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ABSTRACT

AN ECONOMIC ANALYSIS OF FERTILIZER ALLOCATION
AND IMPORT POLICIES IN SYRIA

By

Maurice Emile Saade

The main objective of this dissertation is to develop a national
economic decision model to be used as a tool by Syrian policy makers to
plan more economically efficient allocations of the limited fertilizer
supplies Iin Syria. The model also serves as the main framework for
analyzing the economic implications of the current constraints on
fertilizer supplies. These constraints are mainly the result of
government restrictions on fertilizer imports in an attempt to reduce
foreign exchange expenditures. The model was formulated in terms of a
separable linear programming model, based on the results of fertilizer
experiments undertaken between 1965 and 1989 on the most important crops
in Syria.

Compared to the current government fertilizer allocation strategy,
the results indicated that a strategy based on the proposed model would
significantly increase national and farm incomes and aggregate crop
output, and would reduce the government’s foreign exchange and general
budget deficits. The main effect of the current constraints on
fertilizer supplies is a substantial reduction in fertilizer use on
rainfed cereals, particularly barley. Thus, a policy of importing all
the fertilizer needed to satisfy total requirements would substantially
increase aggregate crop output. Compared to the current situation, this

policy would increase national income by 2.4 billion Syrian Liras (SL),



a 4.2% increase in the agricultural Gross Domestic Product (GDP). This
would also result in a decline of 54 million $US in net crop imports,
which would more than offset the 41 million $US needed to import the
additional fertilizer.

Given the current heavily subsidized fertilizer prices, such a
policy would require up to 800 million SL in additional fertilizer
subsidies. The results showed that a 7% to 152 increase in the price of
nitrogen and 45X to 60X in that of phosphorus would allow the government
to satisfy total fertilizer requirements without increasing its current
expenditures on subsidies. Farmers’ unlimited access to fertilizers
would allow them to increase their output, which would lead to higher
revenues that would offset any increase in fertilizer costs. Compared
to the current situation of subsidized but limited fertilizer supplies,
farmers’ income would increase by an average of 1.5 billion SL, in spite

of higher fertilizer costs.
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CHAPTER 1

INTRODUCTION

X - 1  Background and Problem Definition

The access of farmers to fertilizers is one of the most important
factors affecting the productivity of Syrian agriculture and its ability
Tt o meet current and future food and fiber needs for domestic consumption
and for exports. Chemical fertilizers were first commercially used in
Sy xia in the early 1950's, with the rapid expansion in cotton
cul tivation. Since then, fertilizer use has grown dramatically,
e s pecially during the past two decades. Fertilizer use per hectare of
ax able land increased from 6.7 kg of plant nutrients in 1970 to 32 kg in
1984 (World Bank, 1987, P. 213). Between 1974 and 1978 alone, the use
of nitrogen fertilizer doubled and that of phosphate fertilizer
Quaadrupled (Nixon, 1979, p. 17).

Faced with the rapid growth in fertilizer consumption and imports,
the syrian government has invested heavily in expanding production
Capacity. These investments were encouraged by the discovery in the
late 1960's of substantial deposits of rock phosphate, oil, and natural
a8 that can be used as raw materials for fertilizer production. The
major expansion in production capacity in the early 1980°'s had the goal
of making Syria self-sufficient in fertilizer production and being able

to =sell fertilizer on the export market. This expansion was also part
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of &a broader fertilizer policy that included heavy subsidies to
enc o wrage farmers to rapidly increase their fertilizer use.

Throughout the 1980‘s fertilizer production levels remained much
lowe x= than the planned capacity due to a multitude of technical and
mansa grerial problems. These problems, in conjunction with the rapid
incxe ase in consumption, resulted in continued importation of
Sub s & antial quantities of fertilizer. These import levels could not be
SUsS T & ined for a long time, especially in light of the severe foreign
exchiange crisis facing Syria since the mid 1980's. In response to this
cris= gg, the government has resorted to reducing all imports, including
thaw of fertilizers. As a result, the quantities of fertilizer demanded
by Xarmers, given current subsidized prices, have often exceeded the
to T a) available supplies, leading to a situation of chronic shortages.

In an attempt to address the problem of frequent shortages, the
EO~>ernment introduced a fertilizer rationing system. According to this
Sy = Tem, each farmer is allocated a quantity of fertilizer based on the
tybe of crops grown and the area planted to each crop. There are
e~ eral potential problems associated with such a rationing policy.
mese include: (1) the economic rationale of fertilizer allocation
l‘t‘:‘elt:egies, (2) the accuracy of information in a centrally planned
allOcat:i.on system, and (3) the economic implications of restrictions on

fexr e filizer imports.

1. o er allocatjon strategies:
The fertilizer rationing and allocation system is a centrally
pll“"-l'led and managed system. In other words, government planners decide

t
he fertilizer rates to be allocated to each crop in each agro-climatic
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zome , given the limited supplies available for distribution to farmers.
Thwa=s , an important potential problem related to this system is the
und e xlying assumptions upon which the allocation decisions are made.

The main purpose of the rationing system is to allocate the
lim f = ed supplies to various crops so as to maximize net returns from
fexr« X lizer use. At the same time, this system attempts to incorporate
Pold <y concerns about food self-sufficiency and balance of trade
def X < it. Thus, every effort is made to ensure that "strategic crops"
Tece i ve their ideal rates, i.e., those maximizing net returns to
ferw111zer application. These crops are defined as those providing
SUb = tantial export earnings (e.g., cotton) and crops that substitute for
the pain food imports (e.g., wheat and sugar).

Another important factor influencing allocation decisions is
whether crops are {rrigated or rainfed. The general rule is that
Ltt‘.‘lgated crops should receive their ideal fertilizer rates. This is
beeause net economic returns to fertilizer use on rainfed crops,
es‘l:>qecia11y in the drier areas, are lower and more risky than on
lex Agated crops. Given the existing constraints on fertilizer supplies,
the practical implications of the above allocation strategies are that
i‘l'3'=':l.gat:e<l crops and rainfed wheat in the high rainfall zones usually
F®ceive most if not all of their ideal rates, with very limited
fettilizet left for rainfed barley. In fact, the first time that
fertilizer wvas allocated to barley was in 1986/87, but even then only in
the wetter areas (above 250 mm average annual rainfall).

The above policy priorities may conflict with the initial
°b3 ©ctive of maximizing net returns from the limited quantities of

£
®XT11lizer available. Maximizing net returns from fertilizer use under
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ra« i oning conditions requires that marginal revenues be equal across all
croprs (equimarginal rule). Thus, 1if aggregate fertilizer supplies
dec A A ne, the rates on all crops would need to be reduced in such a way
as T o maintain the equality between marginal revenues. The above
Prio x ity system implies that the fertilizer rates on high-priority crops
are  Icept constant, or slightly reduced, while the rates on low-priority
Crop» = are reduced drastically. This would lead to a situation where
RaxX g § nal revenues from fertilizer application on low-priority crops are
lax g e r than those on high-priority crops resulting in an economically
h“Effi.ciem: allocation of the limited fertilizer resources. Therefore,
&N a;llocation strategy based on the above priorities may result in a
dec 1 ine in aggregate net returns to fertilizer use, compared to net
re ©wurns potentially obtained if the equimarginal rule was used as the
bas 4s for allocation.

Concerns about potential inefficiencies in the current allocation
sttategy have been reinforced by results from recent fertilizer
®X D erinents in northern Syria.. These experiments suggest that barley
Eet‘t.:ili.zat:i.on in the drier areas might be much more profitable and less
risky than was previously thought (Soils Directorate/ICARDA, 1990).
other research findings also suggest that the current fertilizer rates,
81)e<=i.f:i.¢:a11y phosphate rates, on rainfed wheat are excessive. This is
e to the buildup of soil phosphate as a result of years of continuous
P> L jcation (Soils Directorate/ICARDA, 1989). Such findings suggest
tha e it may be more economical to reallocate some fertilizer from wheat

t
° b«arley grown in the drier areas.
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2. Accuracy of information in central lanned allocatio
sSystem;

Another potential problem with the current fertilizer allocation
sys ten is the approach used in deciding the rates to be allocated to
each crop in each agro-climatic zone, given the limited supplies
ava X 1 able. The most common approach currently used by Syrian planners
in <« omputing these rates is to reduce the recommended fertilizer rates
by & given percentage, depending on the total amounts of fertilizer
ava i A able. Thus, the economic efficiency of the current allocation
SYyS T en depends to a large extent on whether the current recommendations
ref X ect the economically optimum fertilizer rates.

The fertilizer recommendations for approximately 80 crops and crop
categories are included in a "fertilizer requirement schedule”. Given
the limited number of fertilizer experiments undertaken in Syria, most
o these rates are based on recommendations from other countries,
es’l-)ecially in the case of newly introduced crops and fruit trees and
vegetables. However, recommended rates for the most economically
i""Ibcn'tam: crops are based on fertilizer experiments undertaken in Syria.
Host of these experiments were implemented during the 1970's. Although
SOmne of these rates have been modified in light of new research
fihdings, most of the recommendations in the current fertilizer
T® quairement schedule have not been adjusted since the mid 1970’s.

Given the rapidly changing physical and economic environments of
the 1980's, the need for a systematic revision and adjustment of
fettilizer recommendations has become more urgent. The fertilizer

experinents of the 1970’'s were performed on research and farm plots not

I’re"iously fertilized. Consequently, the calculated rates for the most
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paxr = 1rxeflect initial low soil fertility. By the late 1980's, after two
decacdes of fertilizer use by farmers, there 1is clear evidence of
subs &= antial buildup of soil nutrients, especially phosphorus, resulting
in & reduced response to fertilizer (ICARDA/FRMP, 1988, pp. 10-13).
Also _ most of the current recommended rates are based on calculations of
ecomomic optima based on fertilizer and crop prices prevailing during
the 1 970's. These prices have changed drastically, both domestically
and X yaternationally. Therefore, the current rates most likely do not

reflect the economically optimum fertilizer rates.

3. m ations he estriction e

imports:

The main objective of the current policy of limiting fertilizer
1mp’<>tts is to reduce both the government’s foreign exchange deficit and
the balance of trade deficit in general. Such an objective 1is
At T & fnable only if domestic fertilizer production 1is increased to
s“]::'st:itut:e for any decline in imports. This could be achieved by
801\’1“8 some of the technical and managerial problems facing fertilizer
produetiou, and/or by a further expansion in production capacity.
Ho"e\rer. the recent downward trends in fertilizer production clearly
s“ggest that production problems will probably continue to hamper the
SYtla.n fertilizer industry for the next few years. Also, any planned
expansion in production capacity would require several years to
i"'.b]~ellent: and would still be subject to the same foreign exchange
con‘gtraints facing fertilizer imports.

Therefore, the option of increasing fertilizer production levels

v
ula . feasible only in the medium or long run. 1In the meantime, any
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redwac tion in fertilizer imports would lead to lower use by farmers.
This=s may result in reduced aggregate crop production, particularly of
expo X € crops and/or crops that substitute for major food imports. Such
pote xx tial declines in net crop exports may offset any savings in foreign
exchharge from lower fertilizer imports. Therefore, the net result of a
Pol L <« ~» of reduced fertilizer imports may be to further exacerbate the

balaxace of trade deficit and the government’s foreign exchange deficit.

1.2 Objectives

The potential problems associated with the policy of fertilizer
rationing in Syria indicate the need for a systematic analysis of two
basie aspects of this policy. First, problems associated with the
centtally planned 1implementation of fertilizer rationing need to be
addl‘essed. This includes an evaluation of the current fertilizer
a]‘1<><:at:i.cm strategies, in contrast to a strategy based on equating
llarg:lnal revenues across all crops. Furthermore, in order to implement
any- fertilizer allocation strategy properly, a systematic review of
CAXx-ent fertilizer recommendations needs to be undertaken for the most
1.1501(;3“; crops grown in Syria.

Second, the economic rationale of the policy of limited fertilizer
i"m“:’<>x‘ts needs to be analyzed, especially in 1light of the short- to
.edikm-tem constraints on any increase in fertilizer production. This
req\lires an assessment of the economic implications of this policy in
co‘parison to alternative policies based on importing all the fertilizer

“eeded to fill the gap between domestic production and aggregate

Tequay rements.
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Consequently, the main goal of this dissertation is to develop an
ana 1 3 tical framework for estimating the efficient allocation of limited

fer«— X 1izer supplies in Syria. This framework will be formulated in

term = of a fertilizer allocation decision model based on the
equimearginality principle. Such a model would allow to achieve three
bas 1 <« objectives: (1) it can serve as a tool to be used by Syrian

Plannaers to assist them in formulating economically efficient annual
fert 4 2 jzer allocation plans; (2) it will allow the evaluation of
alte xrmative fertilizer allocation strategies; and (3) it will provide
the YWasis for estimating the economic implications of the current policy
°f A X mited fertilizer imports.

An important prerequisite for the proper formulation and
im"”letnentati.on of this proposed framework is a systematic review of the
S x-ent fertilizer recommendations for the major crops in Syria.

The‘l"efore, the specific objectives of this dissertation can be

S Arm arized as follows:

1. To review current fertilizer recommendations for the major crops
in Syria.

2. To develop a decision model to be used by Syrian government
planners 1in formulating annual plans for the allocation of
fertilizer among alternative uses.

3. To analyze the economic impact of alternative fertilizer

allocation strategies under different fertilizer availability
constraints, and to make recommendations regarding more

appropriate strategies.
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Ls To analyze the economic implications of the current policy of

limited fertilizer imports, in comparison with alternative policy

options.
S - To identify areas in which future research would be useful.
1.3 Dissertation Qutline
The dissertation includes seven chapters, including this
int xoductory chapter. Chapter 2 presents an overview of the current
fex = ilizer situation in Syria. This 1includes recent trends in

fexr e« ilizer consumption, production, imports, prices and marketing, a
dis cussion of the institutional setting for planning fertilizer
all o cation policies, and a brief discussion of the fertilizer strategies
USed by farmers in Syria.

In chapter 3, the research approach used in this study is
Pre s ented. This includes a discussion of the conceptual approach and
iles underlying assumptions, and an outline of the main steps in the
SPe c ification of the fertilizer allocation model. Chapter 4 presents
the procedures and assumptions for estimating the financial and economic

PrX ces of the crops and fertilizers included in this study. Also

Ine X wuded in this chapter are estimates of net taxes (or subsidies) and

New foreign exchange earnings (or expenditures) associated with each
Uni = of crop produced or fertilizer used.

In chapter 5, the main results related to fertilizer
reeomendacions for the main crops in Syria are presented. These

res\llts are based on the ideal situation of unlimited fertilizer
P Lies, given the prevailing prices. The chapter includes a summary

of The estimated production functions, which constitute the basis for
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ca i «=ulating the economically optimum fertilizer rates. The economic

fe =m == ibility of these proposed rates and their aggregate economic impact

are= then compared to the current recommended rates.

Chapter 6 addresses the issues of fertilizer allocation under

lixrsm X ted fertilizer supplies. Given the constrained optimization nature

of t—he problem, most of the analyses in this chapter are based on the

fe x == 1lizer allocation model discussed in chapter 3. The results of the

moclde]1 are used

to determine the economic impact of the current

COrxas=s traints on fertilizer supplies and to compare alternative fertilizer

all o cation strategies.

The concluding chapter 7 includes a summary of the main findings

and their policy implications, followed by recommendations for future

res e arch.



CHAPTER 2

THE PRESENT FERTILIZER SITUATION !

This chapter gives an overview of the fertilizer situation in
Sy x i a. Its purpose is to put the specific research objectives of this
Stiacly into the broader context of recent developments in the fertilizer
sul> — sector in Syria. The chapter begins with a brief description of
CUuxxent cropping patterns in the various agroclimatic regions of Syria.
Thi s is followed by an overview of recent trends in fertilizer
COTas umption, production, imports, and prices. Next, the institutional
Se T © ing for planning fertilizer allocation policies is discussed. This
is ¥ollowed by a section on fertilizer marketing, including a brief
di= cussion of the role of the parallel market. The chapter concludes

Wi €t a discussion of the available information on some of the fertilizer

ST x ategies used by farmers in Syria.

2.1 Land Use and Crop Mix

Syria occupies an area of 18.5 million ha, the majority of which

s = ituated in the dry and semi-dry regions. The area of arable land is
6.1 mmillion ha, representing 33X of total area. Only 5.6 million ha are
\

1  Unless otherwise mentioned, all the information referred to in
thi =

fr chapter is based either on personal communications with officials
Geoul the Soils Directorate, the Agricultural Cooperative Bank, and the
th:e X al Fertilizer Company, or on unpublished internal documents from

|above institutions. See also El-Hajj (1985b).

11
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ac =—w mally cultivated, representing 92X of total arable land. Water
re == «>»urces are very limited in Syria, with 695 thousand ha irrigated land
re x> x—esenting 11.4X of total arable land (Annual Agricultural Statistical
Ab == ®—racts, 1989). Hence, rainfed agriculture is the predominant type in
Sy x X a and it is characterized by great fluctuations in annual yields due
to ®he variability in rainfall.

Syria is subdivided into five agroclimatic regions or Agricultural
Stat>ility Zones, based on average seasonal rainfall (see Figure 1). The

fixste region is further divided into two sub-zones (ICARDA/FSR, 1979,

P-4%1):

Zone la: Average rainfall over 600 mm. A wide range of crops
may be grown here. Fallowing is not necessary.

Zone 1b: Average rainfall between 350 and 600 mm, with at least
300 mm in two thirds of the years surveyed. The main
crops are wheat, food legumes, and summer crops.

Zone 2: Average rainfall between 250 and 350 mm, with at least
250 mm in two thirds of the years surveyed. Barley,
wheat, food legumes, and summer crops are grown.

Zone 3: Average rainfall over 250 mm, with this level achieved
in at least half the years surveyed. Barley is the
principal crop but some food legumes also produced.

Zone 4: Average rainfall between 200 and 250 mm, and at least
200 mm during half the years surveyed. Barley is the
predominant crop. This area is also used for grazing.

Zone 5: Covers the rest of the country. This steppe land is
not suitable for rainfed agriculture but parts of it
can be used for winter pasturing.

The above system of Agricultural Stability Zones was introduced in

197 s - This is part of the overall effort by the government to regulate

%8 X cultural production better through medium- and long-term planning of

the agricultural sector. This central planning effort involves a
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coxxxp>»rehensive annual Agricultural Plan specifying the crops that farmers
sh«<>»w=ald grow and the area planted to each crop in each of the
Ag x— X cultural Stability Zones and administrative units.

The main objective of the plan is to provide farmers with adequate
anca stable incomes and, at the same time, to ensure adequate aggregate
PX <> «<Ruction of “"strategic crops"”. These are crops that provide
suk>» =xtantial export earnings, such as cotton, or crops that substitute
fox food imports, such as wheat and sugar beets. Soil conservation is
al = <= a main concern of the plan. The plan specifies the crop rotations
thea w— farmers should follow (including fallowing), and prohibits any
Ta X wafed cultivation in Zone 5 in order to preserve natural pastures
(tka X g latter restriction, however, was recently modified to allow for
SOXma@= barley cultivation in Zone 5). The plan also includes stipulations
fox providing farmers with agricultural inputs (most of them subsidized)
ana subsidized credit. In return, farmers have to sell to the
BON>@=rnment their entire production (except for seeds and home
COxXas=gumption) of the main grain (e.g., wheat, barley, food legumes) and
1r"<i\.l.st1:i.al crops (e.g., cotton, sugar beets, tobacco) at official prices
S® T by the plan (see MAAR, 1981).

After a period of rapid expansion during the 1940’'s and 1950's,
the growth in total cultivated areas slowed significantly. Most of the
@TX=®>le land had been put into production. By the 1980's, the small
1net'eaae in cultivated areas was largely due to the gradual decline in
fallowing. Thus, between 1984/85 and 1988/89, total cultivated areas

Inc x-eased by 12.9% (10.3% increase in irrigated land and 13.6% in
Talnfed cultures) (see Appendix A, Table A.l1). However, in an attempt

t©  fncrease the production of cereals by expanding total cultivated
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ax «= &, the government abolished fallowing. This is based on the decision
of the Prime Minister, who 1is also Chairman of the Higher Council on
Ag = Eculture (Decision number 55, 20 September 1988), stipulating that:

...fallowing will be abolished in all the areas of

Agricultural Stability Zones 2, 3, and 4 which will be

entirely cultivated with cereals (wheat and barley) and food

grain legumes, and all the requirements in fertilizers,

seeds, credit, and other inputs will be made available.

Hence, in 1989/90, the total cultivated area is expected to
ince x—ease by 41.2X compared to the 1984/85 1level (15.5% increase in
ire X gated areas and 47.1X% increase in rainfed areas). The total area
Pla=awxaned for crop production in 1989/90 is 5 million ha, of which only
6= thousand ha are irrigated. The data in Table 2.1 provide a summary
of dand allocation between the main crop categories and by Stability
Zoxne=s (see Appendix A, Table A.2, for more details).

Cereals are the predominant crops, accounting for 82X of total
CX<» x> area (45% of irrigated land and 89X of rainfed areas). Following
in X mportance are food grain legumes (4.99%), industrial crops (4.36%),
&N vegetables (3.89% of total area). Total areas in each of the
Agx 1 cultural Stability Zones are as follows: Zone 1, 17.7%; Zone 2,
3% . X 1; Zone 3, 17.5%; Zone 4, 20.6%; and Zone 5, 10.1%.

2.2 Evolution of Fertilizer Consumption

2.2.1 Consumption Irends
Chemical fertilizers were first used in Syria in the early 1950's,

Yith the rapid expansion in cotton cultivation. Since then, fertilizer

e has grown dramatically, especially during the past two decades

(Tab]_e 2.2). Total nitrogen (N), phosphorus (P,0s), and potassium (K;0)
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Tadb>le 2.2: EVOLUTION OF FERTILIZER USE (TONS)
Syria, 1954/55 to 1989/90

Season N P04 K0

1954/55 3,410 1,170 67
1955/56 4,100 1,275 107
1956/57 5,160 1,880 177
1957/58 4,980 1,300 165
1958/59 6,000 2,580 230
1959/60 6,560 3,000 300
1960/61 5,680 2,190 290
1961/62 9,520 3,700 335
1962/63 8,480 4,280 380
1963/64 10,000 5,000 350
1964/65 12,100 4,350 340
1965/66 12,900 4,450 200
1966/67 12,274 4,770 389
1967/68 16,912 5,525 163
1968/69 22,760 6,680 1,075
1969/70 20,150 7,812 901
1970/71 26,100 12,880 1,465
1971/72 34,900 17,028 1,273
1972/73 32,876 14,916 1,085
1973/74 33,257 7,471 1,797
1974/75 37,671 13,440 1,576
1975/76 47,198 21,638 1,613
1976/77 51,939 24,962 1,315
1977/78 62,135 30,990 1,802
1978/79 65,670 37,368 1,914
1979/80 79,190 44,865 3,540
1980/81 79,780 44,088 3,462
1981/82 83,101 50,061 5,149
1982/83 95,915 53,527 5,765
1983/84 109,481 63,728 5,721
1984/85 126,297 74,263 5,687
1985/86 136,994 85,588 6,182
1986/87 143,911 95,530 6,806
1987/88 158,391 99,774 9,405
1988/89 160,604 109,271 10,547
1989/90 153,565 91,593 4,358

Seurce: Annual Agricultural Statistical Abstracts,

various years.
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coxaxs=sumption quadrupled between 1970 and 1980, increasing from 29 to 128
tIhr<o>wasand tons. This growth rate slowed during the 1980‘s with total
coxas=sumption reaching 280 thousand tons in 1989. This still represents a

12O X increase over the 1980 level.

These growth patterns seem consistent with the growth in
fe x t=1ilizer use observed in other developing countries. The Tennessee
Val 1 ey Authority (TVA) identifies three phases that characterize the
growrth in consumption of fertilizer in a specific country or region:
"Pka.=a se one represents the rapid increases that occur in the early stages
of «levelopment. Phase two represents the transition period between
rap» A d growth and a mature market. Phase three is the mature market in
whi « h decreasing rates of increase in consumption occur® (Shields, 1976,
P- 334). The consumption data shown in Figure 2 seem to suggest that
8rowsr th in fertilizer use in Syria during the 1980's represents the
traxagition period (phase two). Although consumption declined slightly
duti‘ng 1989/90, it is very unlikely that this is an indication of a
Bmatwaring market. This recent decline is a reflection of the severe
COTa s traints on fertilizer supplies which have reduced the availability

of Fertilizers to farmers, especially during the latter half of the

l9a o ‘s,

Although data on the evolution of fertilizer use by individual
‘For g in Syria are not available, some generalizations can be made about
tret\ds during the past two decades based on discussions with officials
frg'. the Soils Directorate. The growth of fertilizer use was the
faa T e@st on irrigated crops, with more than 90% of total irrigated areas

e
ST X mated to be currently fertilized. Fertilizer use on rainfed crops
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A =xxn Zone 1 also increased rapidly and at a faster rate than in Zone 2.
Ho>wrever, most of the fertilizer has been applied to wheat, with much
A o>wrer fertilizer use on food legumes. In Zone 3, where barley is the
P X« dominant crop, fertilizer use is rather limited. Recent surveys
A xacAicate that less than 152 of farmers use any fertilizer on barley
¢ XL € ARDA/FRMP, 1988, p. 148), while no fertilizer is used in Zones 4 and
5 «Aue to very low rainfall levels. These past consumption trends are
e>x gp>»ected to change in the future. However, the exact nature of these
charsamges is difficult to predict. Based on discussions with officials
from the Soils Directorate, the following possible trends were
fide mtified:

1. Expansion {in Irrigation: The expansion in irrigated areas is
exyr»eected to continue as a result of existing and new government
irx HEgation schemes. These ambitious schemes are expected to increase
to &= .ml irrigated area by at least 400 thousand hectares by the year 2010,
froxm the current level of 768 thousand hectares. This would translate
into approximately 50X increase in fertilizer use by irrigated crops.
I"‘-lr‘therllore, the expected 1increase in the use of supplementary
1’~""l‘1g¢at:i.otl on wheat from well drilling on private farms will also
SUb &= tantially increase fertilizer use.

2. Fertilizer Use on Feed Crops and Pastures: Another factor is the
‘XPe cted major increase in the demand for feed crops, forages, and
Pas ®ures due to the growth in demand for animal products. This demand
EXOwa th will cause the price of feed products to become high enough to
J“&tify the use of fertilizer on most barley areas in Zone 3 and in
zot\e 4 to a lesser extent, and even on natural pastures. Although the

Tates per hectare used are likely to be relatively low, the area is
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ssun ¥ ficiently large (2 to 3 million ha) that the potential increase in
£ & xtilizer demand would contribute an additional 20 to 30X increase in

o tal fertilizer use.

3 . Fertilizer Use on Fruit Trees: The current low rate of fertilizer
wuass e on fruit trees is likely to change in the future. The continued

i xa < rease in the price of animal manure is expected to push more farmers
wian«>» have traditionally relied on manuring (such as olive growers) to
ska I ft to chemical fertilizers. Such a development would have its major
fimxg>»act on the consumption of K,0 fertilizers since potassium 1is an

Lim x> ortant nutrient needed in fruit production.

2.2.2 Estimating Future Consumptjon

In order to predict potential consumption of fertilizers in the
Ne>x w= decade, one needs to estimate equations for the quantities of
fe x= m==jlizer demanded, which would ideally incorporate the previously
d1i = <—ussed factors affecting past and future demand!. There exists
X T ensive literature on the estimation of fertilizer demand equations
fox individual countries, groups of countries, or for the world as a
Yho L e. Tine series analysis is the predominant method used in studies
©S T ¥ pating the quantities of fertilizer demanded. Most of these studies
ine A ude the price of fertilizer as a key dependent variable (see, for
°xalllple. Grilliches, 1958; Heady and Yeh, 1959; Hayami, 1964; Parikh,
1965; Sung, Dahl, and Shim, 1973; and Timmer, 1974 and 1976).

In the case of Syria, past fertilizer prices are not available.

Th&l‘efore, the estimation of fertilizer demand equations becomes

\

1
For one

The theory of input demand is presented in a number of sources.
presentation, see Henderson and Quandt (1971, pp. 69-70).
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<A X fficule. However, based on the historical data presented in
“Ta=able 2.2, it is possible to estimate a trend equation that can be used
<> project future fertilizer consumption. However, such an approach
s == ssumes that whatever factors that influenced past trends will also have
T—Ekane same effect in the future.
John T. Shields (1976) reviewed the main methods used in the
1 X terature in estimating fertilizer trend equations. Most of these
mme= t=hods use one of four functional forms: linear; quadratic; square
Xre»<o>t; and log forms (Shields, p.335). These four models were fitted to
Ttkae= data in Table 2.2. The best fit was obtained when the 1log
fiawxanctional form was used based on the following simple model:
F = abT
Where F is total nutrient consumption
T is time (years)
a and b are the estimated model’'s coefficients
or log F = A + BT (2.1)

Where A = log a
B=1logh

A major drawback from using the above model is its assumption of a
COoxastant annual rate of increase in fertilizer consumption (the term B
in «q. 2.1). Hence, if the above model is applied to the 1955-1990 time

ael‘iel, three different trend equations are estimated:

log N = 3.524 + 0.0502 T R? = 0.990 (2.2)
(0.0009) ***

log P =3.023 + 0.0584 T R? = 0.976 (2.3)
(0.0016)***

log K= 1.975 + 0.0567 T R? = 0.928 (2.4)
(0.0027)**x

(Significance levels: *** = 1X; ** = 5%; * = 10X;
NS= not significant; figures in brackets are the standard errors
of the coefficients)
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The above estimated equations imply an average annual growth rate
i xa consumption between 5 and 6X. However, for the purpose of estimating
£ wa ture consumption, it would be more realistic to limit the analysis to
T Ekane past decade. Hence, when the analysis is limited to the 1980-1990

s e x ies, the following equations are obtained:

log N = 4.851 + 0.0358 T R? = 0.938 (2.5)
(0.0031)***

log P = 4.592 + 0.0423 T RZ = 0.915 (2.6)
(0.0043) %4

log K = 3.575 + 0.0304 T R? = 0.441 2.7)
(0.0114)NS

The above equations give more realistic estimates of 3 to 4%
araxawal increase in the use of N and P. However, the equation for K has
a x— elatively low R? which sheds some doubts on its accuracy to predict
fu t=wire consumption. Assuming that these growth rates will not change
fox— the next decade, future fertilizer consumptions can be estimated as
Showwn in Table 2.3. By the year 2000, N consumption in Syria is
eXyr»>ected to reach 400 thousand tons and that of P,05 would exceed 300

tho wasand tons, or 160X and 230X increase over 1990 levels, respectively.

Tan Xe 2.3: ACTUAL AND PREDICTED FERTILIZER CONSUMPTION
Syria, 1980 to 2000.

Yea 1980 1985 1990 1995 2000
(Thousand tons)
N Actual 79.2 126.3 153.6 na na
Predicted! 77.1 116.5 176.0 266.0 401.8
P2O L Actual 44.9 74.3 91.6 na na
Predicted! 43.1 70.3 114.5 186.5 303.9
kK20 Actual 3.5 5.7 4.4 na na
Predicted! 4.0 5.7 8.1 11.5 16.4
1y

Based on equations 2.5, 2.6, and 2.7
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2 . 3  Domestic Fertilizer Production

Faced with the rapid growth in fertilizer consumption the Syrian
go>~rerment has invested heavily into expanding fertilizer production
caap>acity. These investments were encouraged by the discovery in the
1l &=a &= e 1960’'s of substantial deposits of rock phosphate, oil, and natural
g&aa =  that can be used as raw materials for fertilizer production.
Cia x xently, three fertilizer plants are operating at a complex near the
c i &= of Homs in central Syria:
1. A plant (originally built in 1972) producing Calcium Ammonium
N1 = xate (CAN) with 26X N, was upgraded in 1984 to produce 30X N. The
ma>c XAmum capacity of the CAN plant is 36,000 tons of N per year.
2. A urea plant, operating since 1981, has a maximum capacity of
26 7 _ 750 tons urea or 123,165 tons N per year.
3. A Triple Superphosphate (TSP) plant, operating since 1981, has a

ma3x X mum capacity of 315,000 tons TSP or 144,900 tons P,0s5 per year.

Talt> 2 e 2.4: FERTILIZER PRODUCTION CAPACITY AND ACTUAL PRODUCTION LEVELS
Syria, 1981/82 to 1988/89.

CAN Urea TSP
v % of X of % of
Cax1 Tons N Capacity Tons N Capacity Tons P,05 Capacity

::38 A /82 22,535 61.7 14,443 11.7 59,511 41.1
1982/83 27,224 74.6 51,779 42.0 45,752 31.6
1983/8a 30,572 83.8 73,725 59.9 69,515 48.0
198<‘»J85 30,561 83.7 88,366 71.7 70,997 49.0
198 S _/86 31,031 85.0 88,406 71.8 86,477 59.7
1986/87 32,883 90.1 71,171 57.8 79,019 54.5
1987/88 22,376 61.3 12,122 9.8 57,779 39.9

88/89 34,690 95.0 46,573 37.8 30,005 20.7
c“Pacicy: 36,500 123,165 144,900
}2// Fertilizer year: from July lst to June 30th.

Sources: Soils Directorate internal documents.
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These plants have the potential of covering all the domestic N and
P>Os needs and to be able to export P,0s. However, a multitude of
de s 1 gn, technical, and managerial problems and shortages in spare parts
hawve lead to total production much lower than maximum capacity. As
showmn in Table 2.4, only the CAN plant has maintained relatively high
production levels, with actual production representing more than 80% of
capacity after the upgrading of the plant in 1984. The one exception
va s 1987/88, when the ammonia/urea unit was being modified to operate on

natwarxal gas instead of naphtha.

After a relatively slow start, production at the urea plant
rap X dly increased to reach a peak of 72X of production capacity in
198 <4 /85. Technical problems prevented higher production levels and the
shi #£ ¢ from naphtha to natural gas in 1987/88 caused a further, though
temg>orary, decline in production. Hence, total N production (CAN plus
Ure s ) declined from a peak level of around 752 of production capacity in
1985/86 to 21.7X in 1987/88. 1In 1988/89, after the modifications in the
Ammc»rijia/urea unit were completed, total N production recovered somewhat

bue total production figures were still very low, 51.1% of total N

capac ity.

Technical problems at the TSP plant emerged shortly after it began
°petat1ng in 1982. These serious problems prevented actual production
leve 1 s from exceeding 60% of production capacity. They have become more
Serious in recent years leading to frequent shutdowns of the TSP plant
for Prolonged periods of time. This is clearly implied by the gradually
declining production figures presented in Table 2.4, with actual
Producceion declining to a mere 30 thousand tons of P,05 (20X of

‘@Pacity) in 1988/89.
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2 .4 Fertilizer Imports

Prior to the dramatic expansion in domestic fertilizer production
< apacity in the early 1980’'s, Syria depended on imports for a large
P xoportion of its fertilizer needs. The construction of the urea and
TSP plants had the goal of making Syria self-sufficient in fertilizer
P xoduction and being able to sell fertilizer on the export market. 1In
fFact, in 1983 Syria exported 6,000 tons of urea to Burma, 5,700 tons of
uaxea to Jordan, and 15,500 tons of TSP to Iran (Fertjilizer
X xayternational, No. 220, 13 Feb. 1986, pp. 13 to 17). The following year
ux-ea exports increased, with 6,000 tons shipped to Burma and India and

19 _ 200 tons to Iran, while TSP exports were negligible.

Tea®t> le 2.5: FERTILIZER IMPORTS: Syria, 1984/85 to 1988/89

N P,04
Use Imports Imports as Use Imports Imports as

Ye e x! (tons) (tons) X of use (tons) (tons) X of use
1984/85 126,279 16,415 13.0 74,263 4,324 5.8

o= 5/86 136,994 15,235 11.1 85,588 13,064 15.3
i‘986/87 143,911 29,912 20.8 95,530 -- --
19 8 7/88 158,391 154,409 97.5 99,774 51,036 51.2

o8 8/89 160,604 71,161 44.3 109,271 92,678 84.8
;‘/ Fertilizer year: from July lst to June 30th.

e Differences between use and imports do not necessarily correspond
3 to production figures because of inventories.

- Sources: Soils Directorate, internal documents.

These export figures were far below Syria’s ambitious plans to
e
bert 60,000 tons of fertilizer in 1984, because of technical
=Y
deuction problems and the growth in Syrian fertilizer consumption. By

L&
985..'» Syria had reverted to importing substantial amounts of fertilizer.
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X = 1984/85, fertilizer imports accounted for 13% of total N and 5.8% of
T o tal P,05 use. By 1988/89, these percentages had increased to 44.3%

f£orx N and 84.8% for P,05 (Table 2.5).

2 .5 Fertilizer Prices

Fertilizer producer prices for the entire country are set by the
So~wvernment. In spite of high annual rates of inflation (approximately
60X in 1987'), fertilizer official (nominal) prices remained unchanged
th xoughout the period 1984/85 to 1986/87 (see Table 2.6). Thus, the
o ~rernment covered the growing gap between the cost of production (or
1mg> ort costs) and sales prices. Starting in 1987/88 the government
de <= ided to gradually increase fertilizer prices with the aim of reaching
thhe= true costs of production in the near future. Official prices of
CXr <> ps were also increased to offset the higher fertilizer prices.

The data in Table 2.6 show that, between 1986/87 and 1989/90, the
NO'xxa 1nal price of calcium ammonium nitrate (30X N) increased by 405X and
amamoniur nitrate (33.5% N) increased by 398%. Also, the nominal prices
of urea, TSP and potassium sulfate increased by 516X, 520% and 810%,
respectively. However, when measured in real terms, all fertilizer
PX X ces in 1988/89 were still below their 1984/85 levels. In 1989/90 the
SUlb> sgtantial increases in nominal prices and the decline in inflation
Y&t s resulted in real fertilizer prices being above their 1984/85
levels. In 1989/90, the real prices of ammonium nitrates were about 5%
hi&l\et than their 1984/85 levels, while the real prices of urea and TSP
Ine x—eased by about 35% during that period. The largest increase was in

e——

c Unofficial sources claimed a 100X rate was more realistic
Owitt, 1991, p. 769).
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T able 2.6: FERTILIZER OFFICIAL PRICES
Syria, 1984/85 to 1989/90

1984/85 1985/86 1986/87 1987/88 1988/89 1989/90

(Syrian Liras per ton)
- X.ocal Ammonium
Nitrate (30X N):
Nominal: 840 840 840 1500 2300 3400
Reall: 985 840 617 691 788 1045

- X mported Ammonium
Nitrate (33.5% N):

Nominal: 955 955 955 1600 2500 3800

Real!l: 1120 955 702 737 856 1168
= WFrea (46X N):

Nominal 950 950 950 1800 2800 4900

Reall: 1114 950 698 829 959 1506

- ID i-Ammonium
> hosphate (DAP)
< 18X N, 46X P,05):
Nominal: -- .- -- -- 4345 7100
Reall: -- -- -- -- 1488 2183

- "X xiple Super
X>Thosphate (TSP)

C 461 P,05):
Nominal: 1000 1000 1000 2000 3000 5200
Reall: 1172 1000 735 922 1027 1599
-~ XProtassium Sulfate
< S02 K;0):
Nominal: 950 950 950 2000 3000 7700
Reall: 1114 950 698 922 1027 2367
consumer Price Index: 85.3 100 136.1 217.0 292.0 325.3
;‘/ Constant 1985 prices.
7 Sources: Official fertilizer prices from internal documents of

the Agricultural Cooperative Bank. Consumer Price Index from

International Financial Statisticg, April 1991.
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«—he real price of potassium sulfate, with an increase of 112X between
1 984/85 and 1989/90.
Despite these substantial increases in nominal prices, and minor
4 =acreases in real prices (except for potassium sulfate), government
swubsidies continue to represent a significant proportion of the true

costs of fertilizer. In 1989/90, these subsidies accounted for 30X of

th e true cost of urea, 49X for TSP, and 40X for Potassium Sulfate.

2 . & Planning Aggregate Fertilizer Requirements

2.6.1 Institutional Setting

The main agency responsible for planning annual fertilizer
Ye <« uirements in Syria is the Soils Directorate (SD). SD is one of
S8e~wo-eral directorates under which the activities of the Ministry of
AgZ x— jculture and Agrarian Reform (MAAR) are organized. The mandate of
thhe= sD is fairly broad, covering such diverse activities as conducting
Te == earch, and formulating and implementing policy.

While most agricultural research activities are conducted by the
Di x—@ctorate of Agricultural and Scientific Research (DASR)!, the SD
SPe cializes in soils-related research including soil mapping and
cl&ssification; fertilizer trials; soil conservation methods; and soil
chehistry and physics. In addition to its advisory function related to
“&x ycultural policy formulation in general, the SD’s role is especially
jJ‘"leed in the formulation and implementation of fertilizer policies.

X am includes not only estimating annual fertilizer needs, but also

\

fo 1 Refer to Peterson (1980), Zahlan (1984, p. 1) and ISNAR (1990),
= a more detailed discussion of the organization of agricultural

R 4
© = @ arch in Syria.
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mmaking policy recommendations regarding fertilizer allocation, imports,
> xoduction, distribution, and pricing. Moreover, the SD acts as a
sswupervisor and coordinator of the activities of other agencies involving
fextilizer policies.

The Soil Fertility and Plant Nutrition section of the SD is
xr e sponsible for estimating annual fertilizer requirements. Based on
these requirements, fertilizer production and import targets are
r e <omnmended for the annual agricultural plan. These recommendations are
=s=wabmnitted for approval to a committee that includes representatives of
P& xties concerned with agricultural input provision. These include the
Baa “ ath Arab Socialist Party (the ruling political party in Syria); the
Ge meral Peasant Union (GPU); the Ministry of Agriculture and Agrarian
Re fForm (MAAR); the General Establishment for Chemical Industries; the
Ge= wryeral Fertilizer Company; the Establishment for Foreign Trade 1in
CEkaa=nical and Food Products (GEZA); and the Agricultural Cooperative Bank
(M. <=B). The committee is chaired by the Deputy Minister of Agriculture
Axx«A Agrarian Reform.

The fertilizer requirements plan, which specifies the requirements
of winter and summer crops and fruit trees, is reviewed by the above
COxmmittee. It is then submitted to the Minister of Agriculture and
Agt‘arian Reform and later to the Prime Minister for final approval. The
Ptlne Minister is responsible for ensuring that the production and
Lomg ort targets set by the plan are implemented.

The official fertilizer requirement plan for the 1989/90 season is
Db§ sented in Table 2.7. According to this plan, total fertilizer needs
W Wx 14 amount to 306 thousand tons of N, 210 thousand tons of P,05, and

23 Thousand tons of K,0.
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“Table 2.7 THE OFFICIAL FERTILIZER REQUIREMENT PLAN
Syria, 1989/90

N P,0s K,0
(Thousand tons)
R EQUIREMENTS
— Winter Season
CJuly 1 to Dec. 31 1989): 181.0 151.0 13.0
- Summer Season
CJan. 1 to June 30 1990): 125.0 60.0 10.0
T o ®=al Requirements: 306.0 209.0 23.0
SYI P PLIES
-  MCB! Stocks (July 1 1989): 35.3 27.1 4.9
- X>omestic Production: 146 .4 64.4 .-
- X mports: 124.3 117.5 18.1
To w—al Supplies: 306.0 209.0 23.0
17 Agricultural Cooperative Bank.

Sowarces: The Agricultural Plan for the 1989/90 Season, Ministry of

Agriculture and Agrarian Reform (Unpublished).

Based on these requirements, the following fertilizer production
aracA import targets were set:
Px:<><lu<:t:ion: 120,000 tons of Calcium Ammonium Nitrate (30X N)
240,000 tons of Urea (46X N)
140,000 tons of Triple Superphosphate (46X P,0s)
Tmgs orts: 257,400 tons of Urea (46% N)

279,400 tons of Triple Superphosphate (46X P,0s)
35,280 tons of Potassium Sulfate (50% K,0)

2.6.2 Estimation of Aggregate Requirements

The procedure currently used by the SD in estimating fertilizer

x
€ <xwairements involves two types of estimates: Ideal and Planned

...
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x e quirements. Ideal fertilizer requirements assume "best scenario”
c onditions including: (a) all areas planted are fertilized; (b) farmers
wr i 11 apply the fertilizer rates recommended by the SD; and (c) farmers
wr X 11 have access to fertilizers.

Estimation of fertilizer requirements is usually made before the
Z<emeral agricultural plan, which specifies the areas to be planted to
e ach crop, is finalized. Hence, the estimation of total area per crop
is based on the previous season’s agricultural plan. Fertilizer
X« «<—ommended rates on all crops are included in a "fertilizer requirement
s < Eaedule”. This schedule has recommendations for approximately 80
di & ferent crop categories grouped into three main classes, winter crops,
S axwamer crops, and fruit trees (see Appendix B).

Given the limited number of fertilizer trials undertaken in Syria,
M» =z t of these rates are based on recommendations used in other
Cowmntries. This is especially true in the case of newly introduced
CX«<»ps (e.g., soybeans), and fruit trees and vegetables. However, for
thae= nmost economically important crops grown in Syria (e.g., wheat,
CO &= ton, barley, sugar beets, potatoes, corn, lentils, chickpeas) the
e < ommended rates tend to be based on fertilizer trials undertaken in
Sy x 1a during the past three decades. New results from fertilizer trials
X« yged to adjust these rates periodically.

Ideal aggregate fertilizer requirements are estimated by summing
the recommended fertilizer rates for each crop multiplied by the area
plQ‘txted to that crop. These estimates are affected by any increase in
totel cropped area, changes in the cropping plan, and adjustments in

£
© X g-f{lizer recommendations.
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In 1984/1985, the SD estimated 1ideal aggregate fertilizer
x e quirements at 240 thousand tons N, 200 thousand tons P,05, and 60
t—housand tons K,0 (El1-Hajj, 1985, p. 3). Actual fertilizer used during
that year represented 531 of the ideal requirements for N, 37X for P,0s,
axad only 102 for K,0. Based on these estimates of ideal requirements,
thwe SD recommended a target of 20X annual growth rate in fertilizer use
f o x the 1985-1990 five-year plan. If this target was achieved, ideal N
1l & ~Jels were expected to be reached by 1988/89, and ideal P,05 levels by
19 <90/91 (ibid., p. 18).

Based on the above goals, estimation of planned fertilizer
re« «guirements for the following year were based on actual fertilizer
Sxa A es during the current year plus 20 percent. This figure is further
A<l _—J usted by adding 15X to allow for enough contingency stocks to handle
thkaa= possibility for increased demand during good seasons and to address
P =xgible shortfalls in production or delays in imports. Hence, the
fo A _lowing general rule was used:

Planned Requirements including contingency stocks

= (Current season’s sales + 20Z annual growth rate) * 1.15

= 138X of current season’s sales

According to the above rule, given 126,297 tons of actual N sales
&TacA 74,262 tons of P,05 sales in 1984/85, the planned N requirements for
log 5/86 were estimated at 174,200 tons (i.e., 126,297 x 1.38) and that
©Ef  po0s at 102,500 tons. Starting in 1987/88, the above rule was
l.<>qifi.dsd. Instead of basing the estimates on previous season’s sales,
e current approach is based on satisfying the ideal N and P,04
tQQ\lirenents of all field crops, 33X of ideal K,0 requirements, and 75X
o N and P,05 requirements for fruit trees. Thus, for the 1989/90

s
® am mon, the ideal requirements were estimated at 328 thousand tons of N,
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2 22 thousand tons of P,05, and 70 thousand tons of K,0. In contrast,
e planned requirements were 306 thousand tons of N, 210 thousand tons

o £ P,05, and 23 thousand tons of K,0 (Table 2.8).

T able 2.8: ESTIMATION OF PLANNED FERTILIZER REQUIREMENTS
Syria, 1989/90

N P,05 K,0
I A eal Requirements' (tons):
C x ops: 237,900 172,927 17,358
F xrwait trees: 90,407 48,713 52,484
To xal: 328,307 221,641 69,843
P 1 =anned Requirements (tons):
Cx <ps: 237,900 172,927 5,728
Fxw ait trees: 67,805 36,535 17,320
To =m=al: 305,705 209,462 23,048
1~ See Appendix B for detailed estimation of ideal fertilizer

requirements for 1989/90.

The shift to this new system, in conjunction with the reduced
le~srels of domestic production and constraints on imports, has led to a
EXT<>»wth in planned requirements while at the same time actual use has
de <« 1lined. Discrepancies between planned and actual fertilizer use have
be < one more accentuated in recent years. The percentage of the planned
N X—equirements actually used declined steadily from 91X in 1984/85 to
SOx in 1989/90 (Table 2.9). A similar trend was also observed for P,04
(8 © 3 in 1984/85 as compared to 44% in 1989/90). In the case of K,0, the
er‘p was not as sharp. The percentage of planned requirements actually

Dl SN jieved declined from 69 in 1984/85 to 47% in 1988/89. 1In 1989/90,
th%

the

cancellation of all potassium import contracts drastically limited
distribution of potassium fertilizers, with supplies coming from

e
X X =sting stocks.

)
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T able 2.9: PLANNED AND ACTUAL FERTILIZER REQUIREMENTS
Syria, 1984/85 to 1989/90.
N REQUIREMENTS
Planned p 3 Actual b 4 Actual as
Y e ar! (tons) Increase (tons) Increase X of Planned
1 9 84/85 138,500 -- 126,297 .- 91.2
1 9 85/86 174,200 25.8 136,994 8.5 78.6
1 9 86/87 187,900 7.9 143,911 5.0 76.6
19 87/88 240,000 27.7 158,391 10.1 66.0
19 88/89 290,000 20.8 160, 604 4.6 55.4
19 89/90 306,000 5.5 153,565 4.4 50.2
P,05 REQUIREMENTS
Planned Y 4 Actual X Actual as
Ye &ar (tons) Increase (tons) Increase X of Planned
19 £=4/85 83,500 .- 74,262 -- 88.9
19 #£=5/86 102,500 22.7 85,588 15.2 83.5
19 £=6/87 118,100 15.2 95,530 11.6 80.9
19 £x7/88 147,000 24.5 99,774 4.4 67.9
19 &= 3/89 205,000 39.5 109,271 9.5 53.3
19 &= 9/90 210,000 2.4 91,593 -16.2 43.6
K,0 REQUIREMENTS
Planned b 4 Actual X Actual as
Yee e v (tons) Increase (tons) Increase X of Planned
19 & 4/85 8,200 -- 5,678 -- 69.4
19 & 5/86 8,200 0.0 6,182 8.9 75.4
19 & ¢/87 9,250 12.8 6,806 10.1 73.6
los 7/38 18,000 94.6 9,405 38.2 52.2
19 & g/89 22,250 23.6 10,547 12.1 47.4
l9& 9/90 23,000 3.4 4,358 -58.7 18.9

So‘-‘ltces:

Soils Directorate internal documents.

Fertilizer year: from July 1lst to June 30th.
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It should be noted that the above mentioned drastic decline
occurred in spite of a gradual increase in actual total fertilizer use
(see Table 2.9). Thus, the widening gap between planned and actual use
was partly due to the rapid increase in planned requirements. This is
especially true in 1987/88 and 1988/89 because of the change in

procedures to estimate fertilizer requirements.

2.7 o oc

2.7.1 Fertilizer Availabjlity

The Soils Directorate defines fertilizer availability as the
amount of fertilizer, domestically produced or imported, which is
available for distribution to farmers. Availability 1is usually
expressed in terms of the percentage of planned requirements actually
available for distribution. In general the figures on fertilizer
availability overestimate the true capabilities of the Agricultural
Cooperative Bank (ACB) to satisfy the quantities demanded by farmers.
This is8 because production and imports are not always available to meet
the demand of peak periods.

Reduced fertilizer availability has become a chronic problem that
Syrian policy makers are faced with almost every year. These problems
have tended to be much more serious for fertilizer use on winter crops
(primarily wheat, barley, food legumes, and fall-planted sugar beets and
potatoes). The peak period of fertilizer demand for winter crops,
especially phosphate, occurs very early in the season (October-
December). Thus, any delays in importing fertilizers and/or any early
disruptions in domestic production would cause serious reductions in

fertilizer use for the fall-planted winter crops.



37

In fact, for the past few years the impact of fertilizer shortages
was mostly felt during the winter season, whereas summer crops usually
receive all their fertilizer requirements. This situation is partly
caused by the delays in the development of the annual agricultural plan,
which is rarely finalized before the end of August. Thus, officials are
usually left with only one month to plan all the details for fertilizer
distribution to fall-planted crops. For instance, in the 1989/90 season
the total amounts of N fertilizer expected to be available for the
winter season was estimated at 127 thousand tons. This is only 73X of
the 175 thousand tons planned for the winter season. The situation for
P,0; was even more serious, with only 97.5 thousand tons available,

representing 61X of the planned needs for the winter season.

2.7.2 Fertilizer Allocatjion

Given the centrally planned nature of fertilizer marketing and the
highly subsidized official prices, the government has relied on
fertilizer rationing to address chronic fertilizer shortages. Each
farmer is issued a quantity of fertilizers based on the type of crops
grown and total area planted to each crop. The per hectare allocation
for each crop is determined by the SD, and it varies from year to year
depending on the total amounts of fertilizer available at the beginning
of the season.

Estimations of fertilizer requirements for the coming season are
usually finalized in July of every year. Actual fertilizer applications
on fall-planted crops usually begin with the sowing of rainfed cereals
starting in October. Thus, to ensure that farmers have timely access to

fertilizers, allocation and distribution decisions for fall-planted
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crops have to be finalized by early October. At that time the officials
at the SD have acquired sufficient information to make realistic
predictions about the actual amounts of fertilizer 1likely to be
available for the winter season. These predictions are based on
existing stocks, on the most recent production figures from the
fertilizer plants, and on procurement contracts signed with
international fertilizer suppliers.

Having relatively accurate estimates of the actual fertilizer
available at the beginning of the winter season, the next issue is how
to allocate the limited fertilizer resources to the various winter
crops. Fertilizer allocation strategies adopted by the SD tend to vary
from year to year. However, one principle that seems to be common in
these strategies is to meet the fertilizer requirements for the
*“strategic crops", i.e., either those that provide substantial export
earnings (such as cotton) or those substituting for the major food
imports (such as wheat). Whether crops are irrigated or rainfed is
another important factor influencing fertilizer allocation decisions.
Generally irrigated crops have their fertilizer requirements met because
the economic returns to fertilizer use by rainfed crops are lower and
more risky than for irrigated crops.

The impact of the above strategies for fertilizer allocation to4
winter crops is that irrigated crops, including irrigated wheat, usually
receive all their fertilizer requirements. As for rainfed crops, the
first priority goes to high-yielding (HYV) wheat varieties. Of lower
priority are local (LYV) wheat varieties and food legumes, with barley
having the lowest priority. Given the general fertilizer shortfall for

the winter crops, fertilizer is rarely allocated to barley. In fact,
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the first time fertilizer was allocated to barley was in the 1986/87

season. However, this allocation excluded barley in Zone 3.

2.8 Fertilizer Marketing
2.8.1 Official Channels

The Agricultural Cooperative Bank (ACB) 1is the sole 1legal
distributor of chemical fertilizers in Syria. Based on instructions
from the SD, the ACB issues individual licenses specifying the amounts
of fertilizer allocated to each farmer based on the type of crops grown,
area planted to each crop, whether these crops are irrigated or rainfed,
and the Agricultural Stability Zone where the farm is located. All
fertilizer purchases are made based on interest-free short-term loans by
the ACB, with re-payment after harvest.

The ACB operates a network of 68 local branches covering most of
the agricultural regions in Syria. The government provides the required
facilities to open up needed branches. Fertilizer and other input
stocks at the ACB branches are monitored on a weekly basis and sales on
a monthly basis. The data are entered in a central computer at the ACB
headquarters in Damascus. This allows the ACB to direct the flow of
fertilizers towards the branches with the highest demand. The ACB has
also expanded its network of warehouses. The total storage space is
93.2 thousand square meters, with a capacity of 233 thousand tons. They
are used for various agricultural 1inputs distributed by the ACB
(fertilizers, seeds, pesticides, bags, and so forth), with fertilizers
being the largest user of space (196,535 tons in October 1989). The ACB

can lease extra storage space if the need for storage arises.
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2.8.2 The Parallel Market

Private trade in fertilizers is 1illegal in Syria. However,
discussions with farmers clearly indicate that a large number of farmers
purchase part of their fertilizer needs from the local or regional
parallel market. Very little information is available regarding the
parallel market sources of supply. However, based on informal
interviews with farmers and local traders, it was possible to identify
the following possible sources of supply:
1. Senior ACB officials, especially in the provincial branches, have
enough discretionary power to divert some of the fertilizer under their
authority to be sold in the parallel market. A typical arrangement
would involve a provincial ACB senior official selling the fertilizer to
a local influential notable or politician. The latter would then use
his influence to protect the corrupt official. Another variant is the
practice of 1local traders who bribe officials to obtain 1licenses
allowing them to receive very large quantities of fertilizer at the
official price.
2. Junior ACB employees are able to issue farmers only a portion of
their fertilizer entitlements and sell the rest on the parallel market.
This practice is facilitated by the illiteracy of many farmers and their
inability to understand the complex fertilizer distribution system.
3. u ooperatjives: Another reportedly major
“leakage” in official distribution channels takes place at the
agricultural cooperative level. Cooperatives are treated as a single
unit by the ACB. Thus, the entire fertilizer ration is received by the

head of the cooperative who would then allocate it among the other
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members and in the process be able to sell some fertilizer on the
parallel market.

4, Farmers: There is enough evidence to indicate that at least some
farmers also sell part of their fertilizer rations on the parallel
market. Given the inaccuracy of fertilizer allocation procedures, it is
very likely that many farmers would receive rations in excess of the
amounts they had intended to apply. Thus, they may sell the rest on the
market or to neighboring farmers. However, interviews with farmers
suggest that they would prefer to store any excess fertilizer for future
use rather than selling it. Moreover, the use of the parallel market
prices as the base of fertilizer transactions between farmers is viewed
by most farmers as highly unethical. Hence, most of these transactions
tend to be in the form of barter exchange or short-term borrowing.
Therefore, the available evidence suggests that fertilizer sales by
farmers represent only a minor source of supplies to the parallel

market.

In summary, two factors seem to be the most important determinants
of fertilizer supply in the parallel market. The first factor is the
total quantity of fertilizer available for distribution by the ACB.
Since the majority of market supplies are suspected to originate from
the ACB, it can be assumed that only a certain proportion finds its way
to the market. It is virtually impossible to estimate the magnitude of
this "leakage". However one can assume there is a positive relationship
between the two. Thus, for a given level of quantity demanded, an
increase in fertilizer availability would translate into an increase in

pParallel market supplies and, hence, would result in lower market
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prices. The second important factor is the degree of government
monitoring and enforcement of the distribution activities of the ACB.
Therefore, if the government decides to increase its vigilance, the
proportion of total fertilizer sold on the parallel market would
decline.

Information on fertilizer prices of the parallel market is limited
and sketchy, with figures ranging from 15% to 35 above official prices.
One of the most important factors affecting market prices is rainfall.
With higher rainfall farmers’ demand for fertilizer increases. During
exceptionally good years, such as in 1987/88, market prices were 50 to
1002 higher than official prices. In Contrast, the margins between
market and official prices were less than 10X in dry years (e.g.,
1988/89). During the 1989/90 season, after two consecutive dry years,
farmers reduced their fertilizer use to such an extent that very few of
them had to buy additional fertilizer from the parallel market. Thus,
the parallel market was virtually non-existent during that year.

Another important determinant of the quantity of fertilizer
demanded from the parallel market is fertilizer availability from the
official channels. Since market demand represents aggregate excess
demand, any increase in fertilizer availability would reduce fertilizer
shortages at the farm level and, hence, would reduce market demand
Finally, it is important to mention that any increase in agricultural
product prices (official or market prices) would also increase farmers'’
demand for fertilizers. This would be reflected into increased market

demand and higher market prices.
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2.9 [Farmers’ Fertilizer Strategies

Very little information is available on farmers’ decision making
in relation to fertilizer use. Some information is available from
farmers’ surveys in northern Syria undertaken by ICARDA since the late
1970’s. These surveys were mostly designed to analyze farmers’ cultural
practices in general, with some questions directed towards fertilizer
use. More recently, a detailed study by Meri Whitaker (1990) focused on
farmers’ fertilizer strategies in northern Syria. This case study
focused on nitrogen fertilization on rainfed wheat. The following
discussion will rely heavily on Whitaker’s results, in addition to
personal discussions with farmers and officials from the Soils
Directorate.

First, it 1is important to note that although fertilizer
allocations are based on the assumption that farmers will actually apply
the SD recommended rates for each crop, the majority of farmers make
their fertilization decisions independently of the SD or the 1local
extension agent. Some policy makers have seriously considered making it
compulsory for farmers to apply the recommended rates. Such a proposal
was briefly discussed in a meeting by the Higher Council on Agriculture
(HCA) in 1985. However, it was rejected due to opposition by the
General Peasant Union representative (El-Hajj, 1985, pp. 19,20).
Moreover, although most wheat farmers surveyed have used fertilizer for
10 to 15 years, most of them had 1little information about the
recommended rates or the official fertilizer allocations for each crop.
They take whatever is allocated to them and rely on their own

experiences, and others, to decide on what fertilizer strategies to

employ.
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When farmers have to make decisions about fertilizer use they need
to address the allocation of fertilizer between crops, the number of
applications per crop, in addition to the rates, timing, and method of
applications. All of these decisions are made under a highly uncertain
environment characterized by wide year-to-year variations in rainfall
levels and in seasonal distribution.

Whitaker 1identified several fertilizer strategies adopted by
rainfed wheat farmers in northern Syria. First, practically all farmers
surveyed have indicated that they applied P,05 only once, at the time of
planting (mid-November to early December). Average rates used in the
wetter areas (Zone 1) are almost twice as large as the rates applied in
the drier regions (Zones 2 and 3). These rates vary very little from
year-to-year given that P,0; is applied at the beginning of the growing
season, when future rainfall is unknown.

Unlike with P,05 application, farmers have greater flexibility
with N application. This allows them to modify their strategies based
upon rainfall levels. Wheat farmers in Zone 1 generally apply two N
applications. The first application is done at planting, while the
second one is applied around tillering time (end of February). As with
P,05 rates, N rates at planting time show relatively little variation.

The rates of N for the second application depend essentially on
rainfall levels during the first half of the growing season (October to
February). If prior rainfall is considered normal, then farmers usually
apply a rate twice as large as the first N application. This rate may
be cut by one third if rainfall is below average, or increased by up to

502 in a wet year. This depends essentially on the level of previous
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rains and on farmers’ expectations about rainfall during the second half
of the growing season (early March to early May).

In the drier zones, farmers are less likely to apply N at planting
than in Zone 1, and they tend to use much lower rates. This is a
sensible strategy considering uncertain weather. During the growing
season, farmers usually apply one to two additional N applications. The
number of N applications during the growing season and the rates used
per application represent the most important variables that farmers can
manipulate to adjust to the amount of rain received. In a normal year,
most farmers reported applying at least one additional N application
around the end of January. But if the year was dry, two thirds of the
farmers would not apply additional N during the growing season. In a
wet year, more than 80X of survey farmers reported applying the same
rate of N applied in normal years. However, more than half added a
third application, about a month later.

Therefore, in the case of rainfed wheat (and rainfed crops in
general), rainfall levels and seasonal distribution constitute the main
determinant of fertilizer strategies adopted by farmers. In addition to
weather uncertainty, uncertainty about government fertilizer policy also
plays an important role in shaping farmers’ strategies. Delays in
fertilizer distribution and the size of the allocations are two
important factors that influenced farmers’ strategies. One of the most
frequently stated complaint is that they often have to delay sowing
their cereals or to plant without fertilization due to delays in
fertilizer distribution. Delays also occur during the growing season.
In fact many farmers have reported that they would increase the rates

and/or the number of N applications during the growing season if the
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second distribution of fertilizer (allocations for fruit trees and
summer crops) was done earlier. A number of farmers also mentioned that
they seldom receive their full allocation. Thus, they often resort to
diverting fertilizer from other crops (e.g., olives) or to buying from

the parallel market.



CHAPTER 3

THE RESEARCH APPROACH

The main objective of this research is the development of a model
for determining economically optimum allocations of limited fertilizer
supplies in Syria. The model also will be used to compare alternative
fertilizer allocation strategies and to assess the economic impact of
limited supplies on national and farm incomes. The purpose of this
chapter is to present the conceptual framework for this model and to
outline the main steps in the research approach.

The chapter starts with a presentation of the basic microeconomic
models of unconstrained and constrained optimization at the farm level.
This 1is followed by a discussion of the main issues related to the
extension of the farm-level approach to the problem of fertilizer
allocation at the national level. Finally, the last section outlines
the main steps in the specification of the fertilizer allocation model

and its underlying assumptions.

3.1 Optimum Fertilizer Rates at the Farm Level
3.1.1 Unconstrained Optimjzatjon

The basic problem of how much fertilizer a farmer should apply to
a given crop can be presented based on the standard neoclassical static
model of profit maximization. This model assumes that the only

criterion guiding the farmer’s decision is that of maximizing profits,
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or net returns, from the use of fertilizers. The model also assumes
that the farmer is risk-neutral and has perfect knowledge about input
and output prices and about the relationship between the 1level of
fertilizer applied and yield. Such a relationship describes the rate at
which fertilizers are transformed into crop output, and it is often
referred to as a yield response function or production function (Doll
and Orazem, 1984, p. 20).
Assuming a yield response function to nitrogen (N) and phosphorus
(P) fertilizer applications!, this function can be written in the
following general form:
Y - F(N,P, X, 2) (3.1)
where Y is the per ha yield;
N and P are the per ha fertilizer application rates;
X refers to other variable inputs;
Z refers to environmental factors;
Based on this production function, the farmer’s net returns to
fertilizer application can be expressed as
NR = P, * (Y - Y) - (W, * N) - (W, * P) - (TVC - TVC?)
where NR are net returns to fertilizer use per ha;
Y’ is the per ha yield of the unfertilized treatment;
P, is output price;
W, and W, are fertilizer prices;
TVC are total variable costs other than fertilizer costs;
TVC® are total variable costs in the unfertilized treatment;
Assuming that TVC and TVC® are equal, these two terms can then be

dropped from the net return equation to give

NR = P, * (Y - Y’) - (W, * N) - (W, * P) (3.2)

! Potassium is not included in the analysis given its limited use
in Syria.
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Such an assumption may not be realistic given that fertilizer use
is often accompanied by an increase in other variable costs such
harvesting and transfer costs associated with the additional output due
to fertilizer application. Such variable costs that are proportional to
yield can be implicitly incorporated into the net returns equation by
adjusting output prices to reflect these costs. A detailed discussion
of these cost adjustments is presented in chapter 4.

Although eq. 3.2 is the simplest form for modeling farmers'’
decision making, it is not the most accurate. This is particularly true
if the carry-over effect of the applied fertilizers is significant
enough to affect the decision making process. A more accurate modeling
of the net return equation needs to incorporate this carry-over effect,
particularly in the case of phosphate and potassium fertilizers. Such
fertilizer carry-over models were suggested by Kennedy et al. (1973),
Stauber, Burt, and Linse (1975), Dillon (1977), Taylor (1983), Smith and
Umali (1984), Kennedy (1986 and 1988), Lanzer, Paris, and Williams
(1987), and Segara et al. (1989).

Although these models would greatly improve the accuracy of the
results, they require more detailed biological data such as the content
and availability of soil nutrients before planting and the patterns of
nutrient uptake by the crop during the growing season. Such data are
very limited in Syria and their quality is questionable given the
inaccuracy of the soil testing procedures. Therefore, the analysis
throughout this dissertation will be essentially based on the simple
profit maximization model given by eq. 3.2.

To calculate the fertilizer rates that would maximize net returns

from fertilizer use (NR), the first partial derivatives of the profit
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function with respect to N and P, dNR/IN and INR/3P, are set equal to
zero (first order or necessary conditions), as follows:

3NR/IN = (P, * 3Y/aN) - W,
3NR/JP = (P, * 3Y/3P) - W

-0 (3.3)
p =0 (3.4)

Defining the Value of the Marginal Product (VMP) as the value of
the increase in output due to the addition of one unit of fertilizer,
eq. 3.3 and 3.4 can be rewritten as follows:

VMP, = W, (3.5)

and VHPp -W

b (3.6)

Equations 3.5 and 3.6 represent the necessary conditions for
profit maximization, i.e., the cost of the last unit of fertilizer added
should be equal to the returns from the yield increase due to the
addition of that unit (Doll and Orazem, 1984, p. 183). The optimum
fertilizer rates, N° and P°, are calculated by solving simultaneously a
system of two equations (eq. 3.3 and 3.4) with two unknowns (N and P).

Total fertilizer requirements can then be computed by multiplying
the total area to be fertilized by the calculated optimum rates. If the
farmer is growing several crops, then the above procedure is repeated
for all crops, assuming the farmer has perfect knowledge of the yield

response function for each individual crop.

3.1.2 Assessing the Feasibility of Optimum Fertilizer Rates

As mentioned earlier, the above optimization model is based on the
assumption that the only criterion guiding the farmer’s decision is that
of maximizing net returns from the use of fertilizers. 1In reality,

however, farmers’ decision criteria are much more complex. These
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criteria are usually affected by many factors, including (FAO, 1984, p.
132)
the anticipated yield increase, expected crop prices,

cost and availability of fertilizers, level of financial

resources and credit availability, land tenure

considerations, the degree of risk and uncertainty and the
farmer’s ability to bear them.

Given the above factors, farmers are expected to be cautious when
deciding the fertilizer rates to apply, by building in a fair safety
margin in their profitability calculations. Two measures, or
indicators, of profitability are commonly used. The first one is the
marginal rate of return (MRR), which is defined as (CIMMYT, 1988, p. 32)

... the marginal net benefit (i.e., the change in net

benefits) divided by the marginal cost (i.e., the change in

costs), expressed as a percentage.

CIMMYT (1988, p. 35) suggests, as a general rule, that farmers
will not use fertilizer beyond the point at which the MRR is at least
50X in one crop season. A similar rule of thumb is suggested by FAO
(1981, p. 41) whereby the minimum acceptable value for MRR is set at
40X. Such minimum MRR rules are frequently used in practice to set
recommendations that are considered to reduce the risk of not obtaining
a yield response to the last increments of fertilizer (see, for example,
Josephson and Zbeetnoff, 1988). However, in assessing the profitability
of fertilizer use in comparison to no fertilizer application, increases
in yield, returns, and costs have to be viewed as non-marginal changes.
Such economic evaluations of fertilizer use frequently rely on the
Value-Cost-Ratio (VCR) as an indicator of profitability.

The VCR is defined as the value of the yield increase due to

fertilizer use (i.e., over the unfertilized treatment), divided by total
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fertilizer costs (FAO, 1981, p. 42). The VCR value associated with the

calculated optimum N-P combination can be calculated as follows:

P, * (Y - YO

VCR =
(W * N°) + (W, * P*)

Where Y* is the yield obtained as a result of applying the optimum
fertilizer rates (N* and P°).

The VCR is an indicator of average returns to the investment in
fertilizers. Thus its use as a basis for assessing profitability seems
to be a theoretically weak approach since it is based on average rather
than marginal comparisons of costs and returns. If the magnitude of the
VCR value is used as a basis for comparing the profitability of
alternative fertilizer rates, this could result in very misleading
conclusions. For instance, the VCR value associated with very 1low
fertilizer rates would be much larger than the VCR associated with
higher rates, since fertilizer costs would be close to zero if the very
low rates are applied.

The most relevant conclusion that can be obtained from the VCR is
whether its value is greater or smaller than one, with a value greater
than one indicating that the investment in fertilizer use is profitable.
However, in order to build in a safety margin, a VCR of 2.0 is typically
used as the critical value for the profitability of fertilizer use in
developing countries (FAO, 1984, p. 132; Lele, Christiansen, and
Kadiresan, 1989, p. 41). There seems to be no valid justification for
using this critical value except for 1its widespread use in many
international organizations, particularly the United Nations Food and
Agriculture Organization (FAO). This, in turn, has led to its adoption

by national research centers in several developing countries.
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In Syria, the Soils Directorate (SD) relies on the VCR as the
p X « <3oninant indicator of profitability in its economic analysis of
fe x ©ilizer experiments. Therefore, in order to facilitate the
coxxxammunication of results to SD officials, the VCR will also be used in
thka X = study as the indicator of profitability of fertilizer use.

The above general requirement of a VCR of at least 2.0 will be
re= A saxed to allow for a minimum VCR of 1.5. This is justified by the
f am «— © that most VCR calculations do not explicitly incorporate additional
Ttx s=amsport and labor costs associated with increased fertilizer use or
wi == the resulting increased output (Lele, Christiansen, and Kadiresan,
1989, p. 41). If these additional costs are accounted for, then the
VaEa R wae of the yield increase would decline and fertilizer costs would
i1xyc xease. This would give a lower value for the minimum VCR than the
S\ g mrested value of 2.0. In this study most additional transport and
labot costs will be explicitly included in the fertilizer and crop
PX X ces based on which VCR calculations are made!. Therefore, it would
be X easonable to assume that the critical value for minimum VCR would be

<"':LQ.ser: to 1.5 rather than 2.0.

3.1.3 Risk and Uncertainty

The wide variation in rainfall patterns prevailing in Syria
introduces a large element of uncertainty into the farmer’s decision
na‘klng about fertilizer use. Although the sources of wuncertainty

x
A= 3 yde the variability in input and output prices, the most important

\

- 1
&§iut

Refer to chapter 4 for details about the methods used in
ing fertilizer and crop prices.

k
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sowxnxce of uncertainty 1in Syrian agriculture tends to be yield
ura<= «rtainty due primarily to variability in rainfall.

The farm management literature includes a broad range of methods
wi =X varying degrees of complexity that attempt to incorporate risk and
ura< « rtainty considerations into agricultural production analysis (see,
fo x  example, Anderson, Dillon and Hardaker, 1977; Antle, 1983; and Taha,
198 7, pp. 427-467). Boisvert and McCarl (1990) provided an extensive
swax—~wvey of the literature on the applications of risk modeling techniques
im agriculture. Most of these techniques are direct or indirect
ap x> 1 ications of expected utility theory, as developed by von Neumann and
Mo x g enstern (1947).

The two most-utilized approaches in applying the expected utility
theOry are the mean-variance (E-V) analysis and the stochastic dominance
™l es (da Cruz and da Fonseca Porto, 1988, p. 381). However, these
AP > xoaches tend to be complex, require extensive data, and their results
are Jgifficult to interpret by non-economists. If the prime users of the
MOAe1's results are policy makers or farmers, then the main criterion
fox <choosing a particular model is its simplicity and the ease with

wh‘-eh the results can be explained to decision or policy makers
(Bo 1 mvert and McCarl, 1990, p. 44).

There are less complex methods that have been used to examine
agrieultural risk. A common approach involves manipulating the values
o€ The most uncertain parameters to evaluate the consequences of
optilhistic and pessimistic scenarios (see, for example, Savoie and
, 1980; and Adams, Hamilton, and McCarl, 1986). Such an approach
constitute the main basis for treating risk and uncertainty in this

&
>” . This is justified by two basic concerns related to the decision

‘
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mo» <del proposed in this study: First, the proposed model should be
= % xmple enough to be used by Syrian planners with limited economics or
mes=a =Thematical backgrounds; and, second, the results from the model should
be easy to interpret and to explain to policy makers.

As mentioned earlier, rainfall is the most uncertain parameter
a £ K ecting the profitability of fertilizer use in Syria. The calculation
o £ the VCR associated with optimum fertilizer rates is based on
= = ~rerage” yleld response functions. However, farmers growing rainfed
C X o ps are usually more concerned with the profitability of their
I xa~restments in fertilizers in the event of a dry year. Therefore, in
a= s essing the profitability of the estimated optimum rates on rainfed
C X ops, the 1.5 minimum-VCR criterion will be applied to VCR calculations
baa = ed on estimates of yield increase due to fertilizer use in the event
O a dry year.

The question of what constitutes a "dry" year is subjective.
Recent surveys of farmers in northern Syria suggest that two to three
Y« smxs out of ten are considered as "bad” years by the responding farmers
(w}\icaker, 1990). Based on an analysis of rainfall data from several
meteorological stations in northern Syria, it is possible to define four
taihfall scenarios, "good", "normal", "dry", and "very dry", for the
thtee zones of interest (see Table 3.1).

The inclusion of the ®"very dry" scenario seems also important
a]“tl‘aough its probability of occurrence is only one in eight years. This

x
= because farmers would probably decide not to use fertilizer rates

<
th may result in financial losses in the event of a very dry year. 1In

<
hh%r words, an additional criterion for assessing the profitability of

) T ——
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Tal> A e 3.1: DEFINITIONS OF RAINFALL SCENARIOS
Syria, Agricultural Stability Zones 1lb, 2, and 3.

Ra i wxxfall Scenario
Sc «= mario Definition Zone 1b Zone 2 Zone 3
"GCo>od” Mean (mm/year): 500 350 300
Probability (X): 29 32 35
"N < xmal" Mean (mm/year): 400 300 250
Probability (X): 47 42 41
"TDxvy" Mean (mm/year): 350 250 200
Probability (X): 12 13 12
" e xy dry" Mean (mm/year): 300 200 150
Probability (X): 12 13 12
1_- Refer to chapter 2 for the definitions of the Agricultural

Stability Zones.

S owaxces: Derived from Agricultural Statistical Abstracts, various

years.

| = A ven N-P combination is the requirement of a minimum VCR of 1.0 in
The event of a very dry year.

It is possible to estimate the effect of the calculated optimum
Fates on yield and profitability wunder each of the above defined
S<emxarios. This can be done by including the level of rainfall as an
Sxp X ;mnatory variable in the production function!. Assuming that
ra‘infall is the only environmental factor affecting yield (i.e., the "Z"
va'tiables in Equation 3.1), four different production functions
a“sa<><=i.at:ed with the four rainfall scenarios can be estimated for each

 F =Y
T xageq crop:

\

f“":.:\ 1 Refer to the discussion on the specification of production

= ®=1{ons later in this chapter.




57
Good year: Y = G(N,P,X)
Normal year: Yy = N(N,P,X)
Dry year: Yp = D(N,P,X)
Very Dry year: Yy = E(N,P,X)

where, Y; is yield in a good year;
Yy is yield in a normal year;
Yp is yield in a dry year;
Yy is yield in a very dry year.
Optimum fertilizer rates (N* and P*) will be computed based on the
"™ xaorxmal year” production function (Yy). These optimum rates are then
X wan< luded in the other three production functions to solve for the yield
A e&=vels, Y; Y, Y5, that would be obtained under the corresponding
= < €nmnarios. Thus, the above minimum VCR criteria can be written as
o 1A lows:
Py * (Y's - Y%)

VCR; - 2 1.5 (3.7)
(Vo * N°) + (W, * P*)

Py * (Y% - YO)
VCRy = 2 1.5 (3.8)
(W * N*) + (W, * P*)

P,D * (Y.D - YOD)
VCRp = 2 1.5 (3.9)
(Wy * N) + (W, * P*)

Py * (Y'y - Yo%)
VCRg = 2 1.0 (3.10)
(W, * N) + (W, * P*)

A g
hete Py, Pyy, Pyp and Py refer to the output price under the various

-
= T gcenarios.

In addition to the above minimum-VCR criteria, the analysis will

= 3
¥ «» consider the effect of the optimum fertilizer rates on yields in
LS 4
= = and very dry years. This is based on discussions with wheat and

Q_]
1ey farmers in the drier zones of northern Syria. When these farmers

.
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we= x— @ asked for the reasons for not increasing their current application

r=a T— es, a frequent response was that higher rates may "burn® the crop

(i - e., reduce yield) in the event of a dry year. These concerns can be

i xmn« Tuded in the analysis by introducing a further criterion: the optimum

N and P rates should not exceed the rates that would maximize yield

( X _e., Stage III of the classical production function) in dry and very

A x—~y7 years. This can be written as
N‘ < Nzw < ND‘“

axrad P* s Pp™X g PpRax
“wWEkae re maximum N and P (N®* and P®*) are computed by setting the first

> & xtial derivatives of the production functions, Y, and Yg, equal to

zero.
In looking at the issue of fertilizer use on rainfed crops, barley

is a special case that deserves some further discussion. Fertilizer use

X2 ‘arley in Syria is still very limited, with recent surveys indicating

Thaeat less than 151 of farmers apply any fertilizer on barley

(ICA.RDA/I-‘RHP, 1988, p. 148). In comparison, most farmers apply

Te x e 1lizer on wheat and, as indicated by recent survey findings, they

have been doing that for an average of 10 to 15 years (Whitaker, 1990).

l‘et‘ef.ore, farmers probably consider barley fertilization as a

el&tively new and untested technology whose profitability is not yet

pro\'en. Moreover, barley is mostly grown in the drier zones where

=
Q:‘—t\fgll is extremely variable. This further exacerbates the

Wy
QQ1.'t¢|1m:y characterizing farmers’ decisions about fertilization.

Ty
e in evaluating the profitability of fertilizer use on barley,

xr
L= ¥
bt'lers would be primarily concerned with the fate of their investment

X
®=The event of a dry year.

) -
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Such concerns can be incorporated into the analysis by assuming a
= wwr<>» Xst-case scenario” approach, or what is often referred to in the

1 i — erature as the "maximin®" assumption (see, for example, McInerney,

196 7). According to this approach, rather than assuming average
x & X xmafall, risk-averse barley farmers would assume that a dry year would

o< < vwar. Therefore, they would choose optimum fertilizer rates that would

mazaa>c d mize their net returns based on yield increases expected during a
dx > year. In other words, the calculation of N* and P* for barley will

be  E>ased on the "dry year" production function, Y,, rather than Yy.

3.1.4 Constrained Optimization
The procedure outlined in the previous section for the calculation
o «<>ptimum N and P rates is based on unconstrained optimization. In
S Tkane r words it is assumed that if farmers are willing to pay the price,
they could buy as much fertilizer as they wish and, thus, they would
“hoo ge to apply the rates that would maximize their profits according to
€ <A\a = vions 3.3 and 3.4. Similarly, it is assumed that if farmers decide
o “*=a pply the rates that would maximize their profits, the government is
eapable of supplying all the quantities of fertilizer demanded by
f'a't'"':'lers. either from domestic production or from imports.

However, the above assumptions are unrealistic given the serious
ph()blems facing domestic fertilizer production, and given the limited
Q-\'Q'ilabi.lit:y of foreign exchange for the imports of fertilizers. Under
e“Q}\ constraints the government can rarely supply all the fertilizer

?\-‘Q‘t\tities that farmers would demand at the existing official prices.
= ®=@ad, farmers are issued fertilizer rations based on the crops grown
Qt\Q

the area planted to each crop. Therefore, the problem faced by

)



60
£ e xmmers is how to allocate their fertilizer rations in such a way as to
maza>c I nize their returns from the 1limited quantities of fertilizer

a~raa i lable to then.

The simple model of profit maximization outlined earlier can be
mo <l i fied to solve the farmer’s constrained optimization problem.
A s s wanming that only two crops are grown, crop 1 and crop 2, and that the
£ & xxmer has perfect knowledge about the production functions and about
imypruat and output prices, the constrained optimization problem can be
f o xxmulated as follows:

Maximize NR = P,l * Al * (Yl - Ylo) + Pyz * Az * (Yz - Yzo)
- Wn(Nl * Al + Nz * Az)
- WPy * A, + Py * Ay

Subject to: N, * A; + N, * A; = N;
PI*A1+P1*A2-P1
F(N,, Py, X;, Z) = Y,
G(Nz, Pz, XZ, Z) - Yz

wWhe xe NR are net returns from fertilizer use for the whole farm;
Y, and Y, are the per ha yields of crop 1 and crop 2;
Y,° and Y,° are the yields of the unfertilized treatments;
F(N,, P,) and G(N,, P,) are the production functions for Y, and Y,;
N; and P, are the per hectare fertilizer rates applied on crop 1;
N, and P, are the per hectare fertilizer rates applied on crop 2;
Ny and P; are the total quantities of fertilizer available;
W, and W, are fertilizer prices;
Py, and P,, are output prices;
A; and A, are the fertilized areas planted to crop 1 and crop 2;
X, and X; are variable inputs other than fertilizers;
Z refers to environmental factors.

Such a problem is often set up in a form known as a Lagrangean
fl-lt)etjon (L), as follows:?
> &8
(Nlt Nz, Pl' Pz, 11, lz) - P,l * A1 * (Yl - Ylo) + P’z * Az * (Yz - Yzo)
- “n(Nl * Al + Nz * Az) - WP(PI * Al + Pz * Az)

"1 (NI*A1+N2*A2-NT)
- lz (P1 * Al + Pz * Az - PT) (3.11)

\

O - 1 The following section is adapted from Appendix II in Doll and
M=Zen (1984).

) T —
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wize xe A; and A, are the Lagrangean multipliers, defined as
A, = dL/dN;
arnda A; = dL/dPy
I other words, A4; and i, represent the amount by which net returns
weo»wa 1d increase if Ny or Py are increased by one unit.
To maximize L, the first partial derivatives with respect to N,

P . N,, P, 4,, and 1, are set equal to zero (first order conditions):

3L/3N, = Ay (P, * 3Y,/3N; - W, - ;) = O (3.12)
3L/3P, = A\(Py, * 3Y /3P, - W, - 1;) = 0 (3.13)
AL/aN; = Ay(P,, * 3Y,/aN; - W, - 4;) = O (3.14)
aL/aPz - Az(P,z * aYz/aPZ - Up - 12) - 0 (3.15)
aL/all- - NI*A1+N2 *A2+Nr-o (3.16)
AL/3A; = - P, * A, + P, * A, + Pr = 0 (3.17)

To calculate the optimum fertilizer rates on crop 1 and crop 2
(N,=, p* NS, and P,*) the above six equations with six unknowns (N,
P,. N;, P, 1,, and 1;) are solved simultaneously.

In the above system of six equations, the first four (eq. 3.12 to

3 .1 S) can be written as

VMP,, = W, + 1,
VHPPI - wp + 12
mnz - Un + 11
VMP,, = W, + 4,
ox VMP,, = VMP_, = W, + 1, (3.18)
VMP,, = VMP,; = W, + 1, (3.19)

The above two equations reflect what is often referred to as the

W for profit maximization, i.e., the marginal revenues

T

< The application of fertilizer should be equal across all crops.
A

l=o » according to this rule, these marginal revenues should be equal to
tThe

marginal cost of the applied fertilizer. However, under fertilizer
rQ
t:.~°ning, the fertilizer purchase price does not represent its true

m ey
t.gilml cost given that the farmer cannot buy any additional quantities

;
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*> e yond the ration purchased from the government. The true value to the
4 saxrmer, or shadow prices, of the limited fertilizers are given by
CW, + 1) and (W, + 1;). These values would constitute the maximum
x> x ices that the farmer would be willing to pay if he could purchase
Z=m Additional quantities from the parallel market.

Combining eq. 3.18 and 3.19 we get:

VMP,,  VMP,, VMP,,  VMP,,

- - - (3.20)
W+l W+, W+, Wo+d,

Equation 3.20 reflects a more general statement of the
e qwa Anmarginal rule specifying that "the ratio of the value of the
ma x gzinal product to the price of an input be equal for all inputs in all
us e =" (Doll and Orazem, p. 191). Under constrained optimization, this
rwul « would require the use of the shadow prices of fertilizers, as in
eq - 3.20. 1In contrast, the purchase price would be the relevant price
if T here are no limits on the quantities of fertilizer that the farmer

Cowald buy (the Lagrangean multipliers would be equal to zero).

3-2 o atjiona ve

3.2.1 Conceptual Approach

The same conceptual approach for fertilizer allocation at the farm
level can be used to model the fertilizer allocation problem at the
natile level. This can be done if all cropped areas in Syria are
t:re*‘ted as a single farm with one decision maker responsible for

e
<=:l‘dlng on the optimum fertilizer rates that would maximize net returnms

to
The limited aggregate fertilizer supplies. In other words, the two-
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«— xop model of constrained optimization is extended to cover all crops
s=xown in Syria.
Such an approach to the fertilizer allocation problem at the
xnzational level was proposed in an FAO fertilizer manual (FAO, 1966, pp.
39 -40). Based on this approach, the national fertilizer allocation

mo del is formulated as follows:

Mea>cimize NR = E; [Py, * A, * (Y, - Y%,)] - I, (W * Fpq) (3.21)
Swubject to: I, (Fg * A)) = Fpp (3.22)
Ny (Fyy, Fpy, ..., Fgy, X4, 2) = Y, (3.23)

whhe xe NR is aggregate net return from fertilizer use in Syria
Y, 1is the per ha yield of crop {i;
Y%, is the per ha yield of the unfertilized treatment;
Ny(Fyy, Fzy, ..., Fg, Xy, Z) 1s the production function for Y,;
F¢; is the per hectare application rate of fertilizer f on crop {i;
X; refers to inputs on crop i other than fertilizers;
Z refers to environmental factors;
Fer are aggregate available supplies of fertilizer f;
W, 1is the price of fertilizer f;
Py, is the price of crop i;
A; is total fertilized area planted to crop i.

The Lagrangean function would be set up in a similar way as in the
faxm-jevel model, and optimum fertilizer rates on all crops would be
cal culated by simultaneously solving a system of (i*f + f) equations.

This national fertilizer allocation model is based on several

Simp ) ygeic assumptions, including:

- There exist adequate reliable data to estimate production
functions for all the crops grown in Syria.

2- For each crop, the estimated production function is representative
of the crop’s growing conditions in all regions.

3

Farmers will actually apply the fertilizer rates on each crop as

recommended by the official fertilizer allocation plan.
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Lo . All fertilizer supplies will be available for distribution at the
time when farmers need them.
= . All farmers have access to the official fertilizer distribution
network and they have the necessary financial resources to cover
all their fertilizer purchases.
S o The optimum fertilizer rates are scale-neutral, i.e., they are

equally applicable to small and large farms.

These assumptions clearly suggest that the results of the model
msay” not be a very accurate representation of actual conditions in Syria.
Howrever, the above working assumptions had to be made given the limited
da € a availability in Syria. Although the model may not be as accurate
as one would desire under 1ideal circumstances, the results would
X e > Xesent rough approximations of actual and/or simulated conditions.
Ty« sse approximations would still constitute information that could
a=ms== 1gt policy-makers in formulating more efficient fertilizer allocation

ST x ategies.

3.2.2 Financial vs Economic Prices

In the earlier discussion on the procedure to estimate
eeononically optimum fertilizer rates, the term "optimum" was often
Usea. This term is somewhat vague since it does not specify from whose
point of view these rates are optimal, the farmer’s or the economy as a
"‘\ole? This distinction becomes important if there are relatively large
difte:l:emces in the prices that farmers pay or receive, as compared to

©®  True costs to the economy as a whole.
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For instance, if the highly subsidized fertilizer producer prices
s=saxe to be used in the analysis, then the optima calculated would be
x elevant only if the objective is to maximize farmers’ income. If, on
==he other hand, the objective is to maximize national income (or any
o ther measure of aggregate welfare), then these farmers’ optima may be
« conomically non-optimal. This would be the case if the input-to-
output, or relative, price ratio faced by farmers is significantly
«1 i f£ferent from the true relative price ratio. In other words, farmers’
o P> Tima may lead to an economically inefficient allocation of the limited
e xtilizer resources. In this case, it would be more appropriate to use
4 xax ternational market prices, which generally represent the true

o p>»p>rortunity cost of resources used and of outputs produced.

The main objective of this study is to develop a national decision
mo<cldel for allocating the limited fertilizer resources in the most
©@c o rnonically efficient way. This is based on the stated policy
o> J ective of maximizing net economic returns from the limited fertilizer
Swapplies. This focus on "economic efficiency" necessitates that the
&Tr&a 1 ygis be based on the true value of resources used and of output
PX oduced, in order to achieve national welfare objectives.

Thus, whenever fertilizer or crop prices are significantly
different from their true economic values, these prices should be
adaj asted to make them more closely represent the opportunity costs to
the economy as a whole. These adjusted prices are referred to as

M (the term "shadow price" is also often used; see, for

e
xq“ple, Gittinger, 1982, p. 243), whereas unadjusted prices (i.e.,
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#actual prices faced by farmers) are referred to as financial p;iges‘.
“Xherefore, the estimation of "optimum" fertilizer rates, whether based
«<x2 constrained or unconstrained optimization, will be based on economic
> x ices throughout this study.

In addition to the economic efficiency objective, an important
ob jective of this study is to analyze the impact of alternative
F ertilizer allocations on farmers’ net returns from fertilizer use.
TIhr1is is of particular importance since the ultimate decision on which
PPo 1l icy alternative to adopt is essentially a political decision. Such a
de < ision would be influenced by many factors, including the potential
I map>» act of the policy in question on farmers.

Therefore, the estimation of optimum fertilizer rates will be
ba s «€d on economic prices, while the impact of these rates will be
e~ asa Ruated using both financial and economic prices. In other words, for
The economically optimum fertilizer rates to be considered acceptable,
The VCR values calculated based on both economic and financial prices

Woweald have to satisfy the minimum VCR requirements mentioned earlier.

3.2.3 Incorporating Policy Concerns

In addition to their concern about the impact of alternative
fel‘tilizer allocation strategies on farmers’ income, policy makers are
l=o interested in the impact of these strategies on key macroeconomic

poliey objectives. These objectives include: (1) reducing foreign

\

1 Refer to chapter 4 for a detailed discussion of the procedures
in estimating financial and economic prices, and their underlying
tions.

‘-lsed
asg
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«=xchange expenditures, (2) reducing the government’s budget deficit, and

€ 3) increasing food self-sufficiency.

1) Foreign Exchange Expenditures

The main reason for the current constraints on fertilizer supplies
i s the government’s decision to limit fertilizer imports in an attempt
T o reduce its foreign exchange expenditures. Fertilizer policy affects
T he government’s foreign exchange expenditures in three direct ways:
C&a ) fertilizer imports, (b) crop imports, and (c) crop exports. For
i xa=stance, if fertilizer imports are lowered to reduce expenditures in
Ihha&a xd currencies, the resulting lower fertilizer use may reduce the
o wa = put of crops that substitute for imports, and/or reduce the output of
e>c p»ortable crops. Therefore, the main focus should be on increasing pet
f o x eign exchange earnings, defined as

Ne &= foreign exchange earnings = Earnings from increased crop exports
+ Savings from reduced crop imports

- Expenditures on fertilizer imports

As will be discussed later (see chapter 4), all crops covered in
this study are treated as traded goods, i.e., they are either exported
ox They substitute for imports. Since the government has a complete
nonopoly on foreign trade in fertilizers and most crops, any increase or
deerease in aggregate crop output, due to changes 1in fertilizer
polieies. will be reflected in an equal increase or decrease in net crop
exports. This would apply only to crops, such as cotton and sugar
beeta, which are completely controlled by the official marketing system.

I
n Thie case of cereals, however, significant proportions of total output
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s xe sold in the parallel market!, while potato output is entirely sold
i m the recently legalized private market.
The net increase in foreign exchange earnings as a result of

X ertilizer use can be expressed as follows:

INFE = I, [IP, * A * M, (Y, - Y%)] - Ip (IPg * Fpp) (3.24)
where NFE is net increase in foreign exchange earnings relative to no

fertilizer use;

IP,, is the international price of crop i;

A; is the total fertilized area planted to crop {;

M; is the proportion of output of crop i sold to the government;

Y, is the per ha yield of crop {;

Y%, is the per ha yield of the unfertilized treatment of crop {i;

IP, is the international price of fertilizer f;

Fey are aggregate available supplies of fertilizer f.

Given that crop yields would vary depending on rainfall levels,
f o xeign exchange earnings from net crop exports are also expected to
Ve x—y. It is, then, possible to compute four different equations for net
f o xeign exchange earnings based on the four rainfall scenarios discussed
©&a xljer. These equations can be incorporated into the allocation model
&= a&additional constraints with lower limits specified to reflect policy
©bB J ectives. For instance, minimum foreign exchange earnings during a
O xmal year can be set to be equal to the current level of net foreign
exchange earnings associated with fertilizer use.

Such explicit constraints, however, might impose too much rigidity

°on The model solution. Thus, the general approach followed in this

s
tudy will be to calculate net foreign exchange earnings associated with
e
|ach fertilizer allocation examined, without a priori restrictions on

t
he dower limits. The results will be presented and their implications

\

of 1 Refer to chapter 4 for more details on the estimated proportions
Cereal output sold through official channels.
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<3111 be discussed, but the decision on whether these earnings are

s cceptable or not will be left to policy-makers.

3) v ! e
In addition to concerns about the government’s foreign exchange

« xpenditures, the impact of alternative fertilizer strategies on the

o wverall government budget is also an important policy issue. This is of

P arxticular importance given the heavy subsidies on fertilizers in Syria.
T herefore, in comparing the feasibility of alternative fertilizer
& 1L XAocations, it is important to estimate the impact of these strategies

oxx the government budget. To estimate this budgetary impact, we need

£ X xst to calculate the net taxes or subsidies associated with the
f e xtilizers and crops covered by this study.

If the official price of a crop is much lower than its true
© c o nonic value, the government would be making additional revenues from
e ch additional kilogram produced (i.e., the crop is implicitly taxed)
as a result of fertilizer use. In contrast, the government would be
1n¢urr1ng additional expenditures for each additional kilogram of
fertilizer applied. 1If, on the other hand, the official crop price is
highet than its true economic value (implicit subsidy), government
S3XPenditures would increase as a result of increased yields due to
fel‘til.i.zer: use, besides the higher expenditures on fertilizer subsidies.

The net increase in government expenditures as a result of

£
X% f111zer use can be expressed as follows:

N
CE  p (et F) - I, [Ty, * A * M (Y, - Y] (3.25)
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<wshere NGE is net increase in government expenditures relative to no

fertilizer use;

S¢ is subsidy per unit of fertilizer f;

Fe are aggregate available supplies of fertilizer f;

Ty; is implicit tax or subsidy per unit of crop 1;

A, is the total fertilized area planted to crop {;

M, is the proportion of total output sold to the government;

Y, is the per ha yield of crop {;

Y%, is the per ha yield of the unfertilized treatment.

As in the case of foreign exchange earnings, explicit constraints
o3 naximum government expenditures might impose too much rigidity on the
model solution. Thus, net government expenditures associated with each
f e xtilizer allocation will be calculated and their implications

A 1 = cussed. But the decision on whether these expenditures are

&ac < eptable or not will be left to policy-makers.

3)  Food Self-Sufficiency

The main concern about food self-sufficiency in Syria relates
P X X mmarily to wheat production and, to a much lesser extent, the
PXoduction of sugar beets. Wheat imports represent the single most
important food import item, accounting for an average of 25X to 30X of
Ttotal vheat consumption (Agricultural Statistical Abstracts, 1987).
This percentage can be as high as 751 in a very dry year like 1984, when
® X ecord 1.5 million tons of wheat was imported. Therefore, increasing
wheqt self-sufficiency is a prime policy objective often influencing the
design and implementation of other policies, 1including fertilizer
poliey. This is clearly implied by the high priority given to wheat in
the <wurrent fertilizer allocation strategy adopted by the government.

Such concerns can be incorporated into the fertilizer allocation

o
QUe by setting up constraints specifying lower limits on aggregate
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output for each crop. Also, these constraints can be formulated to
reflect specific self-sufficiency requirements for each rainfall
scenario. Although such constraints can be easily incorporated into the
model, the minimum production 1limits would be difficult to determine
given the vagueness of policy statements related to self-sufficiency.
These statements are often expressed in very general terms, referring to
the need to increase self-sufficiency in food, feed, and industrial
crops, in addition to the objective of increasing agricultural exports.

Explicit self-sufficiency constraints may also reduce the model's
flexibility in finding an optimum solution that would maximize economic
net returns to fertilizer use. Thus, the general approach followed in
this study will be to calculate the impact of alternative fertilizer
allocations on aggregate crop output and to discuss their implications

on food self-sufficiency.

3.3 oca ode
3.3.1 Linear Programming

The general formulation of the fertilizer allocation model, given
by equations 3.21, 3.22, and 3.23, may be too complex to solve based on
standard calculus techniques. This would be particularly true 1if a
large number of crops, or crop varieties, are to be included in the
model. As mentioned earlier, such a model would require solving a
constrained optimization problem consisting of (i*f + f) constraints,
where 1 is the number of crop activities and f the number of fertilizer
Nutrients covered by the model. For instance, a model with 15 crop
4ctivities and two fertilizer nutrients would include at 1least 32

COmgtraints, which can be computationally difficult to achieve
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particularly if additional constraints are to be incorporated into the
model.
Fortunately, there exist other methods to solve constrained
optimization problems. One of the most commonly used methods is linear
Pprogramming (LP). In addition to finding an optimal solution to large
constrained optimization problems, the LP solution can also generate
© ther useful information such as the shadow prices of limited resources
and information on non-optimal activities. A detailed review of
1 i terature on the theory and applications of 1linear programming is
P xovided by Schrijver (1986). Hazell and Norton (1986) focus on the
applications of programming techniques to agricultural problems.
B xonson (1982), Mills (1984), and Taha (1987) provide practical
I mxtroductions to LP including many agricultural examples.
Linear programming is an optimization technique to solve for
= & 1 location problems in which limic;d resources are allocated to a
Tawvammber of economic activities®™ (Taha, p. 50). The LP problem consists
©Of optimizing (maximizing or minimizing) a specific quantity, called the
-Objective', which depends on a finite number of input variables,
s‘dbject to a set of constraints (Bronson, p. 1). The following section
is adapted from Taha (p. 50), and provides a brief introduction to the
o xpulation of a general LP model.

For a maximization problem, the LP model, in {its general

™2 thenatical form, is expressed as follows:
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Maximize Z = c;.X; + c,.X; + ... + c,. X,

subject to:

an.xl + .12.x2 + ... + am.xn < bl

an.xl + ﬂzz.Xz + ... + ah.xn < bz

ag;.X; + a.X; + ... + a,.X, s b,

Xl. XZ, eo oy X,, 2 0

The above model includes n activities X;, X;, ..., X, and m

resources with maximum amounts available given by b,, b,, ..., b,. The

£4Axst line of the model is the objective function, which can be
©eXxpressed as

Maximize Z = I; (c,.X,)
This function represents the combined contributions of each activity to
T o tal profit Z, where c, represents the profit or net return per unit of
ac civity j.

Under the objective function there are m constraints that can be
€3> ressed as follows:

L, (a;,.Xy) s b, i=-1, ...., m

This means that each unit of activity j uses an amount a,; of
e s ource i, and the summation of all a,;.X; represents the total use of
e g ource 1 by all n activities, which cannot exceed b;,. The resource
li"its or b;’s are often called Right Hand Side (RHS), referring to
“hejyr positions with respect to the inequality signs. LP constraints
Samn include "s®, "2", or "=" signs. However, strict inequality signs

=~ or <) cannot be included in the formulation of an LP problem.
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The last line, X;, X;, ..., X; 2 0, is what is often referred to

Aas "non-negativity constraints®, and it specifies that none of the

activities in the solution can be negative, which is self-explanatory.

3.3.2 The Basic Model

An LP formulation of the fertilizer allocation problem was

P roposed by Nordblom and Al-Ashram (1989), who developed a conceptual

model for the centrally planned allocation of 1limited fertilizer

supplies to crops in contrasting production zones. The model’s

Potential is {llustrated through its application to a hypothetical

Thrxee-crop country, using coefficients based on actual data from

e xtilizer experiments in Syria. In fact, Nordblom and Al-Ashram’'s

= T wudy represents the first stage of a larger research project which is

Thie basis of this dissertation. The LP model presented in this section

i = based on Nordblom and Al-Ashram’s model, with some modifications that

“W 3 11 be discussed later.

The fertilizer allocation model, given by equations 3.21, 3.22,

ATaxd 3.23, can be re-formulated as an LP model, as follows:

Maacinmize NR = I, [Py, * A, * (Y, - YO,)] - I, (W, * Fgp) (3.26)
Sxabject to: By (Fgy * A;) s Feyr (3.27)
(3.28)

NL(Fli' in, e o ey Ffi' X‘, Z) - Yi
Fli' le, co oy Ffl 20
Y, and Y%, 2 0

“here MR is aggregate net return from fertilizer use in Syria

Y, is the per ha yield of crop {i;
Y°, is the per ha yield of the unfertilized treatment;
Ny(Fy, Fay, , Fey, Xy, Z) is the production function for Y;;

Fe; 18 the per hectare application rate of fertilizer f on crop i;
X, refers to inputs on crop i other than fertilizers;
Z refers to environmental factors;
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Fer are aggregate available supplies of fertilizer f;
Wy is the price of fertilizer f;

Py, is the price of crop i;
A; 1s total fertilized area planted to crop {i.

In this simple or "basic"™ version of the LP model, the objective

is to maximize net returns from the use of fertilizers on all the major

<rops in Syria. This is subject to the constraints imposed by the

qguantities of fertilizer available, and the physical 1input/output

xrelationship between the amounts of fertilizer applied and yields

obtained. The model would solve for the optimum fertilizer rates on

each crop, F',, that will maximize net returns from fertilizer use

& i wven the constraints on aggregate supplies. Crop and fertilizer
P x ices, crop areas, and the upper limits on fertilizer supplies are all

© 3¢ ogenous to the model, i.e., they are fixed by the analyst. The

L myput/output coefficients are based on the estimated parameters of the

P X oduction functions.

3.3.3 specification of the Production Functions

A key determinant of the complexity of the above model is the

S P ecification of the production function constraints. These functions

We xe expressed using a general formulation such as in eq. 3.1:
Y‘ - Nl(rli' F21, v ooy F!‘, xi, Z)
The production functions need to be formulated in more specific

tem. This refers to the functional forms to be used and the

Q’(‘Dl«lmat:ory variables to be included in the production functions.



——n
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3.3.3.1 Functjonal Form
The true relationship between applied fertilizer nutrients and
wield is never known. Thus, a key step in the specification of
P roduction functions is the choice of an appropriate functional form.
This has typically been difficult in applied research conducted by soil
smcientists, agronomists, and agricultural economists. This task 1is
further complicated by the growing number of available functional forms
To choose from. Griffin, Montgomery, and Rister (1987) compiled twenty
A1 fferent categories of functional forms that have been used in the
P roduction economics literature. Therefore, the problem of choosing the
“best" function cannot be solved from a simple set of rules.
The quadratic production function, and the polynomial function in
& e meral, has been successfully applied to a large number of fertilizer
= T wudies listed in the literature. The general approach is based on
= Twudying experimental data by statistical methods and an empirical
P lynomial equation of "best fit" is estimated, with no assumption or
l")"‘pot‘.hesis as to the underlying causes (Mason, 1956, p. 77).
This approach emerged from the extensive efforts of agricultural
€® < ononists during the 1950’'s. Heady and Dillon (1961) examined the
€ =z timation methods, and the mathematical and economic characteristics of
Thixee most commonly used production functions, power models (Cobb-
Douglas function), exponential models (Mitscherlich and Spillman
f‘~-lfl1ct:ions), and polynomial models (quadratic and square-root functions).
Several studies during that period attempted to compare the
| ppropriateness of these functions by comparing how well they fit
fertilizer experiment data (see for example Johnson, 1953; Heady, 1954;

Hut:t:on, 1955; Hutton and Elderkin, 1954; and Heady, Pesek, and Brown,
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1. 955). The conclusions reached in these studies were obviously specific
to the unique fertilizer experiments. Nevertheless, for the majority of
these studies the polynomial quadratic and square root models generally
sZave the best fit.

In this study, the quadratic polynomial functional form will be
wased in the estimation of production functions. This functional form
Ihas been the standard one used in fertilizer trials by agronomists from
both the Soils Directorate (SD) and the International Center for
A gricultural Research in the Dry Areas (ICARDA). Given that this
<A { ssertation is based on a collaborative project between the two
A nstitutions, a functional form that can be easily estimated and
Tamnderstood was desirable.

The quadratic function postulates a smooth, concave, and

A4 fferentiable function, possessing a point maximum, with substitution
&axmong all nutrients (Baum, Heady and Blackmore, 1956; Baum, et al.,
L 9 57). The concavity assumption conforms with the empirically observed
A X minishing marginal response to fertilizer applications (Mason, 1956,
P . 81). Empirical observations also confirm the assumption of
= wabstitution among nutrients (see, for example, Dumenil and Nelson,
L 94s). In Syria, these assumptions seem also to be confirmed by
©mapirical observations, as noted by many SD agronomists working on
Te xtilizer trials.

The assumption of point maximum generally applies to nitrogen
8 X mce excess N application could result in excessive vegetative growth
CSa&awusging lodging and lower yields. However, in the case of phosphate and
Potassium applications the most commonly observed response is that of

11'\creasing yield wuntil a plateau is reached (Lanzer, Paris, and
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Williams, 1987, p. 2). Yield depression usually occurs at quantities
far beyond the minimum needed to attain the yield plateau.

Such responses are more accurately represented using other
functional forms, such as the Mitscherlich function or the 1linear
response and plateau (LRP) function proposed by Cate and Nelson in 1971
(see also, Anderson and Nelson, 1975; Perrin, 1976; and Lanzer and
Paris, 1981). These models are usually more complex than the quadratic
function and they require more data, including accurate information on
s0il nutrient content. Therefore, the application of such models in
Syria would be difficult given the data problems that relate to the

inaccuracy of the soil testing procedures.

3.3.3.2 Explanatory Varjables

Multiple regression is the standard approach in estimating the
parameters of a quadratic production function. Yield per ha is the
dependent variable, while the levels of applied nutrients per ha are the
independent variables. The production function has the following
general form:

Y=a,+a, N+ a, P+ a3 N+ a, P2+ ag NP (3.29)
where Y is estimated yield per ha;

N and P are the applied fertilizer rates per ha;

N2 and P? are quadratic terms;

NP is an interaction term between N and P (i.e, N*P).

The parameters a,, a,, &a,, a;, a,, and as are the estimated
regression coefficients. The first term, a,, is the estimated yield of
the unfertilized or control treatment (i.e., when applied N=P=0); a, and

a, are typically positive reflecting the increase in yield in response

to fertilizer applications, and a; and a, are typically negative
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xreflecting diminishing response to increasing applications of N and P.
The term a5 is wusually positive reflecting the positive interaction
between N and P, though it is not uncommon for a5 to be negative.

The 1list of independent variables is not necessarily limited to N
and P. Ideally, potassium (K) should have also been included in the
Production function. However, given that Syrian soils are usually rich
in K, the use of potassium fertilizers is very limited, with the
e@xception of root crops and fruit trees. Therefore, this study will be
1 Aimited to nitrogen and phosphate fertilizers.

If the data are available, it 1is desirable to add several
€3cplanatory variables. These variables reflect the specific conditions
rder which each experiment was undertaken such as soil type, residual
S o {1 nutrients, rainfall 1level, temperature, and cultural practices
C A ncluding the level of other inputs). 1t is also desirable to include
L xateraction terms that reflect the empirically observed interaction

be tween N or P and some of the explanatory variables. Most trials
Wxadertaken by the SD include data on residual soil nutrients before
P L anting and growing season rainfall levels. However, SD officials have
fl’:‘equently questioned the accuracy of their soil analysis results which
Aradermines the usefulness of these data. Therefore, the only variable
T o x which reliable data is available is seasonal rainfall.

Rainfall level is expected to have little impact on irrigated
er<>ps (e.g., cotton, sugar beets, potatoes, corn, and irrigated wheat).
Hovever, in the case of rainfed wheat and barley, rainfall is by far the
™o gt important determinant of yield and the largest contributor to the
Varxiance in yield (SD/ICARDA, 1989 and 1990). Rainfall should be

Included in the analysis in order to estimate zone-specific production
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functions for wheat and barley. This can be done using two alternative
approaches. One approach is to estimate a production function for each
zone in the form given by eq. 3.29, based on trials from that zone.
However, since the trial sites are unevenly distributed among the three
zones, there are not enough data from each zone to estimate appropriate
zone-specific functions.

An alternative approach 1is to pool all the data from the
fertilizer trials and to estimate a single equation that would include
rainfall as an independent variable. Then, by using the value for
average rainfall in each zone, it is possible to compute three different
zone-specific equations. Such an approach assumes that the only
difference between zones 1is seasonal rainfall, while differences in
other variables are ignored. Hence, for rainfed crops, the estimated
production functions will have the following general form:

Y=by+b; N+ b, P+ by EN+ b, EP
+ bg N2 + by EN?> + b, P2 + b, EP?
+ by NP + byy ENP + b;; E + b, E? (3.30)
vhere E is total seasonal rainfall, and EN, EP, EN2, EPZ,

and ENP are all interaction terms between E and N or P.

This equation is a generalized form and some terms may not be
included in all estimated regression equations. 1In fact, as noted by
Fuss, McFadden, and Mundlak (1978, p. 224), too many variables may
exacerbate multicollinearity problems. Therefore, it is desirable to
reduce the number of terms in the equation to a minimum, even if this
means that the equation may lose some of its explanatory power. The

choice of which terms to retain in the equation will largely depend on

the crop in question and the data used.
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The following two simpler forms will be used as a starting point

for the analysis and will be subject to modification as the needs arise:

Y-b°+b1N+b2P+b3EN+b‘EP

4+ bs N2 + bg P2+ b, NP + by E + by E?2 (3.31)
and,
Y = by + by EN + b, EP + by N2 + b, P2
+ bg NP + bg E + b, E2 (3.32)

Production functions based on the above two formulations will be
estimated for each of the rainfed crops or varieties. The decision as
to which formulation to use will depend on the statistical performance
of the two formulations. This will include the value of the coefficient
of determination (adjusted R?), the standard error of the regression,
the standard error of the coefficients, and whether the estimated
coefficients have the expected signs.

Once the production function for a rainfed crop is estimated,
based on either eq. 3.31 or eq. 3.32, zone-specific production functions
can then be estimated by replacing "E" by its corresponding average
value for the zone in question. These zone-specific functions will be
then incorporated into the linear programming model to allow for the
calculation of optimum fertilizer rates for each zone.

For instance, if a production function of the form expressed in
eq. 3.31 was estimated for rainfed local (LYV) wheat varieties, then, in
order to compute production functions specific to Zones 1, 2, and 3, the
mean value of rainfall (E) for each zone! is entered into the equation.

This would give a production function of the form given by eq. 3.29:

1 Refer to rainfall data in Table 3.1.
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Y=a,+a, N+a, P+ ay; N+ a, P2+ ag NP

Where, ag = (by + by E + by E?)
a; = (b; + by E)
a; = (b, + b, E)
a; = b5
a, = b‘
g = b7
by, ..., by are the estimated coefficients in eq. 3.31.

3.3.3.3 Linear Approxjimation

A basic assumption of linear programming is that the objective
function and the constraints are linear. Since the production function
constraints, given by eq. 3.28, are based on quadratic functions, linear
approximations of these functions are needed before the model can be
solved using standard LP methods. Hazell and Norton (1986) describe two
general procedures for approximating nonlinear functions in 1linear
programming, or what 1is often referred to as separable linear
programming methods!:

The first procedure consists in dividing a nonlinear, concave and
separable function Y = f(X) into linear segments which are defined over
intervals (X;-X;.;) on the X axis and corresponding intervals (Y;-Y;.;) on
the Y axis. The slope of the linear segment, s;, in the ith interval is
defined as

Yy - Yy
§f = —
Xy - Xy
Let V, denote variables that measure the value of AX over the

corresponding ith interval, such that 0 < V; < X;-X,_.;. Since the s; are

1 This section is adapted from Hazell and Norton (1986), pp. 73-
75. See also Kilmer (1978). .
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predetermined, then a linear approximation to Y is obtained based on the
following equation system:
Max Y' = L, V, s,
subject to X= E V,

and 0 <V, < X,-X,,, all 1.

A similar approach is used by Nordblom and Al-Ashram (1989) to
obtain linear approximations for the quadratic production functions
included in their fertilizer allocation LP model. Such an approach,
however, may create computational problems if the LP model includes a
large number of crop activities, as discussed by Hazell and Norton
(p. 74):

the degree of accuracy of the approximation depends on

the number of segments introduced, but the associated costs

is an extra column (V,) and upper bound row for each

segment. While extra columns add little to computational

costs with modern linear programming computer codes, extra

rows are expensive. Consequently, the cost of introducing

many nonlinear approximations would soon become prohibitive.

Hazell and Norton suggest using another more efficient procedure

for linearizing a nonlinear function. By defining new variables W,, or

weights, for each interval i, a linear approximation to Y = f(X) is then

given by:
Max Y' = I, Y, W, (3.33)
subject to L, W, <1 (3.34)
X=3 W X (3.35)

and W, 20
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This procedure is computationally superior to the first one since it
requires adding only two constraints, and it is not affected by the

number of segments.

3.3.4 The Expanded Model

3.3.4.1 urces an 0 vere

Crop responses to varying levels of fertilizer applications can be
estimated based on results from experimental fertilizer trials. In
Syria, the Soils Directorate (SD) has been conducting fertilizer trials
since the 1950’'s with an initial focus on cotton (for a summary of these
early studies, see Kanbar and El-Hajj, 1974, pp. 6-9; see also Loizides,
1968). The most important research effort took place in the late 1960's
and early 1970’'s. This involved a large number of on-farm and on-
station fertilizer experiments primarily on wheat and cotton (FAO, 1970;
Kanbar and El1-Hajj, 1973, 1974, 1975a, and 1975b; and El1-Hajj, 1985a and
1986).

Between 1975 and 1980, most of the SD staff were involved full-
time in the Syrian soil survey and classification project and thus very
few fertilizer experiments were conducted. Fertilizer research efforts
resumed in the early 1980’'s, with the main focus of comparing
alternative forms of nitrogen fertilizers (urea and ammonium nitrate) on
yield. This research interest was influenced by the plans to construct
a urea plant which would result in urea replacing ammonium nitrate as
the primary source of nitrogen.

Fertilizer trials on wheat and cotton also resumed but on a much
smaller scale than those conducted during the previous decade. The SD

decided to shift its fertilizer trials to other economically important
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crops such as sugar beets, potatoes, and chickpeas, and to newly
introduced crops such as corn, soybeans, and sunflower. Also, a limited
number of trials were started on vegetables (tomatoes and cucumbers) and
on fruit trees (olives, apples, and peaches) (MAAR, 1980, 1981, 1982,
1983, and 1987). The results from most these experiments are not yet
available for general use, with the exception of initial results of
sugar beets (Kanbar and El-Hajj, 1986).

In addition, two major fertilizer research projects were
undertaken by ICARDA in collaboration with the SD in the 1980's. The
first project was on fertilizer use on barley in northern Syria
conducted from 1984/85 to 1987/88 (SD/ICARDA, 1990). A similar study
was also conducted in northern Syria on durum wheat (HYV variety Sham 1)
from 1986/87 to 1988/89 (SD/ICARDA, 1989).

The above data sources do not cover all the crops grown in Syria.
But there exist enough data to estimate production functions for the
following crops: wheat, cotton, barley, sugar beets, potatoes, and corn.
These are the main crops grown in Syria and they currently account for
about 86X of nitrogen and 78X of phosphorus consumption by field crops,
or about 66X of total fertilizer consumption in Syria.

In the case of wheat, there are adequate data from irrigated and
rainfed experiments to allow for the estimation of distinct production
functions for irrigated and rainfed wheat. Similarly, the data allow
for the estimation of different functions for high-yielding (HYV) and
local (LYV) wheat varieties. Since virtually all irrigated wheat
varieties are HYV, only three distinct functions are needed for wheat:
irrigated, rainfed HYV, and rainfed LYV. Similarly, sugar beets and

potatoes can be planted either in fall or in spring, with distinct
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growing patterns, yields, and fertilizer requirements. Since fertilizer
trials exist for both seasons, separate production functions can be
estimated for fall- and spring-planted sugar beets and potatoes.

Given the available data, production functions for ten different
crops will be estimated. These are: irrigated wheat; rainfed HYV wheat;
rainfed LYV wheat; rainfed barley; irrigated cotton; irrigated corn;
irrigated fall sugar beets; irrigated summer sugar beets; irrigated fall
potatoes; and irrigated spring and summer potatoes. Moreover, in the
case of the rainfed crops (wheat and barley), the SD provides fertilizer
recommendations that are specific to each of the agroclimatic zones.
These include zone-specific rates for rainfed LYV wheat and for barley
in Zones 1b, 2, and 3. Since very little HYV wheat is grown in Zone 3,
specific rates for HYV wheat are provided for only Zones 1lb and 2.
Zone la is excluded from the analysis since it is used mostly for fruit
and vegetable production, with insignificant amounts of wheat and barley
(see Appendix A, Table A.2). Zones 4 and 5 are also excluded since they
are not covered by the fertilizer allocation system.

Most of the above experiments focused on yield response to N and
P,05. Potassium (K) was included in the 1970's cotton trials but the
findings strongly suggest that cotton does not respond to K application
(Kanbar and El-Hajj, 1974 and 1975b). The results are reasonable since
most Syrian soils are naturally rich in potassium. This makes it
unnecessary to apply any K fertilizer on most crops, with the exception
of root crops (sugar beets and potatoes) which are fairly responsive to
K (Kanbar and El-Hajj, 1986). Thus, given the current limited use of K
fertilizers in Syrian agriculture, only N and P will be included in this

study.
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3.3.4.2 Model Specification

The mathematical formulation of the actual or "expanded” linear
programming model for fertilizer allocation used in this study is
described below. It is based on the "basic” model given by Equations
3.26, 3.27 and 3.28, with several modifications that are discussed in
details in this section. These modifications include a change in
notations to coincide with those used in the computer input file
presented in Appendix C. The full model specification appears at the

end of this chapter.

b ve Function:

In this model the objective is to maximize the economic net
returns from fertilizer use on the main crops grown in Syria (wheat,
barley, cotton, corn, sugar beets, and potatoes). These crops are
grouped into 15 crop activities based on whether they are irrigated or
rainfed, on Agricultural Stability Zones, and whether they are planted
in the fall or spring. The objective function (eq. 3.36) is specified
in terms of the economic value of the aggregate increase in crop output
due to fertilizer use, minus the economic value of total nitrogen (N)
and phosphorus (P,05) fertilizers applied on these crops. The increase
in crop output is based on the assumption of "normal” rainfall, except
for barley, where a "dry" rainfall scenario is assumed. This is in
accordance with the "maximin® assumption about the behavior of risk-

averse barley farmers, which was discussed earlier in this chapter.
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Constrajints:

The model’s constraints include eleven groups of equations:

1) Production Function Constrajints:

These equations (eq. 3.37 to eq. 3.42) specify the input/output
relationships between the fertilizer rates applied and the resulting
yield increase relative to no fertilizer use. Since the production
relationships are based on quadratic functions, linear approximations of
these functions are included in the LP model based on the procedure
suggested by Hazell and Norton (1986), as discussed earlier (see
Equations 3.33, 3.34 and 3.35). To obtain linear approximations for the
15 production functions included in the model, the crop activities were
grouped into three categories:

(1) crop activities with relatively low expected optimum fertilizer
rates, i.e., rainfed wheat and barley;

(2) crop activities with relatively high expected optimum fertilizer
rates, i.e., irrigated wheat and cotton;

(3) crops whose production functions were estimated in terms of N only
because of data limitation problems, i.e., corn, sugar beets, and

potatoes.

In the first category, each production function was divided into
100 linear segments corresponding to 100 different N-P,05; combinations
(10 rates of N by 10 rates of P,05) ranging from O kg/ha for both N and
P,05 to 90 kg/ha N and 65 kg/ha P,05. The production functions in the
second category were divided into 143 linear segments corresponding to

143 N-P,05 combinations (11 rates of N by 13 rates of P,05) ranging from
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0 kg/ha for both N and P,05 to 230 kg/ha N and 130 kg/ha P,0s. In the
third category, the yleld response functions to nitrogen were divided
into 34 linear segments corresponding to 34 N rates (0 to 220 kg/ha) by
one rate of P,05 (0 kg/ha).

The number of segments in the above categories was selected in
such a way as to cover the range of N-P,0 combinations from zero to the
rates that would maximize yield (i.e., Phase II of the production
function). The accuracy of separable programming depends to a large
extent on the number of segments per production function. Thus, the
above segmentation approach attempted to include the largest number of
segments allowable by the memory available on standard personal
computers, which is the technology currently available at the Soils
Directorate.

It should be noted that the linearization of production functions
in the third category does not allow for the estimation of optimum P,04
rates on corn, sugar beets and potatoes. Therefore, arbitrary
assumptions are needed as to how optimum P,05 rates would change when
the amounts of fertilizer available are varied. The assumption adopted
in this study is that optimum P,05 rates would change at the same rate
as the change in optimum N rate. In other words, it is assumed that the
ratio of optimum P,05 to optimum N (PNRATIO,) is constant. Assuming
that the current P,05 recommendations on these crops represent the
unconstrained economic optimum rates (ECONOPT, (), this constant ratio
is defined as:

ECONOPT,  -p-

PNRATIO, =
ECONOPT;  ~y-
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Optimum P,05 rates are then estimated by multiplying the optimum N rate
(OPTF,, -y-) by PNRATIO,, rather than OPTF, -p. which will always be equal
to zero according to the segmentation of the third crop category

mentioned above.

2) Upper Limits on Optimum Fertjlizer Rates:

Two sets of constraints are imposed on the maximum values of the
estimated optimum fertilizer rates. The first constraint (eq. 3.43)
specifies that the economically optimum fertilizer rates should not
exceed the optimum rates calculated based on financial prices. This
constraint is needed since farmers will not apply rates beyond those
maximizing their net returns. The second constraint (eq. 3.44)
specifies that the optimum rates should not result in a yield decline in
the event of a very dry year. This is in accordance with farmers’

concerns about the possibility that fertilizers may "burn" the crop in

very dry years.

3) t ductio e v

This group consists of three definitional equations (equations
3.45, 3.46 and 3.47), related to the above three categories of crop
activities, which enables the calculation of the aggregate increase in
output for each crop activity. This is done by multiplying the total
area fertilized by the yield increase due to the application of the

estimated optimum fertilizer rates.
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4) egat op Output:

This group of equations (eq. 3.48 to eq. 3.51) adds the total
output of crop activities by crop. For instance, the outputs of all
wheat activities are aggregated together to give the total wheat output
(TOTWHEAT,). Similar aggregations are done for barley, sugar beets and

potato activities.

5) Minimum VCR Constraints:

As discussed earlier, one criterion for assessing the economic
feasibility of the estimated optimum fertilizer rates is that the Value-
Cost-Ratio, calculated based on these rates, should be equal to at least
1.5. This applies to VCR’s calculated based on "good", "normal", and
"dry” rainfall scenarios, while in very dry years the minimum VCR limit
is reduced to 1.0. These minimum VCR conditions apply to VCR
calculations based on either economic prices (eq. 3.52) or financial
prices (eq. 3.53). In these two equations, MINVCR, is a vector of

minimum VCR values corresponding to each of the rain scenarios.

6) Calculatjon of Aggregate Fertilizer Use:

Total fertilizer use for each crop activity 1is calculated by
multiplying the estimated optimum fertilizer rates by the total
fertilized area planted to each crop. Aggregate fertilizer use by all
crop activities is then calculated by adding up total fertilizer use by
each crop. Since fertilizer allocation decisions for winter and summer
crops are frequently made independently of each other, aggregate

fertilizer use for each season needs to be computed. These calculations



92
of aggregate fertilizer use by season are given by eq. 3.54 to eq. 3.57,
while eq. 3.58 adds up total fertilizer use over the two seasons.

The calculation of aggregate N use is straightforward, as shown in
eq. 3.54 and eq. 3.56. On the other hand, the calculation of aggregate
P,05 use is slightly more complicated. This is related to the procedure
for estimating optimum P,05 rates on corn, sugar beets and potatoes, as
described earlier. Since the optimum value of OPTF.p., will always be
zero for these crops, the estimated P,0 rates on these crops need to be
added to the equation to avoid underestimating aggregate P,05 use, as

shown in eq. 3.55 and eq. 3.57.

7) e e vajlab nstraints:

The upper limits on total fertilizer supplies available are given
by equations 3.59, 3.60 and 3.61. These limits are expressed as a
percentage (FPER,) of "ideal" total fertilizer requirements (FLIM,),
i.e., total requirements if there were no constraints on supplies.
These constraints allow for examining different fertilizer availability
scenarios for the winter and summer seasons. For instance, if the
policy issue of interest is fertilizer availability for the winter
season only, the percentage of total fertilizer requirements for the
summer season (SPER;) would be set at 100. That for the winter season
(WFPER;) would be varied according to the assumed levels of fertilizer

availability.

8) Calculatjons of Economjc Net Returns:

The optimum fertilizer rates are estimated based on the objective

of maximizing net economic returns from fertilizer use, assuming a dry
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year for barley and a normal year for all other crops. As discussed
earlier, the dry year assumption for barley was made to account for the
relatively higher risk aversion among barley farmers. However, the
value of the objective (i.e., maximum Z) does not represent net economic
returns in a normal year, because of the dry year assumption for barley.
Therefore, to calculate the impact of the estimated optimum rates on net
economic returns in a normal year, a normal year rainfall should be
assumed for all crops, including barley. Similarly, net economic
returns to the application of the estimated optimum rates are calculated
under the good, dry, and very dry rainfall scenarios. These
calculations are given by equations 3.62, 3.63 and 3.64, which also
provide a breakdown of net economic returns by season (winter vs

summer) .

9) Calculations of Financial Net Returns:

The calculation of financial net returns (or net increase in farm
income) for the four rain scenarios is identical to that of economic net
returns except for the use of financial instead of economic prices.

These calculations are given by equations 3.65, 3.66 and 3.67.

10) cCalculation of Net Foreign Exchange Earnings:

The net foreign exchange earnings (DOLLARS,) associated with
fertilizer use are calculated by adding the value of additional crop
exports and lower crop imports due to fertilizer use, minus the impo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>