 35,917 16,963 17,605 119,795
72 29,276 22,212 19,864 16,717 88,069
73 37,786 66,360 27,576 36,471 168,193
74 78,043 184,075 105,631 90,624 458,373
75* 99,903 290,175 138,024' 101,056 629,158

Source :

*  Three months

**  Nine months

As in Table A.1
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Table A.4 Distribution of Annual Governmental Expenditure According
to Economic Sectors

Sector Agriculture Transport | Building
- - Industry and and Total

Besgrvo1rs Agricul- Total communic- | services

irrigation tural ation
Year drainage | services

1951 84.4 15.6 32.8 - 30.0 37.3 100
52 90.1 9.9 36.3 1.1 30.2 32.4 100
53 79.6 20.4 50.4 3.9 18.7 27.0 100
54 89.1 10.9 46.4 10.0 24.0 19.6 100
55 96.3 7 39.7 9.2 31.7 19.4 100
56 93.0 .0 30.8 11.9 26.2 311 100
57 92.0 8.0 24.6 15.1 25.0 35.3 100
58 88.6 n.4 25.1 23.1 18.5 33.3 100
59** 81.7 18.3 19.7 9.6 30.8 39.9 100
59* 87.0 13.0 28.8 10.6 13.2 47.4 100
60 88.5 11.5 23.7 12.4 17.4 46.5 100
61%* 68.7 31.3 15.7 11.2 26.3 46.8 100
61%* 81.9 18.1 17.2 12.5 13.5 - 56.8 100
62 64.0 36.0 10.2 17.7 27.0 45.1 100
63 58.7 41.3 8.4 17.8 34.2 39.6 100
64 60.3 39.7 9.3 22.7 26.0 42.0 100
65 53.5 46.5 12.1 30.4 25.0 32.5 100
66 43.9 56.1 13.1 45.1 23.3 18.5 100
67 63.2 36.9 17.9 38.5 22.0 21.6 100
68 60.9 39.1 24.4 33.4 18.3 23.9 100
69 52.4 47.6 30.7 30.9 17.7 20.7 100
70 26.8 40.3 14.1 18.8 100
71 41.2 29.9 14.2 14.7 100
72 33.2 25.2 22.6 19.0 100
73 22.5 39.4 16.4 21.7 100
74 17.0 40.2 23.0 19.8 100
75%* 15.9 46.1 21.9 16.1 100

Sources

*  Three months
**  Nine months

Calculated from Table A.3
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Table A.5 Annual Expenditure Efficiency in Economic Sectors, 1951 - 75 (%)

Sector Agriculture Transport | Building
Industry and and Total

Reservoirs | Agricul- Total communic= | services

irrigation tural ation
Year drainage services

1951 27.8 34.4 28.7 34.4 37.2 33.0
52 35.1 21.1 32.9 27.0 48.1 65.0 38.1
53 44.2 57.3 46.4 9.2 41.8 72.5 43.0
54 71.3 43.7 66.7 34.1 83.2 86.7 66.5
55 84.8 53.3 83.0 70.0 61.7 71.2 71.6
56 47.8 33.8 46.4 29.6 54.8 84.1 52.3
57 46.1 41.2 45.6 53.7 48}5 80.6 56.4
58 40.9 63.7 42.6 108.0 28.0 73.9 52.2
5 21.4 63.1 24.4 43.0 56.1 71.8 46.8
59* 18.6 15.6 18.2 9.9 5.4 14.2 1.8
60 67.0 32.1 59.6 45,2 21.9 30.2 33.3
61** 56.7 53.9 55.8 49.1 45.8 41.5 45.2
61* 16.4 7.9 13.7 13.5 8.5 23.2 16.1
62 28.4 32.3 29.6 41.9 48.7 85.7 54.1
63 15.6 32.3 19.8 241 61.5 83.4 45.6
64 20.9 51.1 27.3 38.4 67.6 127.4 60.8
65 27.9 19.5 23.2 47.1 46.8 54.7 43.6
66 23.6 34.7 28.8 68.8 64.1 50.6 54.4
67 40.5 32.2 37.0 59.6 64.8 58.6 54.4
68 39.7 26.4 33.2 45.9 47.9 55.1 43.9
69 79.6 76.5 78.1 83.8 84.1 78.9 81.0
70 50.2 75.5 48.5 76.1 62.3
N 82.2 71.8 60.6 62.9 72.2
72 126.1 79.3 124.2 76.0 98.7
73 58.1 110.6 68.9 81.0 80.1
74 LA 81.8 88.0 51.8 64.6
75* 48.1 64.8 83.2 53.8 62.3

*  Three months
**  Nine months

Source : Calculated from Tables A.1 and A.3.
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Appendix B, Table B.1

Land Utilization in Iraq by Province in 1958/59 (DONUMS)

| _ Arable Land Fallow Land | Perman- | Fodder Total
Province ent Pastures crops Forests
1956/57 | 1957/58 ~ | 1956/57 | 1957/58 | crops area
Nineveh 3,494,073 |3,554704 3,433,252 | 3,381,954 | 50,300 27,764 9 3,046 7,017,777
Arbil 1,259,428 ;1,252,692 | 1,076,179 1,085,350 { 18,434 32,315 2,056 4,428 2,395,275
Sulaimaniya 852,349 885,655 479,524 452,228 | 21,768 16,666 - 6,636 1,382,953
Kirkuk 1,734,259 |1,759,659 | 1,745,439 1,722,319 3,222 3,267 - 388 3,488,855
Total Northern Region 7,340,109 | 7,452,710 | 6,734,394 | 6,641,851 93,724 80,012 2,065 14,498 14,284,860
Diala 1,543,667 | 1,539,127 | 1,294,266 | 1,302,577 | 69,217 | 25,372 27 695 | 2,937,015
Baghdad 1,242,444 | 1,253,069 880,975 875,006 | 45,712 12,028 29,382 280 2,215,477
Anbar 264,835 270,602 162,852 162,102 | 20,715 610 2.569 205 456,803
Kerbela 77,466 73,753 61,877 55,421 48,214 476 1,179 - 189,043
Babil 737,518 751,130 563,502 563,060 121,286 370 3,906 - 1,439,752
Total Central Region 3,865,930 | 3,887,681 2,963,472 2,968,166 {305,144 38,856 37,063 1,180 7,238,090
Al-Qadisiya 1,186,479 | 1,260,333 967,523 905,622 {106,290 3,106 954 1,165 2,277,470
Wasit 1,164,710 | 1,710,271 1,233,837| 1,230,272 | 14,874 5 - 66 2,955,488
Maysan 804,123 789,696 835,369 843,587 | 16,906 | 7,586 1,180 - 1,658,955‘
Thi-Qar 1,297,933 | 1,306,109 645,421 637,083 | 45,252 91,990 2,586 - 2,083,020
Basrah 90,806 91,506 47,595 48,556 | 167,741 18,199 1,207 1,385 328,594
Total Southern Region | 4,544,051 | 5,157,915 | 3,729,745 3,665,120 | 351,063 | 120,886 | 5,927 2,616 | 9,303,527
Grand Total 15,750,090 {16,498,306 |13,427,611{13,275,137 |749,931 239,754 45,055 18,294 30,826,477

Source:

Ministry of Planning (1961)

Year 1958-59, Baghdad, Iraq.

: Results of The Agricultural and Livestock Census in Iraq for the

-L€9-
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Appendix B, Table B.2

Land Utilization in 1970 1in Iraq'(DONﬁMéji

. Arable Permanent Permanent
Province land crops pasture Forest Other lands Total area
Nineveh 6,894,501 36,663 27,960 6,965 100,710 7,066,799
Arbil 1,644,248 15,934 36,721 9,271 37,345 1,743,519
Sulaimaniya 634,458 19,722 7,770 14,162 17,663 693,775
Kirkuk 2,850,975 3,644 617 3,596 66,920 2,925,752
Rogion O M| 12,024,182 75,963 73,068 33,994 222,638 | 12,429,845
Diala 1,555,638 55,929 2,783 702 278,359 1,893,411
Baghdad 1,209,884 74,492 1,563 2,469 345,900 1,634,308
Anbar 277,639 20,832 2,035 1,701 82,353 384,560
Kerbela 112,475 52,834 378 27 30,355 196,069
Babi1 759,014 109,439 3,488 2,213 287,904 1,162,058
qotal Central | 3 914,650 313,526 10,247 7,112 1,024,871 5,270,406
egion

Al-Qadisiya 891,978 54,732 3,886 77 418,089 1,368,762
Wasit 1,364,285 12,636 1,843 1,706 419,231 1,799,701
Maysan - 468,715 5,618 1,298 10 184,743 660,384
Thi-Qar 678,992 24,288 58,776 54 426,825 1,188,935
Basrah 50,663 119,235 8,080 247 30,479 208,704
gtal Southern| 3 454,633 216,509 73,883 2,094 1,479,367 5,226,486
Grand Total 19,393,465 605,998 157,198 43,200 2,726,876 22,926,737

Source

: Ministry of Planning (1973)

: Results of the 1971

Census of Agriculture, Baghdad, Iraq, Table 8, p.37.
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Appendix B, Table B.3 Farm Population by Province in 1958/59*

? No. of
Labour people Farmers Farmers |Tot. Farm
Provinces force supported paid in paid in Popula-
by farmers kind cash tion
. Ninevah 205,957 237,339 29,673 4,076 443,296
§ Arbil 77,327 110,038 12,017 5,207 187,365
. Sulaimaniyia 116,823 59,444 2,853 2,622 176,267
Kirkuk 100,479 117,061 7,677 12,657 217,540
Total Northern
Region . 500,586 523,882 52,220 24,562 1,024,468
Diala 101,869 101,766 19,465 1,276 203,635
Baghdad 160,978 79,413 23,165 3,287 240,391
Anbar 53,171 63,837 853 527 117,008
Kerbela 23,867 21,068 406 - 44,935
Babil 124,086 82,888 26,571 - 1,678 206,974
Total Central o
Region 463,971 348,972 70,460 6,768 812,943
i Al Qadisiya 201,120 125,708 64,718 917 326,828
§ Wasit 94,621 38,762 25,049 374 133,383
. Maysan 158,638 72,613 53,829 996 231,251
Thi-Qar 74,528 255,671 20,532 1,918 330,199
Basrah 96,919 64,466 | 27,269 4,951 161,385
Total Southern 625,826 | 557,220 | 191,397 9,156 | 1,183,046
Region
Grand Total 1,590,383 | 1,430,074 | 314,077 40,486 E 3,020,457

* To obtain the total farm population, the total number of labour force
must be added to the number of people supported by farmers.

Source : Ministry of Planning (1961) : Results of The Agricultural _
and Livestock Census in Iraq for 1958/59, Baghdad, Iraq, (Arabic)
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Appendix B, Table B.4 ‘Farm Population by Province in 1971
( Holders Hired Workers | Total
Province . No. of Popul- No. of ! Popui- = No. of Farm
! House- ation House- | ation House- Popul-
I holds holds f ' holds ation
Nineveh 99,983 | 629,290 228 | 1,255 100,211 | 630,545
Arbil 37,331 | 220,611 115 | 595 . 37,446 221,206
Sulaimaniya 47,971 264,235 151 778 | 48,122 265,013
Ki rkuk 43,675 | 264,068 413 | 2,495 | 44,088 266,563
i |
Total Northerni o8 960 11,378,204 907 5,123 | 229,867 | 1,383,327
Region ; _
Diala 34,450 | 256,706 | 4,307 | 29,756 | 38,757 286,462
Baghdad 43,132 | 329,784 | 9,805 | 63,649 | 52,937 393,433
Anbar 18,554 | 154,479 | 1,189 8,979 | 19,743 163,458
Kerbela 12,848 88,159 | 1,884 | 10,520 | 14,732 98,679
Babil 39,759 | 282,886 | 2,574 16,755 | 42,333 299,641
fotal Sentral | 148,743 1,112,014 | 19,759 . 129,659 168,502 | 1,241,673
Al-Qadisiya 43,175 | 264,914 | 8,835 . 52,600 | 52,010 317,514
Wasit 33,830 | 193,132 | 4,719 27,379 | 38,549 220,511
Maysan 41,987 | 215,918 841 5,539 | 42,828 221,457
Thi-Qar 62,740 | 340,235 206 1,268 | 62,946 341,503
Basrah 30,990 | 242,487 736 4,573 | 31,726 247,060
| . ' _ : ‘
T°tage§$g§her”? 212,722 |1,256,686 | 15,337 | 91,350 228,059 1,348,045 |
4 1 ? .
Grand Total 590,425 |3,746,904 | 36,003 : 226,141 626,428 | 3,973,045

Source: Ministry of Planning (1973) : Results of the 1971 Census of
Agriculture, Baghdad, Iraq, Table 40,  page 136.
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Agricultural Employment by Province in

- 1958/59 and 1971

Agricultural Agricultural
Province Employment - Employment
in 1958/59 - 197
Nineveh 205,957 353,946
Arbil 77,327 110,252
Sulaimanya 116,823 166,510
Kirkuk 100,479 118,599
Total.Northern 500,586 749,307
Region

Diala 101,869 145,674
Baghdad 160,978 190,904
Anbar 33,171 78,952
Kerbela 23,867 58,217
Babi1 124,086 173,746
Total Central 463,971 647,493
Al-Qadisiya 201,120 143,406
Wasit 94,621 113,124
Maysan 158,638 121,410
Thi-Qar 74,528 205,342
Basrah 96,919 130,481

| Tota]uSouthern 625,826 713,763

Region

Grand Total 1,590,383 2,110,563

Sources : 1.

2. Ministry of Planning (1973) : Results of The 1971 Census of

Ministry of Planning (1961)

: Results of The Agricultural
and Livestock Census in Iraq for 1958-59, Baghdad, Irag, (Arabic)

Agriculture, Baghdad, Iraq, Table 39 , page 131.
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‘Appendix C, Table C.1 The Distribution of Land Tenure in Agricultural Holdings in each Proyince in 1958/59
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[DONUMS)
; | | | Miri- | | | , | Unsettled | -
Province | Tapu @ % | Iazma % sirf | % Wagf % . Mulk % ° Land L% Total
' ; % ; ' Title ,
Nineveh 13,861,116 30.93 1,429,889 13.51 1,624,451 ;24.08| 63,380  14.43 1,530 | 0.59: 67,097 | 4.08 | 7,047,463 |
Arbil 1,191,820 9.55 774,704 7.32 161,649 | 2.400 1,175  0.27 3,229 | 1.25. 264,528 .16.09 | 2,397,105
Sulaimaniya 1,062,489  8.51 64,099 0.61 160,948  2.39, 370 ' 0.08 17,253  6.69 92,735  5.64 ' 1,397,894
Kirkuk 1,925,836 15.43 936,671 8.85 538,504 = 7.98| 69,421  15.8]1 985 | 0.38  25.853  1.57 | 3,497,270
Northern Reg. 8,041,261 64.42 3,205,363 30.29 2,485,552 36.85/134,346  30.59 22,997 | 8.91, 450,213 :27.38 |14,339,732
Diala 1,143,366 - 9.16 1,305,186.12.33- 349,643 | 5.18/224,857 51.21 68,671 [26.62 - - | 3,001,723
. Baghdad 217,450 © 1.74 1,165,480 11.00, 948,591 |14.07| 27,872 ' 6.35, 65,068 (25.22 - - 2,424,461 |
. Anbar 123,041  0.99 357,941 3.38' 31,264 | 0.46) 2,324 = 0.53; 6,858 | 2.66 - oo 521,428
Kerbela 164,216 1.32 39,352. 0.37 2,375 | 0.04 843 | 0.19 13,966 | 5.41 - - 220,752
Babi1l 582,850 4.67 840,616 7.94 91,308 | 1.35| 27,186 . 6.19] 2,891 | 1.12 - - 1,544,851
 Central Reg. 2,230,923 17.88 3,708,575 35.02 1,423,181 |21.10/283,082  64.47/157,454 |61.03 - - | 7,803,215 ¢
Masit 724,078 5.80 1,573,697 14.86 403,533 | 5.98 173 0.04] - - - - 2,701,481 |
| Maysan 35,525 0.28 58,505 0.55,2,059,753 | 30.54 104 1 0.02 450 | 0.17 - - 2,154,337
Thi-Qar 1,011,047 8.10 80,187, 0.76 - | - - 426 | 0.17 1,169,010 71.10 | 2,260,670
Al-Qadisiya 269,310 - 2.16 1,929,216,18.22| 326,466 | 4.84 - - 99 1 0.04 7,200 © 0.44 | 2,532,291
| Basrah 169,444 . 1.36) 32,133, 0.30 45,805 | 0.68 21,370 3 4.87| 76,572 29.68 | 17,764 | 1.08 | 363,088
Southern Reg. 2,209,404 |17.70 3,673,738!34.69 2,835,557 | 42.04; 21,647 | 4.93] 77,547 30.06 1,193,974  72.62 | 10,011,867
' Grand Total 12,481,588 | 100 10,587,676! 100 6,744,290 | 100 439,075 100 |257,998 | 100 1,644,187 100 32,154,814

Source : Ministry of Planning (1961) : Results of the Agricultural and Livestock Census in Iraq
for the year 1958/59, Baghdad, Iraq, (in Arabic).




Appendix C, Table C2

The Distribution of Land Tenure in Agricultural Holdings in each Province in 1971 IDO NUMS]

-[€9-

! . Owned Tot.Hold-
Province Tapu Lazma Miri- % Mulk Rented % from Ag- % lings in
Sirf * rarian provinces

Law | !

Nineveh 871,414 (28.80 740,543;19.69 218,888114.37 650,083{39.14| 3,430,099/36.54 (1,166,875 {32.54] 7,077,902
Arbil 327,369 i10.82 305,400 8.12 32,765| 2.15| 273,043|16.44 689,056] 7.34{ 116,976 | 3.26, 1,744,609
Sulaimaniya 58,046 | 1.92 21,161} 0.56 41,768} 2.74 194,964]11.74 320,261 3.41 57,648 | 1.61 693,848
| Kirkuk 559,836 {18.50| 493,712!13.13 277 .,626118.23 68,297} 4.111 1,201,450112.80! 326,495 | 9.10] 2,927,416
ggg?gﬁr” 1,816,665 |60.04! 1,560,816(41.5 571,04737.49| 1,186,387|71.43| 5,640,866(60.09{1,667,994 {46.51| 12,443,775
Diala 256,006 | 8.46 438,830(11.67 32,815| 2.16]  145,743| 8.78 954,648{10.17 64,929 | 1.81 1,892,971
Baghdad 158,867 | 5.25| 437,520(11.63 153,59610.08 77,648 4.68 479,602] 5.11| 326,948 | 9.12 1,634,181
Anbar 107,807 | 3.56| 130,266! 3.46 19,359 1.27 19,218| 1.16 72,218] 0.77 35,628 | 0.99 384,496
Kerbela 43,802 | 1.45 36,853 0.98 32,469| 2.13 24,322| 1.46 36,894| 0.39 21,790 | 0.61 196,130
Babil 139,246 | 4.60 250,245 6.65 103,020| 6.76 32,814] 1.98 218,374| 2.33| 418,692 [11.68 1,162,391
ggg%gﬁ1 705,728 [23.321 1,293,714|34.39| 341,259{22.40| 299,745/18.06| 1,761,736|18.77| 867,987 [24.21| 5,270,169
Wasit 241,558 | 7.981 227,705! 6.05 132,061 8.67 28,4611 1.71 760,111 8.10] 413,104 {11.52 1,803,000
Maysan 24,277 | 0.80 26,360| 0.70| . 52,516| 3.45 18,033] 1.09 230,418| 2.45] 309,062 | 8.62 660,666
Thi-Qar 28,864 | 0.95 71,417 1.90 322,657 121.19 15,0791 0.90| 554,126 5.90| 196,951 | 5.49 1,189,094
Al-Qadisiya 179,866 | 5.94| 573,973{15.26|  61,494| 4.04 70,175 4.23 356,661] 3.80| 127,088 | 3.54 1,369,257
Basrah 28,953 | 0.96 7,623 0.20 41,9921 2.76 42,8741 2.58 82,950 0.88 4,091 | 0.11 208,483
gg:ggﬁfn 503,518 |16.63 907,078 {24.11 610,720 40.11 174,622 110.51 | 1,984,266121.13{1,050,296 |29.28 5,230,500
Total 3,025,911 | 100 | 3,761,608 100 | 1,523,026 100 | 1,660,754 100 | 9,386,868} 100 13,586,277 | 100 22,944,444

" Source: Ministry of Planning (1973)

* Includes operated on a squatter basis, and other holdings managed by other form

: Results of 1971 Census of Ag.Baghdad, Iraq, Table 6 and 6A,pp.28-31.
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Appendix C, Table C.3 The Size Distribution of Agricultural Holdings

Tn 1958/59

Size_ of No. _of y Area 9
Holdings Holdings (Donums )

< 1 23,089 9.12 8,599 0.03

1< 4 50,021 19.80 93,722 0.03

4 < 10 40,475 15.98 243,004 0.76

10 < 20 30,431 12.01 411,152 1.30

20 < 30 18,038 7.12 419,151 1.30

30 < 40 12,907 5.10 423,580 1.32

40 < 50 9,673 3.82 417,601 1.30

50 < 60 7,787 3.07 411,903 1.30

60 < 80 13,422 5.30 892,184 2.80

80 < 100 8,675 3.42 751,769 2.34

100 < 120 8,087 3.19 847,351 2.64

120 < 150 5,810 2.29 756,918 2.35

| 150 < 200 7,103 2.80 1,184,728 3.70

; 200 < 300 6,224 2.46 1,439,130 4.50

300 < 400 2,788 1.10 921,494 2.90

400 < 500 1,496 0.59 649,391 2.02

500 < 600 957 0.38 508,787 1.60

600 < 800 1,209 0.48 819,561 2.55

800 < 1,000 750 0.30 664,083 2.10

1,000 < 1,500 1,179 0.46 1,446,209 4.50

1,500 < 2,000 653 0.26 1,113,981 3.46

| 2,000 < 4,000 1,293 0.51 3,583,931 11,15

; 4,000 < 10,000 835 0.33 4,966,391 - 15.45

| 10,000 < 20,000 224 0.09 3,030,773 . 9.43

| 20,000 < 50,000 95 0.04 2,998,607 % 9.33

50,000 < 100,000 25 L 0.01 1,725,988 . 5.40

; > 100,000 8 0.003 1,424,825 | 4.43

Total 253,254 100 32,154,813 100

Source : Ministry of Planning (1961) : Results of the Agricultural and
Livestock Census in Iraq for the year 1958/59, Baghdad, Iraq,
Table 2, p.7, (in Arabic).
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Appendix C, Table C.4 The Size Distribution of Agricultural Holdings

in 1971

Size. of No. 'of g Area %

Holdings Holdings i - (Donums)

< 1 6,995 1.30 3,536 0.02
1 < 4 60,217 11.17 129,027 0.56
4 < 10 89,815 16.66 561,026 2.45
10 < 20 83,339 15.46 1,097,053 4.79

20 < 30 60,863 11.29 1,377,976 6.01
30 < 40 65,814 12.21 2,085,707 9.10
40 < 50 51,219 9.50 2,135,648 9,31
50 < 60 19,568 3.63 1,018,478 4.44
60 < 80 38,867 7.21 2,530,834 11.04

80 < 100 14,240 2.64 1,217,842 5.31
100 < 120 14,537 2.70 - 1,497,949 6.53
120 < 150 17,410 3.23 2,141,507 9.34
150 < 200 6,854 1.27 1,111,402 4.85
200 < 300 4,089 0.76 941,287 4.11
300 < 400 1,719 0.32 560,845 2.45
400 < 500 864 0.16 369,430 1.61
500 < 600" 513 0.10 268,537 1.17
600 < 800 575 0.1 381,393 1.66
800 < 1,000 302 0.06 266,038 1.16
1,000 < 1,300 553 0.10 578,869 2.52
1,300 < 1,600 130 0.02 186,214 0.81
1,600 < 2,000 104 0.02 182,715 0.80
> 2,000 453 0.08 2,283,432 9.96

Tota 539,040 100 ' 22,926,745 100

Source : Ministry of Planning (1975) : Annual Abstract of Statistics, 1974,
Baghdad, Iragq, Table 28, p.56.




Table D.1  The Progress of the Agricultural Cooperative under the Land Reform Law Between 1961-1975 in Iraq

APPENDIX D,

1961 1962 1963 1964 ' 1965 1966 1967 . 1968
Province No.of Mem- [No.of|Mem- [No.of {Mem- [No.ofTMem- No.ofMem- |No.of|Mem- [No.of{Mem- :No.of|Mem-
' Coops bers | coopsibers |Coops |bers |Coops|bers " {Coops;bers | Coops bers . Coops|bers Coops:bers
Nineveh § - - 2 694 7 f 1,939 | 19 {3,032 28 : 4,367 40 ; 5,151 46 | 6,334 62 % 6,889
Arbil ? - - - - - - 9 880 10 § 1,291 12 ; 1,407; 21 | 2,872, 26 § 4,034
Sulaimaniya | 20 524 524 | 7 . 524 7. 699, 7 699 9 1,023, 21 . 1,718
Kirkuk E 158 158 158 9 657 16 © 1,841 24 @ 2,415] 26 . 4,106| 34 . 3,792
Total of | i
Northern 4 178 { 11 (1,376 | 16 12,621 | 44 |5,093 61 ¢ 8,198 83 i1 9,672; 102 {14,335! 143 16,433
Region
Diala ] 40 177 2 177 7 923 12 ¢ 1,350 16 | 2,277 21 { 3,762 30 | 4,231
Baghdad - - 530 4 530 | 38 3,204 45 ! 5,299, 51 : 5,786 55 | 7,414} 55 | 7,894
Anbar 10 1,669 ! 14 12,228 | 15 {2,299 | 30 4,043 8| 378 19 660 30 | 1,676 28 : 1,822
Kerbela - - 1 26 1 26 8 484 17 1 1,998 17 { 1,998, 17 | 2,303} 17 . 2,347
Babil 2 234 2 234 6 810 { 13 1,054 34 4,966 44 | 6,574} 39 | 5,376| 40 | 6,047
Total of ‘
Central 13 1,943 { 23 13,195 | 28 {3,842 ! 9 :9,708 | 116 !13,991| 147 {17,295| 162 [20,531{ 170 {22,341
Region Z A _ ' ' » _
Al-Qadisiya| - - 2 453 |3 652 | 13 11,699 23 | 2,831 29 | 3,557/ 32 | 4,707| 42 | 5,331
Wasit - - 10 {1,784 { 11 1,922 | 43 6,214 47 7,346 51 | 7,885 51 | 9,232 79 |10,314
Maysan - - 2 542 2 542 | 18 702 26 2,123} 34 | 2,868 36 | 4,684] 45 | 6,580
Thi-Qar - - - - - 2 20 14 953 14 953 10 891 14 | 1,087
! Basrah - - - - 2 264 7 314 10 7711 10 771 10 | 1,056 10 { 1,233
Total of -
Southern - - 14 12,779 | 18 13,380 | 83 | 8,949 | 120 | 14,024| 138 |16,034| 139 |20,570| 190 |24,545
Region | & :
i i | ‘ i |
| Iraq % 17 ,2,112 48 17,350 | 62 19,843 :223 23,750 | 297 ,36,213| 368 43,001 403 |55,436| 503 63,319
{ i i 3 :

-0v9-



APPENDIX C, Table D.1  (Cont.)
_ L 1969 1970 1971 1972 1973 1974 1975
Province No.of | Mem- | No.of' Mem- | No.of] Mem- | No.of| Mem- | No.of| Mem- | No.of] Mem- | No.o Mem-
.Coops | bers Coops bers | Coops, bers | Coops| bers | Coops| bers | Coops bers ; Coops bers
Nineveh . 9 11,137: 103 14,601 107 |16,905| 152 179 19329,699| 266 32,918
Arbil .27 4,798 33 6,326 371 6,479 39 52 52,171,264} 104 12,697
- Sulaimaniya % 21 2,295, 32 4,064 34} 5,059 42 61 60! 8,471} 135 12,302
Kirkuk P39 4,595 58 6,815 60 | 7,694 70 101 103:14,278 113 | 15,742
Total of : i
Northern . 183 122,825 226 31,806| 238]36,137] 303 393 40863,712| 618 73,659
Region | ;
Diala 71 | 8,901 43 2 8,217} 45| 9,261 42 67 | 74:14,702| 79| 15,865
Baghdad 40 6,531 84 112,025 98 |15,298 116 | 141 . 163120,718| 170 | 21,656
Anbar 31 1,954| 32 2,404| 32| 2,723 50 . 64 . 68] 4,790| 77| 5,342
Kerbela 18 | 2,515 22 2,692 22| 3,491 25 35 39/ 6,199| 45| 6,878
Babil 64 | 7,821 65 ' 10,441 54 | 9,024| 84 | 12 123:19,811 | 124 | 21,260
Total of ! ! 2 )
Central 224 |27,722) 246 35,779 | 251 139,797 317 - 419 467:66,220 495} 71,001
Region § 1 ; g
Al-Qadisiya 74 | 7,678/ 81 10,118| 87 10,688 103 131 141.16,567 | 158 | 17,821
Wasit 91 {12,690 109 ;16,826 110 21,48 109 ; 157 . 155°28,933 | - 156 | 28,801
Maysan 56 | 7,892 79 9,143| 81 13,114! 106 115 | t 116°21,773| 113 24,547
Thi-Qar 27 | 1,815 481! 4,849] 52 11,602 52 . 64! 64 14,989 | 74 16,585
. § : { H
Basrah 12 1,452 16 g 1,951 18 1 2,289 25 5 35, 35 5,529 38| 7,230
Total of ! ] : ; ;
Southern 260 |31,527) 333:42,887| 348 159,179 395 ! 502 ! 511,87,791 | 539 | 94,984
. Region P . : ; ?
| Iraq 667 182,074 805 110,472 837 135,113{1,015 [146530} 1,314 201,490 1,386 217,723(1,652 239,644
: i i ? i i

Source: Ministry of Planning, Series of Annual Abstract of Statistics,1961-1975,Baghdad, Iraq.
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Appendix E, Table E.1 The Estimated Net Area Cultivated with Wheat Distributed According to seed Varieties
and Prea Fertilized (T00 donums)
1970/71 1971/72 1972/73
. . R 1
. Mexi- Main | Oth- Mexipak Other Impor-iMain local @ Mexipak Other Impor- Main 19ca15
Province | pak :local|ers |Total ted variet- ivarieties Others Total ted variet-| varieties Others Total
P vart ies i ies ‘ :
eties F UF | F|UF | F| U | F | U | F| U | FIU [ F UF | F UF | F| U ; F |LUF

Nineveh 113/1,781 | 9,47131,365; - [4,805{ - {15,063 - 11,152} ~ | - T 31,0204 T 1,790 T 15,430 - :2,511 B 152 i9,883
Arbil 107 12,621 | 1,243 3,971] - | 250 - |2,745' - | 2,964 ~ i " T 15,959 T | 1737 11,294 | - ‘4,823 | - - - 5,890
Sulaimaniya 52{1,548 101,610 - . 724| - 634: ~ |1,656] ~ 75 | 3,089 - 695 | - 374 | - ;1,487 - 127, - 2,683
Kirkuk 17711,369 | 2,773/ 4,319, - 498| - 17,372 - 5,292{ - 3,942 - 117,104} - 638 | - 870 | - 8,78 | - 251 - j0,319
gg;ﬂ‘)ﬁ”" 44917,319 [13,497|21,265| - 6,277| - 25,814 21,064| - #,017| - |57,172| - 3,296 | - (7,968 | - 17,207 | " | 304, "~ 28,775
Diala 229 (1,140 | 1,600 2,969 348 410 21 254 4 | 1,685 1 481| 371} 2,830 59| 658 | - 17 - 630 - 1,152 59 ;2,457
Baghdad 1,821 672 274/2,767: 1,3042,774} 108 527| 14 312 - 22411,426| 3,837 6273169 3 249 - 122 - - 630 3,540
Anbar 118 140 138, 396 2789 191 3 1681 24 76| 34 127 336 562| 183 537 3 75 1 40 9 20| 19 . 672
Kerbela 45 38 - 83 17 87| - - - - - - 17 87{ 21 107 | - - - - - - 21 [ 107
Babil 859 291 449{1,599 527] 929 1 691 16 39| 42 127 | 586! 1,164 6991084 # 4 57 N L " 431 703 !1,184
g:;fgf 3,072|2,281 | 2,461|7,814 | 2,4684,391 | 133 |1,018| 58 | 2,112\ 77 | 9592,736| 8,480(1,589/5,555 : 10 | 398 | 1 792 9 1,215 1,609 ! 7,960
A1-Qadisiya | 432]1,492 69 ];993» 12511987 - 3| 4 393 - 4| 129} 2,387 43/1,830 - 3 - i 97 - 43 43 11,973
Wasit 1,612} 486 |2,617(4,715 816{1,347 | 53 187 5 381 - 4231 874 2,338, 344{2,030 9 n -1 325 2 1211 355 3,247
Thi-Qar 478 14 724i1,216 478 471} - 471 1 446 | - 7| 479 971§ 332f 697 - 9 - 275 - 291 332 :1,010
Maysan 329 - 388 717 205 151 - - 1 111 273 | 207 425 14| 546 - - - 179 - 110 14 835

. l
Basrah 212 - - 212 -1 38| - - - - - - - 386 5{ 81 - - - - - - 5 81
32:?23‘”“ 3,063(1,992 : 3,798(8,853 | 1,624{4,342 | 53 | 237|111 |1,221| 1 | 707[1,689|6,507| 7385184 | 9 | 783 | - | 876 . 2 | 303| 749 |7,146
Total 6,584 11,592 ]19,756 37932 14,092|15010| 186 27,069| 69 24,397| 78 5,683,425 72,159 {2,327}K035 | 19 19,149 1 (18,875 l 11 1,822 2,358 I3,881

Source: Ministry of Planning : Annual Abstract of Statistics 1971, 1972, 1973, Baghdad, Iraq.,F : Fertilized , UF : Unfertilized.
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Appendix E, Table E.2 Quantities of Imported Chemical Fertilizers

Year Metric | Year | Metric
tons tons
1957 1,363 1966 | 17,585
1958 4,353 1967 31,460
1959 1,643 1968 36,370
1960 4,784 1969 62,830
1961 6,413 1970 64,873
1962 8,502 1971 34,372
1973 10,308 1972 | 48;233
1964 11,326 1973 25,062
1965 13,010 |

Sources: Al-Anni, K. (1972) : Iraq Agricultural Geography,
Arab League, Cairo, Table 21, p.138, (in Arabic).
Rashid, M.N. & Al-Bandar, T. (1972) : The Chemical
Fertilizers in Iraq, Ministry of Planning,Baghdad,
Irag, Table 11, p.42, (in Arabic).

Ministry of Planning, Annual Foreign Trade of
1971, 1972 and 1973, Baghdad, Iraq.



Appendix E, Table E.3 Number of Holdings and Fertilizers Use by Area in 1970/71

Organic fertilizers . Chemical fertilizers
Province No. of Quantity Area No. of | Quantity | Area

Holdings m.(Tons) {Donums) Haldings . m{Tons) : (Donums)
Ninevah 14438 102862 69598 6447 3524 53408
Arbi1 7462 28838 41724 682 374 8172
Sulaimanya 11455 29478 41904 6,388 1118 27373
Ki rkuk 3021 33802 16873 1088 717 15676
go‘”‘?hem 36376 194980 170099 14605 5733 104629
egion
Diala 11289 87038 43121 7812 P11 54569
Baghdad 12133 148242 106404 20857 19728 303572 &
Anber 3535 24317 14884 3843 2114 38983 s
Kerbela 5371 64067 30,326 8253 4966 80519 !
Babi1 17400 129500 91407 17934 9522 151,275
gggfg? 49728 453164 286142 58699 39541 629018
Al-Qadisya 275 5212 4905 10493 9961 159476
Wasit 2749 25231 1 18065 720 4806 . |- 103172
Thi-Qar 526 2,759 1,802 1818 413 57,798
Maysan 52 338 981 9164 1197 46116
Basrah 8248 44039 22701 8751 2152 ‘ 27,020
ﬁg;ﬂ‘)ﬁ”‘ 11850 77579 48454 . 36946 18529 393582
Iraq 97954 725723 504695 110250 63803 | 1127229

Source: Ministry of Plannin §1973) : Results of 1971 Census of Agriculture, part one, Baghdad,
- Iraq, Table 47, p,?6 . . _



Appendix E, Table E.4 The Estimated Area Under Wheat Production (Fertilized and Unfertilized) (100 donums)

-G¥9-

: _
o 1971/72 . 1972/73 1973774
Province T e  Un- | Un-
Fertilized | fertilized | Total Fertilized ; fertilized ° Total Fertilized |fertilized Total
Ninevah | - 3p20 31020 - 983 9883 - 27926 27926
Arbil - 5959 ' 5959 - . 5890 5890 - 6988 . 6988
Sulaimaniya - 3089 3089 - 2683 2683 - 2204 L2204
Ki rkuk . - 17104 17,104 - 10319 - 10319 61 12003 12064
Northern
Reqion 5 - 57172 57,172 - 28775 28775 61 49]21 49,82
Diala 37 2830 3201 63 2457 2520 221 2592 2813
Baghdad @ 1426 3837 5263 630 3540 4170 571 2614 3185
Anbar 336 562 898 197 672 869 63 698 761
Kerbela 17 87 104 21 107 128 24 47 71
| Babil © 586 1164 1750 703 1183 1886 530 1031 1561
ggg§g§] 2736 8480 11216 1614 7959 9573 1409 6982 8391
Al-Qadisiya 129 2387 2516 43 1973 2016 14 1385 1399
Wasit 874 2338 P12 | 355 - 3247 302 | 722 3003 3725
Thi-Qar 479 971 1450 332 | 1010 1342 230 1471 1701
Maysan 207 425 632 14 835 849 31 870 ! 901
Basrah - 386 386 5 81 86 - 35 35
Southern
Region 1689 6507 8196 749 7346 7895 997 6764 7761
Irag | 4425 72459 76584 2363 43880 46243 2467 1 62867 65334

“Source : Ministry of Planning, Annual Abstract of Statistics, 1972, 1973 and 1974, Baghdad, Iragq.



Appendix E, Table E.5 The Estimated Area Under Barley Production (Fertilized and Unfertilized) (100 donums)

1972/73 1973/74

Province Un- Un-
Fertilized fertilized Total Fertilized fertilized Total
~Nineveh - 1882 1882 - 3806 3806
' Arbil - 1092 1092 - 1097 1097
Sulaimaniya - 709 709 - 588 588
Ki rkuk - 2908 2908 - 3095 3095
ggg?gﬁr" - 6591 6591 - 8586 8586
Diala 11 1853 1864 34 1773 1807
Baghdad 88 1053 1141 154 1507 1761
Anbar 13 269 282 8 335 343
Kerbela 25 101 126 2 97 99
Babil 104 2230 2334 120 1714 1834
g§g$gﬁ] 241 5506 5747 318 5526 5844
Al-Qadisiya 7 1395 1202 - 1055 1055
Wasit 56 2807 2863 99 2788 2887
Thi-Qar - 1466 1466 - 1558 1558
Maysan - 633 633 - 808 808
Basrah - 62 62 - 34 34
gggggﬁrn 63 663 6226 99 6243 6342
Iraq 304 18260 18564 417 20355 20772

Source: Ministry of Planning, Annual Abstract of Statistics, 1973 and 1974, Baghdad, Iraq.
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Appendix E, Table E.6 The Estimated Area Under Paddy Production (Fertilized and Unfertilized)
(00 Donums)

-L¥9-

1973 1974
Province Un- Un-

Fertilized fertilized Total Fertilized fertilized Total
Nineveh 1610 | 4040 5650 - 1,700 1,700
Arbil - | 920 920 340 3740 4080
Sulaimaniya 1280 790 ’ 2070 - - -
Ki rkuk 500 7150 7650 700 30860 31560
ggggggr” 3390 12900 16290 1040 36,300 33340
Diala - - - - - -
Baghdad - - - 1620 1030 2650
Anbar : - - - - - -
Kerbela 31040 - 31040 137800 34550 172350
Babi - 60 60 - - . -
522?221 31040 60 31,100 139420 35580 175000
Al-Qadidiya 97780 gil0 | 105890 97710 5060 102770
Wasit - So- .- ' - - -
Thi-Qar - 6220 6220 190 116510 116700
Maysan 870 90560 191430 227450 585170 812620
Basrah 360 510 870 4250 79670 83920
Southern 99010 105400 204410 329500 786410 1116010

gion !

Irag | 133440 118360 251800 470060 858290 1328350

Source : Ministry of Planning, Annual Abstract of Statistics, 1973 and 1974, Baghdad, Irag.



Appendix E, Table E.7

~648-

Chemical Fertilizers Consumption in Iraq

Year

Consumption (MT)

1961/62 - 65/66

1967/68

1968/69

1969/70

1970/71

1971/72

1972/73

1973/74

1974/75

1975/76

1976/77

1977/78

2,500
9,326
10,902
14,522
17,000
20,246
22,670
28,669
34,442
32,706*
34,000

54,200*

* Unofficial figures

Source : F.A.0. (1979)
Series No. 23,

: Fertilizer Year Book, 1978, Study

Rome, Italy, Table XVI, pp.76-77.



Appendix F, Table F.1

Number of Tractors Sold and Distributed According to Province in Iraq

Province 1950{1951{1952 {1953 (1954 [1955{1956 {1957 |1958 (1959 {1960{1961|1962 {1963 {1964 [1965| 1966 | 1967|1968 |1969 {1970 [1971 [1972 11973 [1974 1975
Nineveh 62 | 4131 [107 114 | 39 {101 {80 | 37| 7 |66 | 93|350 {268 |252 |274 {236 |137 [174 118 | 89 | 12 | 20 [115 | 22 |39
Arbil -l 2l 7117 ] 8 21113 | 1 14 |36 52| 4{20]30)|52},9]|7 18|40 |20]| 8281 2|17
Sulaimaniya 3| - 2 | 3 w8l 2 1| -l21lwl21{1226|25| 9704 {19]5] 3] 2141} 1|19
Kirkuk 12 - 625 |17]25}|14]| 8| 6| 5| 863|158 |79 {47 55| 96 [109 {165 | 87 | 46 | 40 '112 (136 | 16 | 68
ggg}gﬁr" 77 1 6 | 52 [151 [142 | 74 {154 [103 | 45 | 20 |109 |206 |581 |363 |354 [384 |475 |406 |455 (242 |234 | 75 (142 |324 | 41 |143
Diala 41 2| -1 s| 3lw6|13|23|17] 6{18|60| 63|49 |51 ] 77116 72100 | 60|61 |67 |76 ({113 |66 [108
Baghdad 59 | 27 | 23 [114.(54 {8 | 98 | 93 [100 | 36 [208 {333 | 264 {217 (200 |242 | 308 [291 [295 {272 {162 {394 414 418 [378 560
Anbar 4| - - 117|122 72| 53949 96 |65 (47 | 74] 74| 93| 50 {93! 34 |31 |8 | 79 114 {130
Kerbela 11 - 86| 2| 3/ 5| 2| -1 3l12}12}10}10}| 9/ 7| 6| 4| 9|19 |30 |13}|2 |21 |2
Babil 1] 4| 718! 816|182 {17} 3|35|48| 52|67 |54]37] 53({110| 681|562 |61 ]|62|69]78]95
Central 69 | 33 | 33 D162 | 83 [137 [152 |1
Region 2 |148 |162 | 50 |303 |502 | 487 |408 |362 |439 | 558 |572 |517 |490 |297 |583 |645 |705 |657 |918
Al-Qadisiya 8 6 |22 |14 |2013a]15] 71 1 8| 3| 5|14 ]11] 33|47 23|15 | 34| 28{37|31139]|a
Wasit 120 5|10 |5 12222 9|10, 2 1] 20 | 42175 ]92) 90| 79 63 | 63 |16 | 37 | 37 {106 | 24 | 27
Thi-Qar -l v -2l - s 3o - -0 - v 3 2] 23] 6] 3} 1] 5] 2|18 |15]2
Maysan -8 1|24 6| 3| 46| - 3] 2 (1| 6|37 48| 51| 18| 8{16 | 20| 13| 46 | 39 | 37
Basrah L1 -] 2 Vs 3| 7] - 130 21110 6| 7( 7] 1 1| 2| 4| 3|14 840
southern ?4é1 15 120 {30 |33 | a9 E » :

Reaion | | 20 75134 140 | 3 {10 | 35| 28 | 74 {116 |158 | 200 {215 {111 | 90 | 69 | 94 | 92 {211 |125 [171
: i :
_ : f 1
- ' | :
Irag 167 { 54 1105 (343 (258 [260 |381 (285 247 173 422 743At?96 845 1832 981 1233 1193 1083 {822 {600 |752 |879 N240 823 0232
—= . : |
Source : Ministry of Economics : Annual Abstracts of Statistics, 1950-1958, Baghdad, Iraq.

Planning

1959-75,

~6¥9-



Appendix F, Table F.2

Number of Combines Sold and Distfibuted According to Province in Iraq

| B H )

Province 195019511952 (1953|1954 1955 {1956 1957 1958 1959 {1960 {1961 [1962 {1963 | 1964|1965 {1966 {1967 |1968 |1969 {1970 [1971 11972 (1973|1974 (1975
Nineveh 79 | 72 | 66 {298 {116 | 38 |109 [239 | 16 { 17 | 12 {189 {207 [174 |220 {191 | 65 | 27 | 60 | 91 |71 82| 6| 7 |4
Arbil -l sy s5|16] - -} 1v]10] & -|28 (115|193 |2 [17/43[3 |20 ] 3]20 -| -] -
sulaimaniya -l v a4 a| 3| - -2 - -{ -1 a4l 1| -{2{1v{v|3|3|6|a|-{2|1]-]-
Kirkuk Mj1wjw| 4] 3| 4|13/33| 6|97 | -|78|24|20}{16|4 26| 6 )9 |71 |20} -{52] -] 1} -
ggg%‘ﬁ"" 90 | 95 | 85 |367 |122 | 42 |123 [284 | 26 |120 | 12 |299 |243 |209 |257 |271 |118 | 53 |201 |204 [115 | 6 {156 | 7 | 8 |4
piala -l - -0 - -l -l st 7 yn|{ - 24} -] v 7] |96 -|8]-|1]-
Baghdad '8113)| 8|50]29]14|37|23|32) 2| 1|3 4] - 3}91| 5] 9|16 3829 -|17: 4| 9|38
Anbar S R I D I R O AT T R B DU 2 AR (RSN NN R N P N2 N T R B I [
Kerbela S N RS R R P R S T A R I R R I R P N R R O - T N
Babil o N e 2 T T T A B R A IR B I S - TN R B B A I/ IR S B A

— . —

Central . | _ _ |

Region 8 13 8 50 29 16 48 25 1 13 1 37 ? 10 5 98 12 13 25 ‘ 53 37 56 ; 5 X N 38
A1-Qadisiya -l -f -1 1] -] 8|32 v -l -0 -1 2|ee|3) 3|2l 2l6] - -]-
Wasit -1 -] 31 3; 1] 4] 8| 5° -2l 7 - -] -yl sl 9l 11w 7201 - -
Thi-Qar o T T e B e e e R R TR S ST S B ST BN S R I BT I BT I
Maysan - - - - - - 1 - - - - -, - - - - - - - - - - 1 \ - - -
Basrah - - - = - - - 1 1 - - - i - - - - - - - - - - 1 - - -
South ) ' I‘

outhern : :

Region -] -] 3|4 11223 1 20 7 - V] 1| ] 857 4] 429N 1) - -
i

Iraq 98 {108 [96 421 {152 ' 70 {214 {335 : 80 |134 | 15 [343 253 |210 {263 |380 |138 |123 |240 {261 |164 | 15 i223 : 13 | 19 | 79

Source : Ministry of Economics : Annual Abstracts of Statistics, 1950-1958, Baghdad, Iraq.

Planning

1959-75,

-099-



Appendix F, Table F.3

Number of Ploughs Soid and Distributed According to Province in Irag

Planning

, 1959-75,

’ : — —
Province 1950)1951}1952]1953|1954 |1955 | 1956 {1957 {1958 [1959|1960|1961 {1962 [1963 [1964 |1965 |1966 |1967 {1968 [1969 [1970 {1971 1972 [1973 1974 {1975
Nineveh 3¢ {12 (1204 |18 18 |61 {31 |11 | 831 |60 |64 |8 [115 |63 |46 {36 |45 {21 |18 | 5 | 1 |60 |11 |24
Arbil 21 211 5| 5! 31| -]6|10]6|-]3|6]6|19|1n]3 -l 2l |1 w2
Sulaimaniya - 8 3018 4| - -[2 |17 (17|10 |30 |24 |62 |30 |20 ] 4 -1 33311 n
Kirkuk 3| -| 4 4 5| 21 12 -] 2 {1 {15 {18 {16 {18 {16 [29 |18 13 15 {92 [13 |61
Northern 39 | 16 | 25 |53 |27 | 30 |8 |40 |13 |10 | 59 | 89 [103 |105 [166 09 132 [101 [105 |46 |32 |18 r21 206 | 36 [108
Region |10 v
Diala 3] 17| -] 6] 3|11 |12 15|23 6|17 |51 |49 |38 |40 |56 |8 |55 |49 |35 |32 |20 |16 |88 |49 |65
Baghdad 72 |37 {2 | 71 | 58 | 71 | 76 | 68 | 88 | 33 |158 |245 |230 1245 (217 250 |268 |268 |194 |149 | 86 |165 | 87 [278 (314 |372
Anbar 11 -112] 9|14 20| 6 (26| 4:29 |49 |88 63|41 168 |56 {85 (38 |59 |11 |14 |25 |61 | 1 {197
_ Kerbela - 9, 4| 1| 3| 3| 1} - 2lw2|5 w| 5| 7| a|]6| 2| 3[15}12] 3123|1916

Babil 3 150 9 16|17 16 |16 | 1 29|53 |47 6045 |34 |35 |91 |59 |44 |22 |57 |25 52|82 |65
ggg§gg‘ 84 | 42 | 34 |113 | 83 |113 [128 |108 |152 = 44 |235 |410 |419 [416 |348 |415 |449 [505 |342 [290 [166 268 |[156 |502 [465 |715
Al-Qadisiya 9| 3f 4{15/17 |16 38|18 6 1 10| 2! 4| 813283 |20|12!21 15! 9|28 |46 | 38
Wasit | 7| 7| 4| s8lisje2 |13/ 11 i 10|21 44|56 |91 |58 |71 |52|48 4 |12| 7|97 17|17
Thi-Qar -l 2| - 2} - 50 - - -1 -] 1] 2 12131 2} 1] -] 4| v {nlw]|13
Maysan - 8| 1 2] 2] 6 15 -] - 2111 24 (48 [ 31 {16 3| 31| 4 [38 3819
Basrah - SN T T R U R B A 31 8 -1 4|14 6y 7/ 1| -, -] -110; 6| 8
gg;?gﬁ”" 23| 20| 15| 21|29 | 41!65]40 |30 2! 5]30]|30 | 75 85 146 (154 {169 | 91 | 60 | 28 | 53 | 21 (184 ‘113 | 95

L i : - i ; . ’

. Irag 146 | 78 | 74 |187 [139 |184 :282 (188 [195 56 299 529 |552 596 |599 670 |735 |775 538 [396 226 339 198 (892 ‘614 |918
Source : Ministry of Economics : Annual Abstracts of Statistics, 1950-1958, Baghdad, Iraq.
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Appendix F, Table F.4 Number of Agricultural [mpiements Sold and Distributed According to Province in Iraq

Province 1950/ 195119521953 |1954 195531956!1957 1958 |1959 11960 |1961{1962|1963 /1964 |1965 |1966 [1967 | 1968 {1969 {1970 {1971 {1972 {1973 [1974}1975
Nineveh 30 123280 [92 |17 |81 55 |24 |21 |38 {105 | 88 {216 {135 | 93 [143 |60 | 25 |23 |42 | - | - |49 [ 21| 47
Arbil 1] 2 9w 21| 2|2 22| 2|12 |14j2 |29 16|22 {2328 |71 |1 | 5] 2| -]-]13|2]30
sulaimaniya -2 5| 2| -116i 8| -] -|1w| 9| 7|66l 13| 966|710 1]-]2|-(16
Kirkuk 9| 3| 1|28 (12|28 |16 21| 4| 3| 6 |47 (110|832 (35|61 (22|61 (23 {16 | 1| 1 (75| 7]205
Northern 40 | 19 | 47 (127 [125 | 48 [129 |1 ' : 62 |1 0| 2| 1139 | 30398
Region 06 | 30 | 36 | 72 (181 |234 |320 {204 |157 |245 {162 |107 ; 58 ' 7
: |
Diala , 102" v a1l 7234386 aa]|a3far]os|3n 38|25 3] 5| -|27] 32 191
Baghdad 24 | 53 28 | 54 | 55 | 71 | 88 {115 112 | 65 [205 |249 |242 |162 144 |223 |215 [169 [118 {152 , 83 | 46 | 62 [405 ;415 1,143
Anbar Vi1 - 6| 3| 7 4| 6| 9] 1132322217227 {19 92 (12| - - [130 71 247 |
Kerbela -l v a7 - -6 2 - -t a0 6] 3] 3] 7)1 -|3]2]-1-.13 6|4 |J
Babil 11 -1 2y 96| 8] 7|{M | 4 1/19|3]|23{19{10|13| 6|18 62| 9| 3| - 2683178 |
. | :
Central { | . f l " ‘
Region 27 | 57 35| 80 | 65 [100 [134 {153 |146 ' 74 281 (346 (393 [253 ‘217 (306 |353 [238 ‘171 [224 [137 | 54 | 62 |601 |607 1,804
I . , ,
Al-Qadisiya 11| - 2 106 1. v 6] 1] af -] 2 5 7| - -1 -1 18] 92
Wasit -] 5] 6} 3] 4] 9% | 1| 272|642 24| 9198 7|2|2-|-110] 259
Thi-Qar . - -] 2y -7 1) -1 -1 1] v - 1 -1 - | 6, 1| -, -] 2| -1 6 57
Maysan -l-l - 2 2 303 -1 3| 5] -, 91 7716 P10 2 13 - -2 54
Basrah -1 -1 -1 -] -1 3 5116 - 1] 3} 1 5i 3| 8: 5| -7 1] 1| -1 9| 9| 33 |
; ! P
aggggg”“ p vVl 6!l 8 61 9|17 2 {1623 8;41| 2 19 41| 42|43 53372 | 3: 8: 3| - ? 38 i 45 | 295
e = — ‘ ‘
Iraq - 68 82 90 1213 1199 {165 289 1275 |199 118 394 |553 ‘646 -614 463 !506 651 (437 300 (285 215 59 | 63 778 682 p,497
o | i ; i ;

: .
i i }

Source : Ministry of Economics : Annual Abstracts of Statistics, 1950 - 1958, Baghdad, Iragq.
"w n P]anning : " n " n , 1959 - ]975’ 1t n



Appendix F, F.5

-653~

Number of Equipment Owned by Holders of Land or

Rights of Usufruct in 1958/59 by Province

Tractors Combine Threshing
Province Harvesters Machines
No. HP No. HP
Nineveh 254 10,160 55 2,456 56
Arbil 153 6,024 34 1,085 6
Sulaimaniya 30 1,345 5 249 -
Kirkuk 324 11,141 74 -],561 65
Northern
Region 761 28,670 168 | 5,351 127
Diala 139 6,456 15 774 17
Baghdad 503 18,195 55 2,480 It
Anbar 281 9,792 - - -
Kerbela 4 160 - - -
Babil "~ 157 5,144 - - -
Central &
Region 1,084 39,747 70 3,254 | 29
!l
A1-Qadisiya 251 9,785 37 1,690 34
Wasit 233 9,404 32 1,928 9
Thi-Qar 4 155 - - -
|
Maysan f 65 | 2,348 - - -
Basrah IR FY - - -
Southern 857 21,813 69 3,618 43
Region } | ‘
Irag 2,402 90,230 307 12,223 199
, |
Sources : Ministry of Planning (1961) : Results of the Agricultural &

Livestock Census in Iraq for the year 1958-59, Baghdad, Iragq,
(in Arabic)



Appendix F, Table F.6 Number and Kind of Equipment Owned by Holders on 15.10.1971 by Province

Province Tractors hggcggggrs ‘Ploughs Cultivators gﬁ;;; ggﬁ?;ﬁgg% Imp?ggggts
Nineveh 2,331 | 1,076 2,806 882 2,021 1,433 938
Arbil 460 106 1,469 254 397 612 1,110
Sulaimaniya 600 144 400 121 61 113 62
Ki rkuk 1,158 657 502 1,096 1,049 1,581 545
ggg?gﬁr" 4,549 1,983 5,177 2,353 3,528 3,739 2,655
Diala 725 43 687 611 37 266 699
Baghdad 846 77 983 663 3,626 710 2,391
Anber 483 6 401 317 | 2,117 221 137 &,
Kerbela 45 0 51 18 424 159 352 =
Babi1l 310 3 528 248 423 189 1,362
g§g§g§1 2,409 129 2,650 1,857 6,961 1,545 4,941
A1-Qadisiya 250 89 201 135 999 50 1,097
Wasit 407 82 - 578 170 972 177 468
Thi-Qar . 334 v 20 313 | 62 o311 : 69 2,238
Maysan 640 21 907 394 1,079 | 101 184
Basrah - 136 3 . 51. . ... 15 2,600 188 2,292
gggfggr" 1,767 215 2,110 776 5,961 . 585 6,279
Iragq 8,725 2,327 9,937 4,986 16,450 5,869 13,875

Source : Ministry of Planning (1973) : Results of 1971 Census of Agriculture, Baghdad, Iraq, Part one,
Table 43P, pp.158-159..



Appendix F, Table F.7 Number of Tractors Available at the Ministry of Agrarian Reform by Province

-GG69-

Province 1965 1966 ** | 1967 1968 1969 '
1960|1961 {1962 1963|1964 . - 1970{1971]1972{1973 1974 {1975
No. | hp. { No. | hp. { No. { hp. | No. | hp. | No. | hp.
Nineveh - 120 | 22|27 | 28| 27]1430 30 | 1610 | 28{1501 | 24 {1295 | 19 | 47 | 45 | 43 | 47 | 269
Arbil 19 (39 31 {37 {37 34179 | 38 | 1940 | 38 |1940 | 381940 | 28 | 23 | 22 | 35 | 35 | 88
Sulaimaniya 16131131 27|13 -| - 15| 790 | 28|1492 | 2811492 | 22| 41 | 40 | 60 | 54 | 129
Kirkuk 16 | 31 | 40 | 38 | 32 | 59 |2977 : 55 |2770 | 39 (1906 | 391906 | 26 | 24 | 48 | 57 | 60 | 174
ggg;“;ﬁ”‘ 51 (121 (124 {129 [127 | 120 |6)97 138 {7710 | 133 | 6839 | 129 (6633 | 95 {135 (156 (195 {196 | 660
Diala - 229272323 |yNn 29 {1471 | 32|1656 | 341766 | 27 | 31| 32| 45 | 53 | 224
Baghdad 65% 81 | 66 | 83 | 67 [122 | 6095 186 9561 | 168 | 8374 | 122 | 6018 | 156 |134 | 76 | 90 /115 | 211
Anbar -] 7l12{12}10] 23 |1262 331860 | 33)1860 | 381790 | 23| 41} 15| 16 | 26 | 101
Kerbela _| 8j12{13| 6| 6 | 297 20 (1060 | 9| 489 | 20{1091 | 15| 24 15| 20| 21 | 51
Babil 9| 8| 8| 13|18 | 14 | 703 2211160 | 21 {1124 | 20|1024 | 18| 31| 18| 23| 28| 52
Central 74 128 |127 |148 |124 '
Region 188 | 9528 290 15112 | 263 14003 | 234 111689 | 239 | 261 | 156 | 194 | 243 | 639
ol
Al-Qadisiya 30{ 39 { 36 | 35|31 |37 |2035 20 12j90 | 241326 | 331772 | 24| 56| 28| 53 | 58 | 157 |
Wasit 49| 71 ]102 |112 | 95 | 98 | 5365 106 | 5831 | 137 | 7499 | 120|6253 | 110 | 83| 79| 88 |104 | 314 |
Thi-Qar 70 77121428 [1183 26 (1293 | 23(1378 | 23|{1178 | 87 37| 30| 23| 27| 75
Maysan 19 19} 25| 23| 28 | 22 | 1220 : 31| u5 | 32|1787 | 32| 1787 | 55 30| 30| 27| 26| 88
Basrah -{ 2{ 6! 8} 5{10 | 475 | 6] 328 4| 228( 4 228( 28| 17{ 8| 8| 14| 100
323;‘2?” 105 {138 {176 1190 {173 {191 (10278 209 11357 | 220 128 | 21211218 | 304 {223 | 175 | 199 | 229 | 734
| 1Iraq 230 | 387 1427 467 |424 |499 26,003L L 637 B3579 | 616 32860 | 575(29540 | 638 | 619 | 486 588 | 668 | 2033

* including Baghdad, Diala and Anbar Provinces
** No data available.
Sources : Ministry of Planning : Annual Abstractsof Statistics, 1960-1975, Baghdad, Iraq.



Appendix F, Table F.8 Number of Combines Available at the Ministry of Agrarian Reform by Province

-9G9-

| i T T T
i | 1965 1966% 1967 1968 . 1969
Province 1196111962 1963:1964 T ; 197011971 11972 /1973119741975
i i No. . hp. . No. | hp. No. . hp No. hp. | No. | hp. :
Nineveh o= 119 32 28 37 - 2550 30 © 2100 26 1820 29 | 2175 % 49 41 70 {95 | 94 | 122
Arbil 12|57 19, 27 1735 30 1990 | 35 |2415 | 35 (2475 | 25 25 |40 |56 | 56 | 96
Sulaimaniya % 2 4 4 8 . - - - | - - 36 | 2630 32 | 2400 . 25 . 36 |42 | 50 | 50 | 105
Kirkuk (122 17 {12 28 @ 1868 . 30,2700 | 40 [3450 | 45 {3375 | 45 . 55 | 55 | 85 | 85 | 155
; ] ’
gg;?gﬁ"" 26 {58 70| 63: 92 | 6153 90 ! 6790 | 137 10315 | 141 (10425 |144 ;157 {207 (286 (285 | 478
' ; ! N : .
Diala -] 7 90 9 13 900 201 1300 | 30 | 2050 30 {2250 | 46 | 50 | 33 | 43 | 43 | 118
Baghdad . 21130 54 33 78 5490 106 | 7181 | 197 (14092 169 (11695 | 191 {213 | 97 {132 |132 ; 250
Anbar E - 3 ; 3 - 8 . 610 6 480 6 480 6 480 g 13 3 3 3 46
Kerbela e T - - - - - 5, 50101515 -
Babil L=l -1 20 2| 12 850 Ny o7s] |70 | | sl |26 | 248|118 37
1 : S
Central | 21, 40 681 44 | 111 7850 ; 143 | 9736 | 244 17332 216 {15)40 | 272 307 }167 211 |211 | 451
Region | : A )
Al-Qadisiya é 30 17 ) 30! 19 32 2163 E 43 1 3985 57 | 4025 57 [4g25 ) 70 | 70 | 55 | 67 | 67 74
Wasit 125 221 46} 31 52 3524 . 53 | 3614 81 | 5815 81 | 5815 ! 86 | 8 | 77 {113 |113 | 216
Thi-Qar : P - 2 -] 2 ] 130 6 30 .9 615 9 615 9| 52| 48 | 55} 55 74
| . .
Maysan ; 1 -1 3 3 8 .570 : 10 720 17 | 1235 13 840 | 18 | 18 [ 26 | 34 | 34 41
Basrah } e -0 - - - - - - -] - 51 -1 -t -] -
i i :
! -
Sg;’{gﬁm ll 56 | 39| 81| 53| 94 | 6387 | 1121 8709 | 164 {11690 | 160 11495 | 183 {231 {206 | 269 |269 | 405
' f
Iraq 103 137 {219 160 | 297 | 20390 345 | 25235 | 545 (39337 517 B7,060 | 599 {695 {580 | 766 | 765 {1,334

* No data available

Source : Ministry of P]anning : Annual Abstracts of Statistics, 1961 - 1975, Baghdad, Iraq.
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No. of Ploughs Available at the Ministry of
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Agrarian Reform

Province 1971 1972 1973 1974 1975
Nineveh 32 32 30 32 120
Arbil 24 8 18 16 79

“sulaimaniya 34 41 56 56 84
Kirkuk 16 30 40 48 65
Northern
Region 106 111 144 152 348
Diala 31 25 30 51 176
Baghdad 100 70 85 100 189
Anbar 29 17 16 15 82
Kerbela 25 15 20 21 51
Babil 29 16 21 23 47
Central 214 143 172 210 545
Region
Al-Qadisiya 49 35 53 50 153
Wasit 105 67 78 91 272
Thi-Qar 30 32 27 24 55
Maysan 23 18 24 32 - 89
Basrah 17 | __7 8 14 43

i Southern

. Region 224 159 190 211 612

[ Irag 544 413 506 573 1,505

Baghdad, Iraq.

Sources : Ministry of Planning: Annual Abstract of Statistics, 1971-1975,



-658-

Appendix F, Table F.10 No. of Agricultural Implements Available at the

Ministry of Agrarian Reform

Province 1962 [1963 (1964 {1971 {1972 {1973 {1974 |1975
Nineveh 44 |50 | 50 |47 |46 | 47 | 56 | 227 |
Arbil 66 | 80 |80 |22 |18 |18 | 39 | 76
Sulaimaniya 40 2 2 5 3 5 10 58
Kirkuk 98 [103 [103 |28 |25 | 29 | 55 | 126
Northern
Reqon 248 (235 235 [102 | 92 | 99 |160 | 487
Diala 41 |40 |40 |24 |16 |19 |37 | 115
Baghdad 43 | 38 |38 |208 |59 | 59 | 55 95

| |
! ' : ]
Anbar 14 18 118 20 20 20 25 57 i
Kerbela 13 {13 {13 | 2 | 5 | 8 | 1 18
Babil 8 | 8 | 8| 5 | 4| 9| 23
ge“?ra] 19 {117 117 {259 [104 (115 |142 | 308 |
egion | _ . |
|
Al-Qadisiya 42 |11 {1 |21 |10 {25 113 | 54
Wasit 107 [125 125 | 79 |59 | 70 : 8 | 306
Thi-Qar 6 6 6 7 4 1 8 116 30
| .
Maysan 18 2 . 2 2 9 14 22 45
Basrah 5 .5 15 |15 [ 9| 6 14| 19
Southern 178 149 149 124 | 91 |123 151 | 454
Region : : , ;
Iraq 545 501 501 485 (287 1337 453 |1,249

Source : Ministry of Planning: Annual Abstract

Baghdad, Iraq.

of Statistics, 1962-1975,



Appendix F, Table F.11

Number of Tractors, Combines and Agricultural Implements Owned by Agricultural

Cooperatives by Province

1974 ! 1975 1976
Province Tractors f Combines 3Agr1cu1tura1' Tractors | Combines Agricultural Tractors Combines Agricultural
' 1 Implements | Implements Implements
Nineveh 106 64 228 § 207 126 295 230 125 469
Arbi1 20 - 43 88 - 114 114 - 260
Sulaimaniya - - - 29 - - 89 3 160
Kirkuk 63 20 112 81 23 73 44 14 92
gggfgﬁ”” 189 84 383 405 149 482 477 142 981
Diala 27 - 156 31 - 68 27 - 77
Baghdad - 24 25 - 9 - - -
Anbar - 28 27 - 31 30 - 61
Kerbela - 6 20 - 19 16 - 46
Babil 34 - 114 44 - 108 40 - 97
Salah Al-Deen* - - - - - - 29 4 69
Najaf* - - - - - - 33 - 65
s 79 - 328 147 - 235 175 1 415
‘AHQadisiya 15 - 57 20 - 56 17 - ! 62
Wasit 37 - 112 185 - 277 183 - ? 256
Thi-Qar 26 - 56 10 - 25 2 - 5
Maysan 32 - 58 35 - 50 31 - 36
Basrah 9 - 35 9 - 20 9 - | 9
Southern 19 - 318 259 - 428 242 - . 368
Region i
| Irag 387 84 1,029 811 149 1,145 894 146 | 1,764

"* These two provinces were created in 1976

Source:

Min.of Planning: Ann.Abst.of Statistics,1974-76,Baghdad,Iraq.

-649-



Appendix G,

Table G.1

-660-

Methods of irrigation by Province According to the

1958/59 Agricultural Census

(DONUMS)
Gravity Pump Other methods '
Province Rainfed Irrigation | Irrigation jof irrigat- Total
jon

Nineveh 6375226 91,369 41370 7450 7015415
Arbil 2301303 89665 2310 625 2393903
Sulaiman- 959,385 420616 283 968 1381252

iya
Kirkuk 2969298 516819 1503 205 3487825
Northern v
Region 13105212 1118469 45466 9248 14278395
Diala 1262706 1553990 92902 27321 2936919
Baghdad 505433 426}15 1281116 2849 2215513
Anbar 38521 105674 279405 32858 456458
Kerbela 29498 135433 10363 8753 184047
Babil 6485 1270163 68366 51686 1396700
Central
Region 1842543 3491375 1732] 52 123467 7189637
Al-Qadis- 12025 859714 1292)18 49953 2213810

iya
Wasit 49579 680069 1680097 2527 2012272
Thi-Qar 39381 1648601 342478 45033 2075493
Maysan 391421 623761 628382 5223 1649487
Basrah 4359 240051 74174 7431 326515
South .
Region | 197465 | 4052196 417749 | 11Gi67 877577 |
Iraq 15445320 8662040 5795367 | 242882 30145609

1

Source : Ministry of Planning (1961) :
and Livestock Census in Iraq for the Year 1958/59, Baghdad,
Irag (in Arabic).

Results of The Agricultural




Appendix G, Table G.2

The Distribution of Installed Water Pumps by Province

1949/50 1950/51 1951/52 1952/53 1953/54 I 1954/55 1955/56 1956/57 1957/58
Province | wo | H.P. | No. | H.P. | No. | H.P. No. | H.P. | No. | H.P. | No. | H.P. | No. | H.P. | No. | H.P. | No. | H.P.
Nineveh 74 2393 93 3296 101 3100 03| 3188 124] 3687 1341 3946 137 | 4067 156 4543 162 4669
Arbil 2 68 1 9 4 141 4 141 5 179 5 179 5 179 5 179 5 179
Sulaiman- - - - - - - - - - - 1 22 2 32 2 32 2 32
iya
Kirkuk 3 44 1 237 13 294 | 13 294 15 343 18 423 22| 566 24 656 28 753
Northern : '
Region 79 2505 105 3542 18| 3535 120 3623 144| 4209 158| 4570 166] 4844 187{ 5410 197 5633
Diala 122 5795{ 135 6436 131| 5845 137 6212 163 7420 178 7875 181 8094 195 8539 198 8652
Baghdad 1315 | 41780| 1309 | 44)48| 1283| 45653 1328 | 46597| 1401 48965| 1441] 50175 1502 51907| 1547| 53238| 1578 54331
Anbar 265 7904| 296 8745 330| 963¢° 352 10250 392] 11315 403| 11660 435/ 12460 456 12930 488| 13644
Kerbela 30 651 30 665 30 633! 30; 633 32 600 34 618 35| 623 40 681 42 751
Babil 86 2032 103 2495 131| 33731 153 3841 143] 4479 156| 4610 168 4966 183 5157 195 5423
i H
; !
gggf;ﬁ] 1818 | 58]62| 1873 | 62489 1911| 65138 2000 67533| 2131| 72779 2212| 74944 2321] 780501 2421| 80545| 2501| 82801
. ; I
A1-Qadis- 570 | 22610| 581 | 23528 696 27790 799 31683 800| 31913| - 871 34338 904| 35669 | © 939 37012 984 | 38467
Wasit 548 | 26076| 616 | 29757 651| 341781 689 36438 736 37358 781 | 39294 | 840, 42184|  880| 44055 912 45660
Thi - Qar 106 4674 114 5101 143] 6002 1551 74710 16| 7220 175| 8209 200 9280 ! 239) 10960 245 | 11,176
Maysan 354 | 13656 374 | 14479 426| 15760 448 16805 448| 17892 455! 18167 459| 18310 462 18336 468 18540
Basrah 118 | 3455|112 3211 123| 3571 1280 3726, 132) 3309 132] 3809 135 3926, 136] 3961 137} 3983
igg?’;m 1596 © 70471 1797 | 76076 2039| 87301] 2219 95,123i 22721 98192 2414) 103817 2538/109369 | 2656| 114324| 2746 | 117826
| ; — ; ;
'raq 3593 | 131138 3775 | 143107/ 4P68| 155974| 4339| 167279| 4547| 175180 4784 | 183331 5p25| 192263, 5264 200279 5444 | 206260

Sources :

‘1. Ministry of Economics, Annual Abstractsof Statistics,1950-198. 2. Ministry of

Planning, Annual Abstracts of Statistics, 1959-75.

-199-
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Table G.2 (Cont.)
llL 1958/59 . 1955/60 1960/61 1961/62 1962/63 1963/64 1964/65 1965/66 1966/67
Province | ! v ;
| No. . H.P. No. H.P. | No. H.P. | No. | H.P. No. | H.P. No. | H.P. No. | H.P. No. [H.P. No. | H.P.
Nineveh | 196! 6401 204 | 6537 264 | 947 394 7856 442 | 8137 923 11,883 975| 12298 1267, 15119
Arbil 9! 185 9 185 26 188 28 187 28 187 128 904 129 910 129 910
Sulaiman- 2 32 2 32 2 32 31 538 33 559 33 559 33 559 33 559
Kirkaia 44| 1183 46| 1253 42| 1041 69| - 945 84| 1071 167 1797 213 2193 2N 2545
gg;'ggﬁ‘”" 251 7801 261 | 8007 334| 8208 522| 9526 587 | 9954| 1251| 15143| 1350 15960 1,700{ 18233
Diala 185] 7959 189 | 8046 185] 7980 218| 8344 221 8477 262 9319 289] 10127 417 123284
Baghdad 1493| 52424 | 1527 | 53198 1575  57169| 1619| 57689| 1651 58490| 2073| 67562| 2227| 74003 2323 76834
Anbar 517 13711 558 | 14688 564 14915 583| 15162 603 | 15639 664 17105 681 18305 807! 21048
Kerbela 63| 1154 71| 1,304 244 | 2314 149 | 2123 175 | 2802 229 4097 248 | 4189 ! 4121 10213
Babil 185| 4299 197 | 4463 261| 5186 314 5931 349 | 6486 375| 7004 394 | 7506 462 8456
gggfgs‘ 24431 79547 2542 | 81699 2829 87,564 28831 89249 2999 | 91894 3603| 105087 3839 114,1302 4421 128835
| Alfoadis- 1130 43,%;21 11457 44191 1130| 43097| 1226| 45506 | 1426'| 46306 | 1409 50383 | 1425 50771 | 1479 52616
wa;{i 899 | 45544 913 | 46201| 1002| 50107 | 1067| 53254 10827 53852 | 1,105 54403 | 1126| 54934 1260 | - 59785
Thi-Qar 235! 10275 240 | 10427 220 9903 216| 9148 234 | 9798 258 10331 280 10558 ! 3217 11,797
Maysan 511 21129 514 | 21235 521 20694 532| 20950 640 | 21865 658| 22281 760 | 27,375 807! 28362
Basrah 179| 5074 181} 5150 193] 5290 209 5511 214 | 5563 228 | 6015 229 | 6024 233" 6124
gggg’;ﬁ"" 2954| 125843 | 2993 127204 3066 | 129091 | 3250 ! 134379 | - 3596 | 137384 | 3658 | 143413 | 3820 | 149662 4100 '_ 158584
-;.Iraq l 5648| 213191 5796 | 216910 §229| 224863 6,GSSJ 233154 7,1821 239232 | 8512] 263643 9,009‘ 279752 | 9740 296021 10221 30@752.




Table G.2 (Cont.):

1967/68 1968/69 1969/70 1970/71 1971/72 1972/73 L 1973/74 1974/75 It
. — . 1 .
Provinee  [no. [HW.P. | No. |HP. | No.  H.P.  No. . HP. ] Mo. H.P. | No. | H.P.' No.  H.P. | No. ~ HP. |
Nineveh 1481 | 17088 | 1763 19111 | 1947 20302 2305 23377 | 2357 23748/ 1916] 16790 3445 27194 . 3469 27006 |
Arbil 235 1424 326 . 1715 | 367 1959 304 2076 | 786 5646 723, 5022 723 5022 . 848 5841 |
f @ ‘ :
Sulaiman- 33 559 33 . 559 . 33 559 52 1044 36 560 85 1335 85 1335 54 1p24
iya : I )
Kirkuk 471 4617 557 5817 ' 707 6761 775 7314 | 1112 10622, 1096{ 10246 1005 9628 | 1396 14238
gggfgﬁ"" 2220 | 23588 | 2679 | 27002 | 3054 | 29581 3436 © 33811 | 4291 40576 | 3820| 33393 5258 43179 | 5767 48209
! ; ~ L
Diala 513 | 13877 | 661 | 16588 | 697 | 17539 566 [ 14845 | 531 14190 564| 14824 U9 748 - 3/ 7137
Baghdad 2643 | 79923 | 2698 | 83401 | 2302 ' 91210 2807 ' 88231 | 3087 86949 | 3537| 94514 3888 97543 | 4384 111122
Anbar 878 | 22216 922 | 22985 | 965 | 23789 1302 | 27237 | 1346 . 25030| 1347 26039 1488 27714 | 1549 29190
: ! .
Kerbela 557 | 12991 646 | 14543 | 727 | 15596 702 15145 | 786 15700 | 770| 16805 837 16393 | 975 21024
Babil 526 9403 611 | 11057 | 637 } 11318 641 11394 | 531 | 9,196*( 225| 3340 570 8732 596 9018
i —
g:gfgf‘] 4917 (162098 | 53538 {153674 | 5828 |159452 6018 156352 | 6281 ' 153065 | 6443] 155122 7132 157730 | 7855 177491
Al-Qadis- | 1575 | 55415 | 1343 | 62919° | 1839 | 62594 1507, 139986 | 1683 | 56395 | 1692| 56439 1843 59032 | 1953 60294
Wasit 1324 | 61916 | 1362 | 63219 | 1386 | 64297 | 1458 | 64340 | 1277 | 64439 . 1501| 64926 1520 64598 | 1565 67077
i | i ,
Thi-Qar 363 | 13570 389 | 14264 | 405 | 14476 | 413 | 14527 | 457 | 132231 4sa| 11277 559 11378 | 867 14226
Maysan 978 | 29751 985 | 29536 | 995 | 29505 | 1046 | 34292 | 1040 | 34286 ¢ 1068| 33284 | 1085 33875 | 1166 37014
Basrah 238 | 6230 250 | 6085 | 262 | 6656 i 257 6527 | 255 6901 723| 10017 707 9548 786 9881
— T
gg;;.‘*;ﬁm 4478 (166582 | 4829 (176423 | 4887 | 177718 id;58_1 159672 | 4912 | 175244 5468| 175943 5714 178431 | 6337 188492
Iraq 11615 1352368 | 13036 (357099 13769 366751 14135 350335 |15084 | 368885 15731 364458 18104 379340 | 19959 414192

-£99-



Appendix H, Table H.1
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Area Under Wheat Production (Thousand Donums)

Province 1949759 | 1950751 | 1951762 | 1952753 | 1953/54 | 1954/55 | 1955/56 | 1956/57 11957/58 | 1958759 Wssmo 1960761 | 1961762 | 1962/63 |
|
Nineveh 970 967 | 1,048 1,634 2,12 2,380 | 2,002 | 2,539 2,727 | 2,73 | 1,618 1,73 2,333 | 2,560
Arbil 222 39) 637 637 640 610 531 696 683 599 612 70 767 829
sulaimantya 1n2 65 62 64 206 138 124 174 97 83 10 121 133 108
K§ rkuk 428 948 722 812 934 839 828 784 821 76 ™ 804 873 98
'ég;f’;ﬁ’“ 1,732 | 2,30 2,469 3,147 3,906 3,927 3,495 | 4,003 | 4,328 | 4,198 | 3,022 | 3,426 | 4,106 | 4,465
Diata 1 258 238 306 314 N7 45 363 372 425 389 - 425 a7 429 464
Baghdad 382 339 350 388 430 394 386 378 398 403 450 469 556 571
Anbar 77 72 77 9 92 99 102 120 99 98 10 140 159 174
Kerbela 15 8 8 7 6 13 15 9 9 10 10 12 n 12
Babil 57 28 56 93 93 97 95 48 50 47 55 73 88 93
g;’g‘};z‘ | ™ 685 79 893 938 948 961 927 981 947 | 1,080 | 1,111 1,243 . 1,314
I
299 186 157 156 162 157 173 153 159 " 169 200 199 268 254 i
759 357 327 389 366 450 419 432 413 360 397 33% 406 439 i
Maysan 54 56 0 92 13 122 9% 76 92 89 100 100 12 2|
Thi-Qar 159 52 52 4 n 20 99 131 141 181 198 202 217 214
Basrah 8 3 3 4 3 6 15 13 19 20 18 n 1
;:;““;’f'" 1,279 654 609 687 75 825 800 805 824 819 913 848 1,014 Ll 039 ‘
S . J— P I
Irag 3,800 + 3,710 | 3,874 | 4,727 | 5,559 5,700 | 5,256 582 | 6,133 | 5,960 | 5,085 | 5,385 | 6,33 '6818 !
|
T , T T | N
Province 1963/64 | 1964/65 | 1965/66 | 1966/67 | 1967/68  1968/69 i 1969/70 ° 1970/71 " 1971/72 | 1972/73 T1973/74  1974/75 1975/7ei
Nineveh 2,937 2,950 | 2,980 3,375 3,528 3,709 3,402 3,533 3,658 T 598 | 3,443 2,686 3620
Arbil 693 753 830 825 847 845 820 990 1,169 808 964 746 %4
Sulaimaniya 66 104 65 142 194 27 306 700 818 - 583 585 300 546 !
Ki rkuk 669 689 703 704 814 953 1,117 1,100 1,483 726 . 1,388 752 998
' i
:‘;;:2:’" 4,365 | 4,09 4,578 . 5,046 | 5383 | 5,724 | 5645 | 6,323 7,024 ' 3NS5 . 6,381 4,48 | 6,128
Diata 212 431 . 365 375 385 a8 3717 460 298 25 | 397 219 514
Baghdad 616 517 6 634 735 723 650 812 n3 450 493 421 494
Anbar 132 Me | s | a3 161 129 u8 < 250 207 [ 133 198 98 "7
Kerbela 12 w3 13 14 15 7 | 22 2 | a ! e H3 2
Babil 143 w0 s 135 151 147 123 1 309 24 1 w5 |25 125 234
f
f{:;f;:] 1,15 1,247 1 1,292 | 1,300 | 1,446 | 1,432 | 1,315 | 1,853 1,454 1,054 | 1,329 947 1,384
Al-Qadisiya 264 253 265 268 291 292 245 598 516 479 %6 190 2%
Wasit 382 421 420 415 547 573 568 879 | 838 583 493 53 500
Maysan 129 138 127 121 148 155 145 Ta20 | 125 21 144 K1l
Thi-Qar 242 246 250 206 210 178 212 394 364 n 309 217 289
Basrah 10 12 s [N 15 6 5 33 30 28 18 16 i6
ngﬁm 1,027 1,070 1,077 1,021 120 1,204 1,175 2,124 1,879 | 1,886 1,287 1,163 1,232
Iraq 6,507 - 6,813 | 6,947 | 7,37 | 8,040 | 8,360 ' 8,135 110,300 10,457 ' 5,655 8,997 _ 6,594 | 8,744

Source: 1.1949/50 - 58/59
2.1959/60 - 1968/69 :
3.1969/70 - 1975/76 :

: Ministry of Economics, Annual Abstract of Statistics, 1950-1958.
Ministry of Planning, Annual Abstract of Statistics, 1959-1969.
Directly from the Ministry of Agriculture and Agrar{ian Reform.
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Production of Wheat by Province (Thousand Tons)

Source : As in Appendix H, Table H.).

[ e e -
Province ' 1949/80 | 1950/51 | 1951/52 | 1952/53 | 1953/54 | 1954/55 | 1955/56 | 1956/57 |1957/58 | 1958/59 1959/50' 1960761 | 1961/62 | 1962/63
Nineveh 100 52 19 222 478 74 304 459 261 193 173 %8 445 196
Arbi) 19 63 68 104 128 23 70 103 7 66 a“ 88 123 %
Sulaimaniya 18 10 9 7 69 29 18 % 12 n 16 22 23 2
Kirkuk 50 90 54 109 215 67 93 185 67 74 69 145 kL] L]
Northern 187 215 272 442 890 193 485 - 413 302 523 70 212
Regfon

Diala 3 32 15 42 [ I3 50 74 42 38 43 76 52 3
Baghdad 49 67 65 68 56 54 n 9% 104 55 7 79 9 2
Anbar 13 19 17 3 % 7 16 18 2 13 16 2 25 30
Kerbela 2 H 2 H 2 2 2 H 2 1 1 2 1 2
Babi) 19 5 15 23 19 15 14 n 1 6 9 13 \K 14
Central 14 125 14 166 185 129 153 200 181 n3 146 194 190 106
Region

Al-Qadisiya 62 54 43 40 42 29 N 2 38 23 32 36 52 34
Wasit N4 77 33 80 40 68 75 86 i 46 62 50 73 54
Maysan 8 8 10 19 2 19 15 15 16 12 18 18 20 17
Thi-Qar 34 8 12 17 15 14 18 35 21 30 35 k] 3
Basrah 1 0.5 - 1 - - 3 2 3 2 2 1 1 1
Southern

Region 219 147.5 94 152 125 13 138 145 163 104 144 140 185 137

1

Iraq 520 @ 487.5 480 760 1,160 453 776 1,118 757 561 592 857 1,085 515
Province 1963/64 | 1964/65 | 1965/66 | 1966/67 | 1967/68 | 1968/69 | 1969/70 | 1970771 | 197 /72 | 1972773 | 1973/74 ; 1974/75 | 1975/76
Nineveh 357 45 250 219 566 579 363 360 1,125 109 532 n 739

Arbi1 56 98 . 80 98 146 92 59 89 201 103 127 85 182
Sulaimaniya 7 15 10 22 37 30 49 ne 214 n2 135 60 125

Ki rkuk 45 93 8 50 150 118 89 121 416 o 233 109 206
Northern

Region 465 621 418 389 899 819. 560 682 1,956 398 1,027 525 1,252

Diala 19 58 52 62 63 43 53 63 75.1 39 85 49 106
Baghdad 109 96 109 161 147 82 10 146 228.3 80 19 75 98

Anbar 19 2 24 16 20 19 n 48 46.4 25 47 20 37
Kerbela 2 2 2 3 3 3 4 3 6.5 4 4 5 7

Babii 2% 24 2 3% 28 22 32 59 69.5 55 62 32 81
Central .

Region 175 204 C212 278 261 169 233 319 425.8 203 3i7 181 329
Al-Qadisiya 52 45 56 55 49 51 56 92 155 m 100 51 79

Hasit 57 70 n 75 102 94 128 167 214 107 136 17 207

Maysan 20 24 23 28 32 23 33 33 k] 23 kK 45 28
Thi-Qar 37 40 4 33 2 3 49 59 97 49 77 n 7

Basrah 1 2 2 H 2 1 1 4 6 4 5 5 2
Southern

Region 167 181 196 193 21 200 267 355 503 294 3852 289 387

Iraq 807 1,006 826 860 1,31 1,188 1,060 1,356 2,884.8 895 1,695 995 1,968
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Appandix H, Table H.3 Area under Barley Production (Thousand Dosuwes
U . - — ———
Province 1949750 | 1950751 | 1951/57 | 1952/53 | 1953/54 | 1954755 | 1955/56 | 1956/57 [1957/58 | 1958/59 | 1959/60 | 1960761 | 1961762 | 1962/63
Nineveh 908 620 472 5N 647 892 89 | 1,212 980 Nne 613 597 776 813
Arbil 159 208 239 219 322 0 350 205 163 152 169 214 210 225
Sulaimaniya 215 58 52 5) 240 145 159 172 104 20 98 ns 121 93
Kirkuk 330 532 427 458 516 537 522 491 497 452 423 a2 42 8
Northern 1,612 1,418 | 1,090 | 1,299 | s | 1,918 1,880 | 2,00 | 1,144 1,600 | 1,303 | 1,347 | 1,53% | 1,529
Region
Diala 451 403 452 53% 492 530 540 583 535 505 483 531 520 516
Baghdad 335 3z 46 328 368 328 33% 333 332 N6 32 2 404 27
Anbar 44 40 40 62 78 82 73 66 56 58 49 " 8 L
Kerbela 21 n n 8 12 13 14 15 12 12 15 15 13 17
Babil 253 ns 286 272 245 283 281 Fz:3 352 428 505 483 671 720
S:‘;f;;‘,‘ 1,104 1,000 [ 1,135 | 1,206 | 1,195 | 1,23 1,248 | 1,222 | 1,287 1,316 1,317 1,445 1,693 | 1,719
Al-Qadisiya 164 209 172 na 177 206 220 175 164 163 173 181 2%0 26
Wasit 506 487 445 508 754 693 658 no 695 595 568 481 506 544
Maysan 272 195 238 283 n 363 267 26 225 N5 | - 248 23 23 %7
Thi-Qar 340 260 8 374 296 406 390 503 509 454 481 475 496 498
Basrah 2 0.5 - 1 1 1 23 3 2 2 1 1 1 1
ﬁ::m"‘ 1,284 | 1,151.8| 1,203 | 1,880 | 1,59 | 1,669 | 1,558 | 1,597 | 1,595 | 1,428 [ 1,470 | 1,372 | 1,829 | 1,566
Irag 4,000 | 35,6605 3,528 | 4,385 | 4,089 | 4,819 | 4682 | 4,959 | 4,62 4,355 | 4,181 | 4,164 | 4,758 | 4,8%
Province 1963764 | 1964765 | 1965/66 | 1966/67 | 1967/68 | 1968/69 | 1969/70 | 1970/71 | 1971772 | 1972/73 | 1973774 1974775 { 1975/76
Nineveh 829 854 889 912 { 1,070 1,17 940 929 984 357 812 593 695
Ardil 129 194 356 362 375 373 33 423 357 209 3K 226 213
Sulaimaniya 51 85 49 105 108 78 98 16 149 333 116 44 134
Ki rkuk 289 278 294 205 370 416 406 436 579 262 516 332 294
';2;}2:'" 1,298 1,41 1,587 1,584 1,923 1,984 1,780 1,904 2,069 1,181 1,856 1,195 1,39
Diala 362 489 458 452 435 453 385 430 269 219 281 219 290
Baghdad 421 280 367 37 374 348 360 293 200 136 nz 100 239
Anbar i 88 99 % 103 79 9 na 76 721 .0 52 58
Kerbela 15 1 14 13 14 19 13 18 18 16 1" 18 18
Babil 741 586 579 560 611 606 370 387 33 305 2 82 256
g:;m‘ 1,616 1,457 LEIZ o} 1,497 | 1,537 | 1,505 | 1,219 | 1,242 899 748 782 4n 861
Al-Qadisiya 279 283 300 " 304 32 321 266 219 2N 240 203 68 149
Wasit 413 446 450 381 452 446 420 75 612 481 365 435 397
Maysan 249 250 254 181 218 204 160 226 13 116 9% 99 107
Thi-Qar 534 535 566 39 415 an m 392 %3 332 303 377 316
Basrah 2 2 3 4 4 1 1 1 2 4 5 4 5
:z;}g:m LA77 | 1,816 | 1,673 | 1,261 | 1,410 | 1,383 | 1,258 [ 1678 | 1,384 | 1,173 922 983 974
Iraq 4,301 1 4,384 | 4,677 | 4,382 | 4,800 | 4,872 | 4,257 | 4,819 | 4,352 | 3,002 | 3,600 | 2,689 | 3,23

Source : As in Appendix H, Table W.1.
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Production of Barley by Province (Thousand Tons)

Source : As in Appendix H, Table H.1.

—- .

Province 1949/60 [ 1950/51 | 1951/52 | 1952/53 | 1953/54 | 1954/55 | 1955/56 | 1956/57 |1957/58 | 1958/59 [ 1959/60 | 1960761 [ 1961762 | 1962/63
Nineveh 16 3% 83 178 232 53 199 395 138 108 106 121 218 ny
Arbi1 28 42 45 61 81 21 79 54 23 2 22 33 0 ®
Sulaimaniya 27 n 9 7 n7 4 33 3 17 18 18 u 1] 2
Kirkuk 49 58 40 156 250 8l n3 145 62 81 4 9 8 48
:g;:g:“" 220 147 ke 402 680 199 424 627 240 232 190 269 368 18§
Diala 75 78 36 128 87 84 93 120 93 70 8l 10 92 60
Baghdad 58 76 76 68 75 56 £ 98 100 76 82 87 103 68
Anbar 9 13 12 28 21 17 16 1 16 9 9 16 18 4
Kerbela 5 3 3 2 2 3 3 3 2 2 3 3 3 3
Bab{) 66 99 78 81 76 57 59 54 . 101 93 124 126 173 164
Centra) 213 269 205 307 261 217 255 289 2 250 299 M2 389 299
Region

Al-Qadisiya 82 8 65 66 65 4 49 50 52 27 35 38 78 42
Wasit 160 264 77 135 74 145 142 184 159 106 124 102 14 m
Maysan 45 32 52 78 96 72 56 59 59 35 56 54 58 49
Thi-Qar 80 43 76 123 63 80 85 9% K]l 82 100 106 18 104
8asrsh 0.5 0.1 - - - - 5 1 1 1 0 [} 0 0
gg;}gﬁm 367.5( 4231 270 402 298 341 337 388 402 261 315 300 %8 306
Iraq 800.5!  839.1] 652 [1,1m 1,239 757 | 1,016 | 1,304 954 733 804 9N L1z | 7%

i |

Province 1963/64 | 1964/65 | 1965/66 | 1966/67 | 1967/68 | 1968/69 | 1969/70 | 1970/7) | 1971772 | 1972/73 | 1973/74 1974/15 | 1975/76
Nineveh 126 163 142 100 201 365 109.5 | 129 328 41.3 | 1855 47.7 | 1746

Arbil 18 2 58 52 77 T 16 30.0 45 n 30.8 n.z 29.7 | 66.3
Sulaimaniya 4 13 7 15 21 12 13.4 Al 32 60.4 24,9 no | 3.2

Kirkuk 24 46 43 2 n 137 47.9 58 168 2.7 | 109.4 49.9 ] 777
';g;}g:r“ 172 254 250 191 370 530 2008 | 253 599 157.2 | 3615 | 138.3 | 348.8

Diala 39 7 63 121 79 104 49.9 62 47 26.7 52.8 8.5 | s53.2
8aghdad 69 52 70 17 90 m 78.7 62 58 22.2 | - 284 22,0 | 43.5

Anbar 10 17 19 n n 16 20 23 15 8.2 21.9 9.8 | 126

Kerbela 2 3 3 3 3 4 3 4 5 3 3.3 3.2 3.6

Babil 129 12 116 152 128 167 @ 81 9 70.9 65.4 15.8 | 68.0

Centrail .

Reglon 249 261 n 404 m 402 235.6 | 232 26 131 .5 89.3°| 180.9
A-Qadisiya a1 55 60 59 51 53 6.2 57 79.2 52.5 64.3 ns | ua

Wasit 55 85 90 80 85 74 8.9 | 141 m.z 76.4 97.7 83.8 | 80.3

Maysan 32 50 53 43 53 55 3.0 39 25 18.3 2.8 4.2 | 224

Thi-gar 74 9 108 7 61 77 90.7 67. 74.4 55.5 69.4 9.7 | 66.9

Basrah - - - 1 1 - 0.17 0.24 0.43 0.6 0.8 1.0 0.7
ﬁg;:ﬂ:’" 202 289 m 260 251 259 254.97) 304.24 290.23) 203.3] 257 215.2 | 204.7

Traq 623 804 832 855 932 11,19 691.37 789.24| 1,105.23] 491.5 1 790,0 | 442.8 | 734.4
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¥heat Yields (kg./donus )

! Province | 1949750 | 1950/51 | 1951/52 | 1952/53 | 1953/54 | 1954755 | 1955/56 | 1956/57 | 1957/58 | 1958/59. | 1959760 | 1960/6) | 1961762 | 1962/63
Nineveh 103.1 53.8 | 134.5 | 1359 | 224.8 3.6 1511 180.8 95.7 70.5 106.9 154.8 191.2 76.6
Arbil 85.6 161.1 106.8 163.3 | 200.0 37.7 1318 | 172.8 106.9 ne.2 n.e 4.3 160.4 N4
Sulaimaniya 160.7 153.9 145.2 109.4 335.0 210.2 45,2 149.4 123.7 { 132.5 158.4 181.8 172.9 18.5
Kirkuk 116.8 94.9 74.8 134.2 230.2 79.9 N2.3 | 236.0 81.6 95.4 87.2 180.3 136.2 49.6
'g;:ng" 108.0 90.7 10.2 140.5 221.9 49,2 138.8 188.9 95.4 82.0 9.7 152.7 172.9 60.9
Diala 120,2 14,5 49.0 133.8 | 132.5 18.8 137.7 198.9 98.8 97.7 101.2 182.3 121.2 66.8
Baghdad 128.3 197.6 185.7 175.3 130.2 137.1 183.9 1.3 261.3 | 136.5 ma 168.4 170.9 50.8
Anbar 168.8 | 263.9 220.8 | 340.7 | 282.6 m. 156.9 150.0 2.2 | 1327 145.5 171.4 157.2 172.4
Kerbela 133.3 | 250.0 | 250.0 285.7 333.3 153.9 133.3 222.2 222.2 100.0 | 100.0 166.7 90.9 166.7
Babil 333.3 | 178.6 272.7 247.3 204.3 154.6 147.4 229.2 220.0 127.7. | 163.6 178.1 193.2 | 1505
Centra) 1945 | 182.5 | 1432 | 1859 | 1586 | 1361 | 5o 5.8 | 1845 | 19,3 7
Region . . . . . . .2 215, 184, 19, 139.1 174.6 152.9 80.
Al-Qadisiya 207.4 290.3 | 273.9 256.4 259.3 | 184.7 179.2 156.9 239.0 136.1 160.0 180.9 1940 | 133.9
Wasit 150.2 2157 100.9 205.7 109.3 | 1511 179.0 199.1 mM.9 127.8 156.2 | 148.8 179.8 123.0
Maysan 148,2 142.9 142.9 206.5 230.1 155.7 159.6 197.4 173.9 | 134.8 | 180.0 180.0 178.6 137.1
Thi-Qar 213,8 | 153.9 | '153.9 | 260.9 | 239.4 166.7 141.4 137.4 248.2 | 116.0 151.5 173.3 179,7 | 1449
Basrah 125.,0 166.7 - 250.0 - - 200.0 153.9 157.9 100.0 n.a 90.9 90.9 125.0
§g;§';:”‘ 171.2 225.5 154.4 221.3 174.8 158.8 172.5 180.1 197.8 127.0 157.7 165.1 182.5 131.9
Irag 136.8 131.4 123.9 160.8 | 208.7 79.5 147.6 191.9 123.4 94,1 6.4 159.2 170.5 75.5

Province 1963/64 | 1964/65 | 1965/66 | 1966/67 | 1967/68 | 1968/69 | 1969/70 { 1970/71 | 1971772 | 1972/73 | 1973/74 1974/75 | 1975/16
Nineveh 121.6 140.7. 83.9 64.9 160.4 156.1 106.7 | 101.9 308.0 | '109.2 154.5 100.9 204.1
Ardiy 80.8 130.2 (| 96.4 18.8 | 172.4 108.9 72.0 90.0 17.9 | 27,8 1317 113.9 | .188.8
Sulaimaniya 106.1 144.2 153.9 154.9 190,7 138.3 | 160.1 160.0 261.6 192.1 230.4 200.0 228.9
Kirkuk 67.3 136,06 | 1M1.0 7.0 184.3 123.8 79.7 | 10.0 | 280.5 | 1019 167.9 145.0 | 206.4
’;g;{g:"‘ 106.5 138.1 91.3 77.1 167.0 143.1 99,2 107.9 274.6 127.8 160.9 1 204.3
Diala 89.6 134.6 142.5 165.3 | 163.6 102.9 140.6 | 137.0 | 252,0 | 1s9.2 214.1 175.6 206.2
Baghdad 176.9 185.7 174.7 | 253.9 | 200.0 13.4 169.2 | 180.0 | 320.2 177.8 | 241.4 178.2 198.4
Anbar 143.9 162.2 166.5 m.e | 124.2 147.3 | 229.7 | 192.0 | 224.2 | 88,0 | 237.4 204.1 316.2
Kerbela 166.7 142.9 163.9 230.8 | 214.3 § 200.0 | 2353 | 136.4 295.5 | 190.8 250.0 208.3 | 280.0
Babi1 181.8 175.2 172.4 266.7 185.4 149.7 260.2 | 190.9 | 324.8 | 268.3 275.6 256.0 6.2
Central 1570 | 163.6 | w640 | 213 180.5 1 1 : .
Region . R . 9 . 118.0 7.2 | W22 | 228 | 192.6 23875 191.1 237.7
Al-Qadisiya 197.0 177.9 1.3 | 205.2 168.4 174.7 | 228.6 153.8 | 300.4 | 231.7 | 289.0 268,4 266.9
Wasit 149.2 166.3 169.1 180.7 186.5 | 164.1 225.4 190.0 | 255.4 183.5 275.9 218.3 | 414.0
Maysan 155,0 173.9 181.1 2n.4 | 216.2 148.4 221.6 150.0 | 237.0 | 184.0 | 281.0 2.5 | 2137
Thi-Qar 152.9 162.6 176.0 160.2 123.8 .2 | 230 150.0 | 266.5 180.8 | 249.2 256.3 | 245.7
Basrah 100.0 166.7 133.3 181.8 | 133.3 166.7 200.0 | 121.2 | 200.0 | 2.9 | 277.8 n2.5 125.0
32;}2:"‘ 162.6 169.2 182.0 189.0 174.2 166.1 221.2 | 167.2 %67.7 | 197.8 | 273.5 248.5 314.1
Iraq 124.0 147.7 118.9 16.7 170.5 142.1 130.3 | 3.7 | 275.9 | 158.3 188.4 150.9 225.1

Source : Calculated from Appendix H, Tables H.1 and H.2.
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Barley Yields {Kg/domm)

Source : Calculated from Appendix H, Tables H.3 and H.4.

Province 1989/50 | 1950/51 | 1951/52 | 1952/53 | 1953/54 | 1954755 | 1055/56 | 1956757 | 1957/58 | 1958759 | 1959/so| 1960/61 | 1961762 | 1962/63
Nineveh 127.8 8.1 | 175.9 | 3117 | 8.6 | 59.4 | 234 | 305 | 140.8 | 1179 | 129 2007 | 209 | 143.9
Arbi) 176, | 201.9 1 188.3 | 2785 | 251.6 1.8 | 257 | 2634 [ 140 | 1645 | 102 1542 | 1005 | 80.0
Sulaimaniya  125.6 | 189.7 | 173.1 | 137.3 | 487.5 | 303.5 | 2076 | 1919 | 163.5 | 2000 | 1837 2087 | 1984 | 2.5
ki Pk 148.5 | 109.0 ; 93.7 | 340.6 | 484.5 | 150.8 | 206.5 | 295.3 | 124.8 | 179.2 | 104.0  216.2 | 200.5 | 120.6
::;}2:"‘ 13%6.5 | 103.7 | 1487 | 309.5 [ 394.2 | 104.0 | 2265 | 2030 | 137.6 | 1441 . 1458 199.7 | 239.6 | 121.0
i
Dala 6.3 [ 193.6 | 79.7 | 238.8 | 176.8 | 158.5 | 172.2 | 205.8 | 1738 | 1%.6 : 1677 207.2 | 1769 | 116.3
Baghdad 1730 | 237 | 297 | 2073 | 203.8 ) 1207 | 260.0 | 204.3 | 300.2 | 2405 | 252.3 2544 | 255.0 | 159.3
Anbar 204,6 | 325.0 | 0.0 | 4516 | 269.2 | 207.3 | 219.2 | 2120 | 2ss.? | 1ss.2 | 1837 2162 | 218 | 404
Kerbela 2380 | 272.7 | 2727 250.0 | 166.7 | 230.8 | 214.3 | 2000 | 1667 | 166.7 | 2000  200.0 | 2%0.8 | 176.5
Babil 260.9 | .3 | 2127 2978 | ;0.2 ! 2004 | 21000 | 2400 | 2869 | 2188 | 245.6 2609 | 257.8 | 227.8
e

g:’g‘:;;‘ 192.9 | 240.5 | 180.6 2546 | 2184 1756 | 205.0 | 265 | 2028 .| 1900 | 270 | 2% | w98 | esd
M-Qudisiys © 500.0 [ 401.9 | 377.9 92.4 | 367.2  213.6 | 222.7 | 285.7 | 3170 | 165.6 | 202.3 | 210.0 | 269.0 | 157.9
Vasit 36,2 | 5420 | 173.0 | 265.8 9.1 - 209.2 | 215.8 | 259.2 | 228.8 | 178.2 | 2183 | 212.1 | 225.3 | 204.0
Maysan 165.4 | 1641 | 218.5 | 275.6 | 281.5 | 198.4 | 209.7 | 2864 | 262.2 | 162.8 | 225.8 | 230.8 { 245.8 [ 190.7
hi-Qar 235.3 | 165.4 | 218.4 | 328.9 | 212.8 | 197.0 | 218.0 | 8.9 | 257.4 | 1e0.6 | 207.9 | 2232 | 237.9 | 208.8
Basrah 250.0 | 200.0 - - - - 217.4 | 333.3 | 5000 | 500.0 - - - -
ronton 6.2 7.4 | 204 | 238 | 1899 | 003 | 26.3 230 | 2520 | V7 | 201 | 27 | 207 ;1954
+ i . . I

l1raq 2000 287 | 1888 | 253 pws0 s7a | o270 2630 | 2062 | 683 | 1937 | 2188 2364 162.)

\ ' i

Province 1963/64 | 1961/65 | 1965/66 | 1966/67 | 1967/68 | 1968769 | 1969770 | 1970/71 | 1971/72 | 1972773 | 197374 | 1974775 | 197576
Nineveh 152.0 | 190.9 | 1597 | 109.7 [ 87.9 | 388 | 1V6.5 | 8.9 | 3334 | N7 [ TETS 8.4 2512

Arbil 1395 | 165.0 | 163.4 | 1437 | 208.3 42.9 89.3 | 106.4 | 198.9 [ 13a.5 | 1740 | 1314 | 2629
Sulaimaniya 78.4 | 152.9 | 142,9 | 1429 | 19a.4 | 1539 | 1367 | om0 | 2148 [ @14 | 2150 | 250.0 | 225.4

Kirkuk 830 | 1855 | w63 | 7 | 393 | meo | 1m0 | 2%0.2 94,3 | 212.0 | 150.3 | 264.3
et 132.5 | 1800 | 575 | vz | veza | 270 | vizs s | asss | a3 | 1sas | s | asen

Diala 07,7 | 1575 | 137.6 | 267.7 | 181.6 | 229.6 | 129.6 | 4.2 | 174.7 | i21.9 | 187.9 | 175.8 | 183.4
Gaghdad 163.9 | 185.7 { 190.7 | 3.2 | 2a0.6 | 31900 | 218.6 | 212.0 | 290.0 | 163.2 [ 2a0.2 | 220.0 | 182.0

Anbar 1209 | 193.2 | 1919 | M6 | 1068 | 2025 | 2198 | a8 | 197.4 | N39 | 216.8 | 1885 | 217.2
Kerbela 133.3 | 243 | 2143 [ 230.8 | 214.3 | 2105 o 230.8 | 222.2 | 277.8 | 1875 | 300.0 | 177.8 | 200.0

Babil 1780 | 910 | 2004 | 2M.4 | 2095 | 2756 | 2270 | 209.3 | 2708 | 232.5 | 200.4 | 1927 | 265.6
%2'9‘};:‘ 1581 | 190 | ree | 269.9 | z02.3 | 267.1 { 193.3 | 1e6.8 | 240.3- | 1750 | 219.3 | 1896 | 210.1
A1-Qadisiya 147.0 | 1o4.4 | 20000 | 1941 | 188.9 | 165.1 [ 173.7 | 204.3 [ 292.3 | 218.8 | 316.8 | 1631 | 2309

Wasit 133.2 | 190.6 | 200.0 | 210.0 | 3881 | 165.9 | 195.0 | 182.0 | 181.7 | 1588 | 267.7 | 192.6 ( 202.3
Maysan 128.5 | 2000 | 208.7 | 237.6 | 243.1 | 269.6 | 225.0 | 173.0 { 182.0 | 157.8 | 258.3 | 244.4 [ 209.3
Thi-Qar 138.6 | 1850 | 190.8 | 196.9 | 1470 | 874 | 2207 | 1709 | 205.0 | 672 | 229.0 | 280.2 | 217
Basrah - - - 250,0 | 250.0 - 27.0 [ 0.0 | 215.0 .} 150.0 ) 160.0 | 250.0 | 140.0
;g;fg,‘:”’ 136.8 ) 190.7 | 197.7 | 206.2 | 1780 | 187.3 | 2027 ) ter9 | 2097 | 173.3 | 2644 | 2189 | 210.2

Irag 1419 | 1834 | 1779 | 196.9 | 1or.a | 2445 | i62.8 | 163.8 | 2540 | 1686 | 218.8 | ver.2. | 2273
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Appendix H, Table H.7  Monthly Minimum, Maximum, Mean, Standard
Deviation and the Coefficient of Variation
of Rainfall in the Northern Region

! No.of | Coefric- |
cases Minimum Maximum Mean St.Dev. jent of

i Variation
Sinjar §
October 27 0.00 53.50 8.47 13.95 164.81
November 27 1.40 94,10 | 29.40 | 25.56 86.95
December 27 13.60 194.40 | 67.96  46.36 68.21
January 27 13.20 234.90 | 73.82 ! 51.62 69.93
February 27 4.90 208.80 | 63.89 @ 45.08 70.56
March 27 8.80 184.90 = 68.07 ., 50.25 | 73.82
April Lo27 2.00 174.50 | 60.59 . 46.60 76.92
May 27 . 0.00 185.40  36.17 48.16 124.83
Mosul ? ’ § f
October 27 0.00 53,10 & 9.73  13.37 | 137.37
November 27 . 0.50 109.00 | 32.97  26.96 | 81.76
December 27 10.50 127.70 | 60.29 31.64 52.47
January 27 . 0.60 | 131.80 | 62.79 i 33.07 | 52.67
February 27 5.00 182.30 . 64.24  © 39.37 61.29
March 27 1 12.20 172.70 72,10 . 43.43 | 60.23
Apri] 27 2.5 128.70 | 56.68  37.02 | 65.31
May 27 | 0.40 142.80 . 25.86 . 32.89 127.15
Talafar : é
October 27 | 0.00 44,50  5.44 | 10.87 199.98
November 27 | 0.00 124.50  30.65 . 26.88 87.68
December 27 | 10.10 162.50  51.49 . 34.88 67.74
January 27 | 4.50 144.90  55.55  38.52 | 69.35
February 27 | 4.00 176.50 | 50.85  38.72 76.14
March 27 | 9.30 146.00 | 58.29 | 39.41 | 67.6]
ApriT 27 | 1.80 154.50 ' 49,50 ;" 38.99 78.76
May 27 | 0.00 145.40 | 22.30 30.80 138.12
Aara |
October 20 | 0.00 82.00 | 24.13 22.85 94.70
November 20 | 19.90 192.90 | 93.99 45,34 | 48.24
December 20 | 47.20 472.40 | 145.63 95.83 65.81
January 20 | 14.10 241.30 | 146.30 77.54 53.00
February 20 | 34.70 429.30 | 155.73 96.07 61.69
March 20 | 21.10 326.00 | 148.30 79.60 53.68
Apri 20 | 41.20 268.80 | 126.84 61.80 , 48.72
May | 20 0.00 227.70 | 41.38 53,20 , 128.55 |
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No.of { Coe%fic—
cases | Minimum Maximum Mean St. Dev. | ient of
: Variation
Sersank
October 20 0.00 125.90 . 19.22 32.39 168.54
November 20 2.10 324.00 - 107.30 107.84 100.50
December 20 9.20 336.20 % 145.59 97.27 66.81
January 20 15,60 349,90 é 134.81 86.87 64 .44
February 20 19.30 ; 395.50 % 161.02 129.99 80.73
March 20 25.50 ; 357.70 ; 170.33 112.08 65.80
April 20 22.00 472.50 f 151.45 ©114.22 75.42
May 20 . 1.30 261.50 61.93 68.19 110.11
Duhok g
October 200 ¢ .0.,00 73.80 17.21 23.29 135.39
November 20 0.00 191.50 - 56.65 53.09 93.73
Decerber 20 | 12.00 | 283.00 | 110.17 64.18 58.25
January 20 § 23,70 198.90 ' 105,16 48.22 45.85
February 20 5.00 | 226.20  86.19 63.29 73.43
March 20 | 25,90 | 545.00 | 124.50  110.00 88.35
April 20 11.40 136.30 . 69.62 35.83 51.46
May 20 0.00 118.00 19.44 26,36 135.60
Amadiya ;
October 18 0.00 145.00 20.01 - ; 37.02 185.01
November 18 21.90 205.50 98,95 i 55,22 55.80
Decenber 18 . 10.00 | 524.00 | 142.31 | 147.91 103.94
January 18 0.50 : 418.50 | 116.31 | 98.00 84.26
February 18 | 0.00 | 290.80 . 138.55 | 67.59 48.79
March 18 57.00 492.00 | 159.73 | 98.65 61.76
April 18 51.80 437.50 162.10 99.78 61.55
May 18 0.00 174.80 55.84 52.31 93.69
Zakho .
October 13 0.00 49.40 19.85 15.82 79.69
November 13~ 0.00 | 196.10 64.33 53,95 83.86 |
Decermber 13 | 41.00 | 354.40 | 131.41 81.36 61.91
January 13 3 5.90 209.00 105.92 50.23 47 .42
- {February 13 f 32.00 247.70 112.30 ! 71.15 63.36
March 13 37.60 | 190.40 | 117.41 | 49.88 42.48
April 13 40.00 243.00 114 .54 % 55,90 48.81
May 13 2.60 211.50 51.32 P 56,51 110.32
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No.of Coeff%c—
cases | Minimum Maximum Mean St. Dev. [ient of
Variation
Kirkuk
October 27 0.00 27.40 4.12 6.02 146.07
November 27 0.50 146.60 36.13 36.62 101.35
December 27 12.20 162.40 60.71 34,29 56,48
January 27 1.30 161.90 62.09 42.02 67.67
February 27 3.30 155.80 67.66 40.90 60.45
March 27 13.90 286.60 72.75 60.73 83.49
April 27 0.90 144 .40 56.69 37.26 65.73
May 27 0.20 149.20 24.04 36.87 153.41
Hawija
October 27 0.00 16.20 3.17 4,36 137.46
November 27 0.00 111.60 26.02 28.53 109.66
December 27 11.40 78.70 40.28 18.82 46.73
January 27 5.10 128.20 40.98 . | 29.65 72.36
February 27 0.00 83.20 40.35 25.08 62.15
March 27 5.50 146.80 42 .01 37.69 89.71
April 27 0.00 136.50 45.43 32.92 72.47
May 27 0.00 87.70 17.18 27.57 160.44
Iftikhar
October 21 0.00 14.30 2,51 4.47 | 178.53
November 21 0.00 110.70 26.97 32.79 121.60
December 21 - 0.00 135.10 40.31 35.03 86.90
January 21 0.00 139.90 40.96 35.08 85.64
February 21 0.00 97.90 37.88 34,19 90.27
March 21 0.00 227.80 41.51 48.83 117.63
©|April 21 0.00 107.20 42,41 37.27 87.87
May 21 0.00 83.90 11.10 $22.85 205.87
Tuz-Khurmatu
October 21 0.00 40.60 2.93 8.96 305.90
November 21 0.00 151.80 23,75 35.25 148.40
December 21 0.00 113.00 46,06 32.78 | 71.16
January 21 7.50 176.50 36.66 38.25 104.32
February 21 0.00 117.10 38.65 35.61 92.15
March 2 0.00 240.20 50.78 57.58 113.84
April -2l 0.00 | 106.10 | 40.73 | 38.91 95.52
May 2 0.00 91.40 | 14.03 24,37 [173.63
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’No.of: f Coeﬁ%ic-
cases | Minimum Maximum | Mean St. Dev. | ient of
| Variation
Shaglawa i :
October 27 0.00 109.20  16.42 | 27.30 166.32
November 27 0.00 217.80 | 88.23 | 70.55 79.96
December 27 5.00 782.00 | 169.82 | 158.95 93.60
January 27 | 18.70 424.40 ' 139.68 | 98.58 70.57
February 27 | 46.90 545.20 . 200.91 | 114.33 56.91
March 27 l 40.00 452.90 | 161.52 91.92 56.9]1
April 27 | 20.00 403.80 ' 122.04 | 75.95 62.23
May 27 0.00 151.20 37.81 37.96 100.40
Arbil | -
October 23 0.00 26.50 | 5.57 6.74 120.94
November 23 6.50 121.20 38.09 | 25.89 67.97
 {December 23 | 18.30 161.30 66.91 | 34.21 51.13
 [January 23 5.20 156,70 73.04 | 41.77 57.19
February 23 5.70 139.50 79.00 | 39.55 50.05
March 23 | 21.80 219.10 79.72 | 49.29 61.83
ApriT 23 3.50 237.40 58.38 | 50.03 85,71
May 23 0.00 108.10 35.63 | 32.13 90.18
Rawnduz %
October 22 0.00 118.30 | 23.62 | 24.62 104.24
November 22 0.00 303.00 91.45 | 84.13 91.99
December 22 0.00 289.00 | 125.90 | 65.36 51.92
January 22 | 15.00 260,70 | 133.48 | 62.72 46.99
February 22 | 57.50 491,00 | 177.05 | 88.15 49.79
March 22 | 67.00 351.00 | 165.42 | 84.33 50.98
April 22 | 24.80 259.00 | 140.27 | 62.48 44,54
May 22 0.00 303.10 67.14 | 73.90 110.08
Salahuddin _
October 21 0.00 99.80 1.7 23.81 203. 32
November 21 | 15.20 353.90 91.19 | 75.20 82.46
December 21 2.20 304.20 | 105.04 | 74.85 71.25
January 21 26.10 384,10 | 111.80 | 81.39 72.80
February 21 8.90 261.30 96.60 | 61.55 63.72
March 21 6.00 270.90 94.41 65.17 69.03 -
April 21 2.50 306.10 93.77 | 75.07 80.06
May 21 0 244,30 49.95 | 58.10 116.30

.00
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No.of ;Coeééic-
cases Minimum Maximum Mean St. Dev. ient of
Variation

Dokan |
October 26 0.00 28.50 6.47 8.44 g 130.55
November 26 0.00 , 204.70 84.79 62.64 | 73.88
December 26 4.00 ; 326.00 116.47 - 71.30 } 61.21
January 26 | 13.30 | 421.30 |133.68 . 84.00 | 62.83
February 26 35.00 1 383.10 144,75 86.45 | 59.72
March 26 15.00 378.00 130.64 | ..77.03 58.96
April 26 15.30 345,50 130.74 79.70 60.96
May 2 0.00 | 198.00 | 52.13 52.90 | 101.48
Sulaimaniya
October 23 0.00 111.00 14.47 24,84 171.66
November _ 23 0.00 216.00 72.89 58.09 79.69
December 23 18.00 194.00 102.05 49,42 48.43
January 23 42.80 209.60 115.47 56.12 ~ 48.60
February 23 18.70 224,30 115,23 57.60 49,98
March 23 29.00 423.70 125.33 92.54 73.83
April 23 21.20 275.20 118.72 58.02 | 48.87
Méy 23 0.00 197.00 44,74 46,30 . 103.48
Halabja . | .
October 19 0.00 75.00 9.46 17.32 - . 182.99
November 19 0.00 204.00 73.62 59.52 @ 80.85
December 19. 9.00 191.80 99.74 47.99 48.11
January 19 1.90 369.00 117.89 80.65 68.41
February 19 18.00 228.10 98.10 61.72 62.92
March 19 39.60 239.00 106.62 52.25 49,00
April 19 7.50 186,50 91.77 49,51 53.95
May 19 0.00 136.50 30.12 42.03 ; 139.57
Bakrajo ' |
October 20 0.00 45.00 8.98 12.18 135.63
November 20 11.60 216,00 88.16 58.50 66.35
December 20 0.00 235.90 106 .45 64.96 61.02
January 20 23.50 | 225.00 116.11 53.13 45.76
February 20 24,50 | 222.60 107.06 54.36 50.77
March 20 29.00 275.00 123.69 72.01 58.22
April - 20 29.00 247.70 128.46 58.38 45 .44
May 20 | 0.00 - 210.50 54.42 | 60.95 | 112.01
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‘Appendix H, Table H.7 (Cont.)

; No.of f » } CoefFic-
cases Minimum | Maximum Mean -St. Dev.: ient of
" Variation !
Penjwin
October 12 0.00 55.90 13.68 18.24 133.37
November 12 0.00 498,60 117.97 147.47 125.01
December 12 29.00 348.70 205.37 88.43 43.06
January 12 67,00 421.50 181.46 107.76 59.38
February 12 92.00 479.50 238.39 125.61 52.69
March 12 84,20 441,00 226.75 124.21 54.78
April 12 43,00 314.00 161.41 87.07 53.94
May 12 0.00 233.00 56.43 68.37 121.17
Chwarta E
October 11 0.00 19.00 5.62 ' 6.96 123.80 |
November 11 0.00 221.50 73.93 72.32 97.82
- [December 11 25,70 198.40 110.56 61.57 55.69
January 11 52.30 232.90 140.33 54.84 39.08
February 1 22.70 442.00 146.41 131.36 89.72
March 11 31.40 336.40 143.81 106.79 74.26 ;
April 11 2,50 236.10 105.23 78.19 74.31
May 11 0.00 155.50 - 36.69 45,97 125.28
|
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APPENDIA I, TABLE I.1
REGRESSION OF WHEAT YIELD ON TOTAL RAINFALL IN THE RAINFED AREA OF NORTHERN IRAQCHM)
9050802, 5%E 76 . 194573821388 /50 |
STATTON PROVINGE FUNCTINN NO, OF 7% P2 S.E. F-VALUE FUNCTION N2 g R 8% S.E. FovALUE
1 SINJAR ~ NINEVEW Y= 59.69 4 0.y JRO2T w49 a26 s2.a3 197 Yoeo-1.36 4 0.2870° 97 77 69 el 9.3
2 MosuL NINEVER v 2360 e 02 Te 21 e 23 s3a30 Tae Yos o257 0 D3TTR 9 LTS L5 e2.ue e.73
2 TELAFAR NINEVEH Y2512 83 Te 21 .62 39 «T.a0 15092 Y= -E8.03 ¢ Dig2TR 9 .79 k2 29079 11077
« AnRa NINEVEM Y = 49,67 + 0.03T2 20 .40 .16 60.92  3.50 Y = -23.66 + 0.16TR 9 .75 .56 51.99 5,03
S SERSANK NINEVEH Y = 80,16 ‘( :? %R 20 .46 421 45.86 GRS Y o= B4.64 ‘(5:§2%R 9 32 11 60497 0.83
4 DOHUK NIMEVEH Y = 37,78 *z E ig 20 .53 .28 44.89 6495 Y = -75.87 ':g;%%ip 8 LT .61 42,91 9,33
7  AMADIYA NINEVEW MRELSE LA B TR 18 .05 .002 s6.95 0,37 Y oso17l6e ¢ 0.60TR 8 .89 .79 31.58 22438
8 LAKHQ NINEVEW Y o= 256,22 + 0429TR 13 .68 .46 56.79 9.52 Y = «99,34 o(g;;;;ﬂ T W78 .61 46,62 T.67
a KIPKUK KIPKYK Y= 17,26 ‘E :-‘in 27 .55 .31 49.19 11,12 Y s -18.98 4 0.60TR 9 .81 .66 33.53 1%.92
10 HAWIJA KIPKUK Yo o1za82 e Eé Tro27 w66 ez ws.20 17076 Y o= -2.9% ’(§f§3§R 9 .86 .74 33,66 20,29
: 11 IETIKMAP KIPKIK Y = 31,03 * 03 To 21 .10 w55 asare 273 Y = 15,01 o(gzég;g 9 W85 .Té 33,67 20426
12 TUZ-KHURMATU KIPKUK Y = 81,45 + 0.21TR 21 .47 .22 56.23 5,26 Y = 20.80 + 0,387TR T «89 .79 34,67 19.°7
13 SHAQLAWA ARAIL Y= o76.12 +S§282%R 21 .40 .16 40466  4.63 v=eraas +508% 5 .30 .15 eeun 1,24
16 apsTy ARSIL v = ono.so o010t 23 .30 .09 29.83  2.94 v=tsess +0%0 5 .32 .11 s0.90 .03
15 RARNDUZ ARAIL Y= e1.98 +S3CatR 22 236 .11 43,55 2,87 Vs aes o858 5 e W26 4T.16 2417
16 SALAHUDDIN ARBIL Y= oss.72 o$3i0ete 21 .1a .06 40,01 0.75 Y =-83.36 +Dl30R 4 .94 .8 26053 14,02
17 DOKAN SULAIMANIYA v = 140.53 +0:89% 26 .16 .03 57445  0.62 v 125,17 31068 & .20 .o 70.53 .52
18 SULAIMANIYA SULATIMANIYA Y = 156,94 .(%:ﬁ%n 23 .03 .01 $9.70 0.02 Y = 98,30 0<g:{ 1)’9 A .32 410 73.98 0.6¢
19 WALABJA SULATMANIYA v = 141,20 +0:03% 19 .04 .004 60401  0.06 Yu w3z +C012300 3 .55 .20 50.56  3.00
3 26 BAKRAJO SULAIMANTYA v = 150,67 + 9.81%% 20 .05 L002 63.89 0404 Y o= 110,06 2 3i03%0 6 .20 .08 s9:90  4.1s
; 21 PENJWIN SULATAANIYA Yy = 105,37 ~(8:62%n 12 .36 .11 53.10 1,27 Y = 26,05 .(8;20%7 3 .38 .16 67,03 1.1%
22 CHWARTA SULATHRWIYA v = s9.03 + 8. 122R 11 .62 .39 4%.46  5.58 I PINAS 1 £ T 61.86  3.99
(2:38) €2,00)
PERIOD THREE . PERIOD FOUR
1963/64-1915/76 1949/50-1957/58 L 1943/66-1975/67
1 SINJAR NINEVEH ML (2LTR 13 .55 .30 sels 4,89 v oe0.06 (221 22 .60 L6 K0.T4 1117
2 MOSUL NINEVEH Y = 12,62 + 0.34TR 13 .57 .33 55.02  5.35 Y o= 2,13 4 D236TR 22 .61 38 50,09 12,02
3 TELAFAR NINEVEH Y = 3.66 o:‘fééia 13 .79 .43 40.95 18,50 Y o= -4,19 ;: Eé fp 22 .76 .60 40.00 30.20
4 AQRA NINEVEM Y529 e (1OTR 13 Lel a7 sl2l 221 Y= o28.76 01212 19 .51 .26 57.69° 6.0e
5  SERSANK NINEVEM Y = a1.31 *OA05TR T 62 .39 3389 3a1s Y= osese « BIOSTR 15 a6 a1y 4335 331
6 DUMOK NINEVEH Y= 62065 + 0.09TR T 4R .23 41.27 1,53 Y= 31,18 4 0,15TR 15 .56 .23 46.29 5.39
T AMADIVA NINEVEH Y = 206,51 -Z Egafk 8 .26 .07 71.13  0.63 Y= 128,75 ’Eéfé in 16 o111 .01 68,72 9.17
8 AKHO NINEVEH Y= 17,22 + 0.21TR 6 455 .30 T1.22  1.76 Y = =56.22 + 0.29TR 13 .68 .46 56477  9.52
9 KIRKUK KIRKUK v = 17,67 335 13 .2 L27 52.72 416 voeo-n10 3320 2 Len un. wsn2z 15.11
10 HAWIJA KIRKUK Y os 18,99 400053 13 .72 sz e3.es 11.35 Y= -o.85 +SBisedR 22 .78 .51 28.10 11,67
11 IFTIKHAR KIRKUK Yor 33,95 +QI36T0 7 .4 .29 38.77 2,04 ve o236 80500k 16 .80 .e3 13.er 2eu25
12 TUZ-KHURMATU KIRKUK Y = 105,89 +S0I10TR 10 .28 .08 6.6 0,67 Yeoraaan 500358 17 .55 .30 ss.zs k.ed
13 SHAQLAWA ARBIL ve o737 S9008te 13 Ls7 .33 21.08 .32 Yoo 76,076 48088 22 a5 .20 33.00 5.19
24 ARBIL ARBIL Y= 76.20 +$5130% 13 .34 W11 35,67 1,39 EETWTIN B 1S 22 .39 .09 40.7)  1.92
15 RAWNDYZ ARBIL Y= or7.09 HSB8ER 8 Len s2e 2. 1.a7 Yo oela7s »SB1370e 17 ver .25 am.9n  c.de
16  SALAHUDIN ARBIL Y o= 116,63 SBI003TP 12 .01 .00 33.32  a.00 vosoena1z 903 16 .23 Lss 37.sn euer
17  ODOKAN SULAIMANIYA ¥ = 138.34 + 0393%R 13 .25 .06 43.99  0.75 Yoeneiar s 0iaSe a1 .27 .07 s1.9r 1.8
18 SULAIMANIYA SULAIMANIYA Y = 154,33 -( '8 %n 10 .12 .02 42.717 1,13 Y = 120,48 4(2):% %D. 18 .22 .05 55.2% n.a3
19 HALABJA SULATMANIYA ¥ = 105,50 + D.0etR 5 .59 .75 20.28 1,66 veoanas oS00 e 1e 39 15 ss.re 2.1
20 3AKRAJD SULAIMANIYA ¥ = 169,17 +‘BR3%R 9 .09 .n1 45.71  .ns Y o= 126,90 +S0186TR 15 .27 .ns s0.2s 0,73
21 PENJWIN SULAIMANIYA N0 SIGNTEICANE 9A3s Y= 86005 +SB1031e 9 .39 1w s7.50  1.16
22 CHWARTA SULAIMANIYA 53 ;?EN;E? vaes Y s 2,90 »(61? %n 7T W67 W46 61,85 3,99
IN THE EQU © (200
® TR=TOTAL RATIHFALL VALUT IN BRACKETS IS THE T-VALUE
]
N
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12
13
14
15
16
17
1

10
20
21

STATICN

SINJAR
»aSUL
TELAFAR
4684
SERSANK
LTS

AMADIYA
ZaxHg
KIPKUK
HAWTJA
IFTIKHAR
TUZ-XHURMATY
SHAQLAWA
ARSIL
PAWNDUZ
SALAHMUDDIN
DOKAN
SULAIMANTYS

PALAR IS
S4KRAJO
PENJWIN
CHuioTA

SINJAR
MaSUL
TELAFAR
a62a
SERSANK
LIS
aMAGIYTA

ZAKHO
KIQXUK
HAWIJA
IFTIXMAR

TUZ-xHURMATY®

SHAZLAWL
ARBIL
QawnDuZ
SALAWUDDIN
JCran
SULAIMANTIYA

“aALARJA
8AKRAIO
PENJWIN
CHWARTA

o TABLE I
ac WHEAT

PROVINCE

NINEVEW
NINEVEHW
NINZVER
NINEVEW
NINEVEM
NINEVEY

NINEVEY
NINEVEN
XIPKUK
KIRKUK
KIRKUK
KIRKUK
ARBIL

ARRIL

ARPTL

ARBIL
SULATMANTYA
SULAIMANTIYA

SULATHANIYS
SULATMANTYA
SULAIMANIYA
SULAIMANIYA

NINEVEH
MINEVEH
NINEVEW
MINEVENW
NIMEVEH
MINEVEM
NINEVEM

NINEVEM
KIRKUX
KIRKUK
XIRRUK
KIPKUKX
ARBIL

ARBIL

araIL

ARBIL
SULAIMANIYA
SULATMANTYS

SULAIMANIYA
SULAIMANIYS
SULAIMANIYR
SULATMANTYS

°

0_CNE
1349/50-1575/76
EUNCTION

« < < < =
“ onow
oWy
wonoa
o o
° ® o
+ e s

"
w
=3
-
w
+

<

" "

) ~

- ~

) Iy

~ w

. .
AONDAGACArHAS

< % <« < < Z.
"
e
~
-
-
+

- £.38 +
Y s 116482 -
Y = 102.21 +

- Q.48R8
€2.27)
NO SIGNIFICANT Vars

FUNCTIGN

IN THE FUNCTIDN
IN THE FUNCTION

- Q.43R4 +

. 0.31R6
€2.51> b

(2.92

IN THE FUNCTION
Y = 117.74 + 0,48R2
€2,16)
Y = 133.77 + 0.28R2
€3.04)
Y = 69.64 ¢ 2,70R)] + Q.65R2 + 0.23R5
€2.35) (7.38) (4.64)
PERIND THREE
1963764-1975/7¢
* * 80.21 + 1,01R7
(3,103
Y = 92.37 + 0,87R7
€2.03)
Y = 71.03 « 0.54%3 + 2.49R8
€2:01)  (3.89)
Y = 95.N6 + 1.36R8
€3,73)
Y = ~75.89 + 0,21R7 + 3.37R8
(2.88) (4a43)
Y = B4,.50 + 0,51%¢2
(2.623
Y * 211.02 + 5.01P1 + 0.11R3 + 0,094
(11.39) (5.79) €2.60)
v D.57R4 = ]
€3.25) bl
A 4.32RY - 22 4+ 2.83R%
C4a36) b £5.70)
Yox 90.T1 - %,48R1 « 6 + 3.73IR%
(2426) ) (4.b6)
Y = 110.49 = 3.42R1 « 2
€3.37> )
NG SIGNISICANT vaRs IN THF FUNCTION
Y o= 8A,02 -0 Rl +0,15%4 + 0.56R8
€ 9) (2.66) €3.85)
Y = 95.20 + 0 R8
. < 0)
Y ® 190.09 - 0,42R1 - 0.63P2 + 1.44R3
¢ 0) (.57) (5.41)
Y = 103562-- §,67R1 + 0.73RA
¢ 1) Cbass)
Y 2 155.97 + ? ;g
N3 SIGNIFICANT RS IN THE FUNCTION
Y = £9.22 + 0 R%
< 5
Y = 143028 - 0L4TRY + 1.24R3
$ &é (s.é’)
MJ SIGMIFICAN IN THE FUNCTION
NO SIGMIFICANT RS IN THE FUNTTICN

VALUE IN 39a(KETS IS

2
YICLD ON MONTHLY AINFALLLMM) IN THE RAINFED aR:id OF
ERTO

13
27
27
21
21
27

22

20
12
11

13
13

13
13

12
13

NARTHTQN
2
> ?
.59 .35
68 .49
265 42
.2 .16
.60 .36
538 <34
«73 .54
e62 W17
«65 .43
»88 .73
.63 .39
<66 L4
.50 .25
42 .18
»75 456
245 W21
«69 .48
296 #92
«HR LeT
.52 .27
-84 .71
«T5 .56
.91 .23
«76 .58
-39 .99
=97 .94
=33 .86
.92 .85
AT .94
.82 .77
.50 .2
«35 .93
-33 .69
.53 .28
«36 .74
<95 .74

1080

49.82
L5.40
«7.97
61.17
42,41
42.89

£5.27
53.71
4476
29.20
50.92
34,56
37.12
«2.91

#3.00

56.98
“hukT
20.02

4%.03
57.19
38.16
4%.55
19.89
30.59

7.87
23.32
26.4%
27.02
12.23

29.05
32.8C
12.31
19.462

23.5°

12.77
25.15

1

F-vaLUut

6252
10.30
5.65
3.32
4.86
9.33

.83
5.28
18.62
15.17
5.82
5.00
3.2¢
“.26

4.68
9.24
27.54

@.58
4013
11.98
13.93
9.9¢
6.89

30.79
26.13
17.85
16,98
33.138

1CG.04
2.82
16.77
10.23
4.27

R.71
.57

PEPIOD TWd
. 1969/50-1957/5%

FUNCTION MO, 9F R
C4SES
Y = £7.06 + 0.98R7 3 .7
€3.06)
Y = -6.13 « 1,57R2 + 1.11R6 9 .90
€2.64)  (4.81)
Y = 74437 ¢ ].02R6 ~ 1418R3 9 .91
$5.04)  (2.17)
Y = 26.85 + 0,78R% & .95
(Eodi)
NG SIGNIFICANT VARS IN THE FUNCTION
¥ = 34022 « 5,73R1 ¢ 0.32%2 - 0,14RS
(12.24) Cea60) €2.59)
+ 1.293¢ 8 .95
(220543
Y = 28.91 + 0.67R¢ .
(3.28) 8 .08
Y = 86.33 - 0.88Re + 1.00R6 7 .95
€2.62)  (5.84)
Y = 58.25 + 0.93R% 9 .89
£5.18)
Y = 89.92 - 7.21R1 + 1.00Ré 9 .97
€2,68)  (7.96)
Y = 49.32 + 0.68R5 + 0.95R7 + 0,988 9 .97
€2.83)  C(4.10)  (2.79)
e i B LR
e stenrercant yaRd v T Runc iR’
Y = 67.71 + 0.37R6 9 .63
€2.13)
ND SIGNIFICANT VARS IN THZ FUNCTION
NO SIGNIFICANT VARS IN TME FUNCTION
ND SIGNIFICANT VARS IN THE FUNCTION
Y = 123.25 - 1.25R1 + 1.05R2 & .92
(2041 (5.90)
Y x 63,40 + 1.36R2 + 0.80%% 9 .86
$6.18)  (2.10)
NO SIGNIFICANT VARS IN THE FUNCTION
¥ = 127.28 + 0.30R2 9 .72
€2,743
Y = 122.50 + 0.68R2 =-0.4083 + 0.27RS T .99
€10.15) €4.025  (8.07)
PERIND FOUR
1949/50-1957755 L 1963/66-1975/67
Y = 74,55 + 1.01R7 22 .m
(4o48)
Y = 33.46 s 1,27R2 + 0.21R6 22 .73
t3,09% 3.67)
¥ = 13.33 + 1.0282 » 0.74R5 & 0.81R¢ 22 .75
(3,83) 3,093 (3.27)
Y = 56.06 + 0.28R4 ¢ 1,21R8 19 .71
(1.83 30200
Y = 89.38 » 0.23R 16 .48
(2,04
Y= 34062 225 Z 15 .53
NO SIGNIFICANT VaRS IN THE FUNCTION
Y = -27.12 + 2,23R1 + 1,11%¢ 12 .73
€2.12 3,25)
* = 99.37 - 3307RL + 9.3eRE . 3.0928 27 LTS
{2.70 2131 ¢3.05)
¥ = 90.56 ~ 5.35R%1 + 0,80R6 + 0.44R7 22 .83
t2.51 3,61)  (1.80)
¥ = 27.00 - 2,35R} + 0.36R2 + 0.6SRSE
€2.83 20755 ¢5.0-)
+ 0D.87RT + 1.09R8 16 .98
(8.46)  (5.48)
¥ = 104.38 + 0.69% 17 .85
(2,29
Y x 57.83 + 0:35R2 + D.1+R5 ¢ 0.3eR8 22 .72
€3.75)  ¢2.50)  (i.95)
ND SIGNIFICANT VARS IN TRE FUNCTISN
¥z 93.36 + 0.31R2 1T Les
1,913
Y = 101.35 « 0,31R8 16 .52
[€3553]
NC SIGNIFICANT V3RS
Y = 183,46 - 1,181 13 .79
€3.21)
Y 2 135.66 ¢ Do 86RS 14 .55
(2,25
Y » 116467 * C.a)1R2 le .35
(2,373
Y = 127.28 ¢ §,30R2 9 .12
(2,743
Y o= 122,50 ¢ 0.69RI - 0,483 ¢ 0.27RS T .99
(10.35)  (%.23 (3707}

52
.81
.82
.91

.t
=90
79
.94
-93
-9%

52
99

.50
=53
-56

.23
.28

.5
56
-89

- 94
.2
«51

.22
.27

+83
.20
.30
.52

-99

SeE.

42.15
30.40
29,44
23.26

5.88

50.17
25.49
30.24
18.1¢
20.54

8.0¢

%2.00

33.79
39,462

50,26
10.67

44,79
46,77
©s.36
«8.81
«7.21
46.64

55.27
+3.07
35.85

13.10
50.43
31.33

33.82
32.99

37.10
+9.90
$2.24
0.2
10,87

E-vaLy

9.37
12.73
13.7¢
41,62

203416

5.20
17.62
26.73
43,95
22.76
150.10

“.55

7.51
99.71

20.04
10.54
T.60
8.10
.17
5.10

4T.56
10.75
6.33

2.86
5.1

7.73
5.0
5463
T.50
99.71

=L/[9-
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X TaA . o
é;zs’:‘ggm)ﬂ'w a)L(EA‘l' eXELD ON MONTHLY AND TOTAL RAINFALL IN THE QAINFED ARFA OF NORTHERN IRAQ(HM)
' PERIID Cng PERIND TuD
t 1949/750-1978/14 1949/50-1957/58
' 2 3
i STaTION PROVINCE FUNCTION N9, OF R R S.E. F-vaLutf FUNLTION M3, IF R 2 F-vaLuE
CASES Cades
1 SINJAR HINEVEH ¥ o= 75,085 ‘(’ib . ?i‘é?l 27 .59 .35 43.82 4,52 Yor o-1,36 9 LTT .59 41,42 9.%¢
2 “osuL NINEVEH YR 10,76 + ?ié - ((\ﬁ%;&; * ?fﬂg 27 .69 .48 45.59 1408 Yozx -5,13 « 7 490 .71 30,40 12,73
3 TELAFAR NINEVEM Y o= 15,52 - ?E:' + f(Jl.Lé"); . 27 .71 .50 43,69 12,08 Y = 74,97 « 3 .91 P2 29.%& 13.72
4 aGRA NINEVEH Yox 4387 ?ié ’ 20 .40 .16 £0.92 3.8 Y = 25.85 + 6 .35 .91 23,26 4142
S SETSANK NINEVEH Y2 80.03 ?ii © M 20 .60 .36 42.61. .36 O SIGNIFICAN
6 DOMUK NINEVEM Yoro61.40 ¢ gil . o.ig;;; 20 T 145 40.3T 692 Y s -3e.22 45
¢ - + 1.29R% ’ 8 .99 .99 5.3° 201,16
(23,543
AMADTYA NINEVEM NO SIGNIFICANT VARS IN THE FUNCTION Y 317164 s ¥ .49 .79 31.58 22,29
1AKHO HINEVEM Y Ro13L090 - 0.6303 o D;511¢ 13 .31 66 47.26  9.81 Y = 86.33 - T .95 .90 26,49 17,52
KIPKUK KIPKUK Y = 38,48 - fié + ((aiigg 27 .63 .39 47,01 7,77 Yox 54,25 4 ? .89 LT3 30,24 26,73
HAWLJA X1RKUK Y r 34034 4 ?ié B giiu; 2T T1 .51 42,23 12,69 Y = 89,32 - 3 .37 .96 1E.16 en,33
IFTIKHAR KI10KUK Y= a7y36 - 5i33R1 - 653083 - 0.46re Y= 0,62 - 9 .98 .95 15,09 38,15
: <2, €1098) (2.6l
- 058782 + 4if0rR 21 .90 .e1 25.89 12,91
12 TUZ-XHURKATY KIRKUK Y x 169087 ?513 - 93%43e 21 .63 .39 50,92 S.82 ¥ % 29,30 v 9, 7449 LT3 38T 1e.37 ;
. . “
13 sHaQLAWR BROIL YT OB5a38 4 002382 4 001485 4 043283 27 .66 .4t 34,56 6.00  NO SIGNIFICANT i
16 ARRIL arayp Yoz 79.65 - %i% + Szilaﬁ G783 53 .2e 36,29 3.47 ¥ = 87,71 ‘9 3 .63 .29 42,90 4.5 ;
15 RAWNOUZ agagy Yoz 102,21 + «()ii €2 22 .42 .18 42,01 4.26  NO SIGMIFICANT
<06
16 SALARUDDIN AR3IL NO SIGNIFICANT VARS IN THE FUNCTION Y =-121.78 417 4 1,00 1,00 13.14 a79,45 |
i
17 COKAN SULATMAKIY R ND SIGNIFICANT VARS IN THE FUNCTION MO STGNIFICANT !
i
12 SULATHANIYA- SULAIMANIYA Y = 163411 + 0,43R2 - 0,43R6 + 0,31R% Y o® 123,25 - 1 9. .22 JBe 23,73 12,6} i
(2,567  (2.51)  (€2.32) <
- 9yeams 23 .15 .56 48.00  5.62
HALAB)A SULAIMANIYSE o SIGN.!FICANY VARS IN THE FUNCTION T r 63,40 + 1 9 .86 TS5 23,42 °.20
BAKRAJO SULAIMANTIYS Y o= 117,74 o gib?gz 20 .65 21 56.98 4.68 NO SIGNI‘ICAN$
PENJWIN SULAIMANTIYS Y o= 133,77 + ?.ig“% 12 .69 .48 44,47 9426 ¥ = 127,28 + ? 9 JTZ LF2 85N.26 .81
3404
CHUARTA SULATHANIYS ¥ = 69,64 o Z378E1 + 0.6502 + 0,2385 11 .96 .92 20,02 27.56 ¥ = 122,50 + 0 T .99 L9 13,87 36,7y
€2.35)  (7.38)  ChasTY a
PERIGD THRE PIRION FpUR
1953/54-1’:75/51, 1949/5N-1957 /55 ¢ 1363/54=1975/47
1 SINJAR NINEVEH ¥ = RBO.21 ¢+ l;O%g; 13,62 41 49,03 9.58 Y = 74,55 ¢ :.01 7 2z .1 50 &4, 79 27.9%
2 mMosuL NINEVER Y= 12,62 ¢ éiizvg 13 .57 .23 £5,02 5.35 Y = -14.99 ‘(5:3 2 v 0.3172 22 .71 .50 485,98 .51
= s " whbe
3 TELAFAR NINEVEH Y= 23,26 + 1,70RR + N, 2810 13 .82 .73 33.32 17,27 Yor ~4.19 4 of:.% (3402 22 .T° A0 «0.00 35.24
(2,51 (2.90) (5.8
4 AGRA NINEVER Y = 95,04 ¢ 1,3688 13 .75 .56 44,55 13,03 Yo 86,06 ¢ ?.zl 3 }.zglu 19 .71 .50 4n.81 8.0
S SERSANX ve €3,73) i.3 3.20)
SERSAN NINEVEH Y 3 -75.89 + oiz 7+ %Lzzgg T 491 .83 19.89 9,84 ¥ o» 39,38« o.zg 15 LeP 023 47,21 4.17
6 DOHUK NINEVEH Y or 84,50 + éz's % ’ T .76 .58 30,59 6,99 ¥ = 31,18 + é;l; 15 .56 .23 is.20 5,79
7 AMAOLYA NINEVEH Y = 211,02 4 5,01R1 ¢ 0,1153 + 0,08Re N0 SIGNIFICANT VARS TN Tug FuRCTION
<11.99) 8,793 (3.60)
AR 3 .99 .99 7,87 130,70
LAKHD NINEVEH Y s 16.24 + 855 4). + (zgosgg 6 .97 .94 23,83 24,13 ¥ =-131,90 - 2.63 . 13 .31 LA aT,24 LR TY
. . . ok
KIRKUK KIRKUK Y x 137,85 - 223 ; - %132% + %;ags;\ 13 .23 %6 26,45 17,95 ¥ o= 2t.19 - %fqo . 32 .72 .52 43,5% 10,23
HANLJA KIRKUK Y s 90.71 - ?ii 1o gégzg . Eiazzg 13 .92 .P5 27.02 15,93 ¥ = 40,38 - ?lzg . 22 .35 .73 33,82 1f.8
IFTIKHAR KIRKUK Y o= 110449 - (352 G ?z’f{?f : T .92 4% 12,23 33,33 ¥ 3 40435 - (afz% » 16 .91 .97 21.58 24,78
TUZ-XKURMATU  XIRKUK NO SIGNIFICANT VARS IN TME FUNCTION Y e 106038 4 520988 17 .65 (82 50.e9 13475
SHAJL AN aRETL Y= 5T.22 4 Qu59RS ¢ g 0418 13,85 .72 20,01 12,82 v s 57,63 ¢ 523383 + 22 .1 .51 31,37 sl
14 ARBIL ARBIL Y2 95,20 ¢ (oii i * 13 .50 .25 32.80 2.6 . no stonIercani PARd. 1w .
15 RAWNDUL ARBIL Y s 140,09 - ?52 1= gp0302 ¢ goucon 8 .96 .92 12.81 1A.T7T v 2 61,73 ¢ 9,721k 17T .67 L22 39,93 e.0s
16 SALAHUIDIN ARBIL Y = 103.62 - ?i: &1+ ?Ziszg * 12 .83 .69 19.42 10,23 ¥ x 101,58 « éfs?%% 16 .52 .27 32.99  f.le
17 DOKAN SULATMANIYS Y = 155,07 + 225 ;§ ) 13 .53 .28 38059 .27 w0 SIGNIFICANY VRS N THE EuncTION
18 SULATMANIYA  SULATMANIYS  ND STGNISICANT VARS IN THE FUNCTION Y % 183,66 - 1,16R1 + 0.7532 - 0,330 13,74 &3 37,09 7.7
€3.21 Ceo03y (e
19 HALABJA SULAIMANIYS Y = 69,22 + ?Zéggg 5 %86 WTe 12,77 8,71 Y 3 125,46 + ?i512 1e 455 .30 48.89 Se28
20 BAKRAJO SULAIMANIYE Y = 143.28 - ?Zh;;ig T 9 «db T4 25025 5,57 Y 3 118,47 » ‘(’3""‘,"5 15 o55 430 £2,26 5.3
21 PENJWIN SULATMANIYA  NO SIGNIFICANT VARS IN THE EuncTion Yoro127,28 8 25525) 3 .72 .52 fo.2s Tl
A NO SIGNIFICANT VARS IM THE SUNCTION Yo% 122,50 + 016987 - 0,4003 + 0,278 7 .99 ,03 10.87 9.7
22 CHWARTA SULATHANTY 358153 [N ES R
TRETATAL RAINFALL
1= 0CTQBER °A1N§ALI.
Gie QEvaaEe RAINTALL VALUE IN BRACKETS 1S THE T-vaLuf
R3= DECEMBER QATHFALL
RG= JAMUBRY QAINSALL
95= FEBRUARY RAINFALL
b= MACH RAINFALL
AT= APRIL RAINFALL
“B= PAY FAINFALL




¥.:IELD AN MINTHLY MINIMUM, MAXIMUM, MZAN AND SEASONAL TEMPERATURE IM THE RAIMFED AREA CF NIRTHFRN IRAQ

MOSJUL STATION KIRKUK STATIZN
2
MAXIMY" TEMPIRATURE FUNCTION gggsgs R ¢ S.E. s_yaLyE PERIND MAXIMUM TEMPERATURE FUNCTICN ?5%52‘ R & S.E. F-vaLyg PEPIND
Y = 1065.6 =~ 13.44MAT2 - 29,69SMAT 27 .71 .51 43.49  12.3C 1 Y = 1076.4 = 12.564MAT2 - 29.533MAT 27 W70 .69 43.26 11,35 1
(2.71) (2,73) (2.85) (2.23%)
Y = 1373.8 - e.ogn;vs + 31219474 - 64.1654AT 9 .98 .96 15.37 36482 2 Y = 775.6 - %Z.géga 7 9 .86 .73 34.33 19.23 2
.19 (5.7 (7.87) .
Y = 520.6 - Zb.g%;ATB 13 .67 .45 49.57 3.13 3 Y = 1316.5 - %3.3§gnTz - %g.gg?ATe 13 .86 .71 35.30 12.10 3
3. . .
Y = 1239.0 + 16.61%ATS5 - 62.56SMAT 22 .73 .60 4D.95  14.45 & Y = 1163.1 - 11.53MAT2 + 34.5285MAT 22 .72 .52 «3.70  10.16 4
(z.29) (6.92) (z.21> (3.33)
MINIMUM TEMOERATYURE YINIMUM TEMPERATURE
NG SIGNIFICANT VARS IN THE SUNCTION 1 Y= 266.6 - %5.;g§173 27 LS .23 51.31 7.55 1
Y = 703.2 - 83.52SMIT 9 .69 4T 4b.356 6.26 2 Y = 1337.0 - 35.35MIT2 - 13.70%IT5 + 23.66MITS
.50) (5.21) (3.06) (6.48)
-?g.2§§177 9 .98 .97 15.42 21,48 2
Y = 390.7 - 26.06MIT5 + 23,544IT7 - 25_.33MITS 13 .31 .56 43.53 5.70 3 NO SIGNIFICANT VARS IN THE FUNCTIOM 3
(2.78) (2.01) (2.66) .
NO SIGNIFICANT VARS IN THE FUNCTION o Y = 268.1 - %%.43;IT3 22 .69 ,24 53,04 6.26 &
.5
MEAN TEMPERATYRE . MEAN TEMPERATURE
Y = 734.8 - 2%.g#§n7 27 .51 .26 52.12 8.864 1 Y = 916.5 - %3.§gg12 - g§.ggsnr 27 .64 .60 66.62 8.10 1
Y = 867.3 - §§:§§;T: 9 .90 .80 28.67 28.37 2 Y = 859,1 - %gigggr7 -84 3 .82 L47 38.45 13,30 2
Y = 892.7 - ?}:gé§.’4' 13 .58 .33 S4.75 5451 2 Y = 867,44 + 142377477 - 61.59SMT 13 .69 .67 4B8.13 4,66 3 L
Ze (1.99) €2.86
Y = 336.2 - 48B.0654T 22 .60 .36 50.82  11.10 v = 965.5 - fhidamt2 - $5:28%mr 22 .56 .61 68.21 6.56 & o
(3.33) (1.99 (2.51) ;;
1
= W gCvo3E EMPERATURE AITi= MINIMUM JCTOBER TEMPERATURE  “T1 AN CCTQEER TEYPSRATURE i , N
AT ALINUY WL ERER TIIRE2RAT08E  MITZC wINIMUM NOVEMSER TEMPERATURE T2 AN NIVIMBER TEMPERATURE VALUE IN 8RACKETS IS THT T-vaLyE
4aT5z MAXTMUM DECEVBER TEMPERATURE H4IT3= MINIMUM DECEMBER TEMPERATURE 4T3 AN CECEMBER_TEMPERATURE
AAT6= MAXINMUM JANUARY TEMPERATURE 11T MINIMUM JANUARY YEMP‘EEATUF\’E MT4 AN JANUARY TEMPERATURE
MATS= “AYIMUM FESRUARY TEMPERATURE MIT MINIMUM FESRUARY TEMPERATURE MTS AN FEBRUARY TEMPERATURE
¥ATh= MAXIMUM MARCH TEMPERATURE MITh= MINIMUM MARCH TEMPERATURE MT6 AN MARCH TEMPERATURE
AATT= MAXIMUM APRIL TEMPEDATYRE IT7= WINIMUM APRIL TEMPERATURE MTT AN APRIL TEMPERATURE
MATS= MAXIMUM MAY TEXPSRATYRE MIT MINIMUM MAY TEMPEIRATURF MT8 AN MAY TEMPERATURE
SMAT= SEASONAL MAXIMUM TEMDIIDATYCE SMT SEASCNAL MINTIMUM TSMOPERATURE SMT ASONAL MEAN TEMPFRATYRE
558228§§ai'32‘355A5'51=L: ~a YONTHLY RILATIVE HUMINITY IN THE RAINFED AREA QOF NJIRTHIN 12A%
B } 2 2 ..
MOSUL STATIZN FUNCTICN g?\éag’: 2 @ S.E. F-VALUE PERT I KIRKUK STATITN FUNCTION rgg§=2= R 8 S.c. F-yALUE PERTNN
¥ = -G5l.e + %EQ}E;T 27 S4F L2M S4.1a 5.36 1 Y = -S4,5 + ?.sqnn7 21 .52 .27 50.41 .11 1
WF2 3.02)
Vv = -50%.0 + 2:735;6 9 =87 .60 35,7 15.00 2 Y = -116.5 + 4&.T6RH7 9 .85 .77 36.8¢ 13,646 2
3 “ o
¥ = 324.0 - 6.00RHS + 5,35948 13 .31 .66 41.03 93.70 3 Y = S8.9 - 5,33831 + 5.57R4S 13 .87 LT6 32.14  16.1R 3
(2.%8) Ceudnd N 7 €2.87) C4.?1)
Y = -75.0 s 3:33RR7 22 .52 .27 51.96 7.58 . Y s -103.3 + 2.TIRHT + 3,.87RH8 22 .72 W74 32,14 15,18 o
(2.75) (2.34) (2.56)
241= OCYIBEZR RELATIVE ~UMIDITY . c T-
s RSy eEEE R REE v unT Ty VAUNF Tu 80ackeTS 15 TME T-VALUE
o2z DECENMBE? RELATIVE AuMIDITY
PHex JANUARY ?ELATIV‘_“U‘QXBE"Y
PrHS= FEB2UARY RELATIVI Hy3ItITY
PMg= MARCH RELATIVE <UMINITY
I9T= APRIL RELATIVE SUMINITY
2402 WAY RELATIVE HywinIvy
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sies dat

R O or BkE 83 vretn on TOTAL RAINFALL IN THE RAINEED ARSA OF NORTHERN IRAQCMM)
PERIOD ONE
1949/50-1975/76 PERIOD TWO
1949/50-1957 /58
STATTGN oROVINCE L euneTION Ng. 3¢ o RZ  S.5. S-vaLu: - FUNCTION :2§EgF @ g% s,E. F-VaLUE

1 SINJAR NINEVEH Y o= S1.75 4 0.3378 C35° .64 .40 68.11 16479 Y =-10.3% + 0,477R a W69 4T 56430 626

2 wIsuL NINEVEH Y= .08« 500380 a7 W61 W37 70.00 14.46 ¥ =-50.56 + 6-81%3 3 W67 .45 88.99 5,65

3 TeLaFaR NINEVEH Y = 36.0% « 524378 27 W61 .37 69.85 14,73 Y =-140.68+ §-1033 9 79 .62 72,42 11.55
4 an2a NINEVEH Y s -£.37 + §233%% 20 .68 .45 85.70 15.42 Y =-70.05 « 523378 & 278 .60 21,01  4.10
S SEPSANK NINSVEH Y s116.21 + 20398 29 W67 G177 80.32  3.77 Y =136.07 + Jo66TR e W27 .08 114.92  0.5%
£ DDHUK NINEVEH Y = 26429 + 5%2 ?3 20 .59 .34 72.33 9,39 Y ==160.92+ 3981#3 L .76 .58 82.49%  %.19
7 AMADIYA NINEVEH v =120.20 + 626982 12 .36 .12 90.29  2.31 Y =-35e.38+ 0o7o0R ] 220 .81 55.66 25,17
R’ ZaKwo NINSVEH Y =-124.47+ 020738 13 W77 .59 72467 15.70 Y =-176.67+ S.39%R 7 W71 .50 37.21 .93
9 KIPKUK KIRKUX Y « 52538 27 W51 .37 Th.46  l4.46 Y = . 03350 a 270 .69 99.96 6,75
16 HAWIJA KIRKUK 2 IR LT .59 .35 77.40 13.56 v = + 880 s L61 .37 111.10 4,11
11 IFTIKHAR KIRKUX Y L8R L46 .21 91.32  5.16 Y = 59.15 + §.39%8 ° W57 .33 116,96 3,62
12 TUZ-KHURMATY KIRKUK ¥ <8535 n .50 .25 89,3 5,47 ¥ = 96.12 + L3573 7 W61 .38 113.52 3,11
13 SHAQLAWA aRsIL Y s125.16 + 9.23%8 27 .26 .07 53.73  1.74 Y = 87.66 + §i13%8 ° W52 .27 62414 2.52
16 2201 493TL Y 16119 + §:833% 23 L06 .00 62.75  0.93 v = 99.20 + 53278 a W45 .20 66.82 1,75
15 2a4nnyz AREIL Y = 90.65 + 900378 22 W43 .19 S0.63  4.54 Y = 60.04 + 611383 9 W59 .35 59.66  2.69
14 SALAMUIDIN  aR3TL Y =130.9% + 50372 2 W10 .01 54.73  9.20 Y =-151.32+ §.33%0 o W38 .95 26.15 39,73

€0.46) €6.30)
17 JIKAN SULATMANIYA ¥ =158.58 + 0.04TR 25 .12 .01 22.19  9.35 t =193.12 + 9.43TR 2 «13 .02 126.06 0.3%
1% SULAIMANIYA SULAIMANIYA Y *179.70 + 5?65$3 23 <03 .00 37.89 0.22 Y =111.54 + éfi %3 e 33 .11 114,55 0.74
19 4ALASJA SULATMANIYA Y =170.80 + 52033 23 .03 .00 96.43  0.02 Y = 29.12 + §o338 ° LE1 .26 102.96 2,41
20 BAKRAJD SULAIMANIYA Y =150.72 + 5?6 ?% 20 211 .01 92.72  0.21 Y =158.13 + gfi ?3 4 226 .06 141,97  £.25
21 PEMIJWIN SULAIMANIYA Y =116.46 + 00878 12 232 .10 9%.09  1.13 Y =104.41 + 06598 9 231 .10 116043 0.7¢
22 CHdacTe SULAIMANIVA Y = 55,01 + é;iéi% 11 .54 .29 B5.14 3.72 Y = 26,15 ¢ §gi 3% 7 $56 .32 113.22  2.31
. . """ per10> FouR
IR A TSI 949/50-1957/58 £ 1963/64-1975/67

1 SINJAR NINEVEH Y = 26.06 + E;?g;g 13 .82 «67 &7.548 22.59 Y = 12.93 s;:g;g 22 «75 56 82,77 25.77
2 wosuL NINEVEH Y o=-t.en ¢ 03972 13 .91 .66 4%.66 21.26 Y =-48.52 + 3:807% W76 .54 63,33 23.57
3 TELAFAR NINEVEM Y os-11.79 s G54tk 12 .89 .79 37.94 62.04 Y= -ee7s e gudaTk 22 LT3 .53 64.38 22,16
4 agRa NINEVEH Y =-17.ss + 023K 13 W76 .57 54,51 14.70 Y =-35.11 4 0o2sTR 19 276 o577 59.91 22431
s SEDSANK NINEVEH Y = %6.07 + GI0TR 1 L57 .45 59,52 4. S v =118.0% + 0,088 e .39 .15 89.43 0.1
6 DOHUK NINEVEH Y = 20072+ 0:237% 7 L7655 53,79 6.01 Y= oe.36 . 0,307k 15 W59 .35 81.00  6.9°
7 AMADTYA NINEVEH Y siec.es o 0L0TTR [ .37 .16 83.41  0.98 Yosa.e e GITE e 240 .15 93.29 2,70
a zaxma NINEVEH Y =-9e.1e o 0.427R 3 .90 .81 44,52 17.77 Y =-127.67¢ GAFTR 13 W77 SS9 72.67 18,70
3 KITRUK . KIRKUK Y =-22.26 + G50TR 13 .58 .47  58.68  9.6% Y =-3z.3e ¢ 0.36TR 22 “Se .42 T9.79 e.20
16 WawIJA KIRKUK Y =-40.52 4 0,327k 13 .79 .62 49.A3 - 17.38 Yom-e.07 + DLITIR 22 .63 .40 80433 13.32
11 IFTIKHAR KIRKUK v x221.36 - 0,287k 7 W21 .05 864456 0.2 YoTTs.25 e 0aSTR 6 .66 .22 192,59 .34
12 TUZ-KHURPATU KIRKUK Y = 97.92 + 0id6TZ 10 .50 .25 T7.42  2.7S Y x 90.57 0.3 IE 17 W62 .38 89.62 9,24
12 SHACLAWA aesIL Y s106.02 + .3¢TR 13 .34 .11 51.50  1.39 Y *123.17 o CLisTR 2 228,07 61.75 1,71
14 ARRIL ARBIL Y =170:63 - 25(.) ;F)Z 13 «11 .01 54,35 0.12 Y 21861.50 < 25? ;;)z 22 o3 L0 44,23 0.02
15 RAWNDUZ ARBIL v =103l80 + 0.077R o .89 .25 32.11 .27 Y oroet.0e e TR a7 .56 .31 67.71  4.72
14 SALAWUDDIN  ARSIL ¥ 18580 - 340 I% 12 L11 .01 47.%6 0,13 v =129.79 « 01E3TR 15 213 .02 59,62 0,23
17 D0xavy SULAIMANIYA Y =213.63 + ((‘itzng 13 «33 .11 «5.561 1.30 Y m16l.7) + %31:2 21 W21 L0% 82.32 8,90
1F SULATMANIY  SULAIMANIVA Y miesss - 0.037R1c .15 .02 53.27  0.1° Y rlesose o 6.8 ;3 18 .18 .02 ¥9.53  n,1e
19 HALA®JA SULAIMANIYA v =105.37 + 9.047% 4 .29 .0R 22.98  0.29 Y =113.35 o OH2TR e .23 .05 101.50  0.&%
20 RAXRAYD SULBIMANIYA Y =135.05 o ?5?§§§ ° L16 .02 20,65 0.6 ¥ o=110.207e OTITR 18 .27 .07 35.77  D.9%
21 PEMJWIN SULBIMANIYA NO STGNIFICANT VAR Y =104.41 + 0,09TR 3 W71 .10 114,49 0,75
22 CH4APTA SULATMANIvA T T cany VAR Y = 26,15 + 903303 ? L56 .32 113,22 2.1

: \éﬂ GNIFICAN (1.82)

SIGNT
THE FUNCTION
RA

yHERE : THE T-VALUE
B AL RAINFALL VALUE IN SRACRETS IS
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11
12
13
14
15
16
17
g
19
20

21
22

APPENGIX Jy TAELZ J,2
225RESSINN"GF BARLE
STATLON PROVINCE
SINJAR NINEVEH
uosUL NINEVEH
TELAFAR NINEVEH
acRa NINEVEN
SERSANK NINEVEN
DOMUK NINEVEM
AMADIYA NINEVEM
2AKHO NINEVEM
KIRKUK KIRKUK
HAWIJa KIRKUK
IFTIKHAR KIRKUK
TUZ-KMURMATU  KIRKUK
SHAQLAWA aRBIL

aRBIL aR8IL
RAWNDUZ ARSIL
SALAKUDDIN ARBIL

DOKAY SULAIMANIYA
SULATMANIYA  SULAIMANIYA
HALIBJA SULAIMANIYA
BAKRAJD SULAIMANTYA
PENJWIN SULATMANTYA
CHWARTA SULATMANIYA
SINJAR NINEVEN
MosUL NINEVEH
TELAFAR NINEVEN
AQRA NINEVEM
SERSANK HINEVEM
DOHUK NINEVEW
AMADTIVA NINEVEN
28KHO NINEVEH
KIRKUK KIRKUK
KAWIJ2 KIRKUK
IFTIXHAR KIRKUK
TUZ-KHURMATY " KIRKUK
SHAQLAWA aRaTL

ARBIL aRSIL
RAWNDUZ acsIL
SALAMUDDIN aRsIL

DaKaN SULATMANIYA
SULAIMANIYA  SULAIMANIYA
HALASJA SULAIMANIYA
8aKRAIO SULAIMANTYA
PENJAIN SULAIANTYA
CHWARSA SULATMANIYA
679868 AINEALL

NOVEMBER RAINFALL
DECFMAER RAIMFALL

JARUARY 2AINFALL
FERRUARY RAINFALL

MARCH RAINFALL

aPRIL RRINFALL

vAY BAINFALL

PERION 2NE
1943/50-1975/76
FUNCTICN
FUNCTINY
Y = 2,80 + 0,5504 + 1,96R7
€2.25 (3.86)
¥ = 39439 ¢ 1.0122 « 1.41R6
(3.00 (6.86)
Y = 59.07 + 1.9R2 + 1.41R%
(2.85 (3.98)
Y = 76.53 + 0,67R
€(3.27
Y ®125.09 + 0.3396
2.37)
Y =103.9% + 1.23R7
2445
Y =116.35 + (.55%
(2.85
¥ = =3.78 + 1.84R
£5.26
Y = 87,18 + 0.90%2 + 0.94R46
2.0« €3.56)
Y ¥120.20 + 1,620
4,24
¥ #126.73 + 1,4837
2,963
Y =157.25 - 1.05R4 2.0927
(1,89 (3.21)
Y =122.99 + 0,21R
2.17
Y =1R9,23 - 3.01R
1,9¢
Y =134.55 + i3 ;
NG SIGNISICANT VaRS IN THE FUNCYION
¥ =211.364 - 2.4001
{1,85)
¥ =183.19 « 0.7922 - 0.21R4 + 0.33R¢
€3.14) €3.10) €2.07)
NO SIGNISICANT VARS IN THE FUNCTION
Y =182.32 - 2,59281 + 0.66R2 - 0,68R4
€2.26 €2.75) (2.51)
046+ 0,60R6 - 0.53%8
2923 _ (1.38
Y =152.96 + J.51%
(3.96
¥ = 74,37 4 1.03R2 + C.38R¢
(4,02 €2.61)

"PERICE THREE
1963 /68-1975/T6

= 58.39 + 0
= 15.98 +
= 66429 *+
= T7.87 +
=123.36 +
T 42,49 <+
0 SIGNIFICA
==157.56
= 80435 +
= 53.64 +
=123.41 +
=152.33 -

MO SIGNIFICA
Y =171.58 -

¥ *126.5% »
NQ SIGNISICAN
N3 SIGNIFICANT
NO SIGNISICANT
ND SIGNISICANT
NO SIGNIFICANT
NO SIGNIFICANT
NO SIGNIFICANT
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THE
TWE
THE
THE
THE

THE

FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
EYUNCTION

Y YIELD ON MONTHLY RATNEALLC4M) IN THE IATNFED AREA

KC, CF R

CASES
27
27
27
29
29
20
18
13
27
27
21
21
27
23
22

256
23

29

12
11

13
13
13
13

13
13

19

«

.70
.72
6%
.61
o9
«50
.58
-85
€8
.65
=55
67
40
40
«39

.23

.78
87

.34
-23
.84
<80
<85

.97

-97
£77
.93
.91

.79

+58

«79

OF HORTHERN 1240

2

F

.69
.53
olb
.27
.26
.25
.36
.72
.36
62
.2

W65
.16
.16
.16

-13
.48

69

.61
+76

.®8
277
.71
<63
.72
9%

.35
.60
6
.e2
.63

34
.63

S.5.

€4,29
€1.92
€7.53
70.90
77.10
79,20
78,62
60.38
10,25
73.33
85.07
78.90
55.78
57.65
51.70

77.43
£6451

53.91

63.43
53.30

46,43

24 .44

F-VALUE

11.46
13.28
Q.25
10.569
563
6.08
8.15
27.38
£.97
17.96
9.17
7.-21
4.693
3.91
3.A8

3.43
5.91

6.23

15.43
12,61

20.95
10.27
12.30

R.60
13.14
32.73

62.25
750
12.13
23.02
5.90

5460
10.00

PERIQD Yan
1949/58<1057/58

HLRCIICH e, oF F
cAsLe
Y oz 87.25 + 1.9197 9 RO
- ¢3.432>
Y = 22.53 + 2.09%6 3 .84
4,053
Y 2120.76 + 1.89R6 = 2.9823 9 .94
(6:38) C(3.43)
Y = 22,67 + % 29§§ 6 .95
NO SIGNIFICANT VARS Th TWZ cuncTION
Y 2-62.0% 4 5,451 + 2,27%4& - 3,939 8 .99
(7.76)  €23,12> (7.7
Y =-167.75+ 1.3205 + 1,43R7 8 .94
¢4i56)  (2.31)
Y = 56.82 ~ 0,61%% + 1.91R%4 - 9.63R8_ 7 .99
(6021 €%2.69) (14.%8)
Y = 21.03 ¢ 1,9082 + 1,90R6 9 .01
(.1s ¢5.20)
Y =S133,69 + é-T E 3 .71
¥ o= 99,33 + 3.09R7 3 .85
Y =107.38 + 01703
= - + 2a 7 .83
€3.38
Y =108.21 + 0.61R 9 .64
€2.21
Y =105.31 + [312 9 .71
N SIGNIFICANT VARS IN TME FUNCTION
ND SIGNIFICANT VARS IN TME FUNCTION
NO SIGNIFICANT VARS IN THE FUNCTION
Y =152.58 - 1,96R1 + 1.70R2 8 .93
3,76 (5.685
Y s116.10 o+ 17880 9 .A2
NQ SIGNIFICANT VARS IN TME FUNCTION
Y =140.71 - 0.55R2 3 RO
(3.48)
Y =115.35 + 1,5682 7 .94
6:375
PERIOD FQ
1946/50-1957788 % 1948 /64-1075,67
Y = 55.34 + 0.51R4 + 1.5627 22 R4
¢3oe6)  ¢5.80)
Y = 13.02 + 0,86%2 + 1.33R6 + 0.81R7 22 .°0
(isFe) T Cil76d T ¢3iald
Y = ~0.46 + 1.76R2 + 0.6735 + 156086 22 .79
€3.32) © ¢3.05)  <iJT)
Y % 64.71 + 0.5583 + 1:0988 19 .72
(3048)  <2aam)
Y s114.88 + g:23R% 15 .49
Y =103.78 + 134 15 .50
3.9
Y =117.40 + gis gg 16 .58
Y = -3.78 + 1.84R5 13 L8RS
(5.28)
Y =127.46 '+ §.34RE 22 .53
.71y
Y =112.59 + 1.73R% 22 .67
t4.053
Y =120.85 « 1,5387 16 .63
¢3.00)
Y =138.54 + 1.94R7 17 .65
€3.32)
Y =125.29 + 0.21%5 22 a1
23433
¥ =189.47 - 3)6131 22 .40
ti.a3)
Y =133.01 + 0.49R3 17 a8
¢1,92)
Y 2127.44 + 0,4678 16 .49
¥ =224.32 - SoB&R} 2
.32 - 3% 1 .62
€2.0e)
Y =145.18 - 1,8171 + 1.2%%2 18 .75
€3.03)  tilasy
Y e 83,84 + 1.3687 16 .%8
(31453
Y ox 98,45 + 1,13R2 15 .63
2,963
Y ®160.71 + 0.55P2 Y
¢3.23)
Y =115.35 o+ 15682 7 .o
(3¢5

2
E

hb
.70
29
«90

R0
.23
«99
.76
50
=73
70
.61
.50

.87
.68

«63
-89

.70
.73
63
«52
26
.25
. 3e
T2
2

hf
<39
2
W17
.15
+20
o2
.18
=56
«33
40
+63
.29

SeEa

72.38
65,65
42.91
41.19

12.37
4R, 01
6.92
61,24
99.12
72.20
34,10
£5.62
51.36

“R,29
ER.24

72.°5
4%.37

53.19
51.99
60.52
£5.58
84.49
87.18
82.73
4038
89,74
T35
50,48
8h.%0
s8.61
59.10
51.45
52434
76.29
£2.40
95,20
T6.82
72.%8%
“5.27

F-vaLUE

12.12
16.39
24,21
3%.06

209.1
18,644
663.9
15.32
$.99
18,92
11.40
4.R8
6.9

17.12
14.R1

12,14
40.52

21,94
15.95
10.19
B.65
4.2
4,25
T.23
27.67
T.£5
16.39
.97
11.08
4.09
.73
.72
4.46
6,17
.52
4.00
AeTa
12.14
“N.52
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e
SERERLEAA oF BRRLZI 1100 oy waNTALY 8uD TOTAL RATNEALLCAM) IN TWE RAINFED 4RTA OF NERTWERH 128 PERIOD TH
PERICD ONE . 10357582, 3%9 s
1949/58«1975776 =9
KC. CF 2 MC, CF -2
STAYION PROVINCE FLRCTICN casee BB S.E. F-VALUE FUNCTICK cAsFs B BT S.E. FoVALUE
STNJaR NINEVEW YorS9.R5 ¢ 0.6187 - 0.688% 4 0.287T3 27 .77 .59 sA.60 115z Y T 87.25 ¢ Li9ia 7 480 .43 72038 12,12
MOSUL NINEYEN Yz 5.95 - ii 3z - 255(5;;; . ggéggg 27 .76 .55 £1.40 947 Y o= 22.53 + 2.000¢ 9 +B4 .70 £5.45 16.33
TeLafaR NINEVEH Y = 19.80 - 103 &8+ g 601¢ . 27 .73 .52 £1.98 13.23 Y *120.74 ¢ 1.83R6 - 2.3228 3 o84 .89 42,93 24021
anga NINEVEH Y m -8.37 + 52 1% * 29 .63 .45 65.71 15.42 Y = 22,97 ¢ 12788 6 .95 .90 41,19 35.06
293 s,
SFRSANK NINEVSEH ¥ =125.09 + i3 ;g 20 .49 .24 77,09 5.63 NO SXGNIFICAI(l‘i’ vigs IN THE FUNCTION
noAUK NINEVEH Y 2 26423 4 (,28TR 20 .39 .34 73.33 9,39 Y =-42.03 + 5.45P1 + 2.272¢ - 0,93%8 8 .99 .97 12.37 209.1
€3,06) €7.76)  €23.12) (T.71)
amadIYA NINEVEH Y =116436 + t()és ;g 13 .5% .26 78,42 2,15 Y =-354.38+4 0,.76TR B 90 .91 55.66 25.17
z8kH0 NINEVEH Y o= -3.32 4 1% 2¢ 13 .85 .72 €0.38 27.67 Y = 56.82 - 5 4384 + 139186 - °i63§8> 7 .99 .99 4.92 663.9
5. . 42,69 oo
KIRKUK KIRKUK Y =-10.92 + 35 ;5 27 .61 .37 76.66 14452 Yoz 21.02 + ffs 13 . §4588 ¢ 8 5 a1 .4 61424 15.22
. . 5.2
HARIJA KIRKUX Y =120.20 + 1.6 28 27 .65 .42 73.33 17.96 v s133.65 + S 748 (5203 9 .71 .50 99.12 6.99
. ° %R
IFTIKHAR KIRFUK Y =124.70 + 3e38? 21 .55 .20 85,07 8.17 v = 89.33 « 35 7 o85S .73 72.8C 18492
. 4y
TUZ-KHURMATU K IRKUX Y =187.25 - 10334 + %;ogslz; 21 .67 .45 7R.90 T.31 Y =107.28 « 5 3889 7 .83 .70 86.10 11.40
SHAQLAWA ARBIL ¥ =122.99 + 22 gg ot 27 .40 .16 55.73 4.69 v +108.21 + 528 9 .64 &) 55,62 4.38
aRaTL ARBIL Y =129,23 - 1.3 81 23 .40 .16 S7.65 3.91 v =105.31 + 523 9 .71 .50 51,36 4.9
2BWNOUZ ARBIL Y = 99,59 - g: 3887 + 951412 22 .57 .32 47.51 4.52 Y = 60,06 + 51574 9 .59 .35 5R.6e 3.69
SALAMUDDIN ARSTL NI SIGNISICANT VARS IN THE FUNCTION Y =-151.32+ 6}3 4 498 .95 24,15 39.73
&.
aeKaN SULATMANIYA Y =211.36 - 354 21 26 435 .13 T7.43  3.43 NO SIGNIFICANT S IN THE FUNCTION
SULAIMANIYA  SULAINMANIYA Y 183,19 + 0,79R2 - 0.81R& + 0.33R6 23 .69 .49 £6.51 S.91 «58 - 1.96R1 + 1.70R2 8 .93 .87 48.29 17.12
(3.143 T <il10> | C3lets Y =182.58 - 34003 ¢ TS
HALA3JA LSULAIMANIYA NO STGNIFICANT VaRs IN THE suNnCTION Y 2116.10 + 1.78% 9 .82 .69 6R.24 14.21
3.85
3aKPA40 SULAIMANIYA Y =182.32 - 255901 + 956682 - ?z"?fﬁ 20 .93 .69 58.91 5.23 NO SIGNIFICANT ARS IN THE FUNCTION
0230 90,6086 = é s3rs : )
PENJWIN SULAIMANIYA Y =153.94" 4 935 3 12 .78°.61 €2.43 15.65 Y s260.71 + 0.5502 9 +RO .63 T2.F5 12.14
CHWARTA SULAIMANTYA Y = 74.37 + 1,0382 + 0,38R6 11 .R7 .75 53,3 . Y =115.35 + 1.5602 7 49 .89 65.27 40,52
R ¢3ales” a8 5 53.30 12.61 82375
PERIUD THRE! PERIOD F
1963/ 6-1975/;6 ‘1949/50.}9575!& R §8¥8,/64.1075,67
NINEVEH Y «33 ¢ 0,70R3 *» 0,32R4 + 0.81R%7 13 .94 .88 32.59 20.95 ¥ = 55,34 4 D,51R4 + 1.56R7 22 o34 .70 53.319 21.06
SInJaR : = 8.3 €2.85)  (2.0%) (2.91) €2.46)  (5.80)
MmaSuL NINEVEM Y =-65.30 + 0,83R7 + o.sg'rv 13 .90 .81 2R8.13 21.26 Y = 13,02 + gisg;.zg - hz;gg + '.(723}2‘; 22 RS .73 51.99 15,94
. “. - - -
TELAFAR NINEVES ¥ ==11,70 + 1(725 11'5 ¢ 9 13 .R9 .79 37.94 42.04 ¥ = -8,59 + ?i7%§§ hd 2;62;‘; 22 .78 .60 61.00 14,29
.68 . . R
ADRA NINEVEM Y =-17.56 + 522 18 13 .76 .57 54.51 14,70 Y =-35.11 ¢ 6,2 Ie 19 .76 4ST 59.91 22.91
.82 .

SERSANK NINEVEH Y =123.84 + ((3_55 ;z; 7 «85 .72 41.92 13.14 Y =114.83 + géa ;g 16 469 24 84469 .42
S0HUK NINEVEH Yoz 62049 4 §§§ R3 + 951986 7 .97 .94 21.42 32.73 Yoz 4,36 4 gii %r; 15 .59 .35 81.00 5,98
.62 . .64
AMADIYA NINEVFH NO SIGNIFICANT VARS IN THE FUNCTION Y *117.40 + gis 26 16 .58 .36 B2.73 7,23
28KHTD NINEVEH Y =-157.564+ 2 s 25 6 497 .94 24.50 6R.25 Y = =3,78 + };é Zg 13 R5 .72 60.28 27.67
XIRKYK KIRKUK Y o= =7.10 + %ié 3§ - (05“5);5 13 .77 .60 5§3.30 7.52 Y =-32,14 ¢ 0;5 ;g 22 .66 .42 T79.79 14,20
HAWIJA KIRKUK Y =-60.52 + 0,8 y(&; o 13 .79 .62 49.63 17,98 Y =112,59 + 1.1 g8 22 .67 .45 T7.35 16.39

(4,23 : b
IFTIXMAP KIRKUK Y s123.61 + £.37R8 7 .91 .82 37.29 23.02 Y =120.85 + e 16 463 .39 90,05 2,97
TUZ-XHURMATU  XIPKUK Y =162.33 - %22‘85’ + %g‘.gggs 10 +79 .63 58.49 S.90 Y =138.54 + %5:) Rz)l 17 .65 .42 B6.59 11,08
SHAQLAWA ARSIL N3 STGNISICAHT VaRS IN THE FUNCTION Y £125.29 + 0.2 gs 22 +41 .17 328.61 .09
2.02
ARSTIL AR3TL Y =171.58 - 3,781 13 .58 .36 44.50 5.63 Y s189.47 - 208 R; 22 .40 .16 59.10 3,73
< +92
RAWNDUZ AR3IL Y s126.58 + 0.3 z3 8 479 .63 26,644 10.00 Y = 91,06 051118 17 o56 .31 &7.71  6.77
. .81
SALARUDNIN aesIL ND SIGWIFICANT VARS IN THE FUNCTION Y os127.06 + 624503 16 .49 .26 52,34 4,86
; 2.
onKaN SULATMANIYS NO STIGNISICANT VARS IN THE FUNCTION v 220,32 - 528 i 21 .42 .18 76.28 4.17
€2.04)
SULAIMANIYA  SULAIMANIYVA NO SIGNISICANT VARS IN TME FuNCTION Y £145,18 - 1,811 « 1,2602 18 .75 .56 £2.40 9.52
202 ‘.
HALABJA SULAIMANTYA NO SIGNIFICANT VAaRS IN THE FUNCTICY Y = r3,84 « 1,3 q; (L.085 16 58 .33 8%.20 4.00
jo ]
B4KQaJ0 SULAIMANIYA N0 SIGNIEICANT VARS [N THE SUNCTION Y = 98,65 ;uv% 15 <63 .60 4,22 4.74
.96
PENJWIN SULAIMANTYA 40 SIGNISICANT VARS IN THE FuNCTION Y or160.71 + ;ss:'; 3 .90 .63 T2.85 12.1e
3.29)
CHWARTA SULAIMANIYA ND SIGHMIFICANT VARS IN THE FUNCTION Y x115.35 « ésig‘;g T .96 B9 &5.37 «0.52
2TaL RAINFALL VALUE IN 30ACKETS IS THF T-vALUE i
ICTHREP RALNFALL .
ACTORER PAINFALL
NOVEMBER RAINFALL
NECE¥BER RAINFALL
JANUARY RALTMEALL
SEBANARY RATNFALL
“A2CH OATHNFALL
APRIL QwINFALL
MAY 2ATNSALL
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MEAN AND SEASONAL TEMPERATURE IN THE RAINFED AREA OF NORTHERN IRAQ
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