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PREFACE

This is the third study in a series that staff of the CIMMYT
Economics Program, in conjunction with national research organizations
in selected developing countries, are preparing on the comparative
advantage and policy incentives for the production of alternative crops
in particular regions. The studies will provide the experience necessary
for the preparation of a manual that can be used by collecagues to guide

similar work by national programs.

This paper addresses an issue that is important to a number of
developing countries - the economics of wheat in irrigated and rainfed
or dryland areas. It presents an approach “hat weighs up, from both the
farmer perspective and the national perspective, the profitability of
alternative crops in an irrigated region and in a dryland region. This
enables more precise judgemenis to be made about the allocation of

research effort between the regions.

If extended to a wider coverage of regions, +the information
provided is likely to be a very useful tool for research managers, By
simple sensitivity analysis of yields, researchers can be provided with
a more precise estimate of productivity gains nezded to make Ccrops

competitive in specific regions.

As well as providing an economic tocl for advising research
managers, the approach presented in this paper provides considerable
information on how farmer incentives are affected by government
policies. A better sense of this will help agricultural researchers to
understand why adoption rates and increases in productior of particular

crops are sometimes disappointing.

An initial draft of this paper was prepared in 1983. It was
subsequently updated,and revised tec take account of prices prevailing
for the 1984-85 crop cycles. Spreadsheets employed ir the analysis, on
VISICALC for Apple micro-computers, are retained at CIMMYT's

headquarters and can be made available upon request.



This paper could not have been prepared without the active
cooperation of many people in Mexico, especially INIA, CIAMEC and CIANO,

the private and farming sectors, and CIMMYT's staff based in Mexico.

As with all working papers, we welcome comments, criticisms or

counsel so that the paper might be improved.

Robert Tripp

Acting Director, Economics Program

March 1986
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COMPARATIVE ADVANTAGE AND POLICY INCENTIVES FOR WHEAT PRODUCTION
IN RAINFED AND IRRIGATED AREAS OF MEXICO

Executive Summary

Wheat has become an increasingly important food crop in Mexico as
consumers with rising incomes, particularly urban consumers, have
switched from maize to wheat products. Although wheat production in
Mexico has expandcd rapidly in the past 25 vyears, imports of food

grains, including wheat, have increased since the early 1970s.

Increasing demand for wheat products and Mexico's trade and
financial situation will place additional pressure on expanding domestic
wheat production. FExpansion in irrigated areas will be limited to yield
increases unless wheat substitutes for competing crops. This raises the
question of whether research and policy should give more attention to

rainfed wheat production.

This study analyzes the ccmparative advantage of wheat in two

contrasting regions of Mexico:

- the Yaqui Valley of the State of Sonora which is the most
important wheat growing area of Mexico. An average of over
100,000 ha of irrigated wheat are sown annually with yields

now averaging over 5 t/ha.

- the rainfed highland area of the states of Tlaxcala and
Hidalgo. Although wheat was traditionally grown in the area,
it has been largely replaced by barley. Here, while costs of
transportation to major markets are much lower than in Sonora,
prices to farmers for their grain are the same. Wheat yields

are around 2 t/ha.

This resource cost study on two of Mexico's wheat-producing areas
shows the substantial influence of the government in setting output and

input prices in the Mexican wheat industry. In general, producers have



been receiving prices below world prices for wheat. This is particular-
ly the case in Tlaxcala which is adjacent to major consuming cente::s
and, hence, has markedly lower transportation costs than alternative
sources of supply. Policy has also intervened to change price relation-
ships with other crops. 1In most cases, farmers have received prices
higher than world prices for competing crops, especially maize and
oilseeds. At the same time, cotton production was influenced as over-
valued exchanye rates had the effect of reducing domestic cotton prices

in most years of the 1970s and some more recent years.,

To some extent, government policy has compensated producers through
subsidies con inputs. Subsidies on fertilizer, diesel fuel, credit, seed
(in rainfed areas) and water (in irrigated areas) all exceeded 50
percent in the period 1979-82. Since then, credit and water remain the
major sources of assistance, as the direct government subsidies have
been reduced in relative terms. High leve. of subsidies, however, have
encouraged both intensive use of inputs and high costs in terms of

national resources.

In Sonora, cotton provides higher nationa. economic returns in
those years when irrigation water supplies are plentiful and when land
is the limiting factor. However, when water is limiting, the case for
wheat is made more favorable. This is especially so when allowance is
made for the substantial variation in yields and international prices of

cotton.

Production of the remaining crops, oilseeds and maize, seems to
have no comparative advantage in Sonora. However, in the case of soya
beans, often grown in rotation with wheat and cotton (cotton-wheat-soya
over 2 years), there is a comparative advantage when the fixed costs of
production are not attributed to soya beans as a third crop in the

rotation.
Finally, for wheat in Sonora, the major research opportunity posed

by this study is to find ways to reduce production costs. With govern-

ment policy now committed to reducing subsidies there is a need to look

xi



for ways to use more effcctively water, fuel, credit, and fertilizers.

In Tlaxcala, wheat production also has a comparative advantage
relative to other crops, especially maize. This potential for wheat has
not yet bheen realized, partly because price policies have generally not
encouraged wheat production and partiy because more prdfitable wheat
varieties have still to be developed and/or extended to local farmers.
Even with more appropriate varietijes, wheat would still be a slightiy
more risky crop (hecause of its longer growing cycle) relative to

barley.

The analysis of the comparative advantage of wheat production in
two regions in Mexico suggests that rainfed wheat in the central
highlands may be equally as competitive as irrigated wheat in the north
west. This is despite the fact that very little research and extension
has been devoted to wheat grown under rainfed conditions in Mexico. The
case for allocating research and extension resources to rainfed wheat in

Mexico is strengthened by this study.

xii



COMPARATIVE ADVANTAGE AND POLICY INCENTIVES FOR WHEAT

PRODUCTION TN RAINFED AND IRRIGATED AREAS OF MEXICO

1.0 Introduction

Agricultural research institutions, both international and nation-
al, are under increasing pressure to justify allocation of research re-
sources between crops and between regions. For example, in the case of
wheat many national research proyrams, especially in the tropical coun-
tries, are faced with the decision on whether to invest in wheat re-
search and production programs in ovder to introduce wheat as a new crop

(or to expand wheat production from a small base).

An agricultural research program can use many criteria for making
decisions on allocation of rescarch resources (see Scobie, 1984). These
will often include the objectives of food self-sufficiency to avoid de-
pendence on a fluctuating world market, and more equitable income dis-
tribution. But a major criterion in allocating research resources will
and shculd be, the expected cconomic returns to the investment in re-—
search. Some simple rules have bheen proposed to judge research resource
allocaticr in terms of the economic importance of the crop. The most
common is to measure rescarch rescurces allocated to each crop as a per-
centage of the grouss value of the crop. (See, for example, Daniels and
Nestel, 1981). Such a weasure is deficient in at least two respects.
First, it will sericusly underestimate resources allocated to potential
crops since their gross value of output is Jow at the time of the
decision. This might then le¢ad to an under-investment in crops that
could be important in the futurol/ and an over-investment in crops
that are stagnant or declining. Seccond, gross value of production,
current or potential, might be a poor guide to the contribution of that
Crop tco national income. This is in part because high value crops
typically also have higher costs of production. More importantly, prices

paid and received by farmers are often a poor guide tc the value of the

1 .
L/ Examples of recent large scale expansion of new crops are soyabeans
in Brazil, sorghum in Mexico and wheat in Bangladesh.



resources whern employed in alternative uses, In particular,
profitability to farmers of cereal production often reflects the cffects
of pelicy interventions such as low producer prices to protect consumers

or subsidies on specific irputs as an incentive to producers.

Many rescarch systems now also face conflictirng signals emanating
from government policies which, on the one hand, seek to achieve food
self-sufficiency and, on the other hand, promote export crops in an ef-
fort to overcome a burdensome foreign exchange deficit. What is needed
to provide a better guide for agricultural research decisions is a means
of measuring the costs of these goals in terms of profitability to the

nation.

Closely related to the issue of research resource allocation is the
extent to which policy incentives on the whole favor or discriminate
against a particular crop. kesearch decision makers and scientists often
feel that tr.chnologies emerging from the research systems are not adop-
ted because policies, especially price policies, act as a disincentive.
In most cases however, these policy effects are measured by very super-
ficial means such as deflation of producer prices by the consumer price

index to estimate changrs in real producer prices.

The purpose of this paper is to illustrate the methodology of com-
parative advantage and policy incentives as a means of linking the re-
search decision making to the policy environment in which researchers
and farmers make decisions. This methodology emphasizes means for val-
uing resources and outputs in terms that arc meaningful for measuring
the present or potential contribution of a crop to national income. The
methodology is applied to a particular issue in Mexico: the relative
emphasis that should be given to irrigated versus rainfed wheat

production in planring future research on wheat.

The methodology presented here is not new. It has been recently
applied in a number of agricultural situvarions (e.g. Pearson et al,
1981). It has not, however, been utiliz-d in rescarch decision makiug.

Nor have results been analyzed and presented in a way that they can be



readily understood by the non-economist.

This paper is organized as follows. First, we present the method-
ology using a simplified example to show the basic steps. (A more formal
treatment is given in Appendix A}, We then discuss the broad issues of
food policy in Mexico as it relates to agricultural research decisions
and specificu.ly those related to wheat. This leads to a detailed
analysis of policy incentives for wheat production in Mexico that
meisures the effect of government interventions in product and input
markets. Finally we estimate the profitability of wheat in an irrigated
area (the State of Sonora) and a rainfed area (the States of Tlaxcala
and Hidalgo) in relation to cther crops. Two sets of calculatioas are
made - first, using actual farm prices and, second, adjusting prices for
the effects of government taxes and subsidies. The presentation is
purposefully detciled to enable the reader (including the non~economist)
to follow the methodology and to appreciate the decisions that were

taken at each step in the analysis.



2.0 Methodology for Measuring Comparative Advantage

and Policy Incentives

2.1 The Resource Cost Ratio

Comparative advantage is an expression of the efficiency of using
resources to produce a particular product when measured against the pos-
sibilities of international trade. In a very simple example, assume that
one hectave of land and a given amount of other inputs can be used to
grow cotton or wheat. If the yield of cotton is 1 ton/ha, then at
recent international prices this cotton, when exported, will purchase
about 10 tons of wheat. Thus, the country gains relatively more by
producing and exporting cotton and importing wheat, since wheat is
unlikely to vield 10 tons/ha. Of course, this simple example ignores a
number of issues such as the fact that cotton may require more imported

inputs for its production.

A more useful measure of resource use efficiency is provided by the
resource cost ratio (RCR). Assume that country A, where wheat is grown
only on a small scale, is importing substantial quantities of wheat.
Consequently it is considering a major investment in a wheat research
and production campaign to substitute for imports. For simplicity assume

the following:

a) The goverinment has set the price of wheat at $300/ton.

b) The major purchased input for wheat production will be
fertilizer which costs the farmer $50/ha.

c) The farmers' land, labor and capital used in wheat production

are costed at $150/ha at market prices.

Clearly if the current yield is 1.3 tons/ha it is quite profitable
for farmers to grow wheat. Profits = (1.3x300)-150-5C = $190 or a 95%
return on an outlay of $200(=150+50).

However from the national viewpoint the resources used in growing

wheat may not be profitably employed. Assume that wheat can be imported



to the capital city, the major consumer ot wheat, for $200/ton, that it
costs $20 {o transport domestic wheat tc the capital and that fertilizer
is subsidized by the gcvernment by 33 percent. In this case the national
value of the wheat produced is $180/ha (the cost of imports less local
transport costs) and the value of the fertilizer employed is $75/ha when
the subsidy is subtracted. Assuming as before the market value of the
farmers' larnd and labour resources of ¢150/ha, wheat production is
marginally profitable (1.3 x 180-150-75 = 9 ¢r a return on investment of
lees than 5 percent). This calculation which considers the true costs

and returns to the country we call the national profitability, as

distinct from farmer profitability.

The final step in this calculation of national profitability is to
take into account the opportunity cost of the farmers' resources of
land, labor, capital and irrigation water in other uses. In some cases
the market value of these resources may adequately reflect these costs.
In most cascs, policy measures distort market valuss as a good measure
of their value in alternative uses. Assume that *he alternative use of
the farmers' resources is in the production of cotton for the export
market. To the farmer. the value of his resources in cotton is $150,
i.e. the value at market prices. However, because of export taxes im-
posed on cotton the country actually earns a net value of $200/ha in
foreign exchange from growiny cotton (i.e. the foreign exchange value of
the cotton less the cost of inputs used in producing cotton). Hence,
national prcfitability of wheat production is negative (1.3 x 180-200-75
= $-41/ton: and in fact there iz a net loss of foreign exchange from
wheat production. This contrasts with the government's objectives to

save foreign exchange through local wheat production.

The resource cost ratio is a measure of the total cost of produc-
tion when prices arc adjusted for taxes and subsidies and resources are
valued in alternative uses. It is calculated by dividing inputs and out-
puts used in production into "tradeables" and "non-tradeables" as fol-

lows:

a) Tradeables are commodities which are imported or exported,



such as wheat and fertilizer in the above example.

b) Non-tradeables are resouces such as land or labor that do not

usually enter international trade.

c) All tradeable commodities are valued at their world price
equivalent. This is the price at which the commodity can be
imported (or exported), adjusted for transport costs and
exchange rate anomalies. In order to compare import prices it
is necessary to establish a common location, usually the place

of consumption of the commodity.

4) Inputs which are partly tradeable and partly domestic (e.qg.
transport with tradeable fuel and spare parts, but non-
tradeable labor) are divided into their tradeable and domestic

components.

e) Non-trudeables are valued at their returns in alternative

opportunities (again valued at world prices).

The Resource Cost Ratioc (RCR) is then calculated as:

Returns to non-tradeable domestic resources in the next
best alternative use (valued at world price equivalent)

RCR =
Value added to tradeables (vaiued at world price
equivalent) = Value of tradeable outputs -~ value of

tradeable inputs

In the above example,

200
RCR = (1.3x180)-75 1.26

A ratio above one implies that the value of the domestic resources
employed is greater than the value of the foreign exchange saved or
earned. In the example, it costs $1.3 in domestic resources to save one
unit of foreign exchange. Thus, in this case the crop is unprofitable
to the nation, and no comparative advantage exists in devoting resources

to it.



This example shows a situation where policy measures make wheat
production of a crop profitable to farmers, although it is not an
efficient use of resources from the national perspective since it
decreases national income. There are, of course, many situations where
the opposite situation prevails where it would be efficient to produce a
crop, but policy measures such as low producer prices or tariffs on

inputs make it unprofitable for farmers to produce that crop.

2.1.1 Influence of Production Technique on the Resource Cost Ratio

It is a common mistake tn assume that there is a unique comparative
advantage over the whole country. In fact, in most cases a country has
several different actual or potential production regions for a crop with
different technolugies, yield potentials, and competing crops. Hence,
the resource cost ratio Is likely to vary from region to region. This in
itself, is important information because it establishes the efficiency
of resource use bhetween regions. If wheat can be produced in both
irrigated or rainfed areas there are clearly two quite different
strategies available for expanding domestic wheat production. Likewise
in a given region different techniques may be available such as large
mechanized farms and small farms depending on animal and manual power.

Each technigue will have a different resource cost ratio.

The range of techniques included in the calculation of RCRs can
also include potential techniques. This can be used as a gquide to in-
vestment in research. If in the above example researchers believe yields
can be increased to 1.6 tons/ha through additional expenditures of
v10/ha of local resources in developing an earlier variety and better
land preparation techniques, then

210

RCR = 6% 130)-7%

= ,99,

and wheat is now marginelly efficien:. If in the future there is the
possibility of a heat tolerant variety that will yield 2 t/ha then wheat
is a potentially efficient crop that justifie. further investment in

research on that crop.



2.1.2 Influence of Transportation Costs on Comparative Advantage

The choice of consumption point and the cost of transportation are
also important when analysing comparative advantage. Returning to the
above example. assume that whcat production is possible in an inland

rea which is 1,000 km from the capital city and main port - a not
uncommon situation in many developing countries. If the cost of
transportation from the producing regions to the capital is $50/ton then
we can calculate the resource cost ratio under two assumptions; a) the
wheat 1is consumed in the preducing regior and hence competes with
imported wheat that must be transported from the port (i.e. capital
city) and ) the wheat is consumed in the capital city and hence the
value of domes=tjc wheat must be adjucsted for transportation costs. Table
2.1 shows the resource cost ratios for cach consumption point assuming
two different transport costs. Clearly at the low transport cost, wheat
production 1is only marginally eofficient ir it is consumed at the
producing point. However, Toy the high transport cost wheat production
becomes «fficient at the producing point bLut highly inefficient when
calculated for the capital city. In general resource cost ratios are
quite  sensitive to the cost of both international and domestic

transport and the choice of consumption point.,

It is also worthwhile noting three additional assumptions that are
implicit in the above calculations. First, if wheat is to be consumed at
the prodacing posnt some provision will usually have to be made for lo-
cal milling. Most milling facilities in wheat importing countries are
established at the port. Clearly, consumption of locally produced wheat
looses its advantage if wheat must be transported to the port for mil-
ling aund the tlour transported back again. Second, transport costs them-
selves are subject to considerable policy intervention. In particular,
governments often subsidize public transportation such as railways or
proviae subsidies on transport inputs such as fuel. These distortions of
transport costs should bLe removed when calculating resource cost ratios.
Finally, input costs are also scnsitive to transport costs. If
fertilizer is imported and shipped inland then its price in the

producing region should he adjusted for the higher transport cost.



Table 2.

1. Resource Coust Ratios Calculated under Varying Assumptions

about Transport Costs and the Consumption Point.

Transport Cost from Producing Region
to Capital City-Port
$20/ton $50/ton

Value of RCR

Wheat consumed in g e
producing region — .95 .80

Wheat consumed in the
capital city-port 1.26 1.67

a/

—~ In this case, transport costs are added to the CIF Price. That is

for transport costs of $20/ton, RCR = 200/[ (1.3 x(200+20))-75]

2.1.3 Uses of Domestic Resource Cost Analysis in Allocating Research

Resources,

The resource cost ratio is a measure of comparative advantage and

can be used for a number of purposes.

a)

b)

To help decide on investment in a production program. Given
current technological coefficients and world prices the
domestic production of wheat in the above example is an
inefficient use of resources although the government might
still procede on the basis of other criteria such as food

security.

To help decide on investment in research. Other things being
equal researchers will want to allocate research resources to
crops, techniques and regions which seem to be efficient users
of resources when measured from the national point of view.

Several types of decision situations are possible.

i) hllocation of research resources to a specific crop in a
given region. The resource cost ratios of potential
techniques, as in the above example, will be a basis for

such a decision.



ii) Allocation of research resources to a specific crop
across regions. 1f the resource cost ratio of rainfed
wheat reqions is less than that for irrigated wheat
regions, research on improved technology for rainfed
wheat will encourage expansion in regions where wheat has

its comparative advantage.

iii) Allocation of research resources across crops in a
specific region. Again a ranking of crops by their
resource cost ratio provides a measure of their

underlying competitiveness.

It should always be kept in mind that measures of comparative
advantage are a measure of the efficiency of resource use. Governments
have other objectives in resource allocation besides efficiency,
especially income distribution objectives. Nonetheless, the efficiency
of resourc: use is important and any measure which enables decision
makers to quantify the cost of pursuing other objectives will provide

considerably moere information than is currently available.

2.2 Measuring Policy Incentives

Closely related to measures of comparative advantage ére measures
of policy incentives. The divergence between national profitability and
private profitability is a measure of pelicy effects induced by a) taxes
and subsidies, b) import and exchange rate policies, c¢) price policies,

and d) market impefections such as monopolies.

A simple measure of policy incentives is provided by the ratio of
domestic prices to world prices (adjusted for transportation charges).
This is the "nominal protection coefficient" defined for producers as

domestic producer price

NPC = =
world price equivalent x official exchange rate
. 300
In the carlier example, NPC = 500 = 30 = 1.7

10



. . 1
where transportation charges from the producer to the city are $20—/.
This rate of protection indicates that policy measures such as tariffs

or other import restrictions strongly protect local wheat producers.

Since official exchange rates are often a poor guide to the real
value of foreign exchange (i.e. the exchange rate is overvalued), it is
often useful to also calculate the nominal protection coefficient with a
"corrected" exchange rate to convert world prices to local prices. The
difficulty with this approach is of course the problem of choosing a

realistic exchange rate.

A better measure of policy incentives also takes into account ef-
fects of policies on input prices sach as a subsidy on fertilizer which
increases the incentives for local production. This measure is defined

as the "eifective protection coefficient", EPC, which is expressed as

Value of output Value of traded inputs per unit
EPC = at domestic prices - of output at domestic prices
Value of output at Value of traded inputs per unit
world prices con- - of output at world prices con-
verted al the offi- verted at the official exchange
cial exchange rate rate

In the example,

300 - (50/1,3)

EPC 180 ~ (75/1.3)

2.1

The EPC is higher than the NPC in this case, since there is a
subsidy on fertilizer. In general the EPC is a summary of the incentives
or disincentives created by government price policy interventions in
input and output markets. An FPC less than one indicates that policy is
a potential disincentive to production. However, the incentive provided
by pricing policy on a particular crop must be measured against
incentives provided to other crops. For example, if the EPC for wheat is

1.3 this might not be a particularly strong incentive to produce wheat

1/

NPCs can be measured at either the producing point or the consuming
point. In this paper we use the producing point so that the denomi-
nator is the farm gate equivalent of the world price. That is, in a
free trade situation, the farmer would receive the world price less
the ~ost of transportation. At the consuming point, the NPC is
equal to (300+20)/200 = 1.6.

11



if the EPC for a competing crop is 1.6.

These measures of policy incentives may be useful in understanding
trends in wheat production in a given country. For example, stagnant
production might bhe relaved to a deteriorating measure of policy
incentives provided to vroducers. Or measures of policy incentives might
be compared across regions to assess to what extent changes in policy

have favored particular regions.

2.3 The Overall Measure of Subsidies

The effective pretection coefficient only takes account of distor-
tions in prices of outputs and inputs that are traded on the interna-
tional market. Governments commonly also influence prices for resources
used in agricultural pcoducticn by providing subsidies, especially for
credit and water. Tn o situation where the #PC is less than one it is
useful  to know 1Y the eftects of these subsidies on resources is
sufficient to compensate farmers for the tax implicit in the low

nroducer price,

The ctfective subsidy coefficient is a measure of the overall
effect of government intervention in product, input and resource
markets. In the oxamp’e alove, let us assume that farmers receive

$150/ton for whe:t. The vffective protection cocfficient is then:

EPC = SoSTAA S L g s

That is farmers receive a price below the world price for wheat
(NPC = 150/180 = .83) und the subsidy on fertilizer is not sufficient to
compensate farmers for the low producer price. Take the case where
farmers rvccive subsidized credit (i.e. low interest rate loans) through
a government program ani tha<t subsidy (i.e. government costs less income

from the program) amounts to $10/ton of wheat produced. The effective

fol)

as:

subsidy coefficient is then caleculated

E)— [~ -
ESC = (150-180) + ((75-50)/1.3) + 10 - 30 + 19 + 10 - 0

180 180

12



The first term of the numerator is the difference between farmer
and world prices (at the farm gate), the second term the difference
between input costs to the farmer and equivalent world prices for inputs
and the third term the credit subsidy. The denominator is the world
price for wheat (at the farmgate). 1n this case the combined effect of a
government subsidy on fertilizer and credit compensates for the low

price received for wheat.

The ecffective subsidy coefficient, the overall measure of policy
incentives, and the resource cost ratio, the measure of comparative
advantage, are closely related. 1t can be shown algebraically that if
ESC is greater than zero (i.e. positive policy incentives for a crop)
and RCR is less than one (i.e. the crop has a comparative advantage),

then the crop is also profitable to farmers (and vice versa) .

Table 2.2 shows four possible outcomes of the resource cost ratio
and the effective subsidy ccefficient and their interpretation. The
most common situations are represented by cases where both are less than
unity o©r where both are greater than unity. In the first case,
governments are using the comparative advantage of the industry to keep
prices low. This sometimes happens in the case of basic food crops. In
the second case, the industrv is able to survive only because of the

incentives provided by government pricing policy.

2.4 Data Sources aud Analysis

It is clear that data will be needed from a wide range of sources
in order to calculate measurcs of comparative advantage and policy
incentives. One of the most important neceds is reliable information at
the farm level on iechnical coefficients such as input levels and yields
as well as prices paid and received by farmers. In our case we used data
from farm level surveys which had been conducted over a number of years
in the two selected wheat growing areas. This was supplemented by a
mini-survey of machincry owners to provide & more detailed breakdown of

machinery costs such as depreciation, fuel and operator labor.
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Table 2.2 TInterpretation of Possible Results of the Resource Cost Ratio
and the Effecctive Protection Coefficient

Effective Prctoection Resource Cost Ratio
Coefficient Less than one Greater than one
Industry is efficient and Tndustry is not effi-
is not protected. Govern- cient and is not pro-
Less than 1 ment policy exploits in- tected.
dustry comparative advan- Likely to be a stagnant
tage by keeping prices or declining industry.
low.
Industry is efficient and Industry is not effi-
at the same time protvec- cient bhut favorable
Greater than 1 ted. Will usually have price policy allows
strong incentives to pro- domestic production.

duce .

Data on transportacion costs were obtained through phone interviews
with the major trucking companices and through published annual reports
of the railways. The border prices of outputs and inputs were mostly

estimated from published scurces. Two very usetful publications in this

vegard arc the “onthly Pull

i of Agricultural Statistics published by

the FAGC and which gives OB and CTF prices for many commodities, and

Agricultural Statistics published annually by the USDA which provides

deta on farm prices for inputs in the USA.

Date were analyzed ou an Apple IT micro-computer using the VISICALC
suftware package. Thic is a particularly useful packaye for this type of
work since arrays of deta can be managed and budgets constructed. Once
constructed, sensitivity analysis can be performed or data from another
year or region can bu analyred very rapidly since the methods of cal-

culation for variablee cuch as RURs are recorded in the program.

In order to provide s longer term perspective on policy incentives
we analyzed data for scveral years. This is parcticularly important in
Mexico given that the recent economic situation is not representative of

the past, nor, necessarily of the future.
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3.0 The Role of Wheat in the #Mexican Agricultural Sector

and Major Policy Tssues

The scction provides a brief overview of some of the major trends
in production, consumption and imports of major food and feed crops in
Mexico, with particular emphasis on the role of wheat. The objective 1is
to provide a background in which to view the analysis of major policy
issues, especially those that rclate to food self-sufficiency versus

export crop promotion.

3.1 The Macro-Economic Scene

The decade of the 1970s was one of important structural adjustment
in the Mexican cconomy. While the rate of growth of GNP was high, aver-
aging 5.2 poroent per yvear between 1970 and 1980, growth of the agri-
cultural sector averaged only 2.3 percent per year, substantially below

the popularion growth rate.

The greatest shift occurred in the role of agriculture in external
trade. In 1970, agricultural exports accounted for over 50 percent of
total exports earnings from goods and services. By the period 1980-82,
the share of agricultural exports in trade had declined to 9 percent
(see Figure 2.1), reflecting in large part, the growth of oil revenues.
Cotton was until recently the single largest source of agricultural ex-
port earningul/. In the early 1960s cotton accounted for 50 percent of
agricultural exports. By 1980-R2 the share of cotton had declined to

less than 20 percent.

Overall, agricultural imports as a proportion of total imports have
tended tc rise (Figurce 3.1) and in 1981, Mexico registered for the first
time a net deficit in the balauce of trade of the agricultural sector.
Nonetheless agricultural imports as a proportion of total imports are
lower than the average of 14 percent for all middle income developing

countries.

i/

Coffec is now Mexico's most important agricultural export.
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FIGURE 3.1 Role of the Agricultural Sector in Mexican External Trade.

Agricultural Exports as a
40+

Percent of Total Exports
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_____ -~ Percent of Total Imports
1960 65 0 7173 1416 77479

80-82  83-84
Years
Source: Informe Anual del Banco de Mexico, S. A.
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An important aspect of macro-economic policy during the 1970s has
been the management of inflation and foreign exchange rate adjustments.
Domestic inflation has generally run ahead of that in Mexico's main
trading partners. Exchange rates have been fixed and maintained by
import controls and foreign borrowing until a sharp devaluation was
forced. As a result, the exchange rate was overvialned for much of the
decade. A rough measure of exchange rate overvaluation is provided by
adjusting the exchange rate using 1954 (a year of devaluation) as a
base, by the differential between Mexican and U.S. inflation rates.
Using this measure the exchange rate was overvalued by about 20 percent
at the beginning of the decade (see Figure 3.2). This increased to 45
percent in 1975, a difference that was largely eliminated by the 1976
devaluation. Continuing internal inflation led to a return to an over-
valuation of 50 percent in 1981. Since then the peso has heen sharply
devalued and by 1982 was probably undervalued. The devaluation has been

accompanied by high inflation rates approaching 100 percent per year.

In 1983 é two-tiered exchange system was in operation - an official
rate for exports, essential imports and debt service repayment and a
market rate for other foreicn exchange transactions. This complicates
the present analysis since agricultural exports and food imports were
subject to the Jlower exchange rate, while many inputs such as
agricultural chemicals and spare parts were imporied at the higher rate.
To facilitate analysis we used the average of the two exchange rates or

about 130 Pesos/US dollar as the exchange rate for 1983,

The high inflation rate of 1982 and 1983 was also a problem in the
analysis. Prices changed drastically between the beginning of the crop
cycle and the end. (For example, diesel prices for the 1982/83 wheat
cycle were 4 Pesos/lt for land preparation but 14 Pesos/lt for
harvesting and transport.) It was also difficult to compare
profitability between crops because of different cycles. At the same
time, government policy toward the agricultural sector has changed in
the 1980's because of the need to adjust to new economic realities. For
this reason we use results over a period of years to obtain a longer

term perspective on policy effects on the agricultural sector.
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Estimated Percent Qvervalution of the Pesos

FIGURE 3.2 Estimated Percentage Overvaluation of the Mexican Peso Based

on Differential Inflation Rates in the US and Mexico.

1970 71 72 73 74 75 76 77 78 79 80 &1 &2 83 a4
Years
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3.2 Recent Produption Purfuerncv of Wheat in Relation to Other CIQEE

In Tables 201 and 3.2 we summarize production statistics for wheat
in relation to other major crops. Crops are grouped into food grains,
feed grains, oil seeds and export crops. All these crops except sorghum,
rice and beans, compete with wheat in one of the areas chosen for this

study. (Maize competes in both areas).

Maize 1s the basic food grain in Mexico. However, with rising
incomes and urbanization, wheat tends to substitute for maize n the
diet, and per capita maize consumption declires {increasing amounts of

maize, however, are probably used for animal feed).

Wheat production increased rapidly in both the decade of the 1960s
and 1570s due largely to yield increascs. It should be noted, however,
that the fiqures for the period 1970-72 to 1980-82 are heavily influ-
enced by the cxcellent wheat year in 1982 when both area and yields were
exceptionally high compared to previous years. Maize production has in-
creased nearly as rapidly as wheat with the source of growth largely due

to yield in the 1970s.

Over the last two decades the mix of o0il seed crops has shifted
markedly from cotton seed to safflower and soya beans. The latter two
crops were introduced in the early 1960s and arca expanded rapidly. How-

cver, yields havi nut increased significantly in either case.

Among feed grains the rapid expansion of sorghum is well known.
However, although barley is much less important, its yield has increased
consistently throughout the last two decades. In fact yields of barley -
a rainfed crop - have increased more rapidly than wheat which is largely

an irrigated crop.

Finally, production of cotton, an export crop, has consistently
declined duc to a decline in area. This largely reflects replacement by

import substituting crops, such as oil seeds and sorghum,.
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Table 3.1 Average Statistics for Major Agricultural Crops in Mexico

1980-83.
Imports as Per-
Area Yield Production et Imports cent of Appar-

(000 ha) (ton/ha) (000 ton) (000 ton) rent Consumption
Food Crops
Maize 6938 1.82 12615 1706 12
Wheat 892 4.08 3642 567 13
Rice 159 3.44 547 60 10
Beans 1868 0.71 1323 257 16
01l Seeds
Safflower 314 1.06 334 0 0
Soya beans 336 1.79 603 966 a/ 62
Cotton seed 272 1.48 403 60 ~ 13
Feed Grains
Sorghum 1518 3.43 5204 1725 25
Barley 267 2,04 545 68 11
Export. Crops
Cotton lint 272 0.94 256 -154 -151

2/ 1982-83 not included

Table 3.2 Growth Rates of Area, Yield and Production of Major Agricul-
tural Crops in the Two Decades of the 1960s and the 1970s.

1961-63 to 1970-72 1970-72 to 1980-82
Area Yield “roduct.ion Area Yield Production
( percent/year ) ( percent/year )
Food Crops
Maize 1.5 2.5 4.0 -0.5 4.0 3.5
Wheat -1.0 4.6 3.6 1.8 3.2 5.0
Rice 1.1 1.6 2.8 0.6 3.1 3.7
Bears .8 2.4 3.2 0.4 2.0 2.4
0il Seeds
Safflower 20.0 2.0 2i.9 4.4 -3,0 1.2
Soya 22.0 -1.1 20.6 6.9 .0 6.9
Cctton Seed -6.,2 2.8 -3.4 -4.2 1.0 -3.2
Feed Grains
Sorghum 21.4 1.5 23.0 4.6 2.5 7.1
Barley .1 5.2 5.2 2.9 4.2 7.1
Export Crop
Cotton -6.2 3.9 -2.8 -4.2 1.1 ~2.9
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3.3 The Demand Outlouk for Wheat

The consumption of wheat in Mexico has grown at 4.5 percent over
the last decade. This reflects rapid population growth, growing incomes,
urbanization and declining recal prices for bread. Projections of the
demand for wheat suggest a minimum growth rate of 3.5 percent annually,
Population will grow at an annual rate owf 2.5 rercent from 1980-2000.
The income elasticity of demand for wheat products is generally assumed
to be around 0.4-0.5 (Lamartinc-Yates, 1981) although some estimates
place the elasticity somewhat higher (e.g. 0.6 by Bredahl (19¢°) and
0.6-1.0 by TLustig (1980)). Assuming a growth in per capita incowe of
2.0-2.5 percent, wheat consumpt ion per capita is estimated to grow by

1.0 percent per year due to income gains.

At a growth rate of 3.5 percent per year, wheat consumption will
reach a minimum of 5.1 million tons in 1990 and 7.2 million tons in
2000. Other proiactions place consumption at higher levels. For example,
Lamartine-Yates (198&1) forecasts consumption to grow at 5.5 percent per
year reaching 6.3-6.8 million tons by 1990. Much also dependgs oin future
bread pricing policy. If consumer subsidies on bread vre reduced then

there will be a slowdown in growth of bread consumption.

3.4 VYFrom Food Exporter to Food Importer

Despite an i c¢ssive growth in the production of most of the major
crops, there has i:¢cn a sharp increase in dependence on imported food in
the 1970s. Mexico became a net exporter of food ygrains in the 1960s in
large part due to incrcased wheat production. However, by 1970-72, this
surplus had been converted into a deficit which has steadily increased.
Figure 3.3 shows thesc imports by three categories. Food grains (wheat,
maize, rice and beans) have been imported to the extent of over 3
million tons in recent years or about 15 percent of national productinn.
Feed grain imports have increased even more rapidly despite the rapid
jrowth in domestic producti.n. Finally imports of oilseeds have also
jumped sharply in recent years, again despite a very high growth rate of

domestic production.
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Net Imports (00O tons)

Figure 3.3 Imports of Major Categories of Crops, Mexico, 1965-82.
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This increased dependency on imported food has led naturally to
considerable dehate on the need to achieve self-sufficiency in basic
foodstuffs. While self-sufficiency has been an important policy geal
during much of the 1970s, major efforts were not made to reverse the
trend toward incrcased food imports until the c¢nd of the 1970s when the
SAM program {Sistema Alimentario Mexicano) provided special incentives
for increasing production of basic foods. Although these incentives were
largely climinated in 1983, food self-sufficiency remains a stated goal

cf the I'lan Nacional de Desarroilo (e la Madrig, 1563) .

At the samc time, with the current chronic foreign exchange con-
straints there is again talk of increasing production of export crops.
However, given that export crops, especially cotton, compete with some
basic food and oilsecd Crops such as wheat, safflower and soya, for land
and water resources, there is obviougly a conflict between the goals of
food self-sutficiency and earnings of foreign exchange through export

crops.

3.5 Irrigated versus Rainfed Agriculture in Mexico

The debate on comparative advantage in fozd crops versus export
crops in Mexico is also closely tied to the debate on irrigated versus
rainfed farmirg. Historically, most investment spent on agriculture has
been direccted toward irrigated agriculture. Even as late as 1971-74 the
proportion of agricuitural investment in irrigation was over 70 percent.
The proportion i total cultivated area under irrigation has risen to
over 23 percent in the 1970s and early 1980s, compared with about 18
percent in 1965, Because of low yields in much of the rainfed area, the
proportion of the value of agricultural output produced in irrigated

areas was nearly half,

There is a sharp division between Crops grown under irrigation and
those yrown under rainfed conditions. As shown in Table 3.3 wheat, cot-
ton, safflower and soya are largely grown under irrigated conditions.
Maize, beans and harley are largely rainfed crops often produced under

difficult climatic conditions. Sorghum is the only crop that is grown
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extensively under both irrigated and rainfed conditions.

Table 3.3 Percentage of Total Area and Production in Irrigated Areas
Various Crops

1960-64 1972-76
Percent of Percent Total Percent of Percent Total

Area Under Production from Area Under Production from
Irrigation Irrigation Area Irrigation Irrigation area

Food Grains

Wheat 50 3; 73 3; 91 g; 97 Eﬁ
Maize 6 2 12 & 18 2 29 2
Rice 47 60 46 65
Beans 3 9 15 25
reed Grains

Barley 2 7 22 46
Sorghum 61 70 44 53
0il Seggﬁ

Safflower 80 82 80 87
Soya Reans 50 44 78 85
Export Crops

Cotton 65 na 79 95

i/ Calculated for 1960-62.

- Calculated for 1975-77.
na = No! a'railable

There is naturally a debate as to whether a larger proportion of
the irrigated areas should be devoted to basic food crops such as maize
and beans. In fact, irrigated maize is quite important accounting for
some 20 percent bf irrigated area in 1981. Given considerably higher
yields than in rainfed areas this is equivalent to about one third of
national maize production and perhaps almost one half of marketed sur-

. ) D , . 1
plus since most maize in irrigated areas is commercially produced—/.

The share of irrigated land devoted to export crops, especially

cotton, has fallen while the production of oilseeds and otiler crops has

1/ During 1981 and 1982 the area under maize in irrigated areas was
increased due to special incentives of SAM,
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increased (Figure 3.4). Grains account for over 50% of harvested area
and wheat has consistently accounted for around 20 percent of the

harvested area under irrigation.

Looking to the future it secms that the area under irrigation will
expand more slowly in the future because it has become increasingly
costly to develop new irrigated arcas. Lamartince-Yates (1981) estimates
that a maximum of 1 million ha of new land coulé¢ be brought under irri-
gated between 1975 and 20001/. This places a special premium on the

efficient use of existing irrigated arcau.

Wheat, an irrigated crop, offers a special opportunity to diversify
from the lirrigated disuricts without sacrificing the goal of self-guf-
ficiency. Wheat has, of course, bheen o major success story with rapid
expansion of production througl: the 1960s and 1970s. Wheat production
increased from 1.3%mt in 1960-07 vt 3.48mt in 19080-82, while area re-
mained relatively constant. Wheat yields increascd because of rapid in-
creases in yre:ds an irrigated arseas but alse because of a switch from
rainfed to irsigated areas. Historically, wheat has been produced under
rainfed conditions in the summer cycle. The Mexican altiplano (including
the Stotes of Tlaxcala, Mexico, Puebla and Hidalgo) in colonial times
produced a wheat. surplus for export to the Caribbean colonies. As late

‘cd arcaz. Since that

as 1962 halil of Mexican wheat area was sown in rain

t

time however the importance of rainfed wheat has declined to reach only
8 percent of «rven in 1871 (Figure 3.5%). In the altiplano where over
100,000 ha of at owere grown in the 1950s, wheat practically disap-
peared. Thic -decline was in part due to the emphasis in government pol-
icy on promeiting wheat rvresearch and production in irrigated areas as
well as to the rise of competing crops in rainfed areas, especially

malting quality barley.

The scope for further expansion o©f wheat in irrigated areas is
limited. Significant area expansion is only possible if wheat is

t e

1/ . N _ . o
- There is also scope for more efficient water use in existing irri-
gated areas. Water use ecfficiency is estimated to be less than 50

percent (Palacios, 1975).
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Figure 3.5

Wheat Area and Production, Mexico, 1960-81.
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substituted tor other crops. Likewise, it is expected that the yield of
irrigated wheat, which has exceeded 5.0 t/ha in recent years, will
expand more  slowly in  the future. Recognizing this, the Mexican
Covernment through sSMM  gave special subsidies for rainfed wheat
production and this together with the recent release of improved
varieties for the rainfed areas led to some reversal of the decline in
rainfed wheat. Tn 1981 the area under rainfed wheat reached 154,000 ha

or 18 percent of the total wheat area.

With the rapid expansion of wheat demand and limited potential for
expanding irrigated wheat, the government 1is projecting an increased
role for rainfed wheat in the future with the possibiiity of as much as
1.5 m ha of rainfed wheat by the year 2,000 (or double the area of irri-
gated wheat) (Rodriguer Vallejo, 1982). An additional advantage of rain-
fed wheat is that much or it could be produced closer to consuming
points, thus substantially reducing the need for long distance trans-

portation from the Northwest.

3.6 A Comparison of Wheal 1in Irrigated and Rainfed Farming Systems

This study analyzes the role of wheat in two contrasting regions of
Mexico. The first region is the Yaqui Valley of the State of Sonora
which is the most important wheat growing area of Mexico. An average of
over 100,000 ha of irrigated wheat are sown annually with yields varying
from 4.5 to 5.1 t,/ha. The seccond region is the rainfed area of the

larvals and Hidalge, centered on the valleys of Calpulalpan

States of 7
and Apan and the surrounding low lying hills. Although wheat was
traditionally grown in the area, it was largely replaced by barley

during recent decades. Barley production was stimulated by the demand

for malting quality harley for the nearby Mexico City breweries.

These regions were chosen because farm level surveys have been un-
dertaken as part of on-farm research and training in the area. They re-
present an estublished irrigated wheat area but with a serious disad-
vantage of transportation costs because of the long distance to main

consuming points, and an area where wheat is a minor crop but has
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congiderable potential (Figure 3.6). General details of each area are

given in Tuble 3.4,

The Yaqui Valley: Wheat production in the Yaqui Valley has

increased rapidly as a result of yield increasing technology (Figure
3.7). Yields increased most rapidly during the 1960s with the use of
semidwarf wheat varietes and improved cultural practices. Yields have
risen less in the 1970s although continued release of new varieties, a
narrowiny of tho performance gap between small ejido farmers and large
private farmcrs and  improvements in  land quality through lcvelling,

I

5 t/ha

drainage and salinity control have led to average yields close to

in recent years.

Wheat in this area largely competes with cotton and safflower for
available land and irrigation water, which is in short supply in many
years. Cotton was the major crup in the valley but after the 1950s has
given way to wheat and oil seeds. This reflects a drop in world cotton
prices in the [%00s, rapid technological change in wheat production and
government pelicy to encourage wheat production. Cropping patterns are
set by water allocations and in most years water allocaticns favor wheat
over cotton. This reflects a policy to encourage food crops but also the
fact that cotton requires at least 50 percent more water than wheat.
Farmers pervceive cotton to be a risky crop because of yield variability
due to insect attack and weather. Price risk is also high since there is
no guarantecd price for cotton and prices vary according t¢ interna-
tional prices . : exchange rates, as well as discounts charged by local

cotton ginners,

Safflower is a relatively new crop whose area jumped sharply in the
1970s, although vi2lds have changed litvle. It is particularly suited to
the lighter alluvial soils. It alsc has the advantage that its water

requirements are relatively low - about two-~thirds those of wheat.
Both cotton and safflower are commonly grown in rotatioi with

wheat. Cotton and safflower require row cultivation during the cooler

winter months which helps e¢radicated the grassy weeds, phalaris and wild
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Figure 3.6 Distances Between Sonora, Tlaxcala and Veracruz, Mexico.
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Table 3.4 Major Characteristics of the Yaqui Valley, Sonora and the
Altiplano of Tlaxcala/Hidalgo
Yaqui Valley, Sonora Altiplano of Tlaxcala/Hidalgo
Rainfall Irrigated 500-800mm/year

Major Crops
Second Crop

Farm Size

and Tenancx

Machinery

Labor

Credit

Ingut

Distribution

Marketing

Wheat,Cotton, Safflower
Soya beans, Maize

Private farmers
Ejidatarios (10-20/ha)
Ccllective Ejidos (5ha/
member)

Completely mcchanized
for many years. Well
established machinery
rental services

Active labor market and
considerable immigration

Nearly all farmers work
with banks and credit
unions

Well developed input
markets

Well developed markets.
Wheat sold directly to
gqovernmen*t buying agents,
~illers or co-operatives.

(20-100+ha)

Barley, Maize, Wheat, Maguey
None. Animal Grazing

Private farmers (1-100/ha)
Ejidatarios (3-20/ha)

Mechanization of major oper-
ations in recent years. Well
established machinery rental
services

Active labor market with com-
peting non-farm jobs

Most farmers now use bank
credit

Some problems in input
availability
. e

No wheat purchased until 1981.
Most farmers sell to private
traders

oats, which are major problems in wheat.

In fact,

a wheat-cotton rota-

tion was found to be an extremenly effective means of weed control in

one recent field survey

beneficial for cotton

Hence,

(Byerlee,
which

1981). Likewise,

is subject to serious

such a rotation is

insect problems.

there are substantial advantages to maintaining a crop rotation

rather than dependence on a single crop such as wheat or cotton.

Maize and soyabeans are grown as second crops.

Maize is commonly

planted in Auqust and harvested in January to March. It is often grown

31



FIGURE 3.7

Wheat Area and Yields in the Taqui Valley, 1960-82.
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as a "fill in" crop between wheat and cotton (see Figure 3.8). Soyabeans
are a popular second crcp in the rotation. Most farmers prefer a
wheat-soyabean-wheat-soyabean rotation. However, high water requirements
(about 50 percent above those of wheat) restrict the area of soyabeans

in most yeavs.

Agriculture in the Yaqui Valley is highly commercialized. Almost
all operations are mechanized with most labor employed in irrigation and
weedl control in row crops. The labor requirements of cotton depend on
whether it 1is harvested manually or mechanicaliy. In recent years
mechanical harvesting has become more common. Market systems arc well
developed for both inputs and products. Farmers generally reccived the
quaranteed price for their sales. Most farmers also receive short-term
credit from either official sources or private bank or credit unions.
Extension is still dcficient although new varieties are adopted quickly,

largely through an efficient seed distribution program.

w1 . .
Tlaxca];IJLGJAgu—/. Unlike Sonora, Tlaxcala and Hidalgo are areas

of traditicnal agriculture with large numbers c¢f small farmers where
technological change had little impact until recently. A major influence
on choice of crops and technologies in this area is the incidence of
climatic hazards, especially drought and frosts. Rainfall is most
reliable and frost incidencE™least in the period June tc RAuyust. This
especially favors short season crops such as barley. Barley was
traditionally grown for animal feed but is now largely produced for

malting purposcs .

Barley production received a major stimulus in the late 1960s with
the release of improved varieties with good malting qualities. Improved
varieties, herbicides for broad leaf weeds and fertilizers were adopted
very rapidly and by the end of the 1970s nearly all farmers were using
these practices (see Byerlce and Hesse de Polanco, 1982). Barley yields
almost tripled in this period (see Figure 3.9) although the sharp jump

in 1976 may reflect a revision of the statistical estimation procedures.

1/ For more details on cropping systems and production practices in
the area, see Byerlee, Harrington and Marko (1981).
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. . . . a
FIGURE 3.8 Major Cropping Systems in the Yaqui Valley, Sonora.-—/
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Wheat production declined until recently (see Figure 3.9) reflec-
ting a) lack of a wheat marketing outlet, b) unsuitable varieties and
c) lack of active promotion in contrast to barley which was promoted by
a private association of brewers. By 1980 most of these obstacles had
been removed. INIA had released two wheat varieties, Cleopatra and
Zacatecas, for dryland conditsons. The government marketing agency,
CONASUPO, beyan to receive wheat and under SAM, credit and special
incentives hecame available for wheat production. As a result, wheat
area increased from 2900 ha in 1980 to over 13000 ha in 1982, However
probiems remain before wheat can replace barley on a major scale. Far-
lier, more diseasc resistant varieties are still requiredi/. Seed is a
problem: farmers have often heen provided with seed of older varieties
quite unsuitable to the area. Marketing still needs to be improved since
farmers receive a price well below the guaranteed price, in part because
of problems of grain quality and impurities but largely because of

corrupt practices of the marketing agency.

The other major crops, maguey and mnaize, are declining or stagnant
crops. The declining demand for pulque, the major product of maguey, and
high labor requirements have influenced the reduction in maguey area.
Maize remains largcly a subsistence crop. The long growing cycle exposes
maize to a high incidence "G climatic risks. Technological change and
yield increases in maize have been modest and are largely due to adop-
tion of intermediate levels of fertilizer use. There is substantial
potential to increase maize yields but climatic risks will be a serious
disincentive to increased expenditures on maize production. Also the
labor intensity of maize production, particularly for harvesting,

discouragces area expansion.

*.7 Wheat Production Techniques in Sonora and Tlaxcala

Table 3.5 shows technical parameters used as the basis for the cal-

culatior of Resource Cost Ratios for each production technique. These

1/ Two new varieties were released by INIA in 1982 which are earlier
than Cleopatra.



parameters were derived from field surveys in the area and represent the
most common production technique. As expected, input use per hectare is
substantially higher in irrigated wheat. However, when converted to in-
puts used per ton of wheat produced the input-output coefficients are
not very different. Irrigated wheat uses significantly more labor but

less mechanical inputs and sced.

Technical change may alter these possibilities. In rainfed ereas,
availability of improved varieties and use of improved timing of opera-
tions should enable average yields of 2.5 ton/ha which is closc to the
yiclds obtained in on-farm cxperiments in the areca over a five year
period. Tn irriqated areas, improved varicties released in 1981, im-
proved weed control and jrrication and possible change of sowing prac-
tices should bring average yields to 5.5 t/ha by 1990. In both cases and
especially in Sonora, there are possibilities of reducing costs of oper-
ations, through reduced tillage, lower seed rates and improved fertil-

izer management which should improve the efficiency of wheat production.

Table 3.5 Technical Paramaters for the Production of Rainfed and Irri-
gated Wheat

- Rainfed wheat Irrigated Wheat
Yield 2.0 ton/ha 4.7 ton/ha
Per ton Per ton
Inputs Per ha of wheat Per ha of wheat
Tractor ({(Hrs.) 7.5 3.75 12.5 2.66
Combine (Hrs.) 1.0 .50 1.25 .27
Labor (person days) 2.6 1.30 9.5 2.02
Seed (kqg) 120 60 170 36
Nitrogen (ky) 70 35 190 40
Phosphorous (kg) 30 15 30 6.4
Herbicide for broadleaf
weeds (1t) .75 .38 2 .43
Insecticide (No. of applic.) 0 0 1 0
Irrigation water (cm) 0 0 85 18
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4.0 Agricultural Pricing Policy and Producer Incentives

4.1 Product Prices

Mexico has had a system of guaranteed prices for most food, feed
and oil seed crops. As we have seen these guaranteed prices acted as
effective farmer prices for the irrigated areas but are subject to
discounts in the rainfed areas. Guaranteed prices are the same through-
out the country so that there is no allowance made for differential

transportaticn costs between different regions of the country.

Cotton is the major crop analyzed in this study that does not have
a caaranteed price. Cotton prices are fixed at world prices, converted
at the official exchange rate and then increased by a factor (about 5
pesos/1001b lint in 1982/83) to obtain the local price in Sonora. The

price of cotton seed is, however, set by the guaranteed price.

Much of the earlier analysis of producer prices in Mexico has
focussed on declining real prices, using price indices as deflators.
However, real prices are not a good guide for either farmers or policy
makers. Comparison of wheat's relative price with respect to other
Crops, ‘¢ input prices and world wheat prices are better indicators.

4w

For those crops covered by guaranteed prices, prices maintain a
fairly close relationship to one another. Maize and wheat prices gener-
ally moved together with a slight margin in favor of maize. Soyabean and
safflower prices also move together with soyabean prices generally 10-20
percent above safflower prices. Wheat prices have generally been 45 to

50 percent of safflower prices.

The ratio of the wheat price, which is fixed by the government, to
the cotton price, which is determined by the prevailing export price,
fluctuates quitce sharply from year to year as shown in Figure 4.1. In
1974 and 1975, the relative price of wheat increased sharply due to the
increase in the guaranteed price of wheat. However, in 1976 the increase

in international prices of cotton combined with a devaluation of the
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Figure 4.1 Ratio of Price of Cotton to Wheat and the Areas of Cotton

and Wheat, Mexico, 1970-83,
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Mexican peso led to a relative price of wheat only 40 percent of a year
earlier. Thereafte. the relative price of wheat increased in large part
because of overvaluation of the exchange rate during the period, which
kept increcases in domestic cotton prices well below the inflation rate.
In 1982, two large devaluations restored the price of cotton relative to
wheat. Since then, the ratio has declined as the official peso revalued
in real terms against the US dollar, at least wuntil the current

arrangenents were altered in July, 1985,

These variations in relative prices of cotton and wheat often lead
to large shifts in area between cotton and wheat. For example cotton
area fell to a record low in 1976 in response to low prices relative to
wheat in previous years. Likewise, in 1982, the wheat area in irrigated
areas was well above normal because of a reduction in cotton area (see
Figure 4.1). The possibilities of increasing cotton area with favorable
prices (as, fur example, in 1983) are limited by water restrictions as

well as farmers' risk aversion.

In rainfed areas, the main competing crop to wheat is barley.
Barley prices received by farmers have generally been slightly higher
than the guaranteed price for wheat, but hoth prices move together, 1In
the period 1960-83, wheat prices tended to be equal to or slightly
higher than barley. Nonetheless, other factors such as availability of
suitable varieties and an adequate marketing system are probably more
important in farmers' decisions on wheat versus barley than these small

variations in relative prices.

The effect of these various price interventions will depend on the
response of wheat production to changes in the price of wheat and com-
peting crops. Recent econometric analyses of supply response suggest
that wheat production is only moderately responsive to price. An
increase in the real price of wheat of one percent will lead to an in-
crease in the production of wheat by 0.2-0.4 percent (Bredahl, 1981 and
Rosales, 1982). There is evidcuce that wheat production is quite re-
sponsive to a change in safflower prices (Rosales, 1982). Although none

of the studies analysed the response of wheat to cotton prices, farmers
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in the Sonora have in recent years clearly made large changes in their
allocation of land between cotton and wheat, depending on their relative

prices.

4.2 Input and Factor Prices

4.2.1 Seced

Input pricing and distribution is in the hands of both the public
and private sector. Sced is multiplied by a public company, [RUNASE,
and certified scced is sold at a fixed price in all producing regions.
Wheat secd costs have been generally double the commercial price of

wheat,

We have ne information on whether PRONASE is subsidized, but the
relationship of the price of commercial seed to grain would suggest that
there is a suificient margin to cover seed processing and distribution
costs. In the casce of wheat, seed is purchased from growers at 10 per-
cent above the guaranteced price. It is then treated, bagged, and graded
and resold to farmers the following cycle at about 50-100 percent above
this price. Sced can be regarded as a tradeable item since considerable
guantitites of wheat serd have been exported. The price received fo£‘~
seed for export has bLeen well above the national price ({there is a
substantial expce:*' tax on wheat sced) but since the market is very
limited we sha! uassume here that the price of seed paid by farmers is a

fair reflecticn of its opportunity cost.
4.2.2 Fertilizer

Fertilizer consumption in Mexico has expanded at an annual rate of
12.6 percent since 1060£/. Although the domestic production of fertil-
izer doubled in the 1970s, Mexico has consistently been a net importer
of fertilizcy during this period (Figure 4.2). Mexico began to export

Ammonia in 1978 but substantial amounts of dry nitrogenous fertilizer

1/

- For an overview of the Mexican fertilizer industry see IFDC (1981)
and Seccretaria de Programacidn y Presupuesto (1981),
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Figure 4.2 Mexican Imports and Exports of Fertilizer, 1970-81.
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continued to be imported through 1981. Mexico has provided u substantial
surplus of phosphate rock for export. Increasing demand resulted in a
deficit at the end of the decade which was made up by imports. However,
current large scale plans to develop local phosphate rock deposits will

change this picture by the mid 1980s.

In 1980, Mexico imported 18 percent of its fertilizer needs, much
of it nitrogencus fertilizer. Preliminary figures for 1981 show 1
million tens of fertilizer imports. Hence, in the recent past Mexico can
be considered as an importer of tinished fertilizer products, esnecially
Urea, triple cuperphosphate and diamonium phosphate which are the most

common fertilizevs in crop production,

The bulk of domestic production of these fertilizers occurs in the
State of Veracruz close to supplics of natural gas and is transported by
rail thrcughout the country. Production and distribution is contrclled
by FERTIMEX wnich bhalgo a uniform price for fertilizer throughout the
country. Fertilizer prices have declined sharply in real terms since
1970, Pigure 4.3 shows that the rvatio of the price of one unit of
nitrogen to the price of wheat declined from over four in 1970 to less
than one in the 1982/83 winter wheat cycle. There are large explicit and
implicit subsidies in these fertilizer prices from the following

sources:

a) FERTILIV X purchascd natural gas at rates well below the world

price for use ir fertilizer manufacturing.
b) FERTIMEX operated at a loss in many years and a government
' subsidy of about 10 percent of income was required to make up
the deficit.
c) Transport of fertilizer is highly subsidized (see Section 4.3).
An effort was made to calculate the extent of these subsidies by

computing a world price equivalent in the producing region. Since most

fertilizer used in Sonora is transported from the south, the world price
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Ratio of Nitrogen Price To Wheat Price

Figure 4.3 Ratio of the Price of Nitrogen to Wheat, Sonora, 1970-83.
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was calculated as the f.o.b. price plus unsubsidized transport costsl/.
Results shown in Iigure 4.4, indicate that fertilizer subsidies began in
the 1974/75% period of extremely high world prices. In recent ycars they
have increased substantially to recach about 50 perceut oi the costs of
urea to farmers in early 1983. In the past two years, increase in
fertilizer prices havc¢ reversed this trend.

2/

4,2.3 Pesticides=

Herbicides, particularly 2-4,D for broad leaf weed control, are the
main chemicals used in wheat production in Mexico. Additional spe-
cialized herbicides for grassy weeds and an insecticide application are
also common in Sonora. Competing crops, especially cotton and soya

beans, use substantial amounts of insecticides.

Thirty percent of agricultural chemicals approved for use in Mexico
are manufactured locally accounting for 70 percent of total demand.
These chemicals include most of those used in wheat and cotton produc-
tion. Mexican prices were, however, substantially higher than world pri-
ces. Mexican farmers paid about 50 percent above the world price for
these chemicals except in 1983 when the devaluation brought Mexican
prices close to the US price. In the case of wheat, however, these

chemicals are a small part of total costs of production.
4.2.4 Machinery

The cost of mechanization is primarily determined by the cost of
machinery and the cost of fuel. The decade of the 1970s was a particu-
larly rapid period for mechanization in Mexican agriculture. Demand for
tractors increased at an annual growth rate of nearly 10 percent :.etween
1970 and 1980. The :rumber of tractors sold annually rncariy doubled to

23,000 units between 1976 and 1981. Much of this increase in tractor use

— This ignores costs of marketing and storage which amounted to about
half of distribution costs in 1980,

— A review of the Mexican pesticide industry may be found in Secreta-
rfa de Programacidn y Presupuesto (1981).
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1980 Pesos per ton

Figure 4.4 Mexican Price and World Price Equivalent for lUrea and Triple

Super Phosphate ir Scnora, 1970-83,
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occurred in the rainfed areas since irrigated aréas were already highly

mechanized by 1970.

Mexico has followed a practice of encouraging local manufacturing
of tractorsl/. The percentage of imported tractors in total tractor
sales has fallen from over half in 1970 to 20 percent in 1980. Of
course, tractors manufactured in Mexico, have a high import content with
the percentage of directly imported components, ranging from 40 to 60
percent. By 1980, imports were mostly tractors of over 130 HP, which
were imported without restrictions and free of duty. Since small
tractors, as well as large ones, can potentially enter international

trade, tractors may be regarded as a tradeable item.

Despite gquantitative restrictions on imports of smaller tractors,
the price of domestically produced tractors has generally followed the
US price for the equivalent model tractor. Prices are set in relation to
US prices and have in fact been below US prices in periods immediately
after a devaluation. This has allowed Mexico to export tractors on a
small scale; as for example, in 1983. Ploughs and harrows are also manu-
factured locally and prices seem comparable with US prices. In 1983,
Mexico was exporting these implements to the US to take advantage of the
opportunities offered by the devaluation. Other specialized equipment
such as seed drills for wheat and combine harvesters are fully imported.
Duties on these items are vusually zero with the exception of combine

harvesters which were charged a duty of 10 percent in 1983.

4.2.5 Fuel

Diesel fuel for mechanical operations is an important production
input in both Tlaxcala and Scnora. It is also important in determining
transport costs to consuming points. Diesel fuel has been highly sub-
sidized throughout the period, as part of government efforts to keep
transport costs low. As a result diesel prices deflated by the CPI or

the price of vheat generally declined in the 1970s, during a period when

1/

- For a review of the Mexican tractor industry see Secretaria de Pro-
gramacién y Presupuesto (1981).
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world prices were rising rapidly. This position was dramatically re-
versed in 1982 and 1983 when diesel prices were increased by 1,400 per-
cent in 14 months. As a result the price of diesel in wheat equivalents

increased 460 percent,

We do not have an equivalent f.o.b. price for diesel to calculate
the subsidy on diesel. Instead we have used 85 percent of the US farm
price for diesel to approximate world prices. This adjustment reflects
the fact that Mexico is an oil exporter and also the fact that taxes are
included in US prices. The implied subsidy on diesel using this method
increased to 85 percent in 1981 and then dropped to 50 percent in 1983

with the change in government policy (see Figure 4.5).

4.2.6 Overall Changes in Mechanization Costs

Total mechanization costs are determined by initial capital costs,
labor costs for the operator, repairs and fuel. In order to separate out
these costs a simple model is developed in Appendix B and compared to
the cost of machinery rental - a common practice for small farmers in
both Tlaxcala and Sonora. In Tlaxcala rental costs declined in real
terms from 197% to 1980 (see Byerlee and Hesse de Polanco, 1982). This
reflects a decline in the price of diesel but also the fact that returns
on capital to the machinery owner have declined quite markedly from over
20 percent in 1975 to less than 10 percent in 1981. This probably
reflects greater competition in the rental market since the number of
tractors in the area increcased sharply relative to the amount of land
prepared by tractor. It probably alsc reflects the greater availability

of loans at subsidized interest rates for the purchase of tractors.

In 1982 and 1983 machinery rental rates increased rapidly but not
enough to compensate for higher costs of operations, By 1983 returns on
capital to the owner had fallen to close to zero. Owners of course had
gained through high irflation rates for their machinery but had lagged
in raising prices to mecet depreciation charges. The increased price of
diesel alsec had a strong influence on the cost of tractor operation,

Fuel accounted for only B8 percent of the cost of tractor rental in 1975
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Figure 4.5 Real Price of Diescl in Mexico Compared to Fstimated World

Price, 1970-83,
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but had risen to over 30 percent of costs in 1983.

The situation in Sonora is similar except that the rate of return
on capital is somewhat lower reflecting the greater number of tractors

and a more competitive rental! market.

Rental costs for machinery in Mexico are very close to rates paid
in the US. Table 4.1 shows comparable costs in Michigan, converted at
the official exchange rate and in Sonora. In 1980, rental rates were
almost identical but with the devaluation in 1982, Sonora rates had

fallen relative to those in Michigan.

Overall, machinery costs have probably been lowered in Mexico
through an explicit subsidy on diesel, an overvalued exchange rate
during much of the 1970¢ and more recently through subsidized credit to
purchase machinery or rent machinery services. In this study we only
explicitly allow for the diesel subsidy and the overvalued exchange rate
when adjusting to world prices. The removal of the subsidy on diesel

would have raised the cost of tractor services by 34 percent in 1981,

4.2.7 Irrigation

Irrigation services in Sonora are managed by Irrigation District
Authorities under the Sccretariat of Agriculture. Farmers are charged
for water per hectare for each crop, although meters are now being
installed to measure the volume of water applied. The price charged to
farmers for water has tended to decline sharply in real terms (see
Tables 4.2 and 4.3). In 1982/83, out of a total wheat yield of close to

5 tons/ha, less than 5 percent was needed to pay the costs of water.

These  low water prices have been a-hieved through increasing
subsicies on the operation and maintenance of the irrigation districts.
Subsidies increased stcadily during the 1970s. For all irrigation
districts of Mexico they amounted to 30 percent of irrigation services
in the early 1970s, but by 1976 had risen to over 50 percent. Official

data on revenues and costs are not available since 1976 but reliable
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Table 4.1 Contract Hire Rates for Machinery in Michigan, U.S.A. and
Sonora, Mexico, 1980 and 1982

Plowingi/ Harrowing Combine Harvesting
(pesos/ha) {pesos/ha) (pesos/ha)
1980 ~ Michigan 550 265 920
- Sonora 550 275 900
1982 - Michigan 1150 750 1634
- Sonora 1000 500 1500

2/ Mould board plcugh for Michigan and disc plough, So:ora.
—' Offset disc-harrow.

c . .

= Small grains harvesting.

Source: Michigan, G. Schwab, Michigan State University, personal
communication; Sonora, farmer interviews.

Table 4.2 Indices of Prices of Water and Electricity, 1965-1978,

Electricity

Irrigation Prices a/
Real Price

Real Price—~

Price Index Index Price Index Index
( 1960 = 100 ) ( 1960 = 100 )

1965 111 93 96 81
1970 159 113 96 68
1975 294 116 73 29
1976 306 99 75 24
1977 300 74 137 34
1978 316 66 140 29

a/ Deflated by Implicit Price Index of GDP.

Source: Lamartine-Yates (1981).

reports indicate that subsidies reached over 80 percent in 1982, 1In
Soncra, subsidy levels are probably somewhat lower than the national
average because of better developed irrigation systems and more effec-
tive management. Nonetheless, one report from the Yaqui Valley in the

mid 1970s indicated a subsidy level of close to half.
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Table 4.3 Average Cost of Water in the Yaqui Valley for Wheat Produc-
tion, 1980-1985,

Cost of Water

Total in Terms of
Wheat Cycle Water Charge Wheat
{pesos/ha) (kg of wheat)
1980/81 1,500 326
1981/82 1,700 245
1982/83 2,200 157
1984 /85 5,722 155

Source: Farmer interviews.

One result of subsidies and water scarcity is the development of an
open market for water. Tn 1981 and 1982 farmers commonly purchased water
rights from neighbors ot prices about three times the official charge
for water. This practi.e was prohibited in late 1982 but farmers now
rent the land with water rights with land rents reflecting scarcity

value for water for a particular crop.

High subsidy levels on water have been criticized because they lead
to inefficiency and wastage in water use (e.g. Palacios, 1982). 1In
particular, farmers have little incentive to economize on water use by

reducing the number of irrigations and choosing water-efficient crops.

There are additional subsidies in irrigation districts that are
more difficult tec quantify. These include special land improvement pro-
grams such as salinity contrel, land levelling and subsoiling., Costs of
most of these operations are not included under the operating costs of
the irrigation authoritics. For cxample an extensive program of land
levelling has been conducted in Sonora with loans from the official
credit bank. Two thirds of the costs are paid by the government and in-

terest rates are subsidized on the remaining one-third of the costs.

The cost of developing the irrigation infrastructure itself is a

significant cost of irrigation water. The Yagqui Valley can be regarded
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as a mature system and these costs are essentially "sunk" costs. The
question then is how to use this valuable infrastructure most effective-
ly. At the same time new irrigation areas are being developed and if the
purpose is to produce wheat, cost of cevelcpment should be included

along with costs of operation and maintenance.

Costs of developing new irrigation areas have generally increased
simply because the easier projects have already been constructed. Table
4.4 gives some data on development costs sver time. We have not been
able to obtain more recent information, hut if costs have risen at the
same rate as the general price index, a crnservative estimate would be

£500,000/ha in 1983, equivalent to SUSAZ00/ Ma.

Table 4.4 Real Costs of Developing New Irrigated Land

¢/ha (1670 Pesos)

1959-64 51,346
1965-70 45,833
1970-74 81,162

Source: Lamartine-Yates (1981).

4.2.8 Credit ar”’ Insurance

A major component of government incentives to agriculture has been
the provision of credit through both official banks and the (formerly)
private banking sector. Credit available to the agricultural sector
increased very rapidly in the second half of the 1970s, especially in
rainfed areas. While most Sonora farmers had long worked with credit
from banks or credit unicns, most farmers in Tlaxcala operated on their
own sources of funds. In 1979, 37 percent of farmers in a barley survey
worked with the official credit bank. By 1982, this figure was certainly
above 67 percent and evern higher for wheat. Only in the case of maize is

private funding still important.



There are o number of explicit  and implicit subsidies in the
granting of official credit. The most obvious is the provision of credit
at subsidized interest rates. Interest rales vary according to the type
of producer (i.e. small or large farmer) and also in recent vears inter-
est rates have been crop specific. Table 4.5 shows interest rates in
1983. Notce that official rates applied only to a portion of the cost,
varying from 50-90 percent. of the estimated cost of production., 1If
needed, farmers must obtain funding from other sources at prevailing

rates for the remaining part of the cost.

Interest rates ror basic crops for small and intermediate size
farmers are compared with the rate on 6-month savings certificates in
Figure d.0. In warlier vears, subeidies appeared to favor the small
farmer. In later years, subsidy levels have increased sharply for all
classes of farmers. 'n particular, the rate of intervst for basic food
Crops was mly abrut ¢ auarter of the commercial savings rate in 1982,
Tt should also be noted that for most years the real rate of interest

discounted for inflation is negavive.

There are. other implicit subsidies in bank services. For example,
the official credit bank often provide inputs especially chemicals, at
wholesale prices. Furthermore, all farmers receiving loans through the
credit institutions wust purchasc crop insurancn, which has also been

subsidized (vspecially under SaM).

4.2.% Labor

Active labor markets exist in both areas. In Tlaxcala, farmers
often face a shortage of unskilled labor bccause of alternative job
opportunitics in factories in the arca and the nearby Mexico City labor
markct, 5 a result, mechanization has proceeded rapidly in the 1970s
and by 1982 farmers were heginning to mechanize their last major labor

intensive operation, maize harvesting.

In fonora the existence of a class of agricultural laborers and

substantial inmigration and seasonal migration also leads to a
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Interest Rates on Short Term Agricultural Credit Compared to

Figure 4.6
Interest on 6-Month Savings Certificates, 1971-84.
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Table 4.5 Rates of Interest on Short-Term Agricultural Loans, 1983.

Rate of Interest, January, 1983

Proportion of Industrial
a/ Loan Covered by Maize, Beans, Other Basic Crops (e.qg.
Farmer group— Intercst Rate Rainfed Wheat Commodities Cotton)
(percent /year)
Small farmers 90 12* 27 27.5
Intermediate
size farms 80 12%* 34 34.5
Large farmers 70 12% 37 60

* 27 percent as of April, 1983.

a/

- Small and intermediate size farmers have incomes less than 1000
times and 1000 to 3000 times, respectively, the rural minimum wage
for the region.

Source: FIPRA.

competitive labor market. Irrigation and hand weeding in row-crops and
cotton harvesting are the major labor using activities. Cotton
harvesting has been mechanized rapidly in the 1970s and probably less

than half of all cotton is now harvested manually.

The price of labor as measured by the rural minimum wage which co-
rrelates closely with daily wages for farm work has increased in real
terms over the period. From 1971 to 1981 the rural wage deflated by the
consumer price index increased 16 percent. However, wage increases did

not keep pace with high rates of inflation in 1982 and 1983.

4.2.10 Land

Well-developed land markets, especially land rental markets exist
in both areas. Although ejido farmers are not legally permitted to rent
their land, many do. Many private farmers also rent land. The price of

land, as measured by its rental value in Sonora is mainly a reflection
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of the water rights associated with the land. lLand rental values for
soyabeans are wusually similar to the price of open market water
purchases. This reflects the fact that for second crops, water rather

than land is the limiting factor.

Rental rates have generally risen faster than the rate of inflation
or the price of wheat. Land rental for wheat was reported at $400/ha in
1970 (Pewitt de Alcantara, 1978) and by 1981 had reached $4000/ha, a 70
percent increasc in real terms. This reflects the fact that improved
technolegy and declining real costs of many inputs have been caypitalized
into land values. With high rates of inflation and rapid increases in

costs, land rental values fell in real terms in 1982 and 1983.

In Tlaxcala, land rental values are about two-third of values in
Sonora. This is despite the tact that Sonoran yields are well over
double those of Tlaxcala. This is again reflection of differential
cost structures as well as "site value" in Tlaxcala which is closer to

large urban populations.

4.2.11 Resecarch and Extension

Farmers in botbk areas are beneficiaries of the research service.
For example, most crop varicties grown are the product of the research
service. In Sonora, part of the cost of the research is paid by the
farncrs through contributions toe the budget of CIANO, the official
research institutc. In  Tlaxcala, development of improved barley
varieties were financed in part from contributions from breweries. These
research costs could be quantified and included in the calculations of
resource cost ratios but because they are a negligible part of total

costs we have ignored them.

Extension in both areas largely works through the official credit
bank. Farmers do not usually use the extension service as a source of
information. HBecause of this we have not costed extension services
except in Sonora where many farmers employ the services of private

extension agents.
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4.2 long Distance Transportation

Both rail and road transport are used to ship grains. llowever, the
Mexican railway system has gyenerally stagnated or declined su that road
transport has become more important. By the end of the decade road
transport was apparently more important in the shipment of grains from

Sonora and from ports,

Railway transport remains important because of cheaper rates. This
results from a large subsidy which amocunted to 50 percent of operating
costs in 1981. Road transport benefits from the diesel subsidy and it
also secms that prices for trucks have been kept somewhat below world

prices.

Transport charges in this study are based on actual road transport.
charges with an appropiatc adjustment: for subsidized diesel prices. Fuel
consumption was estimated at 30km-ton/1t for Sonora to Mexico City and
20km-ton/'t for Veracruz to Mexico City where much of the route climbs
through the mountains, and where transport rates per km-ton are sub-
stantially higher. The adjusted transport rates using these assumptions
are given in Table 4.6. Tlaxcala rates are assumed to be one-quarter of
the rate from Veracruz to Mexico City. The diesel subsidy provided an
overall subeidy ratce of 25 percent cn transport costs in 1982 which was
reduced to 20 percent in 1983, when fuel prices were increased sharply.
In 1983, the fuel subsidy combined with a uniform price for wheat and
fertilizer throughout the country benefited farmers in Sonora relative
to those in Tlaxcala, to the extent of about 10 percent of the value of

fertilizer.

4.4 Egminal Protection Coefficients

The Nominal Protection Coefficient, NPC, compares prices received
by farmers with the equivalent world price for that commodity. This
requires an estimate of the appropriate world price, the major con-

sumption points and appropriate transportation charges.
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Table 4.6 Costs of Road Transport of Grain Adjusted for Subsidized
Diesel Price, 1982 and 1983

Veracruz to Sonora to
Mexico City Mexico City

June, 1982 June, 1983 June,1982 June,1983
Distance (km) 425 425 1800 1800
, . a/
Diesel Consumption (1%)- 21 21 60 60

Domestic Price of Diesel
(Pesos/1t) 2.5 14.0 2.5 14.0

World Price of Diesel (Pesos/1lt) 10.2 29.8 10.2 29.8

Actual Transport Costs
(Pesos/ton-km) 1.27 3.64 0.75 2.15

Unsubsidized Transport
Cost (Pesos/ton-km) 1.67 4.43 1.00 2.68

Total Transport Cost-
Unsub. (Pesos/ton) 703 1884 1810 4821

Percent Subsidy 24 18 25 20

3/ Based on 20 km-ton/lt for Veracruz and 30 km-ton/lt for Sonora.

Source: Phone interviews with transport operators and conversations with
truck drivers at the local petrol station.

All crops analyzed in the study are import substitution crops for
most of the period under consideration, with the exception of cotton.
For cotton lint, we have assumed that the price received by farmers is
a true reflection of world prices converted at the official exchange
ratel/. The export tax on cotton is so small that it can be ignored.
For simplicity, we have not considered the value of cotton seed. This
value is small in relation to the value of 1lint and is usually
equivalent to the ginning costs. Hence, the NPC of cotton can safely be

assumed to be one ~- i.e. farmers receive the equivalent of world prices

less a marketing margin.

1/

- Cotton is usually exported from Sonora through the nearby port of
Guaymas. Transport and distribution charges are small and we ignore
any distortions.
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for other crops we required a CIF import price. These prices are
not readily available in Mexico. Most commodities are shipped on a CAF
basis - that is without insurance and other charges. Both land and sea
routes are used but shipment to ports in Veracruz and then overland
transportation to major population centers in the center of the country

is the most common mode of importation.

To represent the CTF price we elected to use the CIF price in Rot-
terdam. In 1983, freight rates from New Orleans, USA to Veracruz, Mexico
were similar or a little higher than freight rates to Rotterdam and

other costs of insurance and capital are not expected to vary much.

Nearly all of Mexico's wheat imports have been No. 2 Hard Red
Winter wheat although this policy has changed in recent years with
imports of lower quality (and chcaper) Canadiar and Australian wheat. We
have used Mexico City .4s the consumption point for wheat. It is
estimated that Mexico City alone consumes about 1 million tons of wheat.
Available statistics from the mid 1970s indicate that about two-thirds
of all wheat shipped by rail from Sonora was destined to Central Mexico
(i.e. Mexico City, Pueblas and the State of Mexico)l/. Hence, the
farmgate price for wheat hased on world prices is equal to the CIF price
of wheat plus transport charges from Veracruz to Mexico City less
transport charges to hring domestically produced wheat from Sonora or
Tlaxcala to Mexico City. Transport charges were based on unsubsidized

diesel prices as discussed in Section 4.3,

Relevant CIF prices and consuming puints for other Crops are given
in Table 4.7. Maize is assumed to be consumed locally while two extreme
assumptions are made for soyabeans--local consumptien and shipment to
Mexico City. Tn the case of safflower only the oil is assumed to be
shipped to Mexico City and the cake is consumed locally in the animal
feed industry. For local consumption in  Sonora, no internal
transportation charges are added and it is assumed that imports can be

landed at Sonora ports at the same CIF price as for Veracruz.

L/ Wheat produced in Tlaxcala is normally shipped to Mexico City,
becausre of the freight advantage.

60



Table 4.7 Import Prices, Consumption Points and Formulas Used to
Calculate Nominal Protection Coefficients in Sonora.

Consumption Formula for a/
Commodity Import Price Point Calculating NPC—
1l.wheat a) CIF Rotterdam Mexico City
No.2 HRW
b) FOB Gulf ports Pf/(Pi+Tv-TS)
No.2 HRW + freight
rate Gulf ports
to Rotterdam
2.Safflower Estimated as in Oil-Mexico City Pf/(Pi+Tv—0.34TS)
Appendix C
c ~Li P
ake~Local f/Pi
3.Maize CIF Rotterdam-
No. 2 Yellow Local Pf/Pi
4.Soya beans CIF Rotterdam a) local a) Pf/Pi

b) Mexico City b) Pf/(Pi+TV—Ts)

2/ Pf = farm gate price
Pi = import price
Tv = transport cost-Veracruz to Mexico City
Ts = transport cost-Sonora to Mexico City

No reliable international price information for safflower exists
since world trade in safflower is negligible. An equivalent border price
was constructed based on the price of competing vegetable oils (i.e.
sunflower seed oil) and the price of soya cake, adjusted to the lower

protein content of safflower cake. Calculations are shown in Appendix C.

Calculated Nominal Protection Coefficients (NPCs) are shown in
Figures 4.7 and 4.8. All crops show a similar general pattern over the
decade. At the beginning of the decade NPCs were close to one or above
for most crops. Although most domestic prices were raised in the period
of high world prices between 1973 and 1975 these increases were less
than world prices so that NPCs fell. NPCs rose in 1975 and 1976 as world
prices dropped and Mexico devalued its currency. Although world prices

were generally high in 1979 and 1980, NPCs rose sharply in this period
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as a result of both the government efforts to stimulate basic food crop
production and also because the Mexican peso was increasirgly
overvalued. The 1982 devaluations led to a sharp drop in NPCs of all

crops.

Among crops, wheat is the least protected. In fact, Mexican wheat
prices only exceeded world prices in the early 1970s when world prices
were very low (and US exports subsidized) and again in 1981. During much
of the period farmers in Sonora received only B0 percent of the world
price equivalent while the difference is even larger in Tlaxcala which
has a greater transportation advantage. However, there was a clear
effort on the part of government policy makers to set wheat prices

following trends in world prices.

In the irrigated areas all other crops generally had NPCs above
one, especially in the period 1979 to 1982. The higher level of
protection for maize compared to wheat reflects the fact that maize is
significantly cheaper than wheat in world markets even though the price
paid to farmers in Mexico is usually above wheat prices. There is a case
for valuing Mexican maize which is nearly all white maize, at a higher
price than imported yellow maize because of a strong consumer preference
for white mdizei/. Hence, the levels of protection for maize may be an

overestimate.

The oilseeds, safflower and soyabeans, generally enjoyed the
highest level of protection. Even in 1982 when Mexican prices were well
below world prices for other crops, safflower and soya bean prices were
comparable to world prices. Over the period these crops have received an
average level of protection of 6 percent in the case of safflower and 14

percent for soya beans.

In the rainfed area, wheat prices were an average of 36 percent

below world prices over the last ten vyears. This reflects low

1/

—~ Little white maize is traded in world markets and although it
usually sells for a premium above yellow maize, it is difficult to
obtain reliable price information on white maize.
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Figure 4.7 Nominal Protection Coefficients, Sonora 1970-85.
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Figure 4.8 Nominal Protection Coefficients, Tlaxcala, 1970-85.
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transportation charges to consuming centers as well as the fact that
farmers in this region received only about 90 percent of the guaranteed
price because of a poorly developed marketing system for wheat. NPCs for
barley are generally similar or slightly higher than for wheat. Finally

NPCs for maize were substantially higher ard often above one.

Corrected NPCs were also caleulated to allow “or the fact that the
Mexican peso was signiticantly overvalued in some periods. The corrected
NPC tor wheat, as shown in Figure 4.9, was generally well below the
unadjusted NPC, The overall implicit tax on wheat was 30-490 percent for

much of the period.

4.5 Effective Protection Coefficiont_}EPCS)

Government policy often trics to tompensate producers for low farm
gate prices by subsidies on inputs. The Effective Protection Coefficient
takes into account the difference in domestic and world prices for both
outputs and injuts. EPCs have been caloulated for cach crop and region
based on techrical coefficients (.o, units of Nitrooen per ton of
wheat) prevailing in recent years. The assumption of fixed technical
coefficients should not be o wmajor preblem in Sonora where these
technical cocefticients have not change: much in the 1970s.  However, in

Tlaxcala the rate of rvechnological change has been mere rapid.

Figure 4. compares NPCs and FPCs for crops in Sonora. Because
Mexican feriil:wer prices were higher than world prices in the early
1970s, the EPC was less than the NPC. Therecafter rthey werve similar until
1980 when subsidies on fertilizer and fucl reached such high levels
that the EPC was significantly above the NPC, Nonetheless. in the case
of wheat, the EPC was significantly abeve one in oonly owo vears, 1981
and 1982, of the last tern years. o the case of oil eeeds ond naize, the
EPCs are much higher than HPCs in nost veers, roflecting higher levels

of subsidy per unit <! cuignt ovalued 0 worid prices. These crops

-

received substantial levi i o protection throughout wmoct of the period.

In 1981, farmers ecffectively @coeived Jdouble Uhe valuve odded measured at

world prices for oii e«
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Figure 4.9 NPCs for Wheat in Sonora Using the Corrected Exchange Rate,
1970-85.
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Figure 4.10 Nominal and Effective Protection Coefficient for Crops in
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Figure 4.11 Nominal and Effective Protection Coefficients for Crops in
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In Tlaxcala, the EPC for wheat was always below the NPC except in
1981 and 1982. That is, subskdies have not generally provided compen~
sation for the low producer prices received by farmers. The major ex-
ception was in 1981 when the EPC reached 1.4 as a result of both the
high producer price relative to world prices (in part because of an
overvalued exchange rate) and also because of the special incentives

provided under SAM.

4.« Subsidy Coefficients

Total subsidies were calculated for selected years and are shown in
Tables 4.8 and 4.9, Subsidies for seed (rainfed wheat), fertilizer and
fuel had already been calculated in the analysis of EPCs. Subsidies on
water and credit were calculated using the following rough and probably
conservative guides. Water was assumed to be subsidized by 50 percent in
1977 and 67 percent in the period 1981-85. Credit was assumed to be sub-
sidized by 30 percent in 1975 and 1977 and 50 percent in 1981-83 for
irrigated wheat and 67 percent in 1981 and 75 percent in 1982 for rain-
fed wheat where special low interest rates prevailed. Subsidies on
credit in the latest yecar were calculated as the difference between the
rate of inflation plus the assumed real interest rate (7.5% per annum)
and the actual rate of interest paid by farmers on short-term

borrowings.

The pattern of the results was similar in both Sonora and Tlaxcala.
When domestic wheat prices were well below world prices, subsidies on
inputs, water and credit did not compensate farmers for the low wvheat
price. However, when domestic wheat prices were similar to world pricesg,
subsidies provided a substantial transfer to farmers. The effective
subsidy level reached 38 percent in both Tlaxcala and Sonora in 1981,
However, 1981 and 1982 wore years of unusually high incentives for
Mexican farmers. 1n general, irrigated farmers have received higher

levels of subsidies than rainfed farmers for wheat production.
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Table 4.8 Subsidies on Wheat Production, Tlaxcala, 1975-1984.

Producer---=—=emeceomm———— Subsidy Due to==-==semmcmmm Subsidy
Price Above Crop Coeffi-
Year World Price Seed Fertilizer Fuel Credit Irsurance cient 3/

{ Pesos/ton wheat )

1975 =703 0 194 49 35 0 ~19%
1981 496 382 235 385 239 211 38%
1982 -4760 450 886 1112 825 317 ~-8%
1984 -9500 0 1530 1030 4370 2800 0%
a/.

— Total subsidy divided by world price equivalent for wheat.

Table 4.9 Subsidies on Wheat Production, Sonora, 1977-1985.

Producer—-----~-=cowc—— Subsidy Due to=—-—===—e-eeeex
Price Above Subsidy a/
Year World Price Fertilizer Fuel Credit Water Coefficient—

{ Pesos/ton wheat )

1977 -801 127 88 16 211 -13%
1981 339 226 270 98 631 38%
1982 -215 455 408 316 716 23%
1983 ~6967 1831 1080 421 926 -13%
1985 -600 4000 1040 4680 2410 31%
a/

~ Total subsidy divided by world price equivalent for wheat.
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5.0 Farm Budgets and the Calculation of RCRs

5.1 Farm Budgets for Tlaxcala

Enterprise budgets were constructed for each major crop as a mea-
sure of farmer profitability and also as a basis for calculating re-
source cost ratios. Enterprise budgets are shown in Tables 5.1 to 5.2
for Tlaxcala in 1984. Technical parameters were employed as described in
Table 5.1. These parameters were unchanged from year to year. Price date
(Table 5.2) and a simple model to estimate machinery costs (Appendix B)

enabled us to then construct Table 5.3,

Table 5.1 Technical Parameters for Farm Enterprises in Tlaxcala

Wheat Barley Maize
Mecianical Operations (No/ha)
Plough 1 1 1
Harrow 2 2 1
Cover Seed 1 1 0]
Harvest 1 1 0
: . a/
Animal Powered Operations {d/ha)—
Furrow 6] 6] 1
Plant 0 0 1
Cultivate 0 0 3
Labour (days/ha)
Flanting .5 .5 o]
Weeding 0 0 3
Fertilizing-Chemical .5 .5 1
-Organic 6] 0 4
Applying herbicide .5 .5 0
Harvesting 0 0 9
Inputs (kg/ha)
Seed 120 120 30
Fertilizer-Nitrogen 70 70 50
-Phosphorous 30 30 30
Herbicide-2,4-D (1t/ha) 1 1 0
Outputs (tons/ha)
Grain Yield 2.0 1.85 1.5
Straw Yield 3.6 3.6 2.7
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Table 5.2 Farmer Prices and World Price Equivalent of Inputs and
Outputs, Tlaxcala, 1984,
World Price
Farmer Price Equivalent
Inputs
Urea (pesos/kg) 18.6 36
Triple Superphosphate (pesos/kg) 21.9 28.2
Esteron 47 (pesos/1lt) 887 887
Seed - Wheat (pesos/kg) 42 42
- Barley (pesos/kg) 42 42
- Maize (resos/kqg) 41 41
Animal Power (pesos/day) 1120 1120
Labour (pesos/day) 560 560
Bank Interest (%/year) 36 67.5
Tractor ('000 pesos) 3750 3750
Combine ('00NC pesos) 20600 18730
Diesel (pesos/lt) 26 42
Estimated Total Tractor
Cost (pesos/hour)2’ 1210 1420
Estimated Total Combine
Cost (pesos/hour) 11330 10700
Outputs
Wheat (pesos/kg) 27.3 36.8
Barley (pesos/kg) 33.5 34.3
Maize (pesos/kg) 33.4 31.1
Barley Straw (pesos/kg)é/ 0.8 0.8
Maize Straw (pesos/kg) 1.0 1.0

See Appendix B for method of calculating costs.

Wheat straw value is negligible when baling costs are substracted.

Exchange rate USS1.00 = 192 pesocs

reso.
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Table 5.3 Budgets for Wheat, Barley and Maize in Tlaxcala Using Average
Prices Paid by Farmers, 1984

Wheat Barley Maize
(pesos/ha)
Costs of:
Machinerz 22080 20800 6560
Labour 2060 2060 9890
Animal Power 0 0 5590
InEuts
Seed ’ 5040 5040 1230
Fertilizer 4260 4260 3450
Herbicide 890 890 0
Other
Insurance 4100 9700 3200
Bank Interest 8280 8280 6450
Total Variable Costs 47110 52710 36760
Gross Revenues 54600 64760 52800
.a/
Gross Margin = 7490 12050 16040
Land Rent 14000 14000 14000
.. b/
Net Profit ~ -6510 -1950 2040
. c/
Net Return on Capital = .03 11 .19

Gross revenue less total variable costs.
—, Gross margin less land rental charge.
—" (Gross revenue/(total variable costs + land - interest charges)) - 1.

The budget given does not conform to traditional farm management
budgets in at least two respects., First, we have estimated machinery
costs as a charge to machinery services. The estimated charge is very
close to actual machinery costs. The advantage of estimating the charge
is that we are able to disaggregate these costs into depreciation, labor
and fuel, etc. for calculating resource cost ratios. Second, interest
charges are usually not subtracted out in calculating gross margins.
However, since most farmers use bank credi: to purchase fertilizer, fuel
and other inputs it is reasonable to subtract interest charges so that
gross margins represent the farmers return to their own resources of

capital, land and management.
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Table 5.4 Gross Margins and Returns on Capital for Wheat, Barley and
Maize in Selected Years.

Wheat Barley Maize

(1982 pesos/ha)
Real Gross Margins

1975 4643 4774 3605
1981 €841 4416 3346
1982 4571 3162 664
1984 2235 3596 4784
Real Return on CapitaLE/ (¢ per crop season)
1975 B na na na
1981 59 15 -1
1982 6 - 24 - 72
1984 - 57 - 49 - 41

Rate of return less inflation rate
na = not calculated because the price of land was not available.

Data on gross margins, converted to 1982 prices by the consumer
price index, and the real return on capital deflated by the inflation
rate are shown for various years in Table 5.4. In the early years, maize
was the least profitable crop. This resulted from both higher costs and
lower yields per hectare than for the small grains. Even the special
incentives of SAM failed to arrest the decline in incomes from maize
production. Maize continued to be cultivated for subsistence purposes
and even this seems to be declining as small farmers increasingly depend
on the market for food staples. This trend has been accelerated in
recent years by the high subsidy on tortillas and bread, which the rural

population close to larger towns is increasingly purchasing.

In 1975, barley prices were higher than wheat which resulted in
slightly higher incomes from barley. By 1980, wheat had become more
profitable than barley and this was emphasized in 1981 and 1982 when

wheat received special incentives under SAM.
The sharp increase in costs resulted in a real decline in incomes

in 1982 and 1984 for wheat and barley. In particular, machinery costs,

increased rapidly in this period to reach 46 percent of total variable
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costs in wheat in 1984 compared to only 38 percent in 1975, Fuel costs
alone were less than 10 percent of tractor hire costs in 1981 but had
increased to over 30 percent of the cost in 19S4. This sharp increase in
machinery costs had less effect on maize profitability and in fact,

maize was more profitable than wheat for the first time in 1984.

5.2 Resource Cost Ratios in Tlaxcala

Table 5.5 shows values of inputs and outputs divided into tradeable
and ncontradeable items. Tradeable inputs were valued at their world
price equivalent. These included machinery depreciation, fuel and spare
parts, which were valued at their US price equivalent with a 15 percent
adjustment downward for diesel as hefore. Maintenance and repair costs
werc divided into 75 percent for csnare parts (a tradeable) and 25
percert for labor (a nontradeable). Sced prices were assumed to reflect
their real cost. Fertilizer was valued at FOB prices plus internal

transport charces. Herbicide was valued at US farm prices.

All nontradeable inputs are valued at actual farm prices, except
land and capital. A yeal cost of capital was assumed to be 7.5 percent
per vear. This seems to be close to real returns to capital of machinery
owners in the area and would also correspond to average inflation and
risk acjusted returns on capital in barley production - the major crop.
Land values were computed as a residual return in the best competing
alternative, since land is assumed to be the major limiting resource in
the area. For example, to calculate the opportunity cost of land in
wheat, a residual value to land in its best alternative, barley, was
calculated. The residual return to land in wheat production was 8,500
pesrs/ha, which was then employed as the opportunity cost of land in

maize and harley production.

Outputs were also divided into tradeable and nontradeable cumpo-
nents. The grain produced was valued at its import price adjusted for
transport costs. Transport costs were divided into fuel, a tradeable,
and nonfuel items which were regarded as nontradeable. Domestic

production of grain produces a benefit in savings of transportation
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Table 5.5 Calculation of Resource Cost Ratios in Tlaxcala, 1984.

Wheat Barley Maize

(Pesos/ha) (Pesosi/ha) (Pesos/ha)

Inputs:
Tradeable
Machinery depreciation 7020 7020 1970
Fuel 4940 43940 2410
Spare parts 5570 5570 1660
Other inputs 12950 12950 6980
Nontradeable
Machinery maintenance (labor) 1860 1860 550
Labor 2060 2060 9890
Animal Power 0 0 5590
Capital 20760 20760 14420
Insurance a/ 9700 9700 9700
Land-Opportunity Cost — 1070 8330 8330
Outputs:
Tradeable
Grain (CIF) b/ 69040 60230 43230
Fuel for transport — 1080 1000 810
Nontradeable
Straw b/ 0 2880 2700
Non-fuel transport costs — 3490 3230 2610
National Profitability 7270 -7270 -12550
Opportunity Cost Domestic Resources </ 32360 37010 43570
Value Added (Tradeables) 39624 29740 31020
Resource Cost Ratio 0.82 1.24 1.40
a/

=’ Residual return to land in best competing alternative valued at
world price equivalent, i.e. barley in the case of wheat and wheat
in the case of barley and maize.

Net transport costs to bring imported grain to Mexico City less cost
of transport from Tlaxcala. Fuel for transport is valued at world
prices.

= Sum of nontradeable inputs less nontradeable outputs.
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costs of imported grain to the consuming point. Straw was treated as a

nontrédeable and valued at its actual farm price.

The result of all these calculations for Tlaxcala produce no sur-
prises given ocur earlier discussion of policy incentives and farmer
profitability. We have seen that despite favorable maize prices, farm
level profitability of maize is very low or negative. Relative to wheat,
yields are lower, world prices lower and costs higher; therefore the
resource cost ratio has Lo be above one. Likewise for barley, relative
to wheat, world prices arc usually slightly lower, yields slightly lower
and costs the same. Henrce, wheat has a resource cost ratio slightly
below one and barley slightly above one. The only oxception was in 1975
(Table 5.6) when world prices for malting quality barley were higher

than for wheat.

Table 5.6 Resource (ost Ratios for wheat, Barley and Maize, Tlaxcala

Year Wheat Barlay Maize
1975 1.12 .85 2,20
1981 . 88 1.07 1.90
1982 .83 1.06 2.32
1984 .82 1.24 1.40

based on the ahove analysis of comparative advantage, there is a
strong case for promoticn of research and extension in wheat production
in Tlaxcala/Hlidalge. There is a comparative advantage in production of
wheat relative to barley and its development would be consistent with
the: government's food security objective. The major obstacles that need
te be overcome arce a) a price incentive for wheat that reflects its cost
of importation relative ta harley, b) a marketing system that effec-

ively transmits these prices to farmers and ¢) a variety that reduces
ricks reiative to barley, especially one with early maturity and diseacse

resistance.

Considerable productivity gains need to be achieved for maize in

the Tlaxcala region to become competitive, from the national pers-
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pective. With no change in fertilizer application, maize yields would
have to increase by around 0.5 ton/ha to become competitive with wheat,
an increase of over 30 percent. 1f we allow for a higher fertilizer
dosage of 100-50-0 of NPK, an average yield of maize of 2.4 ton/ha is
needed to compete with wheat. There are prospects, however of reducing
costs of maize production through reduced tillage and chemical weed

control.

5.3 Farm Budgets and Returns for Sonora

A similar methodology was used to calculate returns in the case of
Sonora. The situation is of course more complicated because of a larger
number of crops and crop combinations. The number of operations
performed on each crop is also luarger. Some simplifying assumptions had
to be made. For example, we did not attempt to calculate detailed costs
for a mechanical cotton harvester. Rather we assumed that these costs
bear the same relationship to each other as in the case of mechanical
wheat harvesting. Likewise many different insecticides are used. We
noted that one insecticide application for cotton and soyabeans usually
costs double that for wheat and sarflow-r and used this relationship for

each year.

The technical parameters and prices used in Sonora are shown in
Table 5.7 and 5.8 for the 1584-85 cycle. This leads to budgets for
1984~-85 shown i Table 5.9 and estimated'gross marging and real returns

on capital for several years (Table 5.10).

Wheat consistently provided good returns to farmers. Gross margins
for wheat increased each year, even when adjusted for high levels of
inflation. ("n 1982/83, land preparation, planting, and many inputs were
purchased before the sharp price rises of late 1982). Real returns on
capital including land rents in wheat production have been 20-35 percent
from 1981 to 198> sross margins and returns on capital were higher for
cotton in most years. However, profitability cf cotton was subject to
considerabie price risk. (Yield risk is also higher but that is not

considered here). In particular, cotton was unprofitable relative to a
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Table 5.7 Mechanical Operations and Inputs Used in Constructing Farm
Budgets, Sonora, 1985.

Wheat Safflower Cotton Maize Soya

Mechanical Operations (number/ha)

Chopping 0] 0] 1 0 o)
Plow 1 1 1 1 o)
Harrow 3 3 3 3 2
Levelling 2 1 2 1 1
Furrowing 0] 2 4 2 2
Cultipacker 0 0] 1 0 1
Planting 1 1 1 1 1
Cultivation 0] 2 4 2 2
Fertilizer Ahpplication 1 1 1 1 1
Insecticide and Herbicide
Application 2 1 3 1 2
Makiny Borders 1 1 1 1 1
Making Canals 1 1 1 1 1
Harvesting 1 1 1 1 1
Total Tractor Hours/ha 12.15 14.85 25.05 14.85 13.55
Total Conbine Hours or Equiv./ha®’ 1.25 1.44 7.5 1.66 1.44
lLabour (days/ha)
Finishing Borders .7 .7 .7 7 7
Clearing Canals 1.2 1.2 1.2 1.2 .6
weeding 0] 1.3 9 4 6
Irrigation 4.5 2.4 6.6 4.5 6.6
Thinning 0 0] 1 o) 0]
Harvesting 0] 0] 0] 5 0]
- b/
Total Labour Days/ha~ 7.9 7.5 21.6 17.3 15.6
Inputs
Seed (kg/ha) 170 20 50 20 100
Mitrogen (kg/ha) 190 110 190 150 65
Fhosphorous (kg/ha) 46 46 46 46 46
Herbicide (No. of Applic.) 2 0 0 0 0]
Insecticide (No. of Applic.) 1 1 3 1 2
¥Yield (ton/ha) 4.75 2.0 3.03/ 3 752/ 2.0
a/

— Conversion made on the basis of rental charges for harvesting of
cach crop.

b ) . .
E; Includes tractor driver's labor, assuming 8 hours per day.
Y Yicld of seed cotten, assumed to be 33 percent lint,

~ Yield for Augqust planting.

Note: Year 1985 refers to the 1984-85 crop cycle.
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Table 5.8 Far~ur Prices and World Price Equivalent of Inputs and
Outpats, Sonora, 1985.
World Price
Farmer Price Equivalent
Inputs:
Urea (pesos/kg) 27.5 67.7
Triple Superphosphate (pesos/kq) 32 56.1
2, 4-D Herbicide (pesos/lt) 2115 2115
Insecticide - Wheat (pesos/application) 2380 2380
Insecticide - Cotton (pesos/application) 4280 4280
Seed - Wheat (pesos/kg) 62 62
-~ Safflower (pesos/kg) 103 103
- Cotton (pesos/kg) 156 156
- Maize (pesos/kg) 85 85
- Soyabean (pesos/kg) 120 120
Tractor ('C.uu pesos) 3800 3800
Combine ('000 pesos) 25575 23250
Diesel (pesos/lt) 32 46.8
Bank Interest (%/year) 36 67.5
Labour {(pesos/day) 975 975
Water (pesos/ha) (for wheat) 5720 17160
Outputs:
Wheat (pesos/kg) 37 37.6
Safflower (pesos/kq) 63 36.3
Cotton (pesos %) 343,5 343.5
Maize (pesos/kg) 37 36.3
Snyabean (pesos/kq) 82.7 64.6

a . .

a/ Net price of 1lint,
ginning.

Note: Exchaiige rate US$1.00 =

with cotton seed price offsetting cost of

275 pesos,

g
Year 1985 refers to the 1984-85 crop cycle.
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Table 5.9 Farm Budgets for
Sonora, 1985

Wheat, Safflower, Cotton, Maize and Soya,

Wheat Safflower Cottcn  Maize Soya
(pesos/ha)
Machinery Costs
Depreciation 8720 10350 34760 11110 9800
Cost of capital 3600 4280 13720 4580 4040
Fuel 5840 7080 15520 7240 6460
Spare parts and maintenance 9270 11030 35900 11790 10410
Driver 3340 4060 8390 4130 3690
Labour 6240 5460 18040 15020 13550
Inputs
Seed 10540 2060 7800 1700 12000
Fertilizer 14560 9780 14560 12170 7090
Herbicide and Insecticide 6610 2380 12850 2380 8570
Others
Water Charge 5720 6690 5780 3190 8140
Insurance 3190 5670 7260 4900 5390
Subsidy on Inputs 0 0 0 5900 0
Miscellaneous 600 600 1300 600 600
Transport to Market 1690 1510 2500 1500 1950
Interest 8450 7500 19000 7870 9690
Land 28000 28000 50400 28000 28000
Total Variable Cost 88370 78440 197380 82270 101380
Gross Revenue 175750 126000 343500 138750 165400
Gross Margin 87380 47570 146120 56480 64020
Return on Capital (%) 55 25 43 32 33

Note: Year 1985 refers to the 1984-85 crop cycle.
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Table 5.10 Farmers Returns by Crop, Sonora, 1977 to 1985.

Year Wheat Safflower Cotton Maize Soya

Real Gross Margins (1981 Pesos/ha)

1977 9445 5121 36474 3698 10363
1981 9725 4440 12354 4326 8047
1982 11667 €759 34712 4976 1316
1983 12301 6421 27959 2545 7511
1985 14224 7743 23790 9190 10420

Real Returns on Capital
(percent/cycle adjusted for inflation)

1977 na na na na na
1981 22 ~12 3 -13 13
1982 34 -1 78 ~21 10
1983 32 -17 35 ~-58 0
1985 15 ~-15 3 -9 -7
na = not calculated because no rental value for land was available.

Note: Year 1985 refers to ths 1984-85 crop cycle.

wheat-soya bean rotation in 1981 and 1985 when cotton prices were low
because of the overvalued peso. In other vyears, wheat-soya beans

returned less than cotton.

Soyabeans were also a profitable crop although less so than wheat
and cotton. Of course soyabeans are a short season crop so that gross

1/

margins or returns on capital on a monthly basis are more favorable=' .

Safflower and maize were generally unprofitable crops. Gross
margins for safflower were only about half of those Ffor wheat and
returns on capital were negative. The area sown to safflower usually

reflects problems in wheat such as missing the wheat planting date,

1 . i m .- .
Y Our results for soya heans for 1202 and 1983 are overestimates

since we have used the same input prices as for wheat even though
six months of rapid inflation resulted in substantially higher
costs for soya hears.,
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severe weed problems or water problems. Safflower yields were also
higher on alluvial soils providing a stronger position to compete with
wheat . Maize is generally o minor crop. The incentives of SAM in the
early 1980s led to some improvement in returns but this.has been eroded
more recently., Maize 1s usually harvestced from January to March and sold

before the new guarantecd nrice is fixed.

5.4 PResource Cost Ratios in Sonora

The methodology used to calculate resource cost ratios was adjusted
to Sonora to take account of the fact rhat water, not land, is often the
limiting factor. In the absence of reliable data, we assumed that water
costs were subsidized by 67 percent which is probably a conservative
assumption. We then calculated returns to land as a residual to
represent the case where land is limiting. Here we assumed that wheat,
safflower, cotton and winter maize competed for land. Likewise, summer
maize and soyabeans compete for the same land. Hence, in evaluating the
best ulternative for land we considered twe different seasons of the
vyear. Tn the case in which water is limiting we allowed all crops to
compete. Cotton was assumed Lo require 50 percent more water than wheat,
while summer maize and soyabeans requirements were 25 percent above
whe .t,  Safflower was assumed to require 20 percent less water and maize

(winter) was assumed to use the same amhunt of water as wheat.

The calculation of resource cost ratios is given in Table 5.11 and
results for five years are provided in Table 5.12. An important result
is that safflower, soyabeans and maize provided negative national
returns to land and water in 1981, 1982 and 1925. That is, if the land
and water is assumed to have o value, (and no cost in the case of
water) the value of output of these crops (at world price equivalent)
was not sufficient Lo cuver the cost of tradeable inputs (at world price
equivalent) and labor and capital used in their production. This is in
spite of  the fact that we have used the favorable assumption that
products of these crops (exoept safflower oil) are consumed locally and
thercfore only incur local transport costs. Returns werc positive for

saiflower and soyabeans in 1977, which was a year of unusually high oil
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Table 5.11 Calculation of Resource

Cost Ratios, Sonora, 1985.

Wheat Safflower Cotton Maize Soya
(pesos/ha)
Inputs
Tradeables
Depreciation 8330 9900 32430 10600 9350
Fuel 8540 10530 22700 10580 9450
Spare parts 6660 7940 25190 8460 7470
Inputs-Seed, Fert., Chem. 50720 26240 54230 31770 35740
Nontradeables
Maintenance 2220 2645 8400 2820 2490
Labora/ 9580 9520 26430 19140 17250
Water— 17160 13730 25740 21450 21450
Other-Misc. 9210 7120 8580 8450 7120
Capital (Interest) 30590 24640 58470 31330 30730
Land 81060 81060 35130 nc nc
Outputs
Tradeables (grain, etc.) 221990 108210 343500 136130 129200
TransEQEE
Tradeable 8610 1230 0 0 0
Nontradeable 34770 4980 0 0 0
Total Outputs-Inputs
(except land) 35130 -10260 81060 -8860 ~-12040
Returns/m3 water
(pesos/m?) 615 61 834 149 74
Resource Cost Ratio
(land limiting) 1.3 2.7 0.8 nc nc
Resource Cost Ratio
(water limiting) 1.1 1.8 0.9 1.8 2.5

a/ Charge for water with land the
nc = not calculated because returns

limiting resource

on land were negative
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Tabice 5,12 Resource Cost Ratios for Various Crops, Sonora, 1977-1946,

Wheat safflower Cotton Mairze Scya
Land Limiting
1977 2.5 2.7 .5 4.4 1.3
1981 1.0 ~-ve 1.0 2.1 ~-ve
1982 .7 -ve 1.2 -ve -ve
1983 1.3 4.4 .8 2.3 1.0
1985 1.3 2.7 .8 -ve -ve
Water Limiting
1977 1.9 .8 .6 1.8 1.6
1981 .7 -ve 1.2 -ve -ve
1982 .7 -ve 1.4 -ve -ve
1983 1.0 2.1 1.0 1.6 2.8
1985 1.1 1.7 9 1.8 2.5

seed prices and unusually low wheat prices. Returns were also positive
in 1983 when the value of traded items increased much more rapidly than
that of non-traded items because of the sharp devaluation. However, if

water is limiting, aone of these crops compete with wheat or cotvon.

Wheat ard cotton clearly have the comparative advantange 3in Sonora,
whether land or water is assumed to be l*miting. If land is limiting,
cotton has the advantage in three years and wheat the advantage in one.
1f water is limiting, wheat has  the advantage in two vyears and
wheat and cctuion are equal in 1983, These years represent world prices
for cott'n lint rangirg from 6.8 to over 10 times the CIF price of
wheat. World cotton/wheat prices generally have stayed in this range
except in the unusual period of 1974-76, Hence, we can conclude that
wheaf. competes strongly with cotten in  most years, These results
contrast with the bPrigh resource cost ratios calculated for wheat
relative to coctton in Egypt and Pakistan. Thr high yield levels for

wheat in Sonora distinguished the Mexican case.

The question arises as to what extent our negative results on oil

seeds are sensitive to assumptions about vields and prices. Sensitivity
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analysis on soyabeans in 1982 indicated “hat yields would have to reach
2.75 t/ha to cover all costs {except land). Yields would need to be 3
t/ha to allow soyabeans to compete with wheat and cotton in water use.
Alternatively, the world price of soyabeans would have to increase to
double the wheat price - that is a price of US$400/ton in 1984. This has
only occurred in very unusual years in the past. Researchers will
therefore need to judge the chances of soyabean yields reaching 3 t/ha

if soya beans is o make a positive contribution to national income.

In considering the results or oilseeds and maize, note that their
oppertunity costs within a rotation are probably much lower than that
impliea in Tables 5.11 and 5.12. Firstly. we have assigned costs of
fixed resources, capital eguipment, farmer labor and water, proportion-
ately to all crops éccording to their physical and capital requirements.
1f farmers were to grow only wheat and cotton and no other crops, they
would only be able to grow tuo crops in two years. The other crops
permit a third one to be grown in the two-year rotation which leads to a
higher utilization of the capacity of farm and regional resources. When
all fixed costs assigned to these rotational crops were deleted from
their budgets of national profitability, they all vyielded sizeable
positive returns to the nation. 1In rotation, scyabeans appears an
attractive option. This is especially the case where there are other
potential spinoffs from these ¢rops, including reduction of production
risk, greater utilization of capacity of the farm service sector, and
somz potential biological tu:nefits - cspecially reduction of disease

incidence and iuprovements in soil structure.

Finally, although wheat and cotton cleurly provide positive returns
measured in their contribution to national income, it should be ncted
that returns to investment in new irrigation systems appear low, espe-
cially in the case of whaat. Assuming that it costs MIX$500,000/ha in
1983 to develop new land, the residual return on land of wheat was only
about a 2 percent return on vhe capital investment. However, if existing
water supplies could be rationed to irrigate a larger area (by higher
prices for water), the additional areas of crop grown in most vyears
would probably yield a much more attractive return on the investment in

irrigation.
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6.0 Conclusions

Wheat is uan increasingly important food crop in Mexico as consumers
with rising incomes, particularly urban consumers, switch from maize to
wheat products. Although wheal production in Mexico expanded rapidly
during the 19C0s and to a lesser exten- in the 19704, imports of food
grains have continued to increase in contrast to the decade of the 1960s
when Mexico was a food exportoer. Projections of increased demand for
wheat products suygest increasing pressure will bLe placed on expanding
domestic wheat production. FExpansion of wheat production in irrigated
areas will be limited to yicld increases unless wheat substitutes for
competing crops. This raises the question of whether research and policy

should give more attention to rainfed whoat production.

The results of this paper clearly show the substantial involvement
of government in setting output and input prices in the Mexican wheat
industry. 1In general, Moxican wheat producers have been taxed by re-
ceiving prices belew world prices for wheal. This is particularly the
case in Tlaxcala, which has a transportation advantage relative to the
main wheat producing areas in the Northwest. Policy has also led to
changed price relationships with other Crops. In most cases faimers have
received prices higher than world prices for competing crops, especially
maize and oilseeds. At the same time, cotton prices have been subjected
to an overvalued exchange rate which has reduced real cotton prices in

most years of the 1970s.

To some extent, government policy has compensated producers through
subsidies on inputs. Subsidies on fertilizer, diesel fuel, credit, seed
(in rainfed areas) and water (in irrigated areas) all exceeded 50 per-
cent in the period 1979-87 Such high levels of subsidies, however, have
encouraged inefficient use of inputs and high costs (in terms of na-
tional resources). Moreover, except rcor the incentives provided under
SAM in 1981 and 1982, a large proportion of these subsidies have bene-

fited the relatively wealthier farmers of Sonora.

Based on world prices, wheat appears to be a competitive crop in
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both Tlaxcala and Sonora. In Sonora over the long run, cotton probably
provides higher economic returns if land is regarded as the limiting
factor. However, given that water is often limiting and that world
cotton prices are subject “o substantial year to year variation, the
case for wheat is more favorable. Because a wheat-cotton rotation is
desirable from an agronomic viewpoint there is a strong case for
promoting wheat and cotton. In many years Mexico has suffered a net
foreign exchange loss due to reduction in cotton area as a result of an

overvalued exchange rate.

The remaining crops, oilseeds and maize, seem to have no
comparative advantage in Sonora. In fact, at world prices they provided
a negative national rcturn to the resources of land and water used in
their produrtion when treated as competitors for resources with wheat
and cotton. However, when one of these crops is fitted into a two-year
wheat-cotton rotation, this third crop does not necessarily compete with
cotton or wheat, and indeed may have some complementary benefits. In
this case, soyabeans aprears an attractive third crop unless water is
severely limiting. Techn»slogical improvements in soyabeans and safflower
would further add to the value of these crops in rotation. For wheat in
Sonora, a major research opportunity posed by this study is to find ways
to reduce producticn costs. With government policy now committed to
reducing subsidies there is a need to look for ways to more effectively

use water, fuel (through reduced tillage) and fertilizers.

In Tlaxcala, wheat production also has a comparative advantage re-
lative to other crops, especially maize. This potential for wheat has
not yet been realized partly because price policies have not encouraged
wheat (except in 1981) and partly because suitable wheat varieties have
still to be developed. Even with appropriate varieties, wheat would
still be a slightly more risky crop (because of its longer growing cy-
cle) relative to barley, so some typs of wheoat-barley rotation has ad-
vantages for the farmer. The favorable profitability of wheat to the
nation of rainfed wheat in Tlaxcala in relation to competing crops and
to irrigated wheat is a stiong justification for expanding wheat

research and precduction programs for the rainfed areas.
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APPENDIX A. Measures of Comparative Advantage and Policy Incentives

Measures of Comparative Advantage

Measure

1.National Profitability PY— La

2.Resource Cost Ratio (RCR)

3.Domestic Resource Cost

(DRC)
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Interpretation

Efficient if NP > 0

Efficient if RCR < 1
Represents rate of
transformation between
domestic resources and
the value added at
world price

equivalents.

The numerator is ex-
pressed in domestic
prices and the denom-
inator in fereign cur-
rency. Efficiency is
designated when the
DRC is less than a DRC

shadow exchange rate.



Measures of Policy Incentives

Measure Definition
. . . d
1.Nominal Protection Coeffi- Pi
cient (NPC)
PY
i
. . . 4 d
2.Effective Protection Co- P, -La..P.
i 57133
efficient (EPC)
pY - Za..PY
i 571373

3.Producer Subsidy

Equivalent
3 - Py) + (fa, .P".’—);ai.Pc?) +1 8,
1 3133 5 4173 k
Py
i
. w* g+
4.Consumer Subsidy Pi - Pi
Equivalent
*
pY
i
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Interpretation

Ratio of domestic pro-
ducer price to border
price. Protection on
output ;~ice where

NPC > 1.

Ratio of value added
at domestic prices to
value added at border
prices. EPC > implies
protection on output
and tradeable inputs
and is a measure of
potential incentive or

disincentive.

Measure of overall
effects of taxes and
subsidies on producer
prices, input prices
and resource costs.
Producer taxed if

PSE < 0.

Measures of distribu-
tional effects of gov-
ernment pclicies be-
tween consumers and

producers.



Definition of Terms

domestic producer price of output i

world price (cif or fob) of output in local currency

adjusted by transport cost to the farmgate

world price of output i in foreign currency, adjusted

for transport cost
domestic and world prices (local currency) and world
prices (foreign currency) for tradeable input j, adjusted

by transport costs

domestic and world prices for yth output from

. th
alternative use of k resource

marginal physical product of the kth resource in its

alternative use, y

. .th . .
quantity of j input needed to produce one unit of i

; th . .
quantity of k resource needed to produce one unit of i
domestic consumer price of output i
consumer price of output i at world prices

Subsidy per unit of output paid on resource k.



APPENDIX B. Calculation of Mechanization Costs

Mechanization costs are an important component of total production
costs in both Tlaxcala and Sonora. Most small farmers {(10ha or less)
rent tractor services while larger farmers own their own tractors and
associated equipment. Most farmers except the largest farmers rent com-
bine harvesters and in Sonora they also rent specialized services such
as aerial application of herbicides and insecticides. Rental services
are provided by farmers with surplus machinery capacity and by special-
ized contractors. Most operators of combine harvesters, are specialized

contractors whose ouners often operate in both Tlaxcala and Sonora.

In order to separate out tradeable from nontradeable inputs and
cocrrect for taxes and subsidies on machinery and fuel prices we divided
costs of mechanization services into the following components: a) de-
preciation b) capital costs c) fuel costs d) maintenance and repair
costs and e) cperator's labor. These costs were calculated per hour of

machine use as follows:

a) Depreciation.

D = [(l-v)Pa]/nh

where D = depreciation cost per hour

v = salvage value of machine as a proportion of acquisition value
Pa= current acquisition value of machine
n = number of years of life of machine

h = number of hours worked per year

b) Capital Cost
C = i[(1+v)Pa/2]/h

where C = capital cost of machine per hour

i real cost of capital

Other variables are as defined above
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c) Fuel

where F

p
A

F=.17pA

Fuel cost/hour of machine use
horse~power of machine

price of fuel/lt

d) Maintenance and Repairs

where M

[

it

M mP /nh
a

M .75 M

t

i

maintenance and repair cost per hour
coefficient of maintenance for life of machine
nonlabor (i.e. spare parts) component of maintenance

Other variables are as defined above

e) Operator Labor

where L
b

w

il

L = bw/8

operator labor custs per hour
operator wage relative to minimum wage

minimum wage per day

f) Total Cost/ha

where T

C

T = c(D_+D,+C _+C.+F_+M +M, +
C(D 4D +C +C +F +M +M, L)

total machinery cost per hectare for a task

Number of hours per hectare required for task and t and i are

subscripts representing the tractor and implement respectively.

The method uses simple straight line depreciation. The capital re-

covery formula was also tried and gave almost identical results. How-

ever, this formula does not allow a separation of capital and deprecia-

tion charges. We also elected to use the current price of machinery com-

bined with a real interest rate to take account of the effects of infla-

tion.



In Sonora some 20 different operations are performed mechanically
and hence it was not possible to calculate mechanical costs for each
individual operation as this would have involved excessive detail on
such matters as the fuel consumption of an aeroplane used for crop
spraying. Hence, we calculated the costs per tractor-hour for ploughing
and then assumed that these costs were constant for other operations.
Costs for other operations were calculated by multiplying hours required
for the operation by the cost per hour for ploughing. In the case of
combine harvesting we charged all costs in proportion to the respective
rental rates for each crop. Aerial applications were represented by

equivalent cost of terrestial applications.

Parameters used in the calculations are from the following sources:
a) field interviews with machincry owners in each region, b) calcula-
tions made by Massey-Fergusson-Mexico and FIRA, Banco de Mexico and «)
guides used by the american Agricultural Engineering Society. The field
interviews indicated a grecat deal of variability in costs. The major
parameters selected are shown in Table A.1. These are the same for both
regions except that Tlaxcala tractor operators tend to work less hours
annually than Sonora operators because only one crop cycle per year is

possible.

These parameters combined with prices for machinery, fuel and labor
simulated quite well the actual rental costs observed in farm surveys.
This is shown ii1 Table A.2. In the case of tractors, owner returns on
capital have tcnded to decline over time, especially in Tlaxcala. This
may be due to greater competition for rental services as the number of
tractors has increased. Also, credit at negative real rates of interest
has become increasingly available in recent years for machinery pur-

chase.

The estimated cost of combine harvesting is very close to the ac-
tual cost in Sonora. 1n Tlaxcala, in 19282, combine rental costs failed
to keep pace with the rapid increase in prices of combines as a result

of currency devaluation.
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Table B.1. Parameters Used to Calculate Machinery Costs

Symbol Tractor Plough Combine
Horsepower P 75 0 130
Salvage Value v .2 .2 .2
Years Life n 8 8 10
Hours/year~Sonora h 1500 500 600
Hours/year-Tlaxcala h 1300 300 400
Coefficient of Maintenance m .9 .9 .8
Real Interest Rate i .075 .075 .075
Relative Wage b 2.0 0 2.5

Table B.2. Comparison of Estimated Cost of Machinery Use with Actual
Rental Cost and Owner's Return cn Capital

Ploughing Combine
Estimated Actual Estimated Actual
Year Cost Cost Cost Cost
(Pesos/ha) (Pesos/ha)

S O N O R A

1977 287 300 476 460
1979 364 400 610 600
1980 393 450 669 650
1981 519 500 825 900
1982 705 700 1438 1500
1983 1123 1100 4492 4500
1985 5353 5462 10877 12392

1975 172 201 236 300
1979 412 400 668 600
1980 491 501 733 800
1981 573 534 895 900
1982 971 1000 2652 1500
1983 1978 2000 5278 na

1984 4790 4415 11330 7500

na = not available
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In calculating farm budgets we used actual rental rates, while
for calculating resource cost ra:ios we used estimated costs following
the above formulas, with fuel and machinery prices set at border prices.
This calculation method resulted in two capital costs - a capital cost
on fixed investment in machinery and a charge on working capital. The
farmer who rents machinery would normally/be charged a capital cost on
rental charges as part of normal costs of working capital. A farmer who
owns his own machinery incurs the same cost but as an opportunity cost;
by using the machine on his own farm he forgoes the opportunity to earn

money from renting it outside.
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APPENDIX C. Computing the CIF Price of Safflower

Little safflower is traded in world markets. However, safflower is
a tradeable commodity because both its pPrinciple processed products,
safflower o0il and safflower cool cake  compete cleosely with traded

commodities such as sunflowcr cil or soyabeans cake.

i order to cumpute the eqquivalent UIF price of safflover we made

the fellowing assumpti g

1. Satflcwer il and sunflower oil were  assumed to be perfect
substitutes and waff . iwer 511 was valind at the same CIF price as
sunflower cil,

2, The value of difforent oilseed cakes was estimated to be
proportional to the protein corntent. Soyabean cake with protein
content of 42 .o cent iz the main 47 aded oilseed cake. Safflower

seed cake was discounted to veflesi the fact that its protein

- -
!

contert s oty 20 peroont

3. The C1F prive of saffiouzr was then taputed using the information
that safflower i: 34 percent oil and 66 percent oilseed cake.
Furtheomore, this v :lue was discounted by 23 percent to reflect

costs <l processirn. satflower inco oil and cake,
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