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INTRODUCTfON 

Oll clearly has been a dominant factor In the economies 

of these Middle Eastern countries.  But to focus solely on 

the oil sector Is to present an Incomplete picture of Iran, 

ir.iq, Saudi Arabia, Libya, and Algeria.  While this sector 

constitutes the major source of revenue for each country. It 

remains only one of several Important sectors "defining" the 

environment within which decision-makers in these countries 

operate.  Another Important sector in this setting Is the 

agricultural sector. 

After oil production, agriculture Is the largest single 

contribution to the national accounts (I.e., the national 

Incot. -, the GNP, the ba 1 ance-if-payments, etc.) of each of 

the five countries.  The agricultural sector, moreover. Is 

the principal source of employment In these oil-producing 

countries, with more than half of the population In each 

country (except Libya) deriving its livelihood from agricul- 

ture.  Due to a number of constraints (e.g. limited water 

resources), however, the level of agricultural productivity 

In these countries are not able to produce enough on their own 

to meet the ever-lncrea ing food needs of their respective 

populations.  Further, with ever-growing populations and 

rising demands for better standards of living, they face the 

strong possibility of widespread famines breaking out In the 

not-too-dIstant future.  To avert this situation, extensive 

efforts are being made in each country to modernize and dev- 
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lop, the agricultural sector. 

It Is In the context of these development efforts that 

we have attempted to construct a simulation model of the 

agricultural sector In these five countries.  Specifically, 

we have sought to formulate a structure which would enable 

ub to (1) Identify and trace the various Information and wt- 

»•■ al flows in the agricultural production process which in- 

fluence the decision-makers' choices of developmental policies 

and programs, and (2) project the consequences that their 

choices might have for the output behavior of the agricultural 

sector.  To thl«? end, we have adopted a "bu I 1 d I ng-block" 

approach to modeling this sector.  The complex array of 

variables and Interrelationships are conceptually grouped into 

several sequentid11y-1 I nked "logical components", or building- 

blocks, to simulate various facets of the production process. 

Four such components are Included In the present version of 

the agricultural simulations:  resource allocation, moderni- 

zation, production/marketing, and consumption/demand com- 

ponents.  The output of a component Is either an Input to 

another component or a performance variable, or both.  The 

f'nal outputs of the model thus Included not only physical 

outputs, but also a set ot performance variables.  It Is 

this set of variables which the decision-makers evaluate and 

compare with policy goals when choosing their policies and 

programs for the next time period. 

At present then, we have a model which is structures to 

simulate the production of field crops (specifically wheat. 

_  . ... 
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simulate the production of field crops (specifically wheat, 

the principal crop and food staple) In these oil-producing 

countries.  Parameter values are available for one country 

(Süudl Arabia) and will soon be ready for the other four. 

. 
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THE SETTING:  Herausforderung und Antwort 

Oil clearly has been a dominant factor in the economies 

of these Middle Eastern countries.  Yet, to focus entirely 

on the oil sector Is to view a rather distorted picture of 

these five countries.  For despite the tremendous wealth 

derived from oil production, there has been little appreciable 

change, if any at all. In their overall economies.  Put some- 

what differently, inspite of their vast capital surpluses, 

these countries are still economically underdeveloped.  But 

there, the overall economic development of these countries 

depends upon more than the accumulation of capital surpluses, 

upon more than the orowth in the productivity of this one sector. 

It also depends, to a considerable extent, upon the modernization 

and development of the agricultural sector. 

Agriculture constitutes a major sector of both the economy 

and the -jclal structure of each of the five countries examined 

here.  After oil production, It Is the largest single contributor 

to the national accounts (I.e., the national Income, the GNP, 

the balance of payments, etc.) of these countries. And, where- 

as the oil sector represents the major source of revenue for these 

countries, the agricultural sector Is the principal source of 

employment and Individual income.  More than half of the population 

of four of these countries (Algeria, Iran, Iraq and Saudi Arabia) 

derive their livelihoods directly from agriculture.  In Libya's 

case this figure Is considerably smaller (approximately one-third 

of the population), yet It still represents the largest share of 

the population Involved 
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In any one sector of the Libyan economy. 

Despite the rather sizable  input of labor to the agri- 

cultural secor, agricultural productivity In these Middle 

Eastern countries Is not very high.  Winter grains such as 

wheat and barley (the principal grain crops of these countries), 

for example, rarely produce yields above fifteen bushels per 

acre per year, even In relatively good years.1  At such levels 

of productivity, these countries are barely able, if at all, 

to produce enough on their own to meet the present food needs 

of their respective populations.  Ali-tuo-often, In fact, they 

must Import large quantities of food to "fill up" their fre- 

quently-deficient food accounts.  And confronted with ever- 

growing populations and rising demands for better standards of 

living, these countries are likely to become even more depen- 

dent upon external sources of food.  For unless agricultural 

productivity can be significantly raised above present levels 

(or otherwise augmented), these countries face the possibility 

of widespread famines breaking out in the not-too-dIstant future. 

Considerable efforts are thus being made In these countries 

to Increase agricultural productivity, to modernize and develop 

the agricultural sector.  If these efforts are to succeed, how- 

ever, a number of rather formidable obstacles must be overcome. 

One major obstacle which has long limited agricultural produc- 

tion In these countries is their relative lack of adequate water 

supplies.  For the most part, these countries depend upon rain- 

fall to provide the water needed for crop production.  But 

■iiam ttfuaama 
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because of the arid nature of the climate In these countries, 

the rainfall they receive Is both low and highly variable over 

time.  Many areas of these countries, In fact, receive so 

little rain as to make the production of rain-fed crops well- 

nigh Impossible.  As a result, the amount of cultivable land 

In each country is limited to a rather small percentage of 

each's total land area.  (See Table 1)  And where this land 

Is actually put under cultivation, the utilization of this 

land ^or rain-fed crops (which the major share of the crops 

grown In these countries are) requires the adoption of such 

practices as placing the cropped area In fallow during alter- 

nate growing seasons.  Under such conditions, It Is hardly 

surprising that these countries have thus far been unable to 

realize their full agricultural potential. 

The alternative to this dependence upon rainfall for 

crop production Is, of course, the extension of Irrigation 

to the areas to be cultivated, both present and potential. 

But to bring these areas under Irrigation requires that these 

countries have alternative sources of water In sufficient 

amounts to meet the water requirements of the area (and crop) 

to be irrigated.  Of these five countries, however, only Iraq 

appears to be well-endowed with such a supply of Irrigation 

wjter.  With a combined average annual flow of around 61 million 

acre-feet, the Tigris and Euphrates rivers clearly provide Iraq 

with a great potential for irrigation.2  Using only part of this 

supply (approximately 28.4 million acre-feet), the Iraqis have 

Ma*t   
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Table 1 Land Utilization in the Five Countries 
(In 1000 acres) 

Algeria 

Total Land Area 688,800 

Cultivable Land 6,700 

Cultivated acreage 3,700 

Area Irrigated 99 

I ran I rag Libya 

16M00 110,900 117,500 

22,000 16,700 17,500 

7,000 8,100 1,175 

3,000 ^OO 555 

Saud i Arabia 

550,000 

82,500 

600 

n .a. 

- 
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been able to put an estimated 7-5 million acres of crop land 

under Irrigation thus far.^  As to the other four countries, 

they do not possess any readily-accessible supplies of irri- 

gation water which are comparable to those in Iraq.  Iran also 

depends upon the Eurhrates River for irrigation water, but 

the amount of water it is able to extract from this source is 

definitely not sufficient to meet Iran's present and projected 

water needs.  The situation Is even bleaker for Algeria, Libya 

and Saudi Arabia; there are no rivers, lakes, etc., of any 

practical significance In these countries. 

From where, then, can these countries get the water they 

need?  One source Is to be found underground. I.e., groundwater 

from wells.  Information on how extensive the supply of this 

water Is, however. Is rather scanty.  A more certain source of 

potential Irrigation water is, of course, seawater.  In both 

cases, the production costs Involved In tapping these sources 

are substantial.  The cost of producing ground water, for 

example, presently runs about $13J per acre-foot.   In contrast, 

the cost of desalination, given existing technology. Is about 

one dollar per 1000 gallons, or about $326 per acre-foot.5 

As these countries have to dig deeper wells, and as desallnl- 

zatlon technology advances, the difference in the costs of 

these two alternative sources is likely to diminish.   But for 

the present time, and for the forseeable future. It Is the 

production of groundwater which. In terms of cost, provides 

the more practical solu ion to the water problem In these 
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countries. 

Whatever the source. It !s abundantly clear that the 

development of Irrigation water constitutes an essential 

Ingredient In any effort to Increase the agricultural pro- 

ductivity of these countries.  Water by Itself, however. Is 

not the only prerequisite for Increased agricultural produc- 

tion:  "Indeed, neither water nor any other single Input 

Is the magic wand that will qiJ,ckIy and paInlessly produce 

agricultural plenty and prosperity.^  Thus. If the extension 

of Irrigation to the cultivated areas Is to be of any lasting 

benefit. It must be accompanied by a number of additional, 

but equally Important production Inputs.  These additional 

Inputs are essential, for the scarcity of water does not 

constitute the only obstacle to the expansion of agricultural 

product Ion. 

A second major obstacle to Increased agricultural pro- 

duction Is the general lack of soils suitable for cultiva- 

tion.  Suitable soils are as scarce In these countries as 

water. If not more so.  As a result, only a small fraction 

of the land In each country Is truly cultivable.  Even In 

those areas where cultivation Is possible, the suitability 

of the soil Is limited.  There are two aspects of the soils 

In these countries which In particular pose major limitations 

to agricultural production.  First, with continued wetting 

and drying out. the soil has a tendency to accumulate high 

concentrations of salt.  This problem Is especially acute 

«HiaailUHHaMMIIIMl 
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In Iraq where between twenty and thrity percent of the 

cultivable land has to be abandoned each year due to sallna- 

tlon.  Second, the soils are very low In nitrogen content 

which Is necessary to sustain high production In these soils. 

As a consequence of these two factors, the productivity of 

these soils tends to be exhausted rather quickly with the 

result that much of the cultivable land In these countries 

must be placed In fallow during alternate years.  Further, 

even when these soils are used for cropping, the resulting 

yields tend to be quite low. 

Clearly, then, to overcome this secord obstacle con- 

stitutes another major prerequisite for Increased agricul- 

tural production.  But again, no single Input will be suffi- 

cient to achieve this.  Instead, there are several separate, 

but closely Interrelated, Inputs which will help to Improve' 

the suitability of the soils for production.  Among these 

Imputs Is, of course, a drainage system for "flushing" 

harmful salts out of the soils.  In conjunction with this, 

these countries need to Improve their use of land and water. 

What this entails Is the adoption of such practices as land 

leveling, flood control, and moisture conservation.  Another 

major Input has to be fertilizers, particularly nitrogen 

fertilizers.  While potassium and phosphorous fertilizers are 

present in these countries, they are not available In sufficient 

amounts to sustain a wide variety of crops or high production 

levels.  Finally, with Increased fertilization and Irrigation 

UUMiM^M^dUMli 
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»«. varieties of crops couid be i„tr„dljced wMch are „, ,„, 

hlgh-y?eld type, 

AH of the rnputs Fdentffled above, fncludfng the ex- 

tens.on of Irrlg.tlo«. are directed at raIsJng the per acre 

Yields of the cultJvable lands in these countries.  But 

raising per acre yields represents only one aspect of the 

overall proble. of Increasing agricultural production.  Another, 

equally l.portant aspect of this problem Is that of raising 

the per capita productivity f   labor.  As we noted at the 

outset of this report, a major share of the labor force In 

each of the five countries Is employed In the agricultural 

sector.  Vet. the per capita productivity of this agricultural 

labor Is presently quite low.  Of course. Taced with the lack 

of adequate water and soils, the Individual farmer Is not 

going to be very productive.  But even with the necessary 

Physical Inputs to overcome these two obstacles, he Is still 

not likely to be very productive.  For to raise the per capita 

Productivity of agricultural labor In these countries, two 

additional obstacles must be overcome.  The first of f.se two 

obstacles relates to the availability of labor in sufficient 

amounts to support an intensive effort to expand agricultural 

product Ion. 

Of those employed i„ the agriculturel sector, most ali 

are engaged i„ traditioaai subsistence farming.  «,th agri- 

culturai production thus being carried out primariiy to meet   ' 

the food needs of the individual house-hold (or production 
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unit), the labor Input required to produce this food Is 

provided principally by the household Itself.  More often 

than not, this labor Is quite sufficient to meet the labor 

requirements for subsistence production.  As a result, there 

Is very little need for additional, nonhousehold labor.  With 

the raising of the productivity of the -ultivated lands, how- 

ever, "...the need for labor -.ill increase so considerably 

that present surpluses (If any exist at all) will hardly suf- 

fice to satisfy the new requirements.""  Hut somewhat differ- 

ently, by raising per acre yields these countries create 

another problem for themselves, namely:  the problem of a 

shortage of labor.  There are no other sources of labor in 

sufficient amounts which these countries can draw upon to 

meet the new labor requirements.  Moreover, the agricultural 

sector loses part of Its libor supply each year as some farmers 

migrate to jrban areas.  Unless this shortage of labor can 

somehow be made up, it is likely to have an adverse affect on 

the efforts of these countries to improve land utilization, 

to expand agricultural production. 

But how can these labor shortages be made up?  One 

way to overcome this obstacle is to substitute machinery for 

labor. I.e., to "mechanize" agriculture.  (The level of 

mechanization at present Is rather low in these countries, 

with most farmers still depending on animal or human power.) 

By inputting more and better equipment (such as tractors) 

to replace human and animal power, these countries should be 



  

able to increase the per capita productivity of the existing 

labor supply, and thus to decreaae the amount of labor re- 

quired for the intensification of agricultural production. 

To reiterate a point made earlier, however, the Intro- 

durLlon of farm machinery (01 of any other single input) is 

not by Itself sufficient to bring about the desired changes 

In agricultural production:  "... mechanIzat Ionwou1d accom- 

plish relatively little unless accompanied by better irriga- 

tion and drainage, greater fertilizer use, better crop varie- 

ties, better control of weeds and crop diseases, and by other 

components of a technologically advanced agriculture...""  Nor 

Is the mere inputting of these factors of production together 

enough.  There must also be a willingness on the part of 

individual farmers to adopt these nev production Inputs.  What 

this essentially bolls down to Is the existence of economic 

opportunities which are rewarding to these farmers.  Herln 

lies the final obstacle to Increased agricultural production 

to be discussed here, nemely:  the relative lack o' such 

opportunities in these five countries. 

As Schultz (196^) notes, traditional agriculture (which 

agriculture In these countries predominantly Is) has certain 

built-in resistors to any change  In the existing state of 

the arts:  "The concept of traditional agriculture implies 

long-established routines with respect to all production 

activities."    Because farmers in traditional agriculture 

have a wealth of experience with these routines to draw 

kuaatHMBHi 
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upon, the risks and uncertainties they face with regards to 

the production possibilities of traditional factors of pro- 

duction are minimal.  But with the introduction of new factors 

of production, they .ire faced not only with having to bre k 

with the past, but also with having to cope with risks and 

uncertainties which are as yet unknown.'  As a result, they 

are likely to be rather hesitant to adopt these new factors. 

Yet, only through experience will they be able to learn what 

the risks and uncertainties Inherent In these factors. 

How, then, are those In traditional agriculture to be 

Induced to try these new production inouts?  The answer to 

this question lies In the economic opportunities which agri- 

cultural production and, In turn, the use of these new Inputs 

offer to the farmer.  More precisely, the willingness of 

Individual farmers to adopt the new production Inputs depends 

upon (1) the payoffs to their production activities, and (2) 

the costs (as well as the supply) of these Inputs.  What 

this essentially means Is that there must be a system of 

prices which will enable farmers to make a reasonable margin 

of r.^fit and, at the same time, to obtain the necessary new 

Inputs at prices that permit this profit margin.  (It Is 

this margin of profit, then, that provides the necessary 

Inducement, or lack thereof, to adopt the new production 

Inputs.)  In the five countries examined here, however, such 

a system of prices Is, for the most part, missing.  Prices 

for farm products In these countries tend, in general, to be 

MiHUMiUMilUfliMMMItaaMlMMH 
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depressed and distorted.  Morever, the costs of the required 

Inputs are still quite high.  The overall effect of the present 

system of prices has thus been to leave farmers In these coun- 

tries with very small margins of profit, If any at all.  As a 

result, there Is very little Incentive for these farmers to 

produce much more than what Is necessary to meet their own con- 

sumption needs.  This, In turn, means that there Is little In- 

centive to purchase the new production Inputs. 

To overcome this obstacle to Increased agricultural pro- 

duction requires, of course, the establishment of a more effi- 

cient system of prices.  But again, the establishment of this 

price system IF not enough by Itself to bring about an Increase 

In production.  While such a system may lead to an Increased 

desire on the part of farmers to seek to Increase their outputs, 

their efforts will not get very far unless there are adequate 

aupplles of the necessary production Inputs available.  Put 

another way, the essence of agricultural development In these 

five Middle Eastern countries Is 

...the application of a package of separate but 
closely Interrelated programs, techno 1 og i es ,-än"d 
processes; it is their interrelationship which 
Is truly significant...  Any single program may 
have limited and sometimes even negative effect, 
If taken by itself; but may be highly productive 
If combined with other programs in proper propor- 
tions and proper timing.^2 

The problem facing the decision-makers in these countries is 

thus one of finding that combination of programs which will 

produce the results they seek.  With this In mind we turn now 

to our proposed model of the agricultural sector. 
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THE MODEL 

As the preceding dfscusslon suggests, the effort to 

modernize and develop the agricultural sector In these five 

countries Is clear.y no simple matter.  There are numerous 

physical, economic, social and political factors, the dynamic 

Interactions between which affect the dec'sIon-makers ' choices 

of developmental policies ard programs.  To provide a clearer 

picture of how this complex array of factors and their Inter- 

relationships affect these choices, we have constructed a 

simulation model of the agricultural sector In thes'j countries. 

What one proposed model purports to offer Is a way to (1) Iden- 

tify and trace the essential Information and material flows 

Influencing the choices of the decision-makers, and (2) analyze 

and project the consequences that their choices may possibly 

have for the performance of the agricultural sector. 

For the sake of some simplicity, we have confined our 

attent'"»n In the construction of this model to the production 

of but one crop:  wheat.  Wheat constitutes the principal 

crup grown In these countries In terms of both the quantity 

produced and the amount of crop land devoted to It.  Wheat 

also represents the major staple In the diets of the people 

In these countries.  Taking these two facts Into consideration, 

we feel that by limiting our view to this one crop wa will 

still be able to present a fairly rearesentatIve picture of 

the setting with In which decisions in the development of 

the agricultural sector are made In these oil-producing countries 
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In constructing our simulation model of the wheat 

production process, we have employed a "building-block" 

13 
approach.   With this approach, the complex array of var- 

iables and functional Interre 1 ationship3 comprising the 

agricultural sector are broken Into several sequentially- 

linked "logical components" (or building-blocks) to simulate 

the various facets of the production process.  There are 

four such components In our present model:  resource allo- 

cation, modernization, production/marketing, and consumption/ 

demand (See Figure 1).  The cutout of each component serves 

either as an input to the next component in the sequence or 

as a measure of that component's performance.  (it is the 

set of such performance measures which constitutes the 

Input from the agricultural sector to the decision stratum). 

What follows, then. Is a brief description of the 

structure and functions of the four components of our model. 

This description will focus primarily on the mathematical 

form of the model.  But to aid the reader In following through 

these equations, we have provided several "causal maps" of 

the interrelationships among the variables of the model.  The 

key to Interpreting these maps is as follows: 

Symbol 
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Mean Ing 

Denotes direction of Influ- 
ence or causa 1 Ity 

Denotes endogenous variables 

Denotes exogenous variables 

Denotes policy variables 

Denotes constants 
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© D ? Denotes a delay function 

Resource Allocation Component 

Obvlo-sly, land and water constitute two very basic 

but crucial factors Influencing wheat production In these 

countries.  The purpose of this first component (See Figure 

2) of the model is thus to simulate the allocation of these 

two scarce resources to the cultivation of wheat.  The allo- 

cation of cultivated land Is determined in the model by the 

amount of cultivable land available, the amount of cultivated 

land which is placed in alternative uses, and the amount of 

land that Is left in fallow.  This allocation is represented 

as follows: 

LUC (t) = CL - [LAU (t) + LIR (t)] (Rl) 

wherei LUC = land under cultivation for wheat 
CL = total cultivable land available 

LAU = land allocated to alternative uses  (acres) 

(acres) 

(acres) 
(acres) 

LIR - land In fallow 

The total amount of cultivable land available, CL, Is assumed 

to be constant throughout the simulation.  LAU Is a policy 

variable, the value of which is set at each time interval 

by the pol Icy maker. 

LIR(t) = [C]*RRA(t-DT)] + [DT*RL I (t'DT)]  (R2) 

Cj = fallow requirement (I.e., the proportion of 
land (that must be placed in fa 11ow)-dimension- 
1 ess) 

RFA ■ rainfed (traditional) acreage       (acres) 
RLI = rate at which Irrigated land Is 

lost to cultivation (i.e. exhausted) 
as a result of over-Irr I gat Ion and/ 
or salinatlon (acres/year) 

DT  = time interval (year) 

where 

 _—J— 
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wfth this variable, an endogenous variable, we are able to 

take Into account the Impact of farming practices on land 

utilization.  In the case of ralnfed land, for example, the 

principal farming system Is one of alternating crops with 

fal1iw. 

Much of the land under cultivation In these countries 

relies on rainfall for Its water supply (variable RFA, v.hlch 

Is computed by Equation R6). Of course, Irrigation water Is 

used In some areas.  The development of an Irrigation system. 

In fact, been a major policy of these countries.  The rate 

of this development and the extent of Irrigation In each 

country are computed by the following equation: 

IRD (t) =-lr [ B"D'(t)  -i 
DEL L COST l(t)J (R3) 

IRP (t) = IRP (t-DT) + DT[lRR*|Rr) (t)-RLI (t)]  (R4) 

where 

IRA (t) = IRR (t)* IRP (t) 

RRA (t) = LUC (t) - IRA (t) 

IRD ■ Irrigation development rate 
BUDI= Investment allocated to Irrigation 

developmen t 
COST 1= cost of Irrigation water 

DEL = t ime delay 

IRP ■ potentially Irrlgatable acreage 
IRR = Irrigation re'  Irement 
IRA = acreage tctutliy Irrigated 
MR = Intensity of Irrigation 

(R5) 

(R6) 

(acre-ft/year) 
($) 

($/acre-ft.) 
(years) 

(a c r e 'i) 
(acre-ft/acre) 
(acres) 
(dImens ion 1 ess) 

Of the above variables, MR Is perhap- the most hazl'y conceived 

We have made It a policy variable In the model which ranges from 

0 to 1.0.  One might expect that these countries would try to 

make full use of their irrigation potential.  Yet this Is not 

the case.  Iraq, for example, has In the past utilized only half 
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of their irrigation potential. 

The variable IRR is a constant In the model, the value 

of which depends upon the growing season. For winter crops 

like wheat It Is ^ acre-ft./acre; for summer crops this 

figure Is 7 acre-ft./acre. 

The outputs of this resource allocation component are, 

then, the total amount of land under cultivation In wheat, 

the amount of this land which Is actually Irrigated, and the 

amount of cultivated land which depends on rainfall (I.e., 

traditional acreage) for water.  All three outputs are Inputs 

to the modernization component; only land under cultivation 

constitutes an Input to the production/marketing component. 

The Modernization Component 

As we have noted on several occasions In this paper, 

the development of one Input (e.g., water) Is not by Itself 

sufficient to bring about increased agricultural production. 

Instead, a number of different modernizing Inputs are required 

to accomplish this including fertilizers, farm machinery. Im- 

prove seed varieties, etc.  In order to explore the Impact 

of these modernizing Inputs on the agricultural production, 

a "modernization" component has been included In the model. 

(See Figures 3a and 3b).  This component focuses specifically 

on the impact of increased fertilization and mechanization on 

the production of wheat in these countries.  The primary out- 

puts of this component are 1) a measure of productivity (yield 

per acre), and 2) a mechanization coefficient. Both output.. 

,  ,,,        ^.^te^fllHIH^^IHI 



IUII1J, MIIJIIIJIIIL. M mmimmmimmmmmm™^^^*immmmmmm'*mm* 

serve as Inputs to the production/marketing component. 

For the sake of clarity only, we have divided the modern- 

ization component Into two parts.  The first part to be des- 

cribed here concerns the Introduction of fertilizers to the 

production process: 

RFERT (t) = 1 * [PCFERT (t-DT)* iHlif) ]   ( „,.!) 
DT rrtKl^tJ 

FERTC (t) - DT * RFERT (t) ( Ml.2) 

FERTA (t) = FERTC (t)/ IRA (t) ( Ml.3) 

YPAM (t)  - FRC (t) * FERTA (t) ( Ml.^) 

where 

YPA (t)   = [(YPAM(t)*IRA(t))+(YPAT*RFA(t))1( Ml.5) 
Luctn 

RFERT = the rate of fertilization, I.e. th« amount 
of fertilizers obtained per year (lb/year) 

BUDF  = agricultural investment allocated to 
fertilization (dollars) 

PFERT = the farm price for fertilizers (dollars/lb.) 
PCFERT = the profitability criterion for fertilization 

(d i mens i on 1 ess) 
FERTC = the total amount of fertilizer used (lb.) 
FERTA = a measure of the intensity of fertilizer use 

(lb./acre) 
YPAM = the productivity (yield per acre) of the 

irrigated (modern) crop area (bushels/acre) 
YPAT = the average  productivity (yield per acre) 

of the ralnfed (traditional) crop area 
(bushels/acre) 

FRC fertilizer   response   coefficient   (bushel/lb) 15 

PP ■ the producer (I.e.»domes11 c) price of wheat 
(dot 1ars/bushe1s) 

WI h tquation Ml.2, there Is no provision for the accumulation 

of fertilizers over time.  We assume here that because of the low 

quality of the soils In these countries, farmers will use all 

of the fertilizers they are able to get. 

Whether or not the farmer makes full use of fertilizers, 

however, depends on more than the availability of fertilizers. 

Of equal if not greater importance Is the profitability of using 

■ 
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fertilizers.  As Johnson, et.al (1971) noted, the modernization 

of the production process will not take pla-.e "...unless the net 

return from modern practices significantly exceeds chat of trad- 

itional practices." 16  The Impact of profitability Is Intro- 

duced Into the model with the inclusloi of the variable PCFERT 

(Equation Ml.1).  The value of this variable at a given time is 

computed by Equation Ml.6. 

PCFERT (t) - [YPAM(t)*PP(t)-PFERT(t)/El] 

YPAT*PP(t) 
( Ml.6) 

where: 

El ■ the reciprocal of the fertilization requirement, 
FERTR (acre/lb.) 

A similar profitability variable Is Included for the 

Introduction of machanIzatIon to the production process ( Equation 

M2.7).  But before we can describe this variable, we must lay 

out the structure of the second part of the modernization 

component: 

RMECH(t) - ^C PCMECH(t-DT)* fj^l)] 

ATP(t) = ATP(t-DT) + [DT*RMECH(t)] 

POWU(t) = ATP(t)/LUC(t) 

rM(t) - P0WU(t)/P0WR 

LABM(t) => [CM(t)*SALF(t)]/LUC(t) 

LABNM(t) = SALF(t)/LUC(t) 

LMECH(t) = CM(t)*[LUC(t)/SALF(t)] 

LNMECH(t) = LUC(t)/SALF(t) 

(M2.1) 

(M2.2) 

(M2.3) 

(M2.3.1) 

(M2.5.2) 

(M2.6.1) 

(M2.6.2) 

where 

RMECH ■ the rate of mechanization, i.e., the rate 
at which farm machinery is acquI red (horse- 
power/yea r) 

BUDM ■ agricultural investment allocated to mechan- 
ization (dollars) 

PMECH = farm price for machinery Input (dollars/ 
horsepower) 
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18 
ATP - available tractor power (horsepower). 
POWU ■ power utilization (horsepower/acre) 
POWR = power required for high yield crop pro- 

duction (horsepower/acre) 
CM - coefficient for mechanization (dimension- 

less) 
LABM = labor input with mechanization (men/acrej 

LABNM ■ labor input without mechanization (men/ 
acre) 

LMECH = land-man ratio with mechanization (acres/ 

man) ,   ,   /     / 
LNMECH = land-man ratio without mechanization ^acres/ 

man) 
SALF - labor available, I.e., the size of the 

agricultural labor force (men) 

Tha profitability criterion for mecHan 1 zatIon, PCMECH, Is 

then computed by the following equation: 

PCMECH(t) « rLMECH(t)*AINCA(t)-PMECH(t)/E2l*LABNM(t) 
LNMECH(t)*AINCA(t)*LABM(t) 

(M2.7) 

where: 

AINCA ■ the average gross Income per acre from 
crop production (dollars/acre) 

E2 * the reciprocal of the power requirement, 
POWR (acre/horsepower) 

Finally, the modernization component computes two addi- 

tional output variables:  (1) the demand for fertilizers, 

and (2), the demand for farm machinery.  Both variables con- 

stitute Inputs to the consumption/demand component.  More- 

over, both represent the quantities of Input that are neces' 

sary for modernization to take place.^  These demandr are 

computed by the following two equations: 

DFERT(t) « FERTRAlRA(t)        (MB-D 

DMECH(t) - POWR^LUC(t) (HJ.l) 

where 

DFERT = the demand for fertilizers (lb) 
DMECH = the demand for farm machinery (horsepower) 
FERTR = the fertilization requirement (lb/acre) 

A 
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The Production/Marketing Component 

This component is somewhat misnamed In that marketing 

activities as such are not Included in the structure of this 

component.  The purpose of this component, then, is to simu- 

late the activities of wheat production, and to compute the 

returns to these activities. 

As the core of this component is a set of input-output 

relationships which are determined by the incoming land cul- 

tivated for wheat (from the resource allocation component), 

the labor available for crop production, the level of crop 

productivity and mechanization (from the modernization com- 

ponent). (See Figure k).      From this component emerges a set 

of physical outputs which then become inputs to the consump- 

tion/demand component.  These outputs ar^- computed by the 

following equations. ^ 

YLDM(t) = LUC(t)*YPA(t) (Pi) 

DEML(t) = [C2*LUC(t)]/CM(t)        (P2) 

YLDL(t) = [CM(D^LUJ(t^YLDM(t)  (P3) 

YLD(t) = MIN[YLDM(t), YLDL(t)] (M) 

where: 

YLDM ■ the total production (yield) of wheat possible 
If YPA reaches the biological maximum (bushels/ 
acre).21 

DEML = total labor required (demand) for the produc- 
tion of wheat (men) 

C2 ■ labor requirement for cultivation (men/acre) 
YLDL - total production feasible as a function of 

labor (bushels) 
YLD = total production actually achieved (bushels) 

MIN(a,b) = a function that takes the minimum of turns 
in the parentheses. 
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With the Information provided by these computations, the com- 

ponent then allocates the total production to the two physical 

output var i ab 1 es : 

OUTC(t) = PCON(t)*YLD(t) (P5) 

OUTE(t) = [l-PCON(t)]*YLD(t)      (P6) 

where: 

OUTC - quantity of wheat produced which Is allocated 
to domestic consumption (bushels) 

OUTE ■ quantity of wheat produced which Is avail- 
able for export. 

PCON ■ proportion of production allocated to domestic 
consumption; a policy variable expressed as a 
percentage. 

In addition to these physical outputs, the production/ 

marketing components computes several measures of the returns 

to the production actlvltes.  These meisures, along with a 

measure of labor productivity, serve as Inputs to the performance 

vector.  The computations of these measures are accomplished 

as fol1ows: 

TINC(t) = [PP(t)*VLD(t)] - COST(t) 

COST(t) = [PFERT(t)*FERTC(t)] + [PMECH* 
DT*RMECH(t)] 

INCP(t) = TINC(t)/SALF(t) 

INCA(t) = TINC(t)/LUC(t) 

LABP(t) = YLD{t)/SALF(t) 

(P7) 

(P8) 

(P9) 

(P10) 

(PH) 

where: 

TINC ■ total gross Income derived from wheat 
production (dollars) 

COST = total farm cost of modernizing I nputs (dol1ars) 
INCP = per capita Income from wheat production 

(dol1ars/man) 
INCA = returns to land input (dollars/acre) 
LABP = labor productivity (bushels/man) 

__. 
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Consumption/Demand Component 

This final component of our proposed model essentially 

represents a budgetary accounting mechanism.  It take the 

Information on modernizing Input demands (froir the modernization 

component) and production outputs (frcm the production/ mar- 

kettng component), and computes the values for several vari- 

ables measuring the overall performance of the production 

process being modelled. Put more simply, the purpose of this 

component Is to compute the final set of variables comprising 

the performance vector.  These variable include:  1) total 

demand for modernization input investments (Equation C1), 2) 

the value of crop exports (Equation C2), and 3) the demand 

for food Imports (Equation C3tC4fC5)• 

DEMAND l(t) = [COSTF(t)ADFERT(t)]+[COSTM(t)* 
OMECH(t)] (C1) 

VALEXP(t) = WP(t)*0UTE(t) (C2) 

DFOOD(t) = DFOOD(t-DT) ' POPliO ;. I . E ( PCE (t)  , ) ]22   . 
100       POM (t)      lC3' 

SUPPLY(t) = OUTC(t) + IMPORT (t-DT) (cM 

IMPORT(t) = DFOOD(t) - SUPPLY(t) (C5) 

where: 

DEMAND i = total Investment demand for modernization 
Inputs (dol1ars) 

COSTF  = market cost of fertilizers (dollars/lb) 
COSTM  = market cost of farm (dollars/ 

horsepower) 
VALEXP  = total value of crop exported (dollars) 

WP  = world price for crop (dollars/bushel) 
DF00D  = consumption demand for crop (bushels) 
POPI  ■ population Index (dimensI on 1 ess) 
I.E.  ■ Income elasticity coefficient of demand 

for crop (dImensI on 1 ess) 
PCE  = Index of total private consumption ex- 

penditure (dImension 1 ess) 
SUPPLY  ■ total available domestic supply of crop 

(bushels) 
IMPORT  = imports of crop (bushels) 
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Performance Vector 

The choice of efficacious development policies and pro- 

grams necessarily depends upon the decision-maker's understand- 

ing of the many varied aspects of the production process. 

Because of the very complexity of this process, however, the 

Individual decisic i-maker is not likely to "see" a complete 

picture of this process; there is too much to be seen and too 

little Information available on all aspects of the process.  How 

then is one to evaluate the performance of the agricultural 

production process (and of his development efforts)?  Upon what 

Information does he base his choices of developmental policies 

and programs?  The answer to both questions rest with the 

"performance vector".  It Is this vector (or set of variables) 

which measure the simulated system's attainment of "goods" 

and avoidance of "bads".23  It Is this set of variables, cal- 

culated In the salient components of the model, which serves 

as the input to the decision stratum. 

Included In the performance vector of our proposed model 

are several factors measuring the returns from wheat production: 

gross Income, per capita income. Income per acre, and labor 

productivity.  The set of variables comprising the performance 

vector is completed with inclusion of the outputs from the as- 

sumption/demand vector. 

DIscuss i on 

Admittedly, the preceding description of our proposed 

agricultural sector model is somewhat sketchy.  But then, 

the very nature of the subject matter and the modelling 

  __ - • —■*-' 
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approach employed make explanations difficult.  We are 

dealing with a very complex system composed of countless 

variables and Interrelationships.  To try to present a complete 

picture of agricultural production would necessarily mean 

building a model which is so complex as to make It unmanage- 

able.  Of course, it is not our intention to build such a 

model nor Is it our Intention to limit ourselves to just one 

aspect (ie, wheat) of agricultural production in the 

countries of interest.  Instead, we have attempted to con- 

struct a model which is general enough  o simulate the pro- 

duction of a number of different crops. 

There are, to be sure, some important shortcomings In 

our model, both subs tan11vely and technically.  For example, 

the m >del does not deal adequately with marketing, the 

price sys»-em, and the behavior of the individual farmer. 

Moreover, itveral variables In the model have been rather 

hazily conceived (e.g. Intensity of Irrigation) with the 

result that the relationships between them ■•nd other variables 

In the model remain unclear.  Some major changes may be 

required In the model to overcome these limitations.  But 

we cannot be sure of what specific changes to make until 

after we have had an opportunity to test the present model. 

To this end, we are trying to complete the specification 

of the model's parameters (and the shape of the functional 

relations) for each country.  The programming and testing 

of the model will follow shortly. 



mmmmm ■"■■^■^^■i i ^^mmmm^mmmm 

FOOTNOTES 

1 . 

2. 

3. 

k. 

5. 

6. 

7- 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Clawson, Marlon, Hans Landsberg and Lyle Alexander (1971) 
The Agricultural Potential of the Middle East. New York: 
American Elsevier Publishing Co., Inc. p.2 

Clawson, Landsberg and Alexander, p.37 

ibid 

Clawson, Landsberg and Alexander, p. 115 

16. 

Brenner, Y.S. (1971) The Economics of Agricultural Devel- 
opment.  Ithaca, N.Y.:  Cornell University Press, p. 50 

Clawson, Landsberg and Alexander, p. 41 

Schultz, T.W. (1964) Transforming Traditional Agriculture 
New Haven:  Yale University Press, p. 33 

Ibid 

Clawson,   Landsberg   and   Alexander,   p.   Ill 

By a "building block" approach, we refer specifically to the modelling 
approach developed by Glen Johnson, et al   ,  namely "the generalized 
system simulation approach.    As  It will  soon be apparent, we have 
relied very heavily upon this work of Johnson et.al.   In constructing 
our model. 

Clawson,   Landsberg   and   Alexander   (1971),   p.135. 

This   coefficient   represents   the   per   unit   relationships 
between   fertilizer   use   and   crop   product'on.      The   value 
for   this   coefficient   Is   dete-mined   by   regressing   crop 
production   on   fertilizer   use   (i.e.    it   is   a   regression 
coeff I c lent) . 

Johnson,   Glen,   et   al    (1970   A   Generalized   Simulation 
Approach   to   Agricultural   Sector   Analysis.   East   Lansing: 
Michigan   State   Un i vers I ty .   p . 49 
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17. 

18. 

19. 

20. 

21 . 

22. 

23. 

This eauation was derived from the profitability criterion 
variable formulated by Johnson et al (1971), P.89 

Although a wide variety of machinery is required for modern 
agricultural production, we shall focus on tractors alone. 

Underlying the calculation of these demands is the assump- 
tion that these inputs are not^ readily available- they 
must be imported - and as such do act to constrain the 

modernization effort. 

These equations are a slightly modified version of those 

presented by Johnson et al (1971), P- 79. 

The most reasonable estimate of this biological maximum is 
100 bushels/acre (Clawson, Landsberg and Alexander, 1971, 

p. 122 

Asfour, Edmond (1965) Saudi Arabia Beirut:  American Uni- 

versity of Beirut, p.25 

Johnson, et al (1971), p.33 
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