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ABSTRACT

AN AGROECONOMIC LAND RESOURCE ASSESSMENT FOR RICE
PRODUCTION IN THE DOMINICAN REPUBLIC

By

Gary Stephen Kemph

The Doriinican Republic has been importing increasing quantities of
rice since 1972. In 1978 the government began a program to increase

domestic rice production in order to reduce foreign exchange expenditures

~and to increase employment. As a sub-component of that program, this

study was undertaken to assess the agronomic and physical ("agrophysical')
and economic ("agroeconomic") feasiability of rice production expansion
in each land unit ("GDSS") in the Central Region of the country. The
regional study was to serve as a prototype for a national rice land use
assessment and for studies of other agricultural land uses.

The analysis was of two types. First, an agrophysical analysis of
the land base was carried out in order to identify areas with potential
for increased rice production. Rice plant tolerance limits for poten-
tially limiting soil and water characteristics were estimated and cross-
tabulated with the corresponding GDSS characteristics. Second, an
economic analysis was made of the GDSSs selected in the agrophysical
analysis. Benefits and costs of the production of rice and of its two

principal competitors for land in the Central Region (sugarcane and
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cultivated pasture used for milk production) were analyzed from the
producer cash expense ("monetary") and the national opportunity ("unsub-
sidized") points of view. A typical current set of rice production
techniques and an alternative set requiring increased labor and/or de-
creased foreign exchange used were analyzed. The benefit-cost results
were used in partial budgeting of a hypothetical 25,000 ta expansion of
rice production area using 11 alternative strategies. The strategies
consisted of various assumptions on expansion decision rules (maximiza-
tion of rice production, maximization of rice monetary and unsubsidized
returns to land and management, maximization of rice production labor
use, and minimization of rice production foreign exchange use) and policy
variables (rice production techniques, number of rice production cycles
per year, and expansion in current or potentially available GDSSs).
Conclusions drawn from the study can be divided into policy and
methodological conclusions. There are two major policy conclusions.
First, irrigated GDSSs 06A and 07A and rainfed 20B have the best pros-
pects for rice area expansion. A 25,000 ta expansion of rice production
in those GDSSs under strategy E (maximization of rice monetary returns
with free choice of production technique and GDSS) would increase annual
labor use by 2.4 million hr and increase brown rice production by 4.4
million qq. The country could save $5.5 million in foreign exchange and
$2.6 million total on the 4.4 million qq or rice through domestic pro-
duction rather than importation. Second, adoption in current rice pro-
duction areas of the alternative techniques analyzed in this study would
both increase labor use and decrease foreign exchange use by about 50

percent.
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There are three major methodological conclusions. First, the study
methods seem to be appropriate to the current Dominican planning environ-
ment. However, the secondary and judgmental data sources used in the
study sould be supplemented by land use surveys at the farm level.
Second, several of the critical assumptions made in the study should be
given more detailed study prior to use in project planning. Third, other
intra- and inter-sectoral production and consumption information in
addition to this land use assessment should be incorporated in the rice
expansion policymaking process in order to increase the probability that
a feasiable and desirable expansion policy and resulting projects can be

planned and implemented.
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CHAPTER 1

INTRODUCTIOHN

Problem Statement

Rice is the rmost important staple in the diets of both rural and
urban Domini;ans. It provides an estimated 25 and 22 percent, respective-
ly, of the daily caloric and protein intake (SEA, 1976). Domestic demand
for rice has been increasing rapidly during the past two decades. This
increasing demand is due to an average annual population increase of
three percent and to a high positive income elasticity at low Dominican
income levels coupled with increasing real incomes (Drilon, 1977).
Domestic rice supplies have not kept pace with the demand increases, an
imbalance resulting in the annual importation of rice since 1972 (Fiqure
1-1). This problem was exacerbated in 1973-74 when large increases in
export prices for sugar caused many producers to shift out of rice and
into more profitable sugarcane production (Juma, 1979). A 1979 hurricane
contributed to a dramatic decrease in production and is expected to re-
sult in the importation of large quantities of rice in 1980.

As a result of the post-1974 weakening of world prices for sugar,

a crop which traditionally has accounted for about 50 percent of Dominican
foreign exchange, and the continuing rapid rise in petroleum import costs,
the use of increasingly limited foreign exchange to import rice came

under heavy questioning in the mid-1970s. A vociferous nationalistic
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INESPRE, 1979; AID, 1980).



majority of agricultural spokesmen claimed that the country could become
self-sufficient in rice production through implementation of stronger
government rice production programs both to increase productivity on cur-
rent riceland and to expand current production areas (SEA, 1976a, 1976b).
Reduction of high levels of rural unemployment and under-employment was
consistently cited as a justification for increasing domestic rice pro-
duction (SEA, 1979b). A small group of spokesmen suggested that continued
rice importation was the most efficient alternative for meeting domestic
consunption needs, as increased domestic production would require in-
creased foreign exchange use for importation of production inputs, thereby
offsetting the savings from discontinuing importation of the rice itself.
In 1978 the controversy was made at least temporarily moot when the
Dominican government (GODR) began a multiagency program to promote self-
sufficiency in rice production (SEA, 1979b). No documentation of support-
ing economic or agronomic analysis was published, and though no definition
was stated for "self-sufficiency," it is presumed to have meant that the
country would attempt to meet its rice consumption needs with domestic
production as long as current relative input and output prices remain
fairly stable. The specific purpose of the program was to raise the 1978
national average rice yield by 25 percent in four years, from 6.6qq/ta
to 8.2 qq/ta (1 qq = 100 1bs.; 1 ta - 1/15.9 ha). This was to be accom-
plished by increasing irrigated rice area by 18 percent and by eliminat-
ing rainfed upland rice production. For the longer term, it has been
estimated that at least 25,000 ta must be brought into rice production
annually at the proposed 8.2 qq/ta yield level in order to meet projected

domestic consumption needs without imports through 1990 (AID, 1980).



To date, the governmental program has benefited little from scienti-
fic analysis of either the positive or normative aspects of the multitude
of dynamic technical, institutional, and human factors that bear on the
problem of sustained rice production increase. Quantitative and qualita-
tive multidisciplinary analyses of such dynamic factors as present and
future.land resource base capabilities for agricultural production, pro-
duction technologies, land tenure, input and output marketing, domestic
and export demand, input and output substitution, income distribution,
price policies, and sectoral and intersectoral comparative advantage are
required in order to provide an economically sound and socially desirable
answer to the questions of where, when, and how to increase domestic rice
production. In view, however, of the limited qualified human resources
available for research in the Dominican Republic and of costs of develop-
ing each of these kinds of information, research efforts should be
focused on developing the priority information known to have a critical
bearing on the problem.

Thus, a necessary early step in assessing the options for increasing
domestic rice production is an analysis of the supply side of the rice
production capacity of the Dominican land (soil and water) resource base
as it relates to the critical factors of labor and foreign exchange use.
As total production is a function of area and yield per unit area,
studies are needed both of land base capabilities for extension of cur-
rent areas and of alternative techniques to increase per ta productivity
on current rice areas. Information on the agronomic and physical
("agrophysical") adaptability of rice plants to each land unit and on
the profitability of current and alternative production techniques is

needed in order to select priority areas for investment of financial



and technical resources. Economic analysis of the benefits and costs

of rice production increases both to the producers, in monetary (cash)
terms, and to the national as a whole, in unsubsidized (opportunity cost)
terms, would aid in providing a foundation on which a more efficient and
realistic regional and national rice expansion program could evolve.

Very little of these kinds of information on the land resource base pro-
duction potential was available in the Dominican Republic when the present

study was undertaken.

Study Background

Evaluations of projects dealing with the development of economic
analysis capabilities in developing countries frequently point out that
such projects often attempt to transfer inappropriate and overly sophis-
ticated analytical techniques to the thin veneer of local technicians.
These technicians often are unable themselves either to apply these
techniques appropriately to the typically rudimentary domestic data
bases or to establish their credibility among the bureaucrats and poli-
ticians who are asked to support the analytical work (Amin, 1979;
Rossmiller, et al., 1977). An alternative approach to developing the
capability for economic analysis is to start with less sophisticated
static and partial analyses and then to proceed, as local technical
capability and reliable data is developed over time, to more sophisti-
cated and complex static and dynamic general equilibrium analyses
(Edwards, 1966; Kornai, 1975).

This was the approach taken by the Comprehensive Resource Inventory

and Evaluation System (CRIES) project when it initiated work in the



Dominican Republic in 1977. At that time Dominican capability to under-
take agaonomic and economic ("agroeconomic") analysis of agricultural land
use alternatives was virtually non-existent. The CRIES project was
initiated as a cooperative effort among the United States Department of
Agriculture's Economics, Statistics, and Cooperative Service, the United
States Agency for International Development, and the Michigan State Uni-
versity (CRIES, 1976). The project attempts to strengthen capacity in
developing countries for development and analysis of data on land resource
base capabilities for agricultural production. This data base will pro-
vide information on food and fiber supply options for national and inter-
national level decisionmaking. In the Dominican Republic the CRIES
counterpart staff is referred to as the Sistema de Inventario y Evalua-
cion de los Recursos Agropecuarios (SIEDRA).

The author of this paper, while serving as the CRIES resident advisor
to the SIEDRA staff during the period 1977-80, recommended to the
Secretariat of Agriculture (SEA) that SIEDRA carry out the agroeconomic
analysis of the various land areas of the country in order to identify
areas appropriate for rice expansion. As this study was SIEDRA's first
analytical effort, it was conducted on an experimental basis for the SEA
administrative region closest to the SIEDRA offices in Santo Domingo.

At that time the Central Region was the only one with sufficient soils
and water data on which to base a study of this nature. It was also
located near enough to the SIEDRA offices to provide cost efficient,
coordinated field and office methodology testing and training for the
SIEDRA staff. After review of the regional study results and incorpora-
tion of any needed modifications in data collection and analysis

methodologies, the rice study was to be expanded to the remaining six



SEA regions. Approval of the regional study was given by the Secretary.
Preliminary work began in the late spring of 1979, and was based on the
existing SIEDRA benchmark land use data base for the SEA Central Region
(Figure 1-2). It is this regional rice study that is the subject of

this paper.

Study Objectives

The irmediate purpose of the study was to make available to the
Secretary of Agriculture information on locations where rice production
could be expanded economically. This information was to be provided
through an agroeconomic land resource assessment for selected rice pro-
duction alternatives, with a focus on labor and foreign exchange use.

The specific objectives of this study were to:

1. Develop a long resource assessment methodology appropriate to

current Dominican technical and administrative capabilities;

2. Determine the agrophysical requirements for selected rice

varieties;

3. Identify land areas with the required agrophysical character-
istics;

4. Develop, for each suitable land area, rice enterprise budgets
for typical current production techniques and for an alternative set of

production techniques which would provide increased labor use and/or

decreased use of foreign exchange;

5. Develop typical current normal budgets for the major land use
alternatives (sugarcane and cultivated pastures) to rice production on

the selected land areas;
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6. Carry out monetary and unsubsidized benefit-cost analysis of

the production alternatives;

7. Develop partial budgets for 11 strategies for a 25,000 ta
expansion of current rice production area, estimating impacts on regional

and GDSS-1level production, profitability, labor and foreign exchange use;

8. Carry out a sensitivity analysis on selected expansion strate-
gies using two sets of assumptions on potential for rice multiple produc-

tion cycles.

Major questions addressed by the study include:

a. In what land areas can rainfed and irrigated rice production be

expanded?

b. Which expansion areas would be the most profitable from the

producers' and the nation's standpoints?

c. MWhere can employment be increased and foreign exchange use be

decreased in rice area expansion?

d. Are alternative rice production techniques available which could

increase labor and decrease foreign exchange use?

e. How much are rice production costs currently being subsidized

and what would be the impact of subsidy removal?

f. Can a land assessment procedure be developed which is appropri-

ate to the Dominican planning environment?

This land resource assessment is viewed as a necessary, but not
sufficient, input into the more comprehensive analyses of alternative 7

policies and policy instruments required to determine how best to
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increase domestic rice production (Figure 1-3). In addition to SIEDRA's
partial assessment of the land resource base, other agencies must con-
tinue to develop information to complement the SIEDRA input. Plant
varieties appropriate to each land type within the country must be devel-
oped or selected. Additional field research is necessary to develop
efficient, labor intensive, and foreign exchange extensive production
techniques. Marketing studies are necessary for improving the timeliness
and efficiency of production input delivery to the rice farmer and of
output purchase, processing, transport, storage, and delivery to con-
sumers. The extension service must be improved in order to assure quicker
diffusion of production and marketing information. Land tenancy alterna-
tives must continue to be studied in order to identify arrangements which
are technically, economically, and socially feasible and desirable.
Domestic consumption studies must be continued in order to interrelate
population growth, income and price elasticities, cross elasticities for
substitute staple foods, and nutritional considerations. It is necessary
to know these interrelationships in order to develop targets for produc-
tion activities. The research should be carried out with specific con-
sideration for the on-farm, sectoral, and inter-sectoral opportunity
costs for input and output use if national rice production economic effi-
ciency is to be maximized.

Finally, this production and consumption information should be used
to analyze the Dominican Republic's international comparative advantage
in rice production, which analysis in turn should be used in periodic
reevaluations of the goals of the national policy of rice self-
sufficiency. Though policy decisions will continue to be made whether

or not any or all of this information becomes available, the development
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and periodic updating of the information is crucial to improving the

effectiveness and efficiency of the rice policy.

Reader's Guide to the Dissertation

The dissertation is divided into seven chapters plus appended
materials. Chapter I, the Introduction, contains a statement of the
problem and the background and objectives of the study.

Chapter II provides a general description of the land base of the
SEA's administrative Central Region which was analyzed in the study.
There is a brief explanation of the CRIES/SIEDRA land classification
system and a description of each land unit ("GDSS"), with general infor-
mation on soils, climate and rainfall, and surface and underground water
availability. Land use in the Central Region is described in aggregate
terms. There is a section covering the various aspects of rice produc-
tion and consumption--area, output, irrigation, labor use, imports,
and the institutional factors of land tenancy, price controls, and
agronomic research. Concluding Chapter II is a similar discussion of
the two primary competitors for land suitable for rice production:
sugarcane and cultivated pastures.

Economic theory and literature relevant to the study is reviewed
in Chapter II, which beains with a discussion of the theoretical frame-
work for analyzing the agroeconomic adaptability of rice plants to
their environment and the economics of rice ﬁroduction. There follows
a review of significant international and Dominican empirical research
and, finally, a section explaining the CRIES/SIEDRA methods used to
establish the benchmark land use data with which the study was initi-

ated.
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Chapter IV deals with the research methods utilized in the study and
begins with an explanation of the overall concept of the research. Data
acquisition and refinement into coefficients on which economic analysis
was carried out are then discussed. First, the procedure for collection
and refinement of the agrophysical data pertaining to rice agronomic
requirements for critical soil and water inputs and the availability of
those inputs in the Central Region are discussed. Described also are the
corresponding rice yields in each land area ("GDSS"). Current GDSS use
for the production of rice and its two major land use competitors, sugar-
cane and cultivated pasture used for milk production, is then covered.
Second, the collection and processing of the economic data pertaining to
production costs, processing and transportation costs, labor and foreign
exchange use, and output prices at the farm gate and import levels are
detailed. There is a narrative concerning the application of the national
opportunity cost concept to each input and output in order to convert
monetary (cash) costs into unsubsidized (national opportunity) costs.
Third, there is a discussion of how the agrophysical and economic data
were analyzed in order to determine in which GDSSs it would be feasible
to produce rice aarophysically and in which of those areas output,
‘monetary and unsubsidized profitability, and labor use could be maxi-
mized and foreign exchange use minimized under current normal economic
conditions. The chapter closes with a discussion of the means by which
selected data uncertainties are tested in the study.

In Chapter V the results of the agrophysical and economic analyses
are presented. The GDSSs to which rice is adapted on the basis of agro-
nomic and physical requirements are given, along with the estimates of

current rice production area in each GDSS, potential new GDSS area



14

available, number of rice production cycles possible, and expected yields
for the current typical and alternative techniques for rice production.
Production costs, farm gate income, and resulting returns to land and
management (RLM) for the two sets of rice production techniques and for
sugarcane and cultivated pastures are given for each GDSS from both the
producer's (monetary) and the nation's (unsubsidized) points of view.
Labor and foreign exchange use and rice subsidy levels for each produc-
tion option are presented. Finally, the results of the partial budgeting
of the costs, RLM, and labor and foreign exchange use under each of 11
expansion strategies for rice production area are given.

Chapter VI contains a discussion of the implications of the analy-
tical results for addressing the questions relating to regional rice
policy which were posed in the first chapter. Consideration is given
to the limitations inherent in the data acquisition and analytical
methods used in the study. Included is a discussion of methodological
modifications needed for a national level land resource assessment for
rice production. The chapter closes with a reaffirmation of the need for
additional types of information to augment this land resource assessment.

Chapter VII contains a summary of the results of the study. Also,

significant conclusions drawn from the study are presented.



CHAPTER I1I

REGIONAL SETTING OF THE STUDY

The study deals with the SEA administrative Central Region, which
has an area of 6,983 km2. The 1970 population was about 1.3 million,
almost a quarter of the national total. Included within the boundaries
of this region.are the country's capital city, Santo Domingo, and two of

the principal ports of the country.

Land Resource Base

Land Classification

The land base of the Central Region has been classified according
to the CRIES/SIEDRA land classification system (CRIES, 1979b; SIEDRA,
1979a). This system incorporates two interrelated conceptual units:
the Resource Planning Unit (RPU) and the Grouping of Dominant Soil Sub-
groups (GDSS). An RPU is described as follows:

An RPU is a mappable unit of land relatively homogen-

eous with respect to climate, vegetation potential, and soil

distribution. It is useful for the planning of data collec-

tion for national and regional level land use assessment and

generally has readily discernible natural boundaries (soils

and vegetation types). RPUs commonly consist of contrasting

soil bodies, defined elsewhere as GDSSs, that are associated

geographically in recognizable and definable patterns.

The RPU is thus a cartographic unit within which GDSSs are identi-

fied and is derived by overlaying a climatic zone map on a soils map and

15
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delineating each unique soils/climate combination area. A GDSS is

described as follows:

A GDSS is a single, dominant and distinct soil subgroup
or a grouping of agronomically similar subgroups relatively
homogeneous with respect to climate and vegetation potential.
It is characterized by soil parameter values from which pre-
dictions can be made about agricultural land use, management
practices, and potential levels of production as a basis for
national and regional level land resource assessment and agri-
cultural production planning. GDSSs can be represented by
single-valued parameter estimates of agricultural factors
such as plant adaptability and agronomic input-output coeffi-
cients. The GDSSs within individual RPUs are visually dis-
tinguishable in the field by agriculturalists on the basis
of important agronomic differences such as slope and surface
drainage. GDSSs are not mappable nationwide due to limited
availability of soils mapping at the individual subgroup
level and below, but are identified as percentage components
of individual RPUs.

The GDSS is thus the analytical unit which SIEDRA uses for national and
regional level resource assessments in the Dominican Republic. Under
this classification system the SEA Central Region is composed of 15

RPUs and 29 GDSSs (Figure 2-1 and Table 2-1).

Physiography

Approximately 65 percent of the Central Region is made up of level
to rolling plains, the balance being part of the mountainous Cordillera
Central. Elevations range from sealevel on the southern Caribbean
coastline to almost 2600 m in the northwestern mountains. Most of the
agriculturally significant watersheds originate in the western mountains,

and all of the region's rivers drain southward into the Caribbean Sea.

Climate

The Central region is located three to four degrees south of the

tropic of Cancer. Monthly extreme low and high temperatures typically
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Table 2-1. Groupings of Dominant Soil Subgroups (GDSS) in
the Central Region, 1979
(1,000 ta)

01 OlA Typic pellustert level 240
01B Lithic ustropept hilly 129

02 02A Lithic dystropept mountainous 3,020
02B Typic dystropept valleys 1,009

06 06A Typic pellustert levels 212
06B Lithic ustropept hilly 141

07 07A Plinthic tropaquept poorly drained 855
078 Aquic dystropept well drained 700

09 09A Lithic eutropept hilly 676
09B Typic eutropept valleys 255

11 11A Lithic ustorthent hilly 46
11B Lithic ustropept valleys 31

16 16A Aeric fluvaquent poorly drained 70
16B Typic ustifluvent well drained 129

19 19A Aquic eutropept valleys 160
19B Lithic eutropept hilly 131

20 20A Typic tropudult undulating 450
20B Fluventic dystropept level 247

21 21A Aquic dystropept moderately drained 33
21B Fluventic dystropept well drained 15

22 22A Aquic dystropept undulating 242
22B Lithic eutropept hilly 204

23 23A Lithic ustorthent shallow 474
25 25A Typic camborthid level 227
25B Typic camborthid (fans) hilly 122

40 40A Typic dystropept moderately deep 207
40B Lithic dystropept shallow 254

41 41A Lithic ustropept hilly 117
41B Typic camborthid undulating 39
Total 11,103
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vary from around 15-35 degrees C at the low elevations to 0-25 degrees
C in the mountains.

Average annual rainfall varies from about 2000 mm in the northeast
to 600 mm in the semi-arid southwest, with monthly peaks in May and
October. Annual potential pan evaporation varies from approximately
1500 mm in the southwest to 800 mm in the northeast, with a monthly
peak in July (SIEDRA, 1979b).

Soils

Soils characteristics vary widely, with textures ranging from sands
to clays, pH from very strongly acid to moderately alkaline, depth from
a few mm to over 5 m, and slope from level to over 100 percent. Most
plains soils were formed from coral bedrock, while the mountain soils
typically were formed from igneous and metamorphic rocks and limestone
and shale deposits. There are no volcanic soils in the region nor in
the rest of the country. Natural fertility levels vary from very low

to moderately high.

Water

In addition to direct rainfall there is surface and underground
water available for agricultural production in many parts of the Central
Region. There are currently about 43,000 ta under (1 ta - 1/15.9 ha)
irrigation in the region. The three major sources of surface water are
the Ozama, Nizao, and Haina Rivers (Figure 2-1). The Nizao River is
dammed and provides year-round irrigation water except during periods
of extreme drought. Underground water currently is used very little

for irrigation in the Central Region. The 1imited hydrogeologic
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information available on the possibilities of developing further ground-
water sources for irrigation in the region indicates high probability

of success in several small areas (INDRHI, 1979).

Current Land Use

Recent land use in the Central Region is apportioned approximately
as follows: 37 percent for cropland, 22 percent for rangeland and
cultivated pastureland, and 13 percent for forestland (CRIES, 1977a).
The cropland is devoted largely to sugarcane (60 percent) and to rice
(15 percent). Rangeland consists mostly of non-cultivatable former
savannahs now dominated by secondary series of brush, grass, and other
herbaceous plants, and of dry mountainsides dominated by similar types
of vegetation. Cultivated pastureland produces primarily three species

of grass forages: guinea (Panicum maximum Jacq.), pangola (Digitaria

decumbens Stent) and African stargrass (Cynodon plectostachyus K.

Schum. ).

Forestland has not been exploited legally for commercial purposes
since a 1966 logging ban was imposed, although semi-officially sanc-
tioned "illegal" tree cutting for firewood and charcoal production is
widespread. A 1974 FAO study indicates that the major forest species

in the Central Region are mahogany (Swietenia mahogoni (L.) Jacq.) and

Western White Pine (Pinus occidentalis Sw.).

The Rice Industry

Rice Consumption

As was noted in Chapter I, Dominican rice consumption has been

increasing steadily for over two decades. Annual per capita consumption
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of rice has increased from less than 0.7 qq (1 q@ = 100 1b.) in the
mid-1960s to about 1.1 qq in the late 1970s (AID, 1980). By far the
largest consumption market in the country is the capital city of Santo
Domingo which contains almost 20 and 90 percent, respectively, of the
national and regional populations. A 1969 Central Bank survey in Santo
Domingo indicated that the average family allocated 10 percent of total
food expenditures to rice. The corresponding figure for low income
families was 17 percent. Assuming that the Santo Domingo population is
representative of Central Region rice consumers, over 90 percent of

regional rice production is consumed in this metropolitan area.

Rice Production

Domestic Production and Area

Rice has been produced in the Dominican Republic since before the
time of Christopher Columbus' European discovery of the island at the
end of the fifteenth century. Commercial rice production, however,
began only about 40 years ago (SEA, 1968). In 1977 total commercial
white (polished) rice production in the Central Region was approximate-
ly 8,200 MT, or 15 percent of the national total. This accounted for
about 15 percent of total regional agricultural production value (SEA,
1977a). Although time series data on which to establish trends are
highly variable among sources, it is estimated by the World Bank (1978)
that national rice production has been increasing annually by about
five percent over the past two decades.

Physical area utilized for regional rice production was approximate-
ly 51,000 ta in 1977. Over 90 percent of the commercial rice is irri-

gated, while less than 10 percent of the subsistence rice is produced
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under irrigation. Nearly 70 percent of the irrigated riceland is double
cropped, and about 10 percent produces three crops. Approximately 22
percent of the second and third crops was produced as a volunteer
("ratoon") crop in 1976 (SEA, 1977b). Only about three percent of the
riceland is intercropped with one or more additional plant species.
Small farmers with fewer than 80 ta of riceland produce almost 90
percent of the country's rice. A 1972 law called for expropriation of
irrigated rice farms of more than 500 ta and resulted in the establish-
ment of 465,000 ta of new collectivized agrarian reform settlements
("asentamientos") with an average family parcel size of 50 ta. The
collectivized and single family types of asentamientos are controlled
by the Dominican Agrarian Institute (IAD) and currently produce almost
half of the country's rice (IAD, 1979). Agrarian reform asentamientos
of both types produce approximately 80 percent of the rice crop in the
Central Region (SIEDRA, 1979d). While government paternalism and "pork
barrel" politics have dominated IAD administration since its inception
a half century ago, recent emphasis has been on the fostering of the
attitude among reform settlers that they are businessmen operating

their own "cooperatives" with reduced government intervention.

Input Use

Irrigated rice paddies are typically quite small and are built with
contour ridges, a Chinese innovation unique to the western hemisphere
(AID, 1980). These small paddies do not permit the use of large machin-
ery. Land preparation is accomplished by small tractor or draft animal-
assisted plowing. Seeds are broadcast by hand on rainfed upland sites.
Rice seedlings, of which almost 60 percent were modern varieties in

1976, are hand transplanted from on-farm nurseries to flooded paddies
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(SEA, 2979a). Flooding is regulated in order to reduce the need for
hand weeding, and insecticides and fungicides usually are applied to
assure plant vigor. In 1976 close to 47 percent of rainfed and 94 per-
cent of irrigated rice was fertilized (SEA, 1977a). Harvesting and
threshing typically is done by hand.

Thus, rice is a relatively labor intensive crop in the Dominican
Republic, requiring approximately 5 man/days/ta annually for production
and harvesting. The small farms of fewer than 80 ta use slightly more
than average labor, with about 40 percent of it provided by the family.
On large, multiple product farms of more than 560 ta only about four
percent of the labor is provided by the producer's family (SEA, 1977b).

Credit is provided for rice production primarily through the
government's Agricultural Bank (BAGRICOLA). Interest rates are fixed
at 9 and 11 percent, respectively, for loans of less than and more than
RD$2,000. This rate differential ostensibly was established to benefit
small producers. The legal maximum nominal rate of interest chargeable
is 12 percent. In recent years BAGRICOLA has been increasing its lend-
ing to rice producers, with around 70 percent of its food crop loans
going into rice credit in 1978. Repayment for agrarian reform asenta-
mientos have been about 75 and 100 percent, respectively, for individual

family and collective farm loans (AID, 1980).

Rice Imports

Cormercial rice has been imported annually since 1971, reaching a
high of over 70,000 MT in 1974. The 1980 figure is expected to be at
least 45,000 MT and could go as high as 90,000 MT. Import prices peaked
in 1974 at US$576 per MT, and the 1980 prices are expected to be about
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US$450 per MT. Foreign exchange use for rice imports was US$40 million
in 1974 and is expected to reach US$19-38 million in 1980 (INESPRE, 1980).
These figures represent, respectively, about 25 and 15 percent of total
national commercial rice retail value.

The National Price Stabilization Institute (INESPRE) controls all
rice importation and coordinates it with its public food marketing and
price control policies. A1l of the rice imports come from the United
States. There have been no PL-480 rice shipments to the Dominican

Republic to date (Agricultural Attache, 1980).

Rice Marketing

Many aspects of rice marketing are controlled by INESPRE. Since
1974 INESPRE has functioned, as a result of private trade speculation
during a period of rice shortages that year, as the monopsony buyer of
milled rice from the millers. It also controls rice imports and operates
a number of grain silos and warehouses. INESPRE has bought almost 90
percent of market rice production in recent years.

There are over 100 rice mills of various sizes in the country, with
an estimated annual milling capacity of 275,000 MT. Five of the larger
mills are located in the Central Region. In general the mills produce
good to high quality rice with a relatively low percentage of broken
grain. Although the mills operate most of the year, their major
Central Region processing load comes during the primary harvest period
between August and January. Purchasing of rough rice at the farm,
except in the case of large growers and IAD asientamientos, is handled
by private intermediaries who deliver the rice to mills. Small farmers

frequently complain about being cheated by the buyers on moisture
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content and grading, and several compesino groups have responded by
building and managing their own rice mills. Most of these efforts have
ended in failure due to lack of adequate management skills and to under-

estimation of mill operating costs.

Rice Agronomic Research

Rice agronomic research is carried out primarily at the Juma Experi-
ment Station located about 10 km north of the Central Region's northern
boundary. Recent research has concentrated on the selection of irrigated
varieties of rice adaptable to labor intensive agronomic practices on
small farms. Testing of rainfed varieties began in late 1979 (Juma,
1979). To date there has been relatively little use made of research

results by the national extension service (Drilon, 1977).

The Sugar Industry

Sugar plays a dominant role in the Dominican aqricultural sector
and in the national economy. In recent years taxes on sugar exports
have accounted for nearly 20 percent of the central government's total
current revenues. Sugarcane occupies about 12 percent of national
cultivated area and generates about 50 percent (US$100 million) of total
exports. In the Central Region sugarcane occupies about 60 percent of
cultivated land and accounts for nearly 70 percent of agricultural pro-
duction value. The industry provides direct employment for an esti-
mated 80,000 workers in production and processing and provides additional
indirect employment through input marketing and related services (World
Bank, 1979). About 65 percent of all sugarcane is produced on land

owned by the State Sugar Council (CEA); the balance is produced on
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private lands owned by the Dominican Vicini family and the US-based
multinational Gulf and Western Corporation.

Annual raw sugar production has averaged about 1.2 million MT in
recent years, up only slightly from the 1960 average of 1.0 million MT.
Average sugarcane yield declined by nearly 5 percent annually from
1963 to 1975. It has reportedly averaged about 3.8 MT per ta harvested
since that time. Due to the use of low cost Haitian labor for hand
harvesting of cane, Dominican sugarcane production is more labor inten-
sive than in most other Latin American sugar producing countries. Hand
harvesting also results in lower trash content and higher sucrose con-
tent than that of machine harvested cane (Bookers, 1975).

In recent years a growing portion of cultivated area has not been
harvested because of limited processing capacity. Under normal condi-
tions and full utilization of present milling capacity, CEA and private
sugar factories can produce about 1.3 million MT of raw sugar annually.
A 1979 World Bank loan is being used to finance an increase of CEA
milling capacity from 0.8 million MT to 1.2 million MT.

Approximately 14 percent of the annual sugar production goes into
domestic consumption. In addition, dried cane pulp and molasses are
consumed domestically, to a limited extent, by the CEA and by livestock
producers. Domestic refined sugar prices are controlled by INESPRE.

Sugar exports increased by about one percent annually between 1960
and 1978. Exports have averaged just under 1.0 million MT in recent
years, marketed primarily under the International Sugar Agreement. The
US bought as much as 93 percent of Dominican sugar exports in the late
1960s, but its market share declined to about 75 percent in the late
1970s. The Dominican Republic recently has diversified its export mar-

kets to include Italy, Iran, Portugal, Sweden, and Venezuela.
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The Cultivated Pasture/Milk Industry

In 1976 the SEA estimated that approximately 59 percent of the milk
produced in the Dominican Republic was consumed as fresh milk, 13 per-
cent was pasteurized, 10 percent was used for cheese and butter, and
the remainder was fed to livestock or was discarded as spoiled. Pro-
ducers sold 65 percent of their marketed milk to wholesalers or retailers,
19 percent to milk processors, 10 percent directly to consumers and
retailers, and the remaining 6 percent was sold to the Public Nutrition
Program or processed on farm. There is currently a strong trend toward
increased sales to pasteurizing plants (Associacion, 1979).

The typical dairy herd produces around 275,000 1t of fresh milk
annually. In recent years the number of milk cows with high genetic
production potential has been increasing very slowly. Most milk cows
do not produce at or near their potential due to poor herd and pasture
management, unfavorable input-output ratios, and unfavorable climate.

As a result, production of milk has been increasing at a slow rate
for over a decade. Total milk production was 246 million 1t in 1960 and
about 383 million 1t in 1976, an average annual increase of around 3
percent. Based on this trend, milk production is estimated at 415 mil-
lion 1t for 1980 and 500 million 1t for 1990.

There were eleven major milk processing plants in the country in
1977, of which four were not in operation. The plants in operation were
being utilized at 35 to 90 percent of capacity. Milk processors claim
there is adequate demand to allow fuller utilization of capacity if
greater supplies were made available.

Current information on imports of powdered milk and processed milk

products is very limited. The SEA (1977a) estimated that during the
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early 1970s approximately 20 to 25 percent of total milk consumed was
imported. The value of dairy imports in 1977 was US$1.5 million and con-
sisted largely of 3.2 million kg of powdered milk. Trends indicate that
at least 20 percent of total milk consumption will continue to be
imported during the 1980s.

INESPRE controls retail milk prices and has kept them low in recent
years, ostensibly to protect low income families. Many producers have
abandoned dairy farming due to unprofitability, and others claim that
the unfavorable price-cost ratios have not allowed them to invest in
productivity-increasing inputs. As a result of lobbying efforts by
milk producers, INESPRE in late 1979 announced a 30 percent increase in
the retail milk price. It also took two additional steps aimed at
benefiting Tow income consumers and at reducing the production-depressing
effects of continued imports of powdered milk which were being dumped
by exporting countries at less than their costs of production. The
first step was to make available at low cost to low income consumers a
low fat blend of fresh and reconstituted milk, and the second was to
place the importation of powdered milk under the control of INESPRE,
which was directed to coordinate the imports with its coverall programs

of marketing and price control.



CHAPTER II1

REVIEW OF RELEVANT ECONOMIC THEORY AND LITERATURE

Theoretical Framework

There are two bodies of theory of primary relevance to this study:
agronomic theory having to do with the plant's adaptability to specific
environments and economic theory dealing with the difference between
monetary (producer) and unsubsidized (national) benefit-cost analysis
and its implications for resource allocation. These theoretical con-
siderations are incorporated in the selection of methods in Chapter IV

and in the discussion of study results in Chapter VI.

Agronomic Theory

Individual plant varieties have genetically determined physiologi-
cal input requirements for normal growth and development. Within
specific ranges of tolerance for input levels above and below the nor-
mal requirements, a plant will grow but will exhibit abnormal growth
habits. Outside of these tolerance ranges, plants cannot grow and
reproduce (Evans, 1963). The tolerance ranges, together with the cor-
responding ecological characteristics of the environment, determine the
natural distribution of a plant (Holdridge, 1968; Odum, 1971). The
major environmental characteristics affecting the natural geographic

distribution of plants are photoperiod, temperature, percipitation,

29
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evapotranspiration, and soil. Man's manipulation, either consciously or
unconsciously, of these physical variables can alter natural plant dis-
tribution significantly (Weaver, et al., 1939).

A concept which has been used widely for analyzing plant geographic
adaptability is that of "limiting factors" (Odum, 1971). Limiting
factors are those inputs necessary to a plant's growth but which are
available in quantities falling outside of the plant's tolerance ranges
and thus do not permit the plant's growth in a given area. The concept
of 1imiting factors is based on two ecological “"laws": Shelford's (1913)
Law of Tolerance and Leibig's (1840) earlier Law of the Minimum.
Leibig's theory, as expanded by later researchers, states that plant
growth is controlled by the physiological input available to it in mini-
mum quantity. Shelford's theory recognized both that too much as well
as too little of an input factor and that interaction can affect a
plant's tolerance rances for specific inputs. In production function
terms, Leibig's theory assumed perfect corplementarity of inputs while
Shelford's theory allowed for changing rates of substitutability among
inputs and a "Stage III" of the production function (see discussion of
stages of production later in this chapter). Limiting factors are those
inputs necessary to a plant's growth but which are available in quanti-
ties falling outside of the plant's tolerance ranges and thus do not
permit the plant's growth in a given area.

The concept of limiting factors is illustrated graphically in the
hypothetical response surface in Figure 3-1. In the figure the iso-
quants represent plant seed production with two variable inputs where:

d ¢ b a=0. Under the assumption of no factor interaction, the

isoquants are rectangular. For plant A, the ranges of tolerance for
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Figure 3-1. Seed Production Response Surface with Two Variable
Inputs and the Plant's Tolerance Limits (isoquant a = 0)
for the Inputs with No Factor Interaction
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inputs X1 and X2 are 3-5 and 1-6 units, respectively. Thus, if plant A
were grown in an environment which contained 9 units of X1 and 2 units
of X2, the plant would produce no seed, and X2 would be the Timiting
factor. Along the vertical and horizontal axes of the isoquants the
two inputs are perfectly complementary. With Shelford's factor inter-
action the isoquants would be rounded at the corners as the inputs
become imperfect substitutes and as diminishing marginal physical output
reduces the tolerable input levels from the plant's tolerance extremes.
The application of these principles to the spatial distribution of
plant A is displayed in Figure 3-2. The base map in Figure 3-2a is a
map of the soils containing X1 at levels of 0-6 units per unit area.
The darkened areas are those areas which have the required 3-5 units of

X1 for seed production on plant A. Figure 3-2b indicates soils with
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Figure 3-2.

Geographic Distribution of Plant A Under Various

Assumptions on Tolerance Ranges
and Envirommental Characteristics
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0-6 units of X2. Figure 3-2c is an overlay of the X2 map on the X1

map and indicates the area to which plant A is adapted on the basis of
both factors X1 and X2, assuming no factor interaction. With factor
interaction the resulting adaptable area in Figure 3-2c would be reduced
slightly depending on the marginal rates of substitution between X1 and
X2.

This potential distribution of plant A could be nodified by man
through breeding to select or create genetic varieties with different
tolerance limits for specific environmental factors. For example, if
a variety of plant A could be selected which could tolerate 1-4 units of
X1 and the same amounts of X2, with no factor interaction its poten-
tial distribution would appear as in Figure 3-2d. Similarly, the
potential distribution of plant A could be modified through environmen-
tal modification to adjust the levels of X1 and X2 available to plant A.
As an example, if the same geographic area as represented in Figure
3-2c had 1 unit of X1 applied to it uniformly, the potential distribu-
tion of plant A would appear as in Figure 3-2e. Again, factor inter-
actions would modify the results.

These principles for determining potential plant geographic
distribution have been used to identify areas to which plant species
and varieties are adapted but in which they are not currently being
produced (Burton, 1968; Kemph, 1973, 1975; Klages, 1942). The reasoning
is as follows: if plant A's potential distribution based on inputs X1
and X2 were as in Figure 3-2e, but its current distribution as in the
area marked "CD" in Figure 3-2f, then the area that could be considered
for expanding plant A's current distribution would be represented by the

darkened areas in Figure 3-2f. Factors besides X1 and X2 (i.e., X3...
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Xn) which may be limiting to the growth of plant A must be taken into
consideration in analyzing current and potential geographic distribution.
A current distribution as in Figure 6f may indicate that factors other
than X1 or X2 are in fact limiting to plant A's distribution. This
would be the case, for example, if an area's soil and water inputs were
within a plant's tolerance limits, but no plants were growing there
because of biological factors such as insect infestations or weed com-
petition or because of economic factors such as unprofitable input-output

price ratios or an unfavorable land tenancy situation.

Economic Theory

Five concepts from the theory of production economics are particu-
larly relevant to this study: (a) efficiency, (b) resource valuation,
(c) multiple production goals, (d) stages of production, and (e) input

substitution. Each is discussed below.

Efficiency

For the purposes of this study, efficiency is defined as the maxi-
mization of the difference between utility and disutility. Utility in
turn is defined as the satisfaction of human wants and needs. If
utility were measurable in units of common denomination which were
comparable among economic agents, efficiency would be attained by simply
maximizing the difference between the utility people derive and the
utility they give up from alternative actions. However, there is no
widely accepted interpersonally comparable common denominator for
utility, and actions which provide utility for some people while taking
utility from others cannot be analyzed quantitatively from the effi-
ciency standpoint without first defining the utility measure to be

used in the analysis.
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In a market economy with a given pattern of resource ownership and
where economic agents have perfect knowledge and foresight and are free
to buy and sell goods and services, prices represent the marginal utility
that buyers and sellers receive from trading these commodities. These
market prices also represent the marginal utility that a nation derives
from the commodity trading. Under these conditions, efficiency in an
activity would be attained by maximizing the net income derived from an
activity. In an agricultural production activity efficiency would be
attained by maximizing the difference between total income and total
costs--profit maximization.

Efficient resource allocation on a single-product farm requires
that production inputs be allocated such that ratios pf the marginal
value of the last unit of output (marginal value product, MVP) to the
marginal cost of each input used in its production (marginal factor
cost, MFC) be equal. For multiple product farms these ratios must be
equal among products. Profit maximization takes place where the ratios
are all equal to one. If a ratio does not equal one, resource alloca-
tion can be adjusted to increase output for a given quantity of inputs.
A ratio of greater than one would indicate that production should be
expanded to increase profits, while a ratio of less than one would in-
dicate that production should be contracted. For example, if the
MVP/MFC ratios for rice and sugarcane were 1.2 and 0.6, respectively,
profits could be increased by reallocating sugarcane production re-
sources to rice production. In the long run when all inputs are
adjusted to their optimum levels, marginal and average value products
and factor costs are all equal for each input, and profit is maximized

at zero.
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Under conditions of imperfect knowledge and foresight a producer
cannot be certain of profit maximization. He nust choose a production
decision rule which accounts for his inability to know with certainty
the outcome of his production activities. In theory, many decision
rules are possible, including maximization of expected profits, maximi-
zation of the probability of some specific minimum level of inconie, or
the outcome of a coin toss. The rule chosen by each producer depends
on his personal and family values and goals and on his aversion to
risk. Empirical research indicates, however, that a decision rule of
maximization of expected net income typically is used by agricultural
producers in production decisionmaking. Consumption values and goals

on family farms are discussed in the next section.

Multiple Production Goals and Values

Under conditions of uncertainty a producer may be unsure of the
decision rule to use in his search for production efficiency. Maximi-
zation of expected profits may be his overall goal, but only to the
extent that it is compatible with his other goals such as sufficient
leisure time to spend with his family and with values such as the pride
and security of owning a new pair of hogs. Until he has a good idea
as to the positive and normative implications of the application of
each decision rule for each of his goals and values, the producer may
be indecisive and inefficient in his actions. For instance, a rice
producer would be reluctant to buy a new herbicide without knowing its
probable impacts on production costs and output. On small farms where
the family is both a producing and consuming unit, production decisions

are influenced by family consumption goals and values. For example,
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profit maximization in production is constrained by often uncertain
family consumption needs such as medical care, church contributions, and
vacations. A producer on a family farm typically has to reduce his pro-
duction investment level in order to accommodate family consumption
goals. As positive and normative information on these factors becomes
available, uncertainty is reduced and the producer can make his decisions
with more confidence in the probable outcomes.

When the production decisionmaking unit is a region or a country
made up of many individual producers the selection and application of an
efficiency decision rule is an even more complicated process than for
an individual producer. Many of the factors which are exogenous to the
individual producer are endogenous at the higher decisionmaking levels.
Taxes and subsidies, foreign exchange rates, interest rates, and domes-
tic commodity prices can all be altered by the national government while,
in the absence of monopoly/oligopoly, an individual producer cannot
affect these variables. The government must try to satisfy many people,
each of whom has his own set of values and goals. Choice of a decision
rule which will satisfy one group of people may cause the rest of the
people to protest, go on strike, or even to revolt violently against the
government. For example, an agricultural minister might be hesitant to
endorse a mechanized harvest project without first obtaining information
on its probable output, employment, and foreign exchange implications.
Yet a government is forced to make many sensitive decisions on a daily
basis. This normally is a matter of whether the decisions are impli-
cit or explicit, not whether they are to be made.

A further uncertainty faced by a regional/national government is

that of not being able to measure utility on an interpersonally valid
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basis. If that were possible the government could simply inform its
citizens of the aggregate utility and disutility associated with each
decision and, as long as the people accepted the decision rule, the
decisions would be accepted. However, in the absence of an interper-
sonally valid utility measure, the best a government can hope for is to
estimate and publicize the positive and normative tradeoffs related to
each decision alternative and then to apply a decision rule accepted by
its people. A government cannot sum the individually derived utilities
and disutilities associated with, for example, an expansion of rice
production areas and then simply apply a decision rule to determine
whether the expansion meets the necessary conditions for efficiency

(the sufficient condition being the specific expansion plan chosen pro-
vided the highest utility possible for the associated disutility or
that the lowest possible disutility would be required to obtain a speci-
fied utility level). Yet, a government can estimate the expected
impacts over time ("simulation") of a decision on relevant performance
variables (e.g., rice production, farmer profit, national profit, employ-
ment levels, foreign exchange use) and gradually reduce the uncertainties
in the positive and normative information base to the point necessary

to reach a decision through application of a generally accepted decision
rule.

Efficient development of the information requires that it be col-
lected to the point where the expected marginal cost of each item of
information is equal to its expected marginal value in decisionmaking.
Expected monetary costs (e.g., human resources, vehicles, data process-

ing) may be relatively easy to estimate, but non-monetary costs

(opportunity costs) and expected values are more difficult to evaluate.
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Information developed for a specific decision may be valuable in making
other current or future decisions not originally anticipated. The value
of each bit of information also will vary among decisionmakers with
different degrees of management capabilities. Thus, for example, soils
information developed for rice production purposes may turn out to be

of little value to a mediocre decisionmaker in the rice industry and

yet be very valuable to a more competent rice producer or sugarcane pro-
ducer or rancher. Multidisciplinary professional judgement is required
to make reasonable estimates of the expected costs and benefits of infor-

mation development for analysis of multiple production goals and values.

Resource Valuation

Once a decision rule has been selected for determining production
efficiency, a decisionmaker is faced with the task of determining the
corresponding values of the inputs used and the outputs expected to be
produced in the production activity. This valuation is required whether
the decisionmaker is an individual farmer or a national agricultural
minister, and it involves both monetary and non-monetary values. For
an individual producer in a market economy the input and output values
for traded goods are the prices determined by the supply and demand
conditions in each market. For non-traded goods and intermediate pro-
ducts the values are determined by estimating the income which those
goods could produce in their most profitable alternative use ("oppor-
tunity cost"). In the absence of imperfect competition, no producer can
affect input or output market prices through his own activities in the
markets. He faces perfectly elastic supply curves for inputs and demand

curves for his products.
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With government intervention in market economies, prices may be
altered by taxation or subsidization of input or output prices. When
taxes are levied on goods and services, income is transferred from those
who pay the taxes to the recipients of the tax revenues. Subsidies
represent income transfers from taxpayers to those who buy subsidized
products. In resource valuation an individual producer does not concern
himself with permanent taxes or subsidies per se. Rather, he takes the
government-altered prices as given and proceeds to allocate his resources
according to his efficiency decision criterion.

A government, on the other hand, concerns itself with taxes and
subsidies and their impacts on production and consumption relations.
Relative prices changes for inputs and outputs have both substitution
and output/income effects which alter resource use and product con-
sumption patterns. In order for a government to analyze the impacts of
its tax and subsidy policies on agricultural production and, hence, on
tax revenue generation, it needs information on probable resource allo-
cation patterns in the absence of the tariffs. Then a comparison
between the estimated "with" and "without" production coefficients
would form the basis for a rational decision as to the desirability of

the contemplated price alterations.

Stages of Production

Given the law of diminishing returns, efficient (in the profit
maximizing sense) production will take place at the point where the cost
of an additional unit of input is just covered by the income derived
from the sale of the resulting increase in output. In economic terms

the marginal factor cost (MFC) is equal to the marginal value product
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(MVP) at the profit maximizing output level on the value product
function.

The law of diminishing returns indicates further that a typical
value product function can be divided into three sections or "stages"
defined by the relationship between MVP and AVP (average value product).
Stage I encompasses the area between minimum output and the point where
MVP = AVP; Stage III lies between the points at which MVP = 0 and AVP =
0; while Stage II covers the area between Stages I and III. Under the
static assumptions of profit maximization with perfect knowledge and
foresight, and assuming that neither inputs nor outputs are free, pro-
duction in Stages I and III is irrational because the producer can
increase his profit by either increasing or decreasing, respectively,
his input utilization in those stages. Rational production takes place
only in Stage II, and profit is maximized in Stage II at the point where
MFC = MVP. A number of special cases of the law of diminishing returns
which involve the fixing of input levels of substitutable or comple-
mentary inputs are possible, many of which result in extreme cases of
the production relations discussed here.

In reality uncertainty is the norm in agricultural production and
rational production in Stages I and III is possible. For example, pro-
duction in Stage III for water use would take place if a rice farmer
initially flooded his paddies with adequate water for optimum plant-
water relations with normal rainfall, then was inundated by a heavy
rainfall of 50 year frequency (i.e., hurricane). Given the multitude
of uncertainties affecting yields and prices, it is not realistic to
assume that all production takes place in Stage II. Rather, for

analysis of actual production alternatives it is necessary to establish
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empirically the ranges of utilization of physical inputs and outputs
and their associated prices under expected physical (e.q., rainfall) and
economic (e.g., income distribution) conditions for the time period of

interest.

Input Substitution

The least cost combination (LCC) of inputs on a continuous function
is found where the marginal rates of physical substitution (MRS) among
inputs is equal to their price ratios. For each level of input expendi-
ture there is a corresponding LCC, and the locus of points formed by
LCCs over a range of expenditures is referred to as the line of least
cost combinations (LLCC). The profit maximizing point (PMP) on the
LLCC is where the ratios of MVP to input cost for each input is equal
to one. A change in input prices will cause a shift in the LLCC and,
therefore, in the PMP. The input combination would shift toward the
relatively cheaper input. Thus, for example, government subsidization
of the foreign exchange rate would make imported inputs cheaper relative
to domestic inputs such as labor and would cause static profit maxi-
mizing producers to substitute imports for domestic inputs.

With uncertainty, it cannot be asserted that producers operate at
the PMP or on the LLCC. Even assuming that the producer's ex ante
estimates indicated production at the PMP, changes in physical, biolo-
gical, and economic conditions during the production cycle invariably
lead to inefficient production off of the PMP (due to the fixing of
input use at unexpected levels) when viewed ex post. Thus, assuming a
profit maximizing motive under conditions of uncertainty, production
typically can be characterized as taking place on a subfunction of the

production function. To the extent that production on subfunctions is
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widespread, the implication is that programs which reduce uncertainty
in a producer's search for the PMP will increase production efficiency.
Well designed and implemented programs in the areas of research, exten-
sion, and education can be expected to help producers to produce more
consistently at or near the PMP,

Once the actual production function parameters for each production
unit under study are estimated and assumptions (projections) are made
as to their probable behavior during the relevant time frame, it is
possible to estimate the impacts on input use of increases in future
production levels. Increased production could be effected through an
increase in the productivity of current areas, through an expansion of
current areas, or through a combination of the two. Assuming that cur-
rent producers are motivated by a desire to maximize profits and that
current relative prices of inputs and outputs are constant, geographic
areas should not be expected to change their output except in the lonqg
term as a result of technological changes or resource deterioration.
Increased production in the shorter term would have to come from expan-
sion of current areas and, in the absence of suitable unused land (zero
opportunity cost), would require the cessation of existing production
activities in the proposed expansion areas. The national opportunity
(real economic) cost of the new land would be the net income foregone
in shifting to the new land use. The opportunity cost principle is
equally applicable to other inputs which must be bid away from current

activities in order to be incorporated into a new production activity.



44

Rice Adaptability Research

International Studies

In the early 1970s, as part of a national policy of self-sufficiency
in rice production, Korea carried out a study of its land base in order
to identify areas suitable for producing a new modern variety of rice
Shin, 1978). Agronomic requirements for the plant were determined from
experiment station field trials which indicated that highly fertile and
moderately well drained soils were needed. These requirements were
crosstabulated with the technical soils descriptions developed for a
reconnaissance level national soils map, and priority areas for rice
expansion were designated. The resulting agrophysical adaptability
information then was disseminated through extension agents who were
given specialized shortcourses in identifying and developing suitable
land areas. The author gives no indication that either water availabil-
ity or economic factors were studied ex ante, though ex post evaluations
indicated that farmers' incomes increased by over 45 percent after
adopting the new variety.

Suryatna, et al., (1979) reported a study of the Indonesian land
base in 1974, the purpose of which was to identify areas suitable for
future expansion of irrigated and dryland rice production. Agronomic
requirements were determined from.experiment station field trials.

These requirements were matched with a national soils map, and a land
capability classification was established which indicated soils capa-
bilities and limitations for rice production in each suitable map unit.
The authors give no indication of explicit consideration of economic

factors or of utilization of the study results by policymakers.
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Somasiri, et al., (1979) reviewed Sri Lanka's national land classi-
fication and rice adaptability studies carried out under the government's
long standing policy of elimination of rice imports. A regional study
of land areas suitable for rice production was discussed in detail. The
investigation initially used a combination of detailed field-verified
soils and climatic data to classify the regional land base, then shifted
to more aggregated data when costs of the detailed data proved to be
prohibitive. In the modified system, visually identifiable land charac-
teristics and aerial photographs were relied on more heavily than was
originally planned for classifying the land base. The authors report
that the modified riceland classification system was easily understood
and used by the local extension service. No rice production economic
information was reported to have been incorporated in the study.

Winch (1976) studied rice area expansion for rice self-sufficiency
in northern Ghana. He placed heavy emphasis on economic factors but
dealt superficially with agrophysical factors. The land base was

divided into "upland" and "bottomland", with an additional subdivision
based on water availability. Static economic benefit-cost and partial
budgeting analyses were conducted on data derived from a rice fam
survey. Producer and national ("financial and economic") input and
output prices were estimated. The impacts of machinery and fertilizer
subsidies on production, employment, and profitability in each of the
land strata were analyzed. On the basis of the study results, the
author recommended that the government eliminate subsidies because of

their adverse effects on employment and on regional production effici-

ency.
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Domestic Studies

Little domestic work has been done on determining combined agro-
physical suitability and economic feasibility of individual plant
species in the Dominican Republic. No work of this type has been pub-
lished specifically for rice.

An FAO (1974a) study of part of the northern Cibao Valley used a
land classification system based on climate, water quality, soils
characteristics, and benefit-cost analysis to establish priority pro-
duction zones for major area crops. Lack of documentation of methods
and data sources severely limited the credibility and utilization of
the report.

National tobacco production was studied recently in the Dominican
Republic (INTABACO, 1978). Emphasis was placed on varietal differences
in agronomic requirements. Economic factors and geographic distribution
of the currently used soils and water resources were discussed only
briefly. No consideration was given to identifying new areas with
tobacco production potential.

Kenah (1930), using CRIES/SIEDRA land base descriptions, studied
the agrophysical adaptability of lime trees to the southcentral part of
the country. Lime tree agrophysical requirements were matched with the
land unit descriptions in order to identify areas with lime production
potential. The author compared his results to 1970 farm census data
in order to identify areas with lime production potential but with little
or no 1970 production reported. He also noted areas which reported
high total production but which did not have high productivity accord-
ing to his analysis, and he recommended that these areas gradually be
shifted over to more productive species. No economic analysis was con-

ducted.
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In 1972 Murphrey qualitatively analyzed the national riceland soils
and climatic characteristics. He used those characteristics to identify
similar regions in the country and reported several possible new areas
for rice production. Economic factors were not considered and no men-

tion was made of proposed use of the study results.

Development of CRIES/SIEDRA Data Base

As mentioned in Chapter I, the CRIES project began in 1976 with the
purposes of: (a) improving USDA capability to analyze current and poten-
tial food and fiber production in developing countries, and (b) inter-
nalizing in developing countries the capability for land use data base
development and analysis (CRIES, 1976). Implementation of the project
was designed to take place in two phases. Phase I was the one-year
US-based development, using secondary information sources, of a first
generation consistent national data set, economic analysis model, and
geoprocessing program (CRIES, 1977b; 1977c; 1977d). Phase II was carried
out in the Dominican Republic for two years (since extended to three
years at SEA request). This Resident advisor management phase of the
project consisted of the transfer, adaptation, and improvement of the
first generation CRIES data set and methods by a local counterpart
staff ("SIEDRA").

Phase I preliminary analytical units were the Resource Planning
Units (RPUs), originally defined as follows (CRIES, 1977a):

An RPU is specifically defined as a unit of land with
components sufficiently homogeneous with respect to agro-

physical factors of soil, climate, and water resources to

be depicted by single estimates of agricultural factors
such as crop adaptability and input-output coefficients.
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Early Phase II attempts at field verification of production coef-
ficients met with opposition from agriculturalists who criticized the
project for referring to the RPU as a homogeneous unit to which single
valued input-output coefficients could be assigned, when in the field
one could typically note, for example, that both hills and valleys with
large differences in agricultural production potential were lumped
within a single RPU boundary.

The CRIES resident manager, after studying the problem and discuss-
ing it with a CRIES soils consultant, decided that the grouping of the
agronomically similar dominant phases of soil taxonomic subgroups within
each RPU would capture the major differences noted in field observation
(USDA, 1976). Given the expectation that SIEDRA would have to rely on
non-soils trained field technicians for production coefficient estimates,
the major soil subgroups within each RPU were grouped on the basis of
visibly identifiable characteristics (SIEDRA, 1978). The new analytical
units are referred to as Groupings of Dominant Soil Subgroups (GDSS)
and are identified as unmapped percentages of each RPU map unit.

Once the analytical units were modified, a program was developed
to field verify RPU mapping and GDSS descriptions and to obtain current
normal estimates of land use, production techniques, yields, costs, and
other coefficients for agricultural land use analysis. Field verifi-
cation of the RPU map and GDSS descriptions was begun in June, 1978, in
the SEA Central Region and resulted in the modification of the original
map by the inclusion of two new RPUs.

It was decided, based on both US experience and a lack of funds for
a farm level SIEDRA land use survey, to interview regional level SEA

agricultural specialists in order to obtain judgmental estimates of
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needed coefficients. In each of the SEA regional offices there are two
types of specialists: subregional geographic experts who are responsi-
ble for all agricultural production within their areas and individual
product experts who are responsible for all geographic areas in which
their particular product grows. These technicians were believed by the
SIEDRA staff to be the best available source of data in the absence of
a farm level land use survey.

Questionnaires and explanatory documents were developed for col-
lecting crop yield estimates by GDSS and were field tested in Ju]y; 1978.
Based on this pretest, the original questionnaires and supporting
documents were modified and expanded to include limited information on
pasture, range, and forest land use. In December, 1978, after brief
training on interview techniques, SIEDRA personnel conducted interviews
of Central Region SEA personnel and collected preliminary estimates of
typical ("current normal") product yields, area, intercropping combi-
nations, and production budgets for the major crops (excluding, for
political reasons, sugarcane and cultivated pasture) for irrigated and
non-irrigated GDSSs (Niehaus, 1978; SIEDRA, 1979c). The Central Region
was selected for preliminary interviews because of its proximity to
Santo Domingo. This permitted relatively inexpensive followup inter-
views to fill data gaps resulting from initial lack of SIEDRA interview
and data base development experience.

Central Region interview results were checked for completeness and
consistency, and followup interviews to complete the estimates were
conducted in early January, 1979. Interview results were compared with
original CRIES estimates and with the most comparable published SEA

estimates in order to determine the reliability of each source of data
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(SIEDRA, 1979d). The SIEDRA regional interview results were judged to
be of acceptable accuracy for CRIES/SIEDRA purposes, and interviews in

the other six SEA regions were planned for the 1979-80 period.

Chapter III's Relation to the Dissertation

In this chapter, agronomic and economic theories relevant to the
proposed rice production study were reviewed. A sample of related
international and Dominican empirical research was then discussed. This
information will be used in the following chapter to establish a method-
ology for the agroeconomic analysis and in Chapter VI to assist in the

interpretation of the analytical results.



CHAPTER IV

RESEARCH METHODS

Concept

The overall procedure of this study is, first, to conduct an
agrophysical analysis for identification of Central Region land units
(GDSSs) with potential for rainfed or irrigated rice production.
Second, an economic analysis is carried out in order to identify those
GDSSs in which expansion of rice production would be profitable from
both the producers' and nation's standpoints under specific production
parameter assumptions using alternative expansion decision rules.

In the agrophysical analysis, agrophysical tolerance limits of
rice for potentially limiting environmental factors are determined and
crosstabulated with GDSS characteristics in order to identify those
GDSSs with potential for rice production. For each selected GDSS,
estimates are made of physical area with potential for rice production,
current land use, and area with potential for rice expansion. Possi-
bilities for multiple rice production cycles are analyzed.

Definitions of two key terms are necessary to an understanding of
the economic analysis: monetary costs and benefits, and unsubsidized
costs and benefits. Monetary costs and benefits are those production
and marketing values based on market prices reflecting producer oppor-

tunity costs and shadow prices for inputs and products, though they may

51
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include governmental price alterations (income transfers) such as taxes
or subsidies. They establish the cash expense/income ratios used by
maximizing agricultural producers to allocate inputs.

Unsubsidized costs and benefits are those production and marketing
values calculated by removing implicit (due to governmental price alter-
ations) and explicit (direct government payments to producers) subsidies
and taxes in valuation of inputs and products from the nation's stand-
point. National government price alterations are netted out. Price
alterations made by foreign governments on exports (such as milk) to the
Dominican Republic may be involved but are not consiered quantitatively.
National values provide the basis for estimating real economic costs and
benefits to which monetary costs and benefits are compared in order to
evaluate the impacts of government price alterations.

In the economic analysis, production techniques and yields, pro-
ducer and unsubsidized costs of production and income, and producer and
unsubsidized returns to land and management (RLM) for rice and its two
primary land use competitors (sugarcane and cultivated pasture as an
intermediate input in milk production) were estimated for each selected
GDSS at the farm gate level. A yield matrix relating rice yields to
GDSS characteristics was synthesized to provide reasonable rice yield
estimates on GDSSs with production potential but no current production.
Monetary input and output prices were converted to unsubsidized prices
by removing implicit subsidies. An alternative set of rice budgets
requiring increased labor and/or decreased foreign exchange use was
established.

This benefit-cost information was then employed in analyzing the

regional and GDSS-level impacts on rice production, labor and foreign
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exchange use in production, and monetary and unsubsidized RLM for 11
alternative strategies for a hypothetical expansion of current rice
areas, using five alternative expansion decision rules. Sensitivity
analysis of the assumptions on multiple production cycles for rice was

carried out on two selected strategies.

Data Acquisition and Refinement

Judgmental estimates by agricultural field specialists played a
major role in data acquisition. If farm level empirical data had been
available for all production coefficients of interest in the study,
quantitative statistical estimates of population parameters and confi-
dence intervals could have been made. Use of consensus judgmental
estimates (specifically, estimates of population modes) does not permit
statistical analysis of data reliability. In effect, these estimates
were "experience based", single "educated quesses" about population
modes ; hence, mechanical statistical estimates could not be made of
their accuracy.

However, the judgmental estimates as well as other coefficients used
in the study were crosschecked with secondary data and field verified
by the SIEDRA staff whenever possible. This procedure was intended to
improve data acquisition and processing reliability by giving the staff
a down-to-earth feeling for the strengths and weaknesses of the various
sources of data by establishing qualitative confidence intervals on the
data as time and other resources permitted. It was also intended to
increase study credibility among both the government administrators sup-

porting the study and the field technicians at the project implementation
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level by demonstrating that SIEDRA was making a critical effort to
obtain realistic data rather than simply using the first "wild guess"

that came along.

Agrophysical Data

In this section the collection and iterative refinement of data
relating to rice agrophysical input tolerance limits and corresponding
GDSS characteristics are discussed. These agrophysical data provide
the basis for the agrophysical analysis leading to the final selection

of GDSSs in which rice might be profitably produced.

Rice Agrophysical Tolerance Limits

Agrophysical tolerance limits for rice varieties "adaptable" to the
GDSSs of the Central Region were determined both from field interviews
of production épecia]ists at the Juma national rice experiment station
and from published documents (Juma, 1979; IRRI, 1978; 1979; SEA, 1975).
Rice was assumed to be adaptable to a GDSS if its expected yield in
that GDSS was greater than the lowest current normal yield reported as
commercially marketed by the region's rice producers (SIEDRA, 1979d).
Even though rice undoubtedly could be produced with a yield greater than
zero in all GDSSs, this assumption allowed research efforts to be con-
centrated on those GDSSs with expected yields sufficiently high to
indicate a reasonable possibility of profitable production. Thus, no
arbitrary assumption of production in Stage II was assumed in establish-
ing minimum acceptable yields (Heady, 1952). See Chapter III for a
discussion of stages of production.

This screening procedure resulted in the preliminary identifica-

tion of seven rice varieties as being currently or potentially usable
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in the region (Table 4-1). Major agrophysical factors identified initi-
ally as being potentially limiting to rice production were: water
(cycle and salinity), soils (slope, pH, depth, water holding capacity,
and salinity), photoperiod, and air temperature extremes. Variety level
data for these factors were obtainable only for crop cycle water use.
Water input ranges were estimated for five of the seven varieties for
which quantitative data were available. Species level requirements were
estimated for the remaining eight characteristics.

Tolerance limits for water use during the crop cycle for commercially
marketed output levels were derived from experiment station estimates of
water quantity required to produce maximum (i.e., beginning of Stage III)
yields (Juma, 1979). This was accomplished by multiplying these esti-
mates for each variety by a constant factor of 0.7 which was obtained by
dividing the estimated production cycle "dependable" precipitation
(532 rim) in the GDSS of lowest commercial yield by the corresponding
experiment station Stage III water input level for the same rice variety
(758 mm). Dependable precipitation is defined by Hargreaves (1977) as

that which occurs with 75 percent probability.

Land Resource Base

Collection and refinement of data on the land resource base (GDSS)
characteristics which correspond to the potentially limiting agrophysical

factors identified in the previous section are discussed below.

Water:
Two water input requirements were used to screen RPUs (and their
associated GDSSs) for appropriate water quantity and quality for rice

production: water availability during the crop cycle and water salinity
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(Table 4-2). Water sources considered were rainfall, surface, and under-
ground water (INDRHI, 1976, 1978; SIEDRA, 1979b).

Rainfall availability was estimated on the basis of dependable monthly
rainfall (Hargreaves, 1977). The minimum production cycle water require-
ments (138 rm/mo for 4 mo) for the most drouth tolerant rice variety,
Juma-57, was used as the criterion for minimum acceptable rainfall. Use
of this criterion meant that GDSSs eventually selected as acceptable for
"rice" production might in fact be usable only for the most drouth re-
sistant variety. This factor is considered in Chapter VI.

Surface water availability was deemed acceptable if surface flows
from rivers or dams were at least 3 m3/sec in GDSSs with areas large
enough for the construction of secondary irrigation canals of at least
4 km in length. Lower surface flows and smaller irrigable areas were
assumed, on the‘basis of local experience, to be economically unviable
for public investment (INDRHI, 1976).

Underground water acceptability was determined on the basis of
water table depth, chloride content and yield. Specific criteria were:
depth to water table less than 80 m; chloride content less than 100 ppm;
and yield of at least 600 gpm. Water with characteristics beyond these
limits was assumed. on the basis of Dominican Water Resources Institute
(INDHRI, 1979) studies, to be uneccnomical for use on public irrigation
projects.

Water loss through evapotranspiration was not considered quantita-
tively because of constraints on data availability. However, this factor
was given qualitative consideration in the estimation of potential
physical production area in GDSSs with potential for rice production,

as explained later in this chapter (Reyna and Paulet, 1979).
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Soils:

Soils data were taken directly from SIEDRA (1979a). Only the GDSSs
selected as having acceptable water availability were further screened
for tolerable slope, pH, waterholding capacity, salinity and depth to
bedrock or water table (Table 4-3). Specific tolerance ranges were:
slopes 0-3 percent for irrigation and 0-15 percent for rainfed produc-
tion; pH 4.5-7.5; texture (as a proxy for waterholding capacity) non-
coarse; salinity 0-7 mmoh-1/cm3; and depth to bedrock or water table at
least 0.5 m. Slopes over three percent had previously required unecon-
omical investments for leveling or terracing for irrigation. Slopes
over 15 percent for rainfed production were assumed to pose an unaccept-
able erosion hazard under economically feasible conservation practices

(Paulet, 1979).

Photoperiod and Temperature:

Photoperiod was eliminated as a potentially limiting factor for the
seven rice varieties studied, as all seven had proved in field trials to
be adapted to the 18 degrees south latitude of the Central Region. This
factor is considered again in Chapter VI, however, in a discussion of
the possible introduction of new rice varieties. Temperature extrenes

were handled in the same manner.

Use of Agrophysical Data

The refined agrophysical data obtained through the procedure des-
cribed above is used in the agrophysical analysis to make final selection
of GDSSs with characteristics within the tolerance limits for rice
production and to estimate the physical areas potentially usable for
rice area expansion. The agrophysical analysis is discussed later in

this chapter.
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Economic Data

Methods for collecting and'processing raw economic data into coeffi-
cients usable for the economic analysis of rice expansion strategies in
the GDSSs selected in the agrophysical analysis are discussed in this
section. Estimation of typical and alternative production techniques
and yields, monetary costs of production, and monetary income at the
farm gate for rice, sugarcane, and cultivated pasture used in milk pro-
duction are presented. All estimates are on a per tarea (ta; 1 ta =
1/15.9 ha) basis because of study emphasis on land productivity and sup-
ply response. The economic analysis methods are explained later in the

chapter.

Production Techniques and Yields

GDSSs with Current Rice Production:

The data on typical rice production techniques are in terms of cur-
rent normal physical input use and yields per ta. They were drawn
primarily from SIEDRA (1979d) budget data for each GDSS with rice pro-
duction reported in 1979 (Table 4-4). Interview results from which the
budgets were derived indicated that typical rice producers operate on
agrarian reform (IAD) cooperative asentamiento farms and contract for
rather than purchase their own machinery and equipment. The SIEDRA data
provided estimates of machinery and equipment activity (i.e., plowing,
disking) costs but did not identify the physical input components (e.g.,
tractor size, operator's labor hours) of those costs. Because estimates
of the input components were required in order to calculate labor utili-
zation and foreign exchange use, local rice production specialists and

equipment dealers were asked to identify the machinery and equipment



62

Table 4-4. Sample SIEDRA Production Budget for Rice, Central Region,
1979 Typical Production Techniques

Product: rice Variety: IR-6 GDSS: 06A Irrigated?: yes
Yield: 5.4 q3/ta Area: 5000 ta Tenancy: IAD Farm size: 10 ta
Price: 12.00 qq Site: Nizao Source: reg spec Date: Mar 79

Costs upit Quant  Unit Cost Total Cost/ta

/ta Mon Unsub Mon Unsub
1. Land prep (incl
labor)
Plowing times 1 3.00 3.19 3.00 3.19
Disking " 1 2.00 2.29 2.00 2.29
Harrow " 1 2.00 2.29 2.00 2.29
Levelling (ox) " 1 2.00 2.00 2.00 2.00
Ditching 0 0
Terracing 0 0
Mud Plow 0 0
2. Inputs
Seedling trans ta 0.1 50.40 59.40 5.40 5.94
Insecticide 1t 0.25 12.00 13.54 3.00 3.39
Fungicide 0 0
Herbicide gal 0.25 18.00 20.90 4.50 5.23
Fertilizer qq 0.80 10.00 11.48 8.00 9.18
Water ta 1 0.20 4.93 0.20 4,93
3. Labor (incl fam)
Transplant times 1 6.00 6.00 6.00 6.00
Weeding " 2 2.00 2.00 4.00 4.00
Irrigation " 1 0.24 0.24 0.24 0.24
Appl. pest " 3 0.30 0.31 0.90 0.93
fert " 2 0.30 0.30 0.60 0.60
herb " 1 0.30 0.31 0.30 0.31
Cut, thresh " 1 9.00 9.00 9.00 9.00
(Family-40%) (-8.42) (8.42)
4. Admin/mgt 0 0
Total Var Cost 42.78 59.52
5. Interest on VC 80% 100% 1.48 5.36
Total Costs 44.26 64.33
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typically bought by rice production contractors. Engineering coeffici-

ents such as size, speed, and fuel consumption were obtained from local

equipment dealers and from an FAO (1974b) cost of production study which
was reviewed and determined to have selected coefficients of acceptable

accuracy for this study.

Estimates of labor coefficients for each rice production activity
were obtained from the FAQ study and from interviews with SEA rice
specialists (Table 4-5). The labor coefficients were assigned to their
corresponding activities in each enterprise budget and summed to an
enterprise labor total.

Sugarcane is recognized as a major competitor for land suitable for
rice production and is produced largely on state-owned CEA lands in the
Central Region (Juma, 1979; World Bank, 1979). In this study the assump-
tion was made that substitution of rice for sugarcane as a result of GODR
policy directives would take place on CEA land through establishment of
IAD cooperative asentamiento farms. That assumption is consistent with
GODR expressed interest in diversifying land use on current CEA lands
through agrarian reform activities (Tilmann, 1979; World Bank, 1979).

Physical input coefficients for sugarcane, except for labor, were
not estimated because of lack of usable data. In the best available
data, aggregate categories of input costs for each CEA sugarmill pro-
ducing area were reported (Bookers, 1975). Sugarcane rainfed yields by
GDSS were estimated from sugar colony (mill area subdivisions) maps
which indicated six year average yields and which included soils des-
criptions for each colony. The soils descriptions were used to classify
each colony according to predominant GDSS. Due to lack of empirical data

on irrigated cane production in the region, the simplifying assumption
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Table 4-5. Labor Use per Cycle in Rice Production Activities,
Central Region, 1979 Current Normal

Activity Power Source Time
(min/ta)
moldboard plow tractor 12
animal 90
disk tractor 10
animal 50
harrow tractor 10
animal 27
terracing tractor 6
animal 30
ditching tractor 20
animal 180
leveling tractor 45
animal 90
mud plow tractor 18
animal 125
row-making tractor 12
animal 50
seeding transplant (hand) 350
broadcast (hand) 15
clearing manual 150
weeding manual 240
cleaning manual 90
appli. pesticide moto block 20
appli. herbicide moto block 30
appli. fertilizer manual 20
appli. irr. water manual 60
harvest & thresh (4 qq) manual 480
transport on farm animal 18
seedling nursery 480

adm. activities 120
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was made that irrigated yields were 10 percent higher than rainfed yields
in each GDSS, a figure considered reasonable by sugarcane specialists.
Sugarcane establishment ("renovation") activities were reported by
Bookers (1975) to take place every seven years, with maintenance acti-
vities during the other six years.

National average CEA labor use coefficients for each sugarcane pro-
duction activity were obtained from Morales (1979) and the 1975 Bookers
report (Table 4-6). The assumption was made that production techniques
had changed little since the Bookers data was collected. This assump-
tion is consistent with observations made by the World Bank (1979).
Harvest labor use was estimated under the assumption that workers could
cut 2.5 mt of cane per 8 hr day (Morales, 1979). Distribution to GDSS
level was made by adjusting yield-related labor coefficients by the cane
yield index.

Cultivated pasture is another typical alternative use of land suit-
able for rice production (AID, 1980). Livestock marketing studies by
SEA (1977a) indicated that milk production was the major use of culti-
vated pasture in the Central Region. The typical farm had about 2,000
ta of land and sold 400-1,000 1t of fresh milk daily. Recent trends in
milk marketing are toward increased sale of milk for pasteurization
rather than for use in crude form (Associacion, 1979). Pasteurized milk
producers typically store milk on-farm in cooling tanks prior to pickup
by refrigerated tank trucks.

These factors were kept in mind when approximating the current
normal production coefficients for cultivated pasture utilized as an
intermediate input in pasteurized milk production. Estimates were

based on survey data from a 1973 Interamerican Development Bank (IDB)
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Table 4-6. Current Normal Annual Labor Use in Sugarcane
and Cultivated Pasture/Milk Production,
Central Region, 1979

Land Use Labor Input1 Time
(min/ta)
Sugarcane Activity:
Land preparation 92
Seeding 144
Agrochemical application 58
Weeding (3 times) 352
Harvest (3 MT) 576
Cultivated
Pasture/Milk Employee:
Supervisor 88
Assistant supervisor 165
Milker (132 1t) 44
Part-time 42

1Sugarcane weighted 1/7 for establishment and 6/7 for maintenance labor;
cultivated pasture/milk weighted 1/10 establishment and 9/10 maintenance
labor.
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study. The assumption was made that milk production techniques had not
changed significantly since the IDB study. This assumption is consistent
with recent dairy industry reports (Associacion, 1979; FAO, 1978).

As in the case of sugarcane, cultivated pasture/milk physical input
coefficients, except for labor, were not estimated because of lack of
empirical data. The IDB study reported only costs of input categories
and yields of milk and cull animals for a representative 1994 ta dairy
farm which sold an average of 720 1t of raw milk daily. Milk yields
were distributed to each GDSS using the sugarcane yield index. This
required the simplifying assumptions that cultivated pasture forage
species (grasses) would respond to soil and water inputs in proportion
to sugarcane response in each GDSS and that dairy herd management levels
were uniform among GDSSs so that milk yields were directly proportional
to pasture yields. One of the consequences of the assumption of propor-
tional yields for sugarcane and cultivated pasture is that real yield
related differences in production parameters (e.g., variable production
costs) for the two land uses at the GDSS level may be distorted. The
significance of this assumption to study results will be discussed in
Chapter VI. Annual production inputs which vary with milk output were
adjusted from the base budget by using the milk yield index. Dairy cow
cull rates were assumed constant in all GDSSs.

Labor coefficients for cultivated pasture/milk production were taken
from the IDB (1973) study (Table 4-6). Labor use was distributed to GDSS
level by adjusting handmilking labor coefficients by the milk yield

index. Other labor inputs were assumed to be constant among GDSSs.
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GDSSs with Potential But No Current Rice Production:

Typical production techniques and current normal yield estimates
for GDSSs identified as having characteristics within the tolerance limits
for rice production were required for the analysis. Estimation of these
parameters for GDSSs with current rice production was discussed in the
previous section. In this section estimation of rice, sugarcane, and
cultivated pasture/milk yields and production techniques in GDSSs sel-
ected as having rice potential but with no current rice production is

explained.

Matrix of Potential Rice Yields: A matrix of single cycle rice

yields by species was synthesized from SIEDRA (1979a; 1979b) data in order
to estimate current normal potential yields in GDSSs identified as having
rice production potential but no current production (FAO, 1976; Knox,
1976). Variety level ordinal productivity scales were constructed, under
an assumed set of technological standards, on the basis of water avail-
ability,soil slopeand depth (Table 4-7). These agrophysical factors were
the only ones for which judgmental yield response estimates reasonably
could be made. Input levels corresponding to minimum commercial yield
and to the beginning of Stage III of the production function were calcu-
lated for the three factors, and a linear approximation of the midpoint
between the extremes was calculated for water availability. These ordi-
nal scales established the range of GDSS characteristics over which a
commercially marketable yield of rice could be expected. The assumption
of a set of technological standards was intended to fix the input levels
of the factors which were not studied in the agrophysical analysis and
thereby to isolate yield responses due only to agrophysical factors (FAQ,

1976).
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Table 4-7. Inputs of Water and Soil Slope and Depth Required
to Attain Specified Levels of Yields for Five Rice
Varieties, Central Region, 1979 Current Normal

Yield Levels

Rice

Varieties [ II ITI A B 1 2
Water Slope Depth
(mm) (%) (m)

Jumab7 790 672 553 0-3 3-15 1-5 0.5-1

Jumab58 844 714 591 " " " "

Tono Brea 820 697 574 " " " "

Tanioka 759 645 531 " " " "

Ingles largo 1383 1163 9683 ! " " "

Technical assumptions:
a. Transplanted seedlings
b. Fertilizer and insecticide applied
c. Cultivation done on a timely basis
d. No soils or water characteristics besides those noted are
limiting factors

The ordinal scales were combined to produce current normal cardinal
yield estimates for each combination of water availability and soil slope
and depth (Table 4-8). Cell values in the yield matrix were taken
directly from SIEDRA (1979d) yield coefficients for current rice areas
or were interpolated between the SIEDRA estimates. The yield matrix then
was used to assign current normal rice yields to the GDSSs selected in
the agrophysical analysis as having rice production potential but with no
current production. Factors other than the three utilized in construct-
ing the yield matrix but which were believed by the SIEDRA staff to be
important factors in specific GDSSs were used judgmentally to adjust the
estimates obtained from the yield matrix. These adjustments are noted

in the next chapter.
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Table 4-8. Rice Yields Attainable with Various Combinations
of Water and Soil Slope and Depth,
Central Region, 1979 Current Normal

Water Regime

Slope Depth
I I1 II1
------------------ qq/ta/cycle-----------cou---
A 1 5.5 5.0 4.5
2 4.8 4.4 4.0
B 1 4.0 3.7 3.5
2 3.7 2.7 1.6

Technical assumptions:
a. Transplanted seedlings
b. Fertilizer and insecticide applied
c. Cultivation done on a timely basis
d. No soils or water characteristics besides those noted are
limiting factors

Production Techniques: Rice production techniques for GDSSs with

rice production potential but no current production were derived judg-
mentally from those used in GDSSs most similar in terms of the three
agrophysical factors (water use and soil slope and depth) used in the rice
yield potential matrix. The synthesis of that matrix was explained in
the previous section of this chapter.

Sugarcane and cultivated pasture/milk yields and labor use for the
rice potential GDSSs were estimated according to the methods described

in the previous section.

Alternative Rice Production Techniques:

An alternative set of rice production techniques requiring increased

enterprise labor and/or reduced use of foreign exchange-using (imported)
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inputs was derived from the SIEDRA budgets (Table 4-9). Input substitu-
tions and adjustment of corresponding yields were done judgmentally because
of the lack of empirical data on incremental (marginal) input-out rela-
tions in rice production. Rice production specialists from SEA made the
substitution estimates based on field experience. Yields generally were
reduced as labor was substituted for such imported inputs as fertilizer,
herbicides and insecticides, the local feeling being that hand and animal
operations would be less timely and effective than the more capital inten-

sive operations.

Table 4-9. Comparison of Input Differences Between
Representative Rice Production Budgets with Typical
and Alternative Production Techniques, 1979 Current Normal

Input Units Typical Alternative
----------- quantity/ta----------------

Insecticide 1t 0.25 0.17
Herbicide gal 0.25 0
Fertilizer (15-15-0) qq 0.80 0.30
Urea qq 0 0.10
Labor

Weeding times 2 1

Cleaning " 0 1

Irrigation " 1 4

Pesticide applic. " 3 2

Herbicide applic. " 1 0
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Monetary Production Cost and Income Estimates

The definitions of the key concepts of monetary and unsubsidized
values are critical to the understanding of the economic data collection
and analysis undertaken in this study. They are explained at the begin-
ning of this chapter.

The primary distinction between the two concepts is that monetary
values are cash expenses and income, while unsubsidized values are cash
values adjusted for implicit subsidies. The cash values are market
values based on producer opportunity costs and shadow prices and may
include governmental price alterations in the form of subsidies or taxes.

Implicit subsidies are due to governmental fixing of resource prices
at levels different from their marginal productivity and are estimated
through application of the opportunity cost principle at the national
level. Implicit subsidies considered in this study are those on agricul-
tural credit, unpaid family labor, irrigation water use, and foreign
exchange.

In the case of irrigation water, for example, the government fixes
irrigation water charges at the flat rate per tarea irrigated, rather
than charging by volume of water used. The opportunity cost of applying
irrigation water to rainfed rice is the value of the alternative product
(i.e., sugarcane, cultivated pasture) foregone in using the water on
rice instead of on the alternative product. In this case, the implicit
subsidy is the difference between the national opportunity cost (product
foregone) and the govermmentally established flat rate per tarea. Those
producers who forego irrigated sugarcane or cultivated pasture produc-

tion subsidize those who benefit from irrigation of rice.
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Monetary Production Costs:

Current normal production costs for rice were calculated by multiply-
ing monetary prices by the physical input coefficients determined in the
previous section (Table 4-4). Current normal prices for most variable
inputs in rice production were taken from the SIEDRA (1979d) budgets.

The SIEDRA budgets indicated that most rice in the region is produced on
government-owned IAD cooperative asentamientos and that all machinery and
equipment services are contracted for by IAD producers. Contract services
were priced at the local custom hire rate for equipment and labor. Manual
labor was priced at the local non-skilled wage rate.

In the original SIEDRA budgets, unpaid family labor was not separated
from paid labor but was included implicitly as part of the contracted
labor and thus was overpriced in terms of monetary costs. Therefore,
based on SEA (1977c) farm survey results for rice farms less than 80 ta
in size, total labor costs in each of the budgets were allocated as
follows: 40 percent to unpaid family labor and 60 percent to paid labor.
Accordingly, the SIEDRA producer monetary cost estimates were reduced
by 40 percent of total labor costs in order to better reflect cash out-
lays for labor. The assumption was made that all labor was paid at the
local unskilled wage rate. That assumption-seemed reasonable in that
undervaluation of machine operators' labor is offset by overvaluation of
child labor.

SIEDRA budgets did not include interest charges on variable costs,
which resulted in an understatement of monetary costs in irrigated pro-
duction budgets. The state-owned Agricultural Bank (BAGRICOLA) does not
extend credit for rainfed rice production. Therefore, the current normal

BAGRICOLA small farmer rate of nine percent annual interest was applied
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to 80 percent of all non-interest variable costs for six months in order
to obtain a representative monetary interest charge for the irrigated
production cycle. This procedure was based on information obtained in
discussions with BAGRICOLA personnel and with local IAD rice farmers.

* Because asentamiento producers typically do not own their own
machinery and equipment, there were no estimates of producer fixed costs
in the SIEDRA budgets. However, in order to estimate unsubsidized costs
of machinery use, current normal machinery and equipment costs were cal-
culated by converting stocks to annual flows of services using standard
accounting methods and 1979 retail market prices (Brown, 1978; Castle,
et al., 1972). Depreciation on machinery, on which private owners must
pay import taxes, was calculated on a straightline basis assuming a
salvage value of 5 percent (Tables 4-10 and 4-11). Interest on average
cost over the assumed life of the equipment was charged at the current
normal BAGRICOLA annual rate of 9 percent (FAO, 1974b). Repairs and
maintenance were estimated at 150 and 100 percent, respectively, of
original tractor and implement purchase prices. Tractor fuel costs were
based on fuel consumption rates and field operating speeds as estimated
by local machinery dealers. Lubrication costs were calculated as 15
percent of fuel costs. Labor use was computed at 1.2 hr of operation
and maintenance for each hour of tractor use and was priced at the local
unskilled labor wage rate (Junt, 1977).

Sugarcane annual monetary costs at the GDSS level were derived from
Bookers (1975) report estimates for each CEA sugarmill area (Table 4-12).
Mil1l level costs were allocated to GDSS level by adjusting all yield-
related inputs by the cane yield index for each GDSS. The assumption was

made that production techniques had not changed since the Bookers data
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Table 4-10. Annualized Monetary Costs for State Owned and

Privately Owned Machinery for Rice Production,

Central Region, 1979

Tractor Plow Disk
Cost 78 HP 4 boards 16- 24" Mud Plow
State | Pvt. State | Pvt. State | Pvt. State| Pvt.
Fixed costs
Deprecia}ion 0.99]1.35 0.50| 0.79 1.56 | 2.64 0.03| 0.04
Interest 0.50 068 | 0.13|0.20 | 0.39(067 | o0.01]0.01
T?zﬁlric 1.49(2.03 | o0.63/0.99 | 1.95/3.31 | o0.04]0.05
Variable costs
Fuel? 1.31]1.31 N - - - -
Lubrication3 0.2010.20 - - - - - -
Repaig/maint9 1.57|2.14 | o0.53)0.83 | 1.64|2.78 | 0.03]0.05
Labor 0.94 ]| 0.94 - - - - - -
T?gj;r¥° 4.02|4.59 | o0.53]0.83 | 1.64]2.73 | 0.03]0.05
T°f§}hﬁ§5t 5.5116.62 | 1.16]1.82 | 3.59!6.09 | . 0.07]0.10
T°fg}t§§St 1.38|1.66 | 0.29/0.46 | 0.90]1.52 | 0.02]0.03
Assumptions:
1. Originalg  1131957] 170008] 1108 1750 | 2947 | 5000 550| 81
cost ($)
2. 3:}n:9?$)9 659 | 898 55 88 147 250 3| 4
3. ”Sf:ﬂ:)‘ife 12600 2100 1800 1800
4. A“?gﬁl)use 2100 700 600 600
5. Fuel use 1.5
(gal/hr) ’
6. Labor use 1.2
(hr/tractor) :

;9 percent annual
$0.87 gallon
15 percent of fuel cost

150 percent of original tractor cost, 100 percent of original equipment

cost
operator salary $165 per month
machinery used 264 days/year, 8 hr/day

FOB

8o, tax, profit
95 percent of original price
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Table 4-11. Current Normal Monetary and Unsubsidized Costs
for Typical Private and State-Owned Rice Production
Machinery, Central Region, 1979

($/ta/yr) ($/ta/yr) ($/ta/yr)
Tractor, 78 hp 1.66 1.38 1.78
Plow, 4-board 0.46 0.29 0.44
Disk, 16-24" 1.52 0.90 1.54
Mud plow 0.03 0.02 0.03

Table 4-12. Monetary Costs of Sugarcane Production for Three
Sugarmill Areas, Central Region, 1973 Costs Indexed to 1979

Cost Haina1 Ozama2 Catarey3
Variable cost
Cultivation 2.87 2.65 3.33
Maintenance 1.14 1.22 1.30
Field, general 1.21 1.14 1.12
Harvest 3.49 3.16 3.23
Total VC (1979 $/mt) 8.71 8.17 8.98
Yield (mt/ta) 3.1 3.3 3.2
Total VC (1973 $/ta) 27.00 26.96 28.74
Fixed cost (1973 $/ta) 2.78 2.82 5.38
Total cost (1973 $/ta) 29.78 29.78 34.12
Total cost (1979 $/ta)4 50.63 50.63 58.00

corresponds to irrigated GDSS 11B
corresponds to irrigated GDSS 16A
corresponds to rainfed GDSS 20B

1979 price index = 170, 1973 = 100

HwWw NN =
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made that production techniques had not changed since the Bookers data
was collected (World Bank, 1979).

The costs were annualized using a seven year rotation cycle. Estab-
lishment (“renovation") costs were assumed to recur every seven years,
so that on an annual basis 1/7 of the total costs were weighted for
establishment costs and 6/7 for maintenance costs. Machinery and equip-
ment were depreciated on a straightline basis to zero salvage value.

No monetary interest charge was made on the assumption that CEA finances
its operating expenses out of current revenues. Repairs and maintenance
were charged at 100 percent of import price (Bookers, 1975). Bookers
cost estimates for 1973 were updated to 1979 costs through the use of an
input price index. The index was derived from BAGRICOLA (1979) time
series data for a composite average of diesel fuel and agrochemical costs
(Figure 4-1).

Cultivated pasture total annual monetary costs at the GDSS level for
pasteurized milk production were derived from an IDB (1973) report which
was reviewed and judged to be of acceptable accuracy for the study. IDB
production costs for a 1994 ta farm selling 720 1t of raw milk daily
were used as the base from which GDSS level costs were derived (Table
4-13). Pasture establishment costs were reported to occur every ten
years, with annual maintenance costs occurring in the intervening years.
Annualized total pasture costs were weighted 1/10 for establishment costs
and 9/10 for maintenance costs. The assumption was made that milk pro-
duction techniques had not changed since the IDB study (Associacion,
1979; FAO, 1978). Milk production costs were distributed to GDSS level
by using the sugarcane yield index. Annual production costs which vary

with milk output were adjusted from the base budget by using the milk
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Figure 4-1. Derivation of 1979 Input Price Index from BAGRICOLA
1973-78 Data (1973 = 100), Dominican Republic

-
200 -
I ] _ -
N 60 - ~
D
E _
X
20 -
100
1973 75 77 79

YEAR

The points corresponding to 1973-78 are from BAGRICOLA (1978) data. A
judgemental estimate of the 1979 index was made as follows: (a) the
period 1973-75 was essentially ignored due to the abnormally high prices
for petroleum products in those years, (b) the curvilinear trend between
1975-78 was extrapolated to 1979. The data are for a composite of
diesel fuel and agrochemical costs.
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Table 4-13. Monetary Costs of Production of Cultivated Pasture
Used for Pasteurized Milk in Rainfed GDSS 07B,
Central Region, 1973 Costs Indexed to 1979

Variable Cost (1973) ($/ta)
Pasture maintenance 4.07
Supplemental feed 11.83
Veterinary expenses 1.14
Equipment maintenance 2.63
Repairs 1.10
Labor 3.28
Other 1.32

Total 1 25.37
Interest on VC 1.90

Total VC (1973) 27.27

Fixed cost (1973) 6.00

Total cost (1973) 33.27

Total cost (1979)2,3 43.25

1

8% per annum

21979 price index = 130, 1973 = 100

3corresponds to milk yield of 132 1t/ta/yr

yield index. Herd animal maintenance and replacement costs were assumed
constant among GDSSs. One-tenth of the bulls and cows were assumed to

be replaced annually and sold as slaughter animals. Interest was charged
at 8 percent (Associacion, 1979). Al1 costs were updated to 1979 using

a dairy input price index derived from IDB (1973) and Associacion (1979)
data. Total production costs for 1973 were $0.20 per 1t, and those for
1979 for a composite of Central Region farms with similar output (744
1t/yr) were $0.26. Therefore, the 1979 input price index was 130 using
100 as the 1973 base year index.



80

Monetary Income:

Monetary income for each land use was calculated by multiplying cur-
rent normal monetary prices at the farm gate by the yields estimated for
each GDSS (Table 4-14). Use of current normal fixed prices implies that
there is no variation in prices over time. This rather rigid assumption
is discussed in Chapter VI. Estimates of current normal monetary prices
at the farm gate and import prices were made for rice and milk using
INESPRE (1979) data. Rice prices were weighted by volume for the four
qualities of rice defined by INESPRE.

Based on the fact that the CEA is a vertically integrated organiza-
tion which does not conduct field level market transactions for the cane
produced on its own land, monetary prices at the "farm gate" were derived
from import (CIF) prices (World Bank, 1979). The sugarcane farm gate
price was derived by subtracting a representative marketing charge from
the CIF import price and converting sugar weight to sugarcane equivalent
(Table 4-15).

A representative monetary charge for processing sugarcane to sugar
and for marketing services was based on Bookers (1975) report estimates
for the Haina sugarmill (Table 4-16). Factor machinery was depreciated
over a 30 year period. No interest was charged on the assumption that
the state owned CEA finances all of its expenses out of current income.
The costs were then adjusted to 1979 costs by utilizing the BAGRICOLA
input price index described in the previous section. Sugarcane trans-
portation costs from field to mill were taken from Bookers (1975) report
estimates and indexed to 1979 using the BAGRICOLA input price index.
Capital items were depreciated over a 30 year period and no interest was

charged.
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Table 4-14. Monetary and Unsubsidized Product Prices, Farm Gate
and CIF Import, Central Region, 1979 Current Normal
Product Level Units Monetary Unsubsidized
----------- $/unit------------

Rice Farm gate qq,rough 12.00l 13.12
Import qq,white NE 26.28
Sugarcane Farm gate mt,cane 26.001 33.00
Import mt,sugar NE 397.00
Milk Farm gate 1t,cooled 0.291 0
Import 1t,reconst NE 0.12
Cull animals Farm gate 1b,live 0.19l 0.23
Import 1b,meat NE 1.03

1

Table 4-15.

not estimated

in the study

Derivation of Farm Gate Monetary and Unsubsidized
Prices for Sugarcane, Central Region,

1979 Current Normal

Monetary Unsubsidized
CIF import price (RD$/mt) 331 331
For. exch. conversion (RD$/US$) X - x 1.2
Marketing charge (RD$/mt) - 96 - 102
235 295
Conversion factor, sugar to cane x 0.112 x 0.112
Farm gate price (RD$/mt) 26.00 33.00
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Table 4-16. Derivation of Unsubsidized Marketing Costs from

Monetary Marketing Costs for Sugarcane, Central
Region, 1973 Costs Indexed to 1979

Monetary costs:

Processing, sales

Variable cost 32.76
Interest on VC 0
Total VC (1973 $4/mt sugar) 32.76
Yield (mt sugar/ta) 0.35
Total VC (1973 $/ta) 11.47
Fixed cost (1973 $/ta) 1.16
Total processing cost (1973 $/ta)1 12.63
Transportation
Variable cost 2 2.16
Interest on VC 0
Total VC (1973 $/mt cane) 2.16
Yield (mt cane/ta)3 3.1
Total VC (1973 $/ta) 6.70
Fixed cost (1973 $/ta) 0.43
Total transportation cost (1973 $/ta) 7.13
Total marketing cost (1973 $/ta) 19.76
Total marketing cost (1979 $/ta)? 33.60
Yield (mt sugar/ta) 0.35
Total marketing cost (1979 $/mt) 96.00
Unsubsidized costs:
Imported input charge (30%) 28.80
Domestic component (70%) 67.20
Foreign exchange adjustment (1.20) 34.56
Unsubsidized marketing cost (1979 $/mt) 101.76

lpased on Haina sugarmill costs
2

3irrigated

41979 price index = 170, 1973 base year

no monetary interest charges were made
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A cull milk cow price at the farm gate was derived, through linear
regression, from time series data of the CEA livestock subdivision,
CEAGANA (1979). A marketing charge of 56 percent of retail price was
subtracted from the retail price, and a 48 percent factor was applied to

convert from live weight to meat (Table 4-17).

Table 4-17. Calculation of Farm Gate Monetary and Unsubsidized
Prices and Income for Livestock, Central Region,
1979 Current Normal

Prices: (Monetary) (Unsubsidized)
CIF import price (RD$/1b) 0.86 0.86
For.Exch. conversion (RD$/US$) - 1.2
1.03
Marketing charge (56%) - 0.48 - 0.58
0.38 0.45
Conversion factor,
meat to live animal x 0.48 x 0.48
Farm gate price (RD$/1b) 0.19 0.23
Income:
Yield, meat (1b/ta) 23.5 23.5
Price (RD$/1b) x 0.19 x 0.23
Income (RD$/ta) 4.47 5.40

Monetary Returns to Land and Management:

Monetary RLM were calculated by subtracting monetary costs of pro-

duction from monetary income.

Data Analysis

This section of the chapter covers the agrophysical and economic
analyses carried out on the data collected and processed as explained

earlier in the chapter.
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Agrophysical Analysis

The refined data obtained through the methods explained in the earlier
sections of this chapter are analyzed in this section in order to select
the GDSSs believed to have potential for rice production. Methods for
selecting those GDSSs and determining the possibilities for multiple pro-
duction cycles within them are presented. Procedures for estimation of
GDSS physical area with rice potential, current rice production area,
area with potential for expansion of current production, and current land
use in that potential expansion area are discussed.

Perfect complementarity of agrophysical inputs is assumed in order
to simplify the quantitative analysis. The implications of this assump-

tion for study results is discussed in Chapter VI.

Selection of GDSSs with Rice Production Potential

Rice agrophysical requirements were crosstabulated with GDSS level
land base characteristics in order to identify those GDSSs with character-
jstics within the tolerance limits for rice production. The GDSSs sel-
ected through this crosstabulation were subjected to the further analyses

presented below.

Estimation of Potential Area for Rice Production

Although the GDSS analytical units were defined in Chapter II as
"relatively homogeneous," there are a number of reasons why they could
not be considered completely homogeneous for area estimation purposes in
this study. In classification systems in general, taxonomic units are
only considered to be homogeneous with respect to those criteria used to

define each taxon. That implies that within a given taxonomic unit there
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can be heterogeneity of other criteria not used in taxon definition. A
GDSS may be quite homogeneous with respect to the soil and water charac-
teristics used in its classification, but heterogeneous with respect to
other characteristics such as micronutrient availability, evapotranspira-
tion, or light intensity.

Another, related,. factor contributing to non-homogeneity of GDSSs for
the purposes of this study was the inclusion of relatively small pockets
of dissimilar soils and microclimates within each GDSS. The acceptance
of "inclusions" was an operational imperative for keeping the number of
taxonomic units within manageable limits. Research efforts were focussed
on the dominant characteristics of the GDSSs of importance in the study,
while less attention was given to the relatively unimportant inclusions.

These factors were taken into consideration in estimating the physi-
cal area potentially adaptable for rice production within each GDSS
selected in the earlier analysis. The original CRIES (1977a) soils docu-
mentation indicated that up to 30 percent of a given GDSS may be made
up of inclusions of contrasting soils. More recent information indicated
that only about 20 percent of the area of the selected GDSSs in the
Central Region (10 percent of GDSS 06A) had an acceptable evapotranspira-
tion level for rainfed rice production (Reyna and Paulet, 1979). Thus,
total physical area (ta) for each rainfed and irrigated GDSS was multi-
plied by a 0.7 factor to eliminate possible unusable iﬁclusions. Then
the resulting area estimates for each rainfed GDSS were multiplied by
0.2 (0.1 for GDSS 06A) to eliminate areas with unacceptable evapotrans-

piration levels.
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Potential for Multiple Rice Production Cycles

Monthly water availability data was used to determine the feasibility
of producing more than one rice crop per year in each selected GDSS. A
minimum water availability from rainfall, surface, or underground sources
of 138 mm/mo for four mo was the criterion for feasibility selection for
each crop cycle. That criterion is based on water requirements for the

most drought tolerant rice variety studied, Juma-57.

Current Land Use

The current normal rice production area bylGDSS for each production
cycle was taken directly from SIEDRA (1979d) data. No GDSS level quanti-
tative data were available for sugarcane or for cultivated pastures.
However, discussions with regional sugarcane and livestock production
specialists indicated that there were at least 25,000 ta (as assumed in
the hypothetical rice expansion strategies discussed later in this

chapter) of each of these land uses in each of the screened GDSSs.

Potential Area for Rice Expansion

Physical area (ta) with potential for expansion of current rice pro-
duction in each GDSS was calculated by subtracting the area of current
rice production from the total area with potential for rice production.
The analysis of the economic feasibility of production expansion in

these areas is discussed in the next section.

Economic Analysis

Benefit-cost and partial budgeting of rice production alternatives

were selected as the techniques for economic analysis of land resource
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use for five primary reasons. First, the producers who eventually may
be asked to expand rice production will 1ikely base their decision on a
comparison of the expected benefits and costs of the proposed rice pro-
duction alternatives with those of other land use options, such as sugar-
cane and cultivated pastures. Second, sufficient preliminary SIEDRA
data were available with which to begin these analyses. Third, the
approaches and their results can be communicated relatively easily to
technicians and to decisionmakers. Fourth, several land use change im-
pacts can be monitored simultaneously. Fifth, benefit-cost and partial
budgeting information can form a basis for more comprehensive static and
dynamic analyses.

Major limitations of the benefit-cost and partial budgeting tech-
niques as used in this study include: (a) both are forms of comparative
static analysis which ignore the dynamics of the transitions between
static equilibria; (b) both ignore aggregation bias in input and output
pricing; and (c) benefit-cost analysis lacks a widely accepted, con-
sistent set of definitional and procedural standards among its various
proponents. The implications of these limitations for the use of study

results are treated in Chapter VI.

Benefit-Cost Analysis and Input Accounting

The procedure for converting the monetary production cost and income
estimates discussed earlier to unsubsidized estimates is discussed first
in this section. There follows a discussion of the comparisons made

among the various production coefficient estimates.

Unsubsidized Production Cost and Income Estimates:
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Unsubsidized Production Costs: Monetary variable costs for rice

production were adjusted for the inflated official exchange rate on
imported production inputs and for the imb]icit]y subsidized costs for
unpaid family labor, money tied up as operating capital, and irrigation
water (Table 4-4). Instead of the official exchange rate of RD$1.00 =
US$1.00, a current normal unsubsidiied rate of RD$1.20 = US$1.00 was
used. This rate was based on Central Bank (1979) time series data for
the government sanctioned "parallel" or black market for foreign currency
and was applied to the CIF import price of all imported inputs. Data on
1979 import prices were obtained from SEA (1979b) and from local import-
ers. The sum of the adjusted costs of imported inputs was used as the
estimate of foreign exchange use for rice.

The unsubsidized cost of unpaid family labor was computed at the
local wage rate for unskilled labor, the same rate as that used for cal-
culation of monetary cost. No adjustment of monetary wage rate was
deemed necessary as the local labor markets are relatively competitive
during the rice production cycles.

The unsubsidized cost of operating capital for rice production was
calculated at 18 percent per annum for a six mo production cycle on both
the 80 percent of variable input costs that typically are financed by
the BAGRICOLA and the 20 percent of operating capital that the producers
pay out of their own pockets. The 18 percent figure was based on an
agricultural credit study carried out in 1979, which found that banks
get around the legal 12 percent 1imit on interest rates by charging addi-
tional service fees in order to cover their real costs of loan servicing.

The unsubsidized cost for irrigation water was imputed on the basis

of the marginal value of its most profitable alternative use, which was
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assumed to be sugarcane production in the GDSSs selected in the agro-
physical analysis. It was further assumed that the diversion of irriga-
tion water would reduce irrigated sugarcane and sugar yields by 10
percent and that the volume of water required to irrigate optimally 1 ta
of riceland was equivalent to that required to irrigate 2 ta of sugarcane
land. An average irrigated sugar yield of 3.0 mt/ta was used to calcu-
late the imputed water cost.

Unsubsidized machinery fixed costs for rice production were calcu-
lated according to the procedure explained in the monetary cost section
of this chapter, with the exception that the CIF import prices were
adjusted for the inflated exchange rate.

Foreign exchange costs for sugarcane and cultivated pasture/milk
were obtained by adjusting monetary costs of imported inputs for the
inflated exchange rate (Tables 4-18 and 4-19). The simplifying assump-
tion was made that 34 percent of total costs for rainfed and irrigated
production was expended on foreign exchange-using inputs and the remain-
ing 66 percent was spent on local labor and general overhead. This
assumption was based on the average of the corresponding estimates for
rice production. It was also assumed, because of lack of data, that all
three land uses required equal proportions of imported inputs. Total
foreign exchange use for sugarcane and cultivated pasture/milk was the
sum of these adjusted input costs.

An unsubsidized interest rate of 16 percent per annum was charged
on all sugarcane production costs on the assumption that the state owned
CEA was a slightly better credit risk than were rice asentamientos and
dairy farms which were charged a rate of 18 percent. Labor was priced
at the local unskilled wage rate, as explained for the rice cost esti-

mates.



90

$3503 9| Qej4RA UO 3Jed |enuue Judduad 91g

3%33 U} pauie|dxa Se ‘uajem 03 asuodsad aueduebns uo vmmmmn

a3ea abueyoxa pazipysqnsun 00°T1$QY = oo.ﬁmmso
3500 A4pj3uow |@J03 JO JuddIad <nm
00T = €/6T ‘0L1 = xapui 3diud msmﬂe
x3pui pratk aueoaebns £q pajsn(pe mumoom
ewezQ) = () ‘Rujey = H ‘Adueje) = uN
s33bpnq 3say3 wouj pajsnfpe $3s0d pajelad v—op>~
98°€L 9£°99 9€°99 S0°v9 8L°69 €9°vy 9,795 12°2S (®3/¢04 6£61) 350> pazipisqnsun [e30]
€8 9 "L 9€ "L ¥0°L ¥8°¢L ys°Y eL’9 80°9 wpmou 3s3433u} pazipisqnsun
$5°G9 00°6S 00°6S 10°4S ¥6°1¢ 60°0F t0°0S ET°9Y Le3oL
£€6°Y €6t €6°Y €6°Y 0 0 0 0 £(®3/50Y) 3503 433em uoilebiaay pazipisqnsun
19°09 L0°pS LO°#S 80°2S ¥6°19 60°0¥ tO'0S €1°9Y Leiop
91°'€2 69702 S9°02 06°61 99°¢Zz 1€°GT  2U°61 €9°L1 mmu\wcxv pIndui pajuodwi 40 3503 pazipisqnsun
1 AASEA 2 X N4 A3 81°2¢ 82°8€ 8L°'b¢ 2670t 05°82 (e3/4ay) 3502 3nduy d}3sawoq
oe°6t 12741 1271 86°91 2L°6T 9,721  €6°ST  OL'%1 onu\wmzv 3502 3ndui pajuodu]
1$350) pazipisqnsun
GL°9S €9°0S €9°0§ 9.°8Y 00°8S $5°LE G8°9y 02°Ed vﬁou\wom 6.61) 3500 Auejauow |e30)
8E'EE 8.°6¢ 8L°62 89°82 2L 80°22 95°L2 1v°Se (e3/4Sy €461) 3502 Le30]
28°2 282 8L°¢ 28°¢ 8€°S 8t°S 28°e 2872 uoljeidaadag
95°0¢ 96°92 00°/2 98°G¢ ¥L°%2 0L°9T #L°¥2 65°¢2 (e3/$0Y €£61) A L®30L
9°¢ €°¢ e 2'¢ 2°¢ 12 1€ 6°2 (e3/3w) pLatA
6v8 ('8 1.8 £0°8 868 56, 8°L 6L7L (3w/$0y €L61) JA LR3IOL
8Y°€ 91°¢ 6Y°¢€ 90°€ €2°¢ €1°e 1672 8L°2 3saAdey
10°9 10°9 22’s 10°9 SL°S SL°S 10°9 10°9 uoLjeatlLny
3500 a|qeiJep
mmmmmmmmmcceccoeecc---3RWLYSY JUILILYPB0D e memm e eonmceene :$350) Auejauoy
0 20 PAL 0 29 J 0 0
1330Png LLtW 3seg
891 w9l 18Il v/ 802 w0z  8/0 VL0 21q8i42A
pajebiad] pajutey

6,61 03 Paxapu] £/61 ‘UOL63Y LeAJUd) ‘SSSQY PAIBELUA] ANO4 PUR P3jULRY 4NO4 UL
©3uesuebng 404 BaJe] 4ad UOLIINPOU4 O SISO) PIZIPLSQNSUM pue AJeIauoc)] |enuuy 4O UOLIBALLAQ °8T-p 3(qel



91

9jed [enuue Judduad mﬂw

I1x33 u} pauie|dxd se ‘4ajem 03 asuodsad aueddebns uo paseg,
ajed abueydxa pazipysqnsun 02° 140y = 00°T$SNg

3500 Au4ejauow (303 JO JuddIAd pEg
001 = €/61 °“O€T x3pu} 3diud anmﬁe
Lenuue Juaduad g 33ed 3s3UdIUIE

Lenuue Judd43ad g 3jed 3SAUBIUL xa3pul plaLA | w Aq pasnlpe $3150),

396pnq aseq siy3

wo4j PaIsNIpe S3S0D paje|ad Plaliy

€9°L9 20°v9 €9°/9 20°%9 SE"C9 [LU'€E9 [LI'€9  [B°HS EL'GY SO°¥S LE°2S

(e3/¢ay 6461)
3502 pazipisqnsun |e30]

98°6 €6 98°6 1€°6 G0°6 81'6 8I'6 L6°L 6v°9 S8l 65°L

LL°LS XL°9S LL°LS IL°vS B2°€S 66°ES 66°€S 06°9v y9°BE 02°9Y 8L b¥
0 0 0

i VA e n e L e 0

v0'€5 86°6v PO'ES 866y S5°8Y 92'6y 926y 06°9v PI'BE 02°9Y 8L'¥Y
92°0¢ 60°61 92°02 60°61 GS°8T ¢8°8T ¢8°81  ¢26°L1 9.7t G9°LT T1°LT

8L°2¢ 68°0¢ 8/°2¢ (8°0€ 00°0E vv'0E +vv'0f 86°8C 88°€2 GG°8C [9°L¢
88°9T 16°GI 88°91 16°ST 9v°GT 89°GT -09°GT  €6°¢1 02l OL°tT 9¢°41

mﬁau\nomv
3500 3S3a433ul pIzipLsqnsupn
Lejog

(®3/%0qy) 3s0d
433BM :o_ucm_mg_ pazipisqnsupn
Lejol

oﬁau\wnmv sandui
pajaodwy 4073503 pazipisqnsupn
(e3/40y)- 3500 3ndui d3sawoq
mamu\»msv 3505 3ndui pajJodu]
$'$3S0D pazipsqnsuf

99°Ty 08°9v 99°6v 06°9v 9b'Sy <¢1'9% 2I'9r 16°€h BI'9E G2°Eh €6°1¢
02°8¢ 00°9¢ 02°8E 00°9€ [6°vE 8Y'SE 8Y'SE BL'EE €8°[C [2°EE GZ°¢E

,3/80Y 6161) 3500 Aueqauow (e3o)
(e3/¢04 €L61) 3s0) Le3of

ccce-e- lllllllll!lll-ll-llll-lllillllllllll°°.@ B e L T

02°2¢6 0006 02°2¢ 00°0f L6°82 Bv'62 B8v'62 8L (2 £8°12 L2 {2 S§2°92
¥6°12 €L°61 v6°12 €L°61 TL°8T ¢2°61 ¢2°61  2S°LT (LS°TT T0°LT 00°91

B | e et

621 91l 621 181 011 €1l €1l €01 89 00T 6

mum uo 3sa4aju} ‘uojjerddudsg
(e3/$ay €L61) IA Le30L
353433ul ‘uoqe| ‘pa’4
mucm:mu:mms aanjsed *juawdinb3
35032 3|qelaep
13500 Aaejaucy
X3pUul PLILA ALIW

12 vie 891 LE)! 13:146 VL0 V90 802 v0Z 18.0 V.0

pajeb L] Pajuiey

d|qetdep

6L61 03 Xapul “g/61 ‘uoibay [ed3ua)

SS09 PAIRBLIA] UIAIS PUB P3JULRY JNO4 UL Y| W/34NISed PaIRALIND
40} eade] 43d UOLIONPOJ4 SO SISO) PIZLPLSQNSUN pue AURIBUOK |eNuuy JO UOLIRALIAQ “6T-p dLqel



92

Irrigation Infrastructure Investment: No irrigation infrastructure

costs were estimated for the rice area expansion. This was based on the
assumptions that there were at least 25,000 ta of irrigated sugarcane and
cultivated pasture which could be converted to rice production in each
selected GDSS and that sugarcane and cultivated pasture irrigation infra-
structure was a close substitute for rice infrastructure. These assump-

tions are discussed in Chapter VI.

Unsubsidized Income: Unsubsidized income was calculated by multiply-

ing yields by the unsubsidized output prices. The unsubsidized output
price for each product at the farm gate was derived from the CIF import
price, after that price was adjusted for the foreign exchange differen-
tial by netting out marketing charges and converting from processed to

unprocessed product (Tables 4-14, 4-15, 4-17, and 4-20).

Table 4-20. Derivation of Unsubsidized Farm Gate Prices from
CIF Import Prices for White Rice and Reconstituted Milk,
Central Region, 1979 Current Normal

Parameters Rice Milk
(per aq) (per 1t)
CIF import price (US$) 21.90 0.10
Foreign exchan?e conversion rate,
unsubsidized x 1.2 x 1.2
Unsubsidized CIF import price (RD$) 26.28 0.12
Marketing charge - 6.10 - 0.12
20.18 0
Conversion factor, processed to
unprocessed x 0.65 X 1
Unsubsidized farm gate price (RD$) 13.12 0

1ys$1.00 = RD$1.20
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Current normal import prices for rice were estimated from INESPRE
(1979) data. Refined sugar CIF import prices were taken from World
Bank (1979) estimates of long term expected world prices. In the absence
of an import market for pasteurized milk, the unsubsidized cost of milk
was estimated on the basis of the CIF import price of reconstituted
powdered milk (Associacion, 1979). The assumption was made that recon-
stituted milk was a close substitute for pasteurized milk and is dis-
cussed in Chapter VI.

Unsubsidized marketing charges for rice, sugarcane, and cultivated
pasture/milk were derived from monetary cost estimates (Tables 4-16,
4-17, and 4-21). Regional average monetary costs per qq of white rice
were calculated from INESPRE (1979) data for five major mills in the
Central Region (Table 4-21). Milled white rice with 14 percent moisture
content was calculated at 65 percent of rough rice wieght with 20 percent
humidity (Murphrey, 1972; SEA, 1977a). Regional average rice transpor-
tation costs per qq to the local mill and from there to the Santo Domingo
retail markets were calculated from INESPRE (1979) data. Rice wholesal-
ing and retailing charges were estimated at 16 percent of current normal
retail price as based on a 1977 SEA marketing report.

Monetary marketing charges for sugarcane and livestock were dis-
cussed in the data collection section of this chapter (Tables 4-16 and
4-17). A monetary charge for milk marketing was based on SEA (1977a)
marketing margin estimates for 1975. These costs were calculated at 36
percent of the 1979 retail pasteurized milk price.

Unsubsidized charges for marketing the three products were calcu-
lated by multiplying estimated monetary costs for imported inputs by the
unsubsidized exchange rate of RD$1.20 = US$1.00, and adding an interest
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Table 4-21. Derivation of Unsubsidized Marketing Costs
from Monetary Costs for Rice,
Central Region, 1979 Costs

Monetary costs: ($/aq)
Processing .

Machinery 1.41

Labor 0.35
Total processing 1.76
Transportation

Farm to mill 0.45

Mill to Santo Domingo 0.30
Total transportation 0.75
Total processing and transportation 2.51
Sales margin1 3.24
Total monetary marketing cost 5.75

Unsubsidized costs:

Imported input charge (30%) 1.72
Foreign exchange adjustment (1.2) 2.07
Unsubsidized marketing cost 6.10

116% of 1979 retail price of $20.25/qq

charge of 16 and 18 percent, respectively, for sugarcane and the other
two products. These adjusted costs were added to domestic input costs to
obtain total unsubsidized marketing costs. Rice imported input costs
were calculated to be 30 percent of total marketing costs. Based on this
estimate, unadjusted imported input costs for sugarcane and milk/cull
animals were calculated at 30 percent of total marketing costs.
Unsubsidized labor costs were estimated at the local unskilled wage

labor rate, as explained earlier.
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Unsubsidized Returns to Land and Management: Unsubsidized RLM was

calculated by subtracting unsubsidized costs of production from unsubsi-

dized income.

Comparisons of Production Coefficient -Estimates:

Comparisons were made among the three land uses of monetary and
unsubsidized production costs, monetary and unsubsidized (RLM), and pro-
duction labor and foreign exchange use on a per tarea (ta) basis. Rice
production cost subsidies were calculated, and privately-owned and state-
owned machinery costs were compared. The purpose of the comparisons
was to characterize production activities in each GDSS as a prelude to

the partial budgeting analysis discussed below.

Partial Budgeting Analysis of Rice Area Expansion

The economic data developed in this study was used to analyze the
regional and GDSS level impacts on production, labor use, foreign ex-
change use, and producer monetary and unsubsidized RLM of 11 alternative
strategies for a hypothetical 25,000 ta expansion of current rice area
(Table 4-22). The strategies were identified from among the various
possible combinations of decision rules (maximization of rice production,
monetary and unsubsidized RLM at the farm gate, and production labor,
and minimization of foreign exchange use) and policy variables (single
and multiple production cycles for rice, current normal and alternative
production techniques for rice, and increased production on current GDSSs,
expansion in current GDSSs, and expansion in potential GDSSs).

The first three strategies (A-c) involved maximization of rice pro-
duction under various assumptions on the policy variables. The next four

strategies called for maximization of rice monetary RLM (D and E) and rice
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Table 4-22. Assumptions on Five Decision Variables and Three Policy
Variables for 11 Strategies for Exapnsion of
Rice Production Area, Central Region

Strategy

Variable ICN A B C D E F G H I J K
Decision Rule

Production max a X X X

Rtn L&M, Monetary | a X X

Unsubsi. X X
Labor max a X X
For Exchange min a X X

Policy variable
Pdn Technique

Curr Normal areal a X X
Expand curr norm
Potential

Typical a X X X X X
Alternative X T T T T
Production Cycles A A A A
Current Normal a X N x N x N x N x
Potent multiple x Y Y Y Y
GDSS

unsubsidized RLM (F and G). The final four strategies required maximiza-
tion of labor use in rice production (H and 1), and maximization of foreign
exchange use in rice production (J and K).

Partial budgeting of the net impacts of each strategy (production,
RLM, labor, foreign exchange use) were carried out at the GDSS and region-
al levels (Table 4-23). Added costs and reduced benefits associated with
each rice expansion alternative were subtracted from the added benefits
and reduced costs which were expected to occur. In each case, rice was
assumed to substitute in each GDSS for the least profitable of the
sugarcane and cultivated pasture/milk land use alternatives. The strate-
gies then were ranked on the basis of net regional impact on each of the

studied variables.
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Table 4-23 (Continued)

Strategy E assumed maximization of rice monetary RLM with free choice
among other production parameters. The computation procedure for deter-
mining the net regional impact of the rice expansion was as follows:

1. select the GDSS and rice production technique with the highest annual
monetary RLM per ta (i.e., irrigated GDSS O7A using alternative pro-
duction techniques with 3 cycles/yer x $36/cycle = $108/yr).

2. if there are less than 25,000 ta of expansion area available in the
GDSS selected in (1), select the GDSS and rice production technique
with the second highest RLM (i.e., irrigated GDSS 06A using alterna-
tive techniques with 3 cycles/yr x $28/cycle = $84/yr).

3. calculate added rice production benefits:

a. for the GDSS and technique selected in (1), multiply number of
possible rice production cycles by the expansion area available
up to 25,000 ta total, then multiply the result by the parameter
values for each of the impacts (rice yield, monetary and unsub-
sidized RLM in the example) to obtain the added rice benefits
in the GDSS (e.g., 3 cycles x 20,000 ta x $36/ta monetary x
RLM = $2,160,000 monetary RLM).

b. repeat (3a) for the GDSS and technique selected in (2) up to
25,000 ta combined total (e.g., 3 cycles x 5,000 ta x $28/ta
monetary RLM = $420,000 monetary RLM).

c. for each impact, sum across GDSSs to obtain the regional added
ric§ benefits (e.g., $420,000 + $2,160,000 = $2,580,000 monetary
RLM).

4. calculate reduced sugarcane or CP/milk benefits:

a. for the GDSS selected in (1), determine whether sugarcane or
CP/milk has the lowest monetary RLM, then multiply the expan-
sion area by the corresponding impact parameter to obtain the
reduced benefits (e.g., 20,000 ta x $2/ta monetary RLM (cp/
milk) = $40,000 monetary RLM),

b. repeat (4a) for the GDSS and technique selected in (2) (e.g.,
5,000 ta x $2/ta monetary RLM (cp/milk) = $10,000 monetary RLM).

c. for each impact, sum across GDSSs to obtain the regional re-
duced sugarcane and CP/milk benefits (e.g., $40,000 + $10,000 =
$50,000 monetary RLM).

5. calculate regional net impact of the rice expansion: subtract
the reduced sugarcane and CP/milk benefits in (4c) from the added
rice benefits in (3c) to obtain the net regional impact (e.g.,
$2,580,000 - $50,000 = $2,530,000 monetary RLM).
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A sensitivity analysis of the assumptions on potential for multiple
cycle rice production was conducted on two of the "best" overall strate-
gies for rice expansion. The best overall strategies were selected on
the basis of most consistent high ranking among the five regional impacts
monitored. GDSSs with possibilities for three rice production cycles
were restricted to two cycles in the sensitivity analysis. The purpose
of the analysis was to determine the effect on study restuls of a possi-
ble field determination that a maximum of only two cycles were possible

in the Central Region.



CHAPTER V

ANALYTICAL RESULTS

In this chapter the results of the agrophysical and economic analyses
are presented. Agrophysical results include the selection of GDSSs with
rice production potential, major limiting factors to rice production,
and, within each selected GDSS, potential physical area for rice produc-
tion, rice multiple production cycle potential, current land use, and
potential area for rice expansion.

Results of the economic analyses include both per tarea benefit-cost
and impact accounting estimates for each GDSS selected in the agrophysi-
cal analysis and partial budgeting estimates of the regional and GDSS
level impacts of alternative strategies for rice production expansion.
The partial budgets monitored, for 11 strategies for a hypothetical
25,000 ta expansion of rice production, regional impacts on rice produc-
tion, net (combined rice, sugarcane, and cultivated pasture/milk) mone-
tary returns to land and management (RLM), net unsubsidized RLM, net
labor use in production, and net fereign exchange use in production.
Completing the chapter are results of the sensitivity analysis of two
selected strategies as they are applied in testing the assumptions

related to potential for rice multiple production cycles.

Agrophysical Results

The agrophysical results begin with the selection of GDSSs with rice

100
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production potential and a discussion of the major limiting factors pre-
venting rice production in many of the GDSSs in the region. Then follow
the results of the analysis of each of the selected GDSSs for determina-
tion of physical area with rice potential, potential for multiple rice

production cycles, current land use, and potential area for rice produc-

tion expansion.

GDSSs with Rice Production Potential

Crosstabulation of the rice agronomic requirements with the water
and soil characteristics of each GDSS, considered with additional rele-
vant information, resulted in the identification of four GDSSs as having
rainfed rice production potential and six GDSSs and two inclusions of two
GDSSs as having irrigated potential (Table 5-1). The four rainfed GDSSs
were 07A, 07B, 20A and 20B, and the six GDSSs with irrigated rice poten-
tial were 06A, 07A, 16A, 16B, 21A and 21B. In addition, a swampy area
of rice production reported in 07A was field checked and determined to
be a single area of atypical soils ("inclusion"), which is referred in
the rest of this paper as GDSS "07As". A second inclusion occurs in GDSS
11B. Soil descriptions in the SIEDRA (1979a) land resource base docu-
ment indicate that GDSS 11B has slopes over 3 percent and, therefore,
according to the 3 percent maximum slope criterion used in this study,
has no irrigation potential. However, SIEDRA (1979c) interview results
indicated a current normal area of 10,000 ta of irrigated rice in 11B.

A field check of this apparent paradox revealed that the production in
this GDSS takes place in a unique inclusion of naturally subirrigated
soils. This area henceforth will be referred to as GDSS "11Bi".

Initially GDSSs OlA and 02B were identified as having rice produc-

tion potential. Field checks indicated that the areas with rice potential
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Table 5-1. Agrophysical Adaptability of Rice to Nine Water
and Soil Characteristics in 29 GDSSs, and Major
Limiting Factors, Central Region

Water Soils Major
Limit-
GDSS| Rain- | sur- |under- STope Tex- Sali- F;£ELJ
fall | face |ground | Rain- | Irri- | Depth} . e |PH nity
fed | gated R 1
---Adaptability®--- | -=--=---n-- Adaptabilityé------nnn--
01A n A n A A A A A A w d
B n A n A n A A A A W S
02A A A n n n A A Q A s s
B A A n A n A A Q A d d
06A n A 4] A A A A A A w A
B n A n A n A A A A W S
07A A A A A A A A Q A A A
B A A n A n A A Q A A s
09A A n n n n A A A A s S
B A n n A n A A n A p s
11A n A n A n A A A A W S
B n A A A n A A A A W S
16A n A n A A A A A A w A
B n A n A A A A A A w A
19A n n n A n A A A A W oW
B ] n n A n A A A A W W
20A A A n A n A A Q A A s
B A A n A A A A A A A L
21A n A n A A A A Q A w A
B n A n A A A A A A w A
22A n n n A A A A A A W oW
B n n n A n A A A A W oW
23A n n n A n A A A A W W
25A n A n A A A A n A w p
B n A n A n A A n A W S
40A n A n A n A A Q A W S
B n A n A n A A Q A W S
41A n n n n n A A A A W W
B n n n A n A A A A W oW
1R s 2, _
= rainfed A = adaptable
I = irrigated Q = questionable
d = dispersion and size n = not adaptable
s = slope
w = water
p = pH
L = legal
A = adaptable
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within these GDSSs are very small and dispersed and thus are not appro-
priate for consideration for a major rice expansion program. For this
reason they were dropped from further quantitative analysis.

GDSS 20B also was identified in the preliminary analysis as having
irrigated rice potential. However, in the gathering of additional infor-
mation it was learned that the available surface water in 20B is limited
by a 40 year old law to industrial use only. This GDSS was dropped from
further consideration for irrigated rice production under the assumption

that the law is not likely to be changed in the foreseeable future.

Limiting Factors

The most common limiting factor for rainfed production was water,
which eliminated from consideration 21 of the 29 (69 percent) of the GDSSs
in the Central Region (last column of Table 5-1). Slope eliminated two
rainfed GDSSs and size (dispersion) and pH eliminated one each.

The major limiting factors for irrigated production were slope,
which caused 41 percent of the regions GDSSs to be withdrawn from consi-
deration, and water, which precluded 28 percent from further analysis.

Size eliminated two GDSS, and pH and legal factors eliminated one each.

Potential Physical Area for Rice Production

Total physical land area in the Central Region with rice production
potential was estimated at 314,000 ta rainfed and 106,000 to irrigated
(Table 5-2). Potential rainfed land area by GDSS ranged from 34,000 ta
in GDSS 20B to 119,000 ta in 07A. Potential irrigated land area ranged
from a minimum of 9,000 ta in three GDSSs to a maximum of 21,000 ta in

21A.
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Potential for Multiple Rice Production Cycles

Multiple cycle rice production in rainfed GDSSs was determined to be
feasible only in GDSSs 20A and 20B between the months of April and
November, and then only for rice varieties with production cycles of less
than 120 days (Table 5-2). Multicycle irrigated production was identified
as feasible in five of the seven GDSSs selected as having irrigated pro-
duction potential. The mountain valley GDSSs, 21A and 21B, were found to
have sufficient water for two rice cycles, but field checks with local
agricultural officials indicated that cloudiness and temperature preclude
a second cycle with rice varieties currently available.

Double irrigated cycles are feasible in GDSSs 16A and 16B between
the months of May and October by utilizing a combination of surface water
and rainfall. Triple irrigated cycles were determined to be feasible in
GDSSs 06A, 07A, 07As and 11Bi. Year-round water is usually available
from the Taveras Dam for irrigation in GDSS 06A. Underground water is
available during the entire year in GDSS 07A and in the 07As and 11Bi

subirrigated inclusions.

Current Land Use

Rice is produced in one of the rainfed GDSSs and five of the irri-
gated GDSSs identified as having potential for rice production (Table
5-2). There are currently about 4,000 ta of rainfed rice in GDSS 07A.
Current irrigated area ranges from slightly more than 1,000 ta in GDSS
21A to approximately 14,000 ta in GDSS 07As.

Sugarcane and cultivated pasture areas of rainfed and irrigated pro-
duction were not estimated in the study but were assumed, with three ex-

ceptions, to be at least 25,000 ta in each GDSS with rice production
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potential. The exceptions, encountered during field spot checking of the
basic assumption, are: (a) no sugarcane production in GDSSs 07As, 21A,
or 21B, (b) no sugarcane analysis on GDSS 06A (all privately owned) due
to a lack of available data, and (c) no current production of cultivated

pasture in GDSS 07As.

Potential Area for Rice Expansion

Total physical area potentially available for expansion of rice pro-
duction was estimated at 310,000 ta for rainfed and 68,000 ta for irri-
gated production (Table 5-2). Area within individual rainfed GDSSs ranged
from 34,000 ta in GDSS 20B to 115,000 ta 07A. Potential irrigated area
for rice expansion varied from zero in 07As and 11Bi to 20,000 ta in 0O7B

and 21A.

Economic Results

Results of the economic analysis are divided into the benefit-cost
results and results of the partial budgeting of the hypothetical 25,000
ta rice area expansion in the GDSSs selected in the agrophysical analysis.
Land uses considered are rice, sugarcane, and cultivated pasture used
for pasteurized milk production. Presented in the benefit-cost results
are estimates of per tarea product yields, monetary costs of production,
unsubsidized costs of production, rice production subsidies, production
labor use, foreign exchange use in production, monetary returns to land
and management (RLM) at the farm gate, and unsubsidized RLM at the farm
gate level.

In the partial budgeting results are estimates of the regional

impacts of rice expansion on net (combined rice, sugarcane, cultivated
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pasture/milk) production parameter values. Regional impacts monitored
include rice production, labor use in production, foreign exchange use
in production, monetary RLM, and unsubsidized RLM at the farm gate level.
Finally, results of the sensitivity analysis of changes in the rice
multiple production cycle assumptions on the impacts of two selected

expansion strategies are presented.

Benefit-Cost Analysis and Impact Accounting

This section presents the parameter estimates associated with rice,
sugarcane, and cultivated pasture used for pasteurized milk production in
each GDSS selected in the agrophysical analysis. Benefit-cost results
include accounting of per tarea (ta) yields, monetary production costs,
unsubsidized production costs, rice production subsidies, monetary returns
to land and management (RLM) at the farm gate, unsubsidized RLM, produc-
tion labor use, and foreign exchange use. Closing the section are com-
parisons between monetary and unsubsidized costs of rice production
machinery. This analysis provides both a comparison of GDSS production
potential characteristics and data input to the partial budgeting analy-
sis of the next section of the chapter.

In this section the reader should bear in mind that the estimates
are on a per cycle and per tarea basis for the rice parameters and on
per year and per tarea basis for the other two products. This must be
taken into consideration when making comparisons between the rice (a
short cycle plant) coefficients and the sugarcane and cultivated pasture

(perennial plants) coefficients.

Farm Gate Yields

Estimates of rice yields at the farm level for current normal
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production techniques ranged from 2.8 to 6.0 qq/ta per cycle (Table 5-3).
Rainfed yields ranged from the 2.8 qq/ta in GDSS 07A to 5.0 in 20B.
Irrigated yields averaged about 20 percent higher than the rainfed
yields, with the highest being 6.0 qq/ta in GDSSs 07A and 07As. Cor-
responding rice yields for the alternative production techniques gener-

ally were slightly lower than those for the current normal techniques.

Table 5-3. Current Normal Farm Gate Yields for Rice Typical and
Alternative Production Techniques, Sugarcane and Cultivated
Pasture/Milk by Rainfed and Irrigated GDSSs,

Central Region, 1979

Rice Cultivated
8058 Typical [Alternative Sugarcane Pasture/Milk
----qq/ta/cycle----- (mt/ta/yr) (1t/ta/yr)
Rainfed:
07A 2.8 4.0 2.9 124
078 3.5 3.0 3.1 132
20A 4.0 3.0 2.1 90
208 5.0 4.0 3.2 136
Irrigated:
06A 5.4 5.0 nal 149
07A 6.0 6.0 3.2 149
07As 6.0 6.0 0 0
11Bi 3.7 3.6 3.1 145
16A 4.9 4.0 3.3 153
168 4.0 3.0 3.6 170
21A 4.5 4.0 0 153
21B 4.0 3.5 0 170

1Data not available
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Sugarcane yield estimates for the GDSSs with rice potential varied
from 0 to 3.6 mt/ta per yr. Rainfed sugarcane yields ranged from 2.1
to 3.2 mt/ta and irrigated yields from 0 to 3.6 mt/ta. Sugarcane produc-
tion was judged to be unfeasible in GDSSs 07As, 21A, and 21B due to soils
and temperature conditions. No information was available on sugarcane
production for the privately owned GDSS 06A.

Cultivated pasture/milk yields in the rice potential GDSSs ranged
from O to 170 1t.ta per yr. Rainfed milk yields varied from 90 to 136
mt/ta. Irrigated milk yields ranged from 0 to 170 1t/ta. Livestock
live weight yields were estimated at a constant 10 kg/ta for all GDSSs.
Cultivated pasture production for dairy purposes was judged to be un-

feasible in GDSS 07As.

Monetary Costs of Production

The monetary costs of production are producer cash expenses. Mone-
tary costs of production for rice using typical production techniques
varied from $20 to $44 per cycle per ta (Table 5-4). The alternative
techniques resulted in lower costs than the typical techniques in three
of the four rainfed GDSSs (O07A was the exception) and in all of the irri-
gated GDSSs.

Sugarcane monetary production costs ranged from $38 to $58 per ta
per yr. Cultivated pasture/milk monetary costs of production varied
from $36 to $50 per ta per yr. Cultivated pasture/milk costs were con-
sistently lower than the sugarcane costs. The differences were slight
($1 to $12) and may have been due more to the cost algorithm used in

computations than to real differences.
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Unsubsidized Costs of Production

The unsubsidized production costs are monetary costs adjusted for
implicit subsidies. The unsubsidized cost of estimates for rice using
typical production techniques ranged from $26 to $65 per cycle per ta,

a figure which averaged about 20 to 40 percent higher than the correspond-
ing monetary costs (Table 5-4). In all cases except in rainfed GDSS 07A
the unsubsidized production costs were higher for the typical rice pro-
duction techniques than for the alternative techniques. This was due
primarily to the use of fewer imported inputs in the alternative set of
production techniques.

Sugarcane unsubsidized costs of production ranged from $45 to $74
per ta per yr. Cultivated pasture/milk unsubsidized costs of production
were estimated at $45 to $68 per ta per yr. In all GDSSs the cultivated
pasture/milk unsubsidized costs were slightly ($0 to $15) lower than those

for sugarcane.

Rice Production Cost Subsidy

The difference between the unsubsidized costs and the monetary costs
of rice production are subsidies. They are largely income transfers from
taxpayers and consumers to rice producers.

Subsidies for all rice production ranged from $7 to $21 per cycle
per tarea (Table 5-5). Rainfed subsidies averaged about $8 per ta less
than irrigated subsidies for typical rice production techniques and about
$6 less for the alternative techniques. There was little difference in
subsidy levels between production techniques for rainfed GDSSs, but the
alternative technique subsidies were slightly lower than the subsidies
for typical techniques in irrigated GDSSs. Estimates of subsidies for

machinery are discussed later in the chapter.



112

Table 5-5. Current Normal Rice Production Cost Subsidy for Typical
and Alternative Production Techniques, Production Cycles,
Area, and Total Subsidy for 12 GDSSs,
Central Region, 1979

GDSS Subsidy Pdn Phys Sﬁ:t%}
Typical {Alternative Cycles Area ( tyup S':ecyh)
----$/ta/cycle------ (no.) | (1,000 ta) ($1,000)

Rainfed:
07A 11 12 1 4 44
078 0 0 0
20A 0 0 0
20B 8 8 0 0

Irrigated:
06A 21 16 3 5 315

0 0

07As 18 17 1 14 252
11Bi 29 14 2 10 580
16A 18 14 2 8 288
16B 15 16 0 0 0
21A 16 15 1 1 16
218B 18 16 0 0 0

Regional Total 1,495

Monetary Returns at the Farm Gate

Monetary returns represent the difference between monetary costs and
monetary income. Rice monetary returns to land and management (RLM) at
the farm gate were estimated at $4 to $38 per cycle per ta using typical
production techniques (Table 5-6). Rainfed returns ranged from $10 to
$35/ta and irrigated returns from $4 to $38/ta. The highest rainfed
returns were in GDSSs 20A and 20B and the highest rainfed returns were

in O7A and 07As. In half of the rainfed GDSSs and in all but two of the
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irrigated GDSSs the alternative production techniques provided returns
at least as high (difference of $0 to $15) as those for the typical
techniques.

Sugarcane monetary returns ranged from $27 to $37 per ta per yr.
Cultivated pasture/milk monetary RLM varied between (-) $6 and $4 per ta
per yr. The negative returns in some of the GDSSs are consistent with
results reported in a recent dairy association report (Associasion, 1979).
In all GDSSs both single cycle rice and sugarcane provided higher mone-

tary returns than did cultivated pasture/milk.

Unsubsidized Returns at the Farm Gate

Unsubsidized returns are the difference between unsubsidized costs
and unsubsidized income. Rice unsubsidized RLM at the farm gate were
all lower than monetary RLM and were estimated at (-) $13 to $33 per
cycle per ta using typical production techniques (Table 5-6). Rainfed
unsubsidized returns varied from $3 to $33/ta and irrigated returns from
(-) $13 to $33/ta. The alternative techniques provided returns at least
as high as those for the typical techniques in half of the rainfed GDSSs
and in all but one of the rainfed GDSSs.

Sugarcane unsubsidized returns varied from $25 to $46 per ta per yr.
Unsubsidized returns to cultivated pasture/milk were all negative and
varied from (-) $62 to (-) $40 per ta per yr. The negative returns to
milk production result from the assumption that reconstituted imported
powdered milk is an acceptable substitute for fresh milk among Dominicans.
That assumption results in an opportunity price of $0 at the farm level,
which in turn causes all production costs to become negative returns.

Sugarcane provided the highest and cultivated pasture/milk the Towest
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annual unsubsidized returns among the three land uses in all GDSSs, with

the exception that rice provided the highest return in rainfed GDSS 20A.

Labor Use in Production

Using current normal rice production techniques, labor use estimates
varied from 18 to 41 hr per cycle per ta (Table 5-7). Labor use in rain-
fed production averaged slightly over half of that for irrigated pro-
duction. The highest labor use in rainfed GDSSs was in 07B and in
irrigated GDSSs was in 06A. In all GDSSs except irrigated 06A the alter-
native techniques were slightly more labor intensive than the typical
techniques.

Sugarcane labor use varied from 26 to 31 hr per ta per yr. Labor
use in rainfed production averaged about 10 percent higher than that for
irrigated production. Labor use in cultivated pasture/milk production
ranged from 5 to 7 hr per ta per yr, and was slightly higher for irri-
gated production than for rainfed production. Cultivated pasture/milk

used only about 20 percent as much annual labor per ta as did sugarcane.

Foreign Exchange Use in Production

Estimates of foreign exchange use in rice production with current
normal production techniques ranged from $5 to $16 per ta (Table 5-7).
Rainfed estimates varied from $6 to $10/ta, and irrigated estimates varied
from $5 to $16/ta.

Foreign exchange use in rice productionutilizing the alternative
production techniques ranged from $3 to $8 per cycle per ta. With the
exception of rainfed GDSS 07A, the alternative production techniques
used approximately half as much foreign exchange as did the typical tech-

niques. No foreign exchange is produced through rice exportation.
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Sugarcane foreign exchange use was negative in all GDSSs and ranged
from (-) $52 to (-) $102 per ta per yr. Negative values resulted from
the assumption that all sugarcane would be exported as sugar and from the
fact that sugarcane income exceeds costs in all GDSSs.

Cultivated pasture/milk foreign exchange use varied from $3 to $9
per ta per yr. The cultivated pasture/milk land use produces a small
amount of foreign exchange through meat exportation. No milk is exported.
Thus, sugarcane is by far the lowest user (i.e., highest producer) of

foreign exchange among the three land uses.

Partial Budgeting Analysis

This section compares the current normal (base) annual production
coefficients with the results of the partial budgeting of 11 alternative
strategies for a hypothetical 25,000 ta expansion of the current rice pro-
duction area in the Central Region (see Chapter IV for explanation of
partial budgeting methods). Results are presented in Table 5-8 accord-
ing to alternative expansion decision rule: maximization of regional
rice production (Strategies A, B, C); maximization of regional monetary
returns to land and management (RLM) for rice (Strategies D, E); maxi-
mization of unsubsidized RLM for rice (Strategies F, G); maximization of
regional labor use in rice production (Strategies H, I); and minimization
of regional foreign exchange use in rice production (Strategies J, K).
Each strategy had, in addition to a specific decision rule, restrictions
on rice production techniques, numbers of production cycles, and GDSS
availability as explained in Chapter IV. Regional impacts (changes from
current normal) are estimated for each strategy and compared to the

current normal coefficients.
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In each section, overall regional impacts are presented, followed
by impacts at the GDSS level (Table 5-9). Use of the alternative produc-
tion techniques is discussed (Table 5-10). The section closes with the
results of the yield sensitivity analysis of rice multiple production

cycle assumptions.

Table 5-9. Current Normal Area and Area of Rice Expansion for
11 Strategies and Two Modified Strategies for 12 GDSSs,
Central Region, 1979

Base Area Added Area
GDSS aﬁgngnf Strategy
A BFH ¢ E E! 6 1 11 g9 X
------------------------- 1,000 ta----=---ccccoccmmc e

Rainfed:

07A 4 (4) 25

078

20A 25

208 5
Irrigated:

06A 5 16 16 5 5 16 16

07A 20 20 20 20 9 4

07As 14

11Bi 10

16A 8 5 5

16B

21A 1 4 4

21B
Total 42 25 25 25 25 25 25 25 25 25 25
1

Sensitivity analysis modification
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Table 5-10. Choice of Typical and Alternative Production
Techniques for 11 Strategies and Two Modified
Strategies for 12 GDSSs, Central Region 1979

GDSS Production Strategy
Technique A BDFH C . El : 1 Il T
"""""""" Technique-------mm====mm-==n=-
Rainfed:
Alt (x)
078 Typ
Alt
Alt )
ZOB Typ X <
Alt
Irrigated:
06A Typ X < .
Alt X x
Alt X x < x x  x
Alt
11Bi Typ
Alt
16A Typ X
Alt X .
Alt
21A Typ x
Alt X
Alt
1

Sensitivity analysis modification
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Al11 partial budgeting estimates of rice expansion impacts are net
impacts arrived at by adding the rice coefficient changes to those of
sugarcane or cultivated pasture/milk. Except for rice production change
itself, these net impacts should not be confused with impacts on rice

alone.

Rice Production Maximization Strategies

Of the 11 rice expansion strategies, strategies A, B and C incor-
porated maximization of regional rice production as the expansion decision
rule. Strategies A and B assumed current normal parameters except for a
specific restriction: A was restricted to alternative rice production
techniques and B was restricted to maximum number of potential multiple
production cycles. Strategy C allowed free choice of any combination of
production techniques, number of production cycles and GDSSs.

A1l inputs for strategy B were equal to those of D, F, and H. This
is accounted for by the fact that the same GDSSs (irrigated 06A, 16A,
21A) had the highest parameter values for each of the four decision rules
used in strategies B, D, F, and H. Thus, no other GDSSs entered the
solutions, and the aggregate impacts totals were equal.

Strategy C rice production of 441,000 qq was 128 percent more than
the current normal production of 343,000 qq, and strategies A and B
resulted in close to 100 percent increases, respectively. Production
labor use increased roughly in proportion to output for all three stra-
tegies. Increases in foreign exchange use for strategy B was slightly
less than the current normal $843,000, while A and C resulted in 20-30

percent increases from current normal.
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Monetary RLM at the farm gate level increased by 185 percent for
strategy C. Strategy A and B returns increased by a much lower percent-
age. Current normal monetary RLM were about $1.3 million.

Current normal unsubsidized RLM at the farm gate were $435,000.
Strategy C increased that value by about $3.1 million, while the A in-
crease was about $2.4 million. The strategy B increase was $1.8 million.
These large increases in unsubsidized returns over the monetary returns
were due to rice's replacing cultivated pasture/milk, a process which
produces unsubsidized losses in all GDSSs under the assumptions of the
study.

Strategies A and B resulted in expansion of rice production in cur-
rently irrigated GDSSs 06A, 16A, and 21A. Production in rainfed GDSS 07A
would have resulted in the same production increase as in 21A; however,
net returns were higher in 21A so it rather than 07A entered the solu-
tion. Strategy C expanded in currently irrigated 06A and potentially
irrigated 07A. The difference between C and strategies A and B was due
to the strategy C option of expansion into the potentially irrigated 07A,
which had a higher yield than irrigated 16A and 21A.

Strategies A and B were restricted, respectively, to alternative
and typical rice production techniques. Strategy C allowed free choice
between techniques, and the result was selection of typical techniques

in irrigated 06A and alternative techniques in irrigated 07A.

Maximization of Rice Monetary Returns at the Farm Gate

Strategies D and E used maximization of rice monetary RLM at the
farm gate as the expansion decision rule. Strategy D was restricted to
typical production parameters and E allowed free choice among parameter

alternatives.
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A1l impacts for strategy D were the same as those for strategies B,
F and H. Increases in monetary RLM for strategy E were about $2.7
million greater than current nomal returns of $1.3 million. The strategy
E returns increase was $1.3 million greater than the D increase. In-
creases in unsubsidized returns for strategies D and E were $1.8 and
$3.3 million, respectively, over the CN returns of $435,000.

The increase in white rice production for strategy E was about 127
percent over that for current normal and strategy D production. Strategy
D impacts were similar to those of E in terms of production labor use.
Net foreign exchange use increase for strategy D was slightly less than
the current normal value of about $843,000. Strategy E showed a 25
percent increase.

The GDSS level impacts of strategies D and E were the same as those
for B and C, respectively. Selection of rice production technique dif-
fered, however, in that the alternative techniques were selected in free

choice strategy E.

Maximization of Rice Unsubsidized Returns at the Farm Gate

Strategies F and G employed maximization of rice unsubsidized RLM at
the farm gate as the rice expansion decision rule. Strategy F was re-
stricted to current normal production parameters. Strategy G allowed
free choice among parameter alternatives.

Strategy F results for all coefficients were the same as those for
strategies B, D and H, as explained previously. Current normal monetary
returns were $1.3 million. These were increased by $1.2 million and
$2.5 million with strategies F and G. Current normal unsubsidized retumns
were increased by about $1.8 million and $3.3 million with strategies

F and G. Strategy G impacts were generally similar to those of E.
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The implication of this similarity in comparisons between strate-
gies D, E and F, G is that it made little difference at the regional
level whether monetary or unsubsidized returns were selected as the ex-
pansion decision rule. However, at the GDSS level there was a difference
in impacts, with strategies D and F expanding production in irrigated
GDSSs 06A and 21A, strategy E expanding in irrigated 06A and 07A, and
strategy G expanding in rainfed 20B and irrigated 07A. These differences
were relative ones in monetary and unsubsidized RLM at the GDSS level
which were offsetting when aggregated to regional totals.

Strategy F was restricted to use of the typical rice production
techniques. Strategy G selected typical techniques in rainfed 20B and

alternative techniques in irrigated 07A.

Maximization of Rice Labor Use

Strategies H and I assumed maximization of production labor use in
rice production as the rice expansion decision rule. Strategy H was
restricted to current normal production parameters and strategy I allowed
free choice among parameter alternatives.

A1l impacts for strategy H were the same as those for strategies B,
D, and F. Labor use increased by nearly 100 percent for strategies H and
I in comparison to the current normal labor use of 2.3 million hr.

Rice production increased 99 and 127 percent over current normal
production for both strategies. Monetary returns increased by $1.2 and
$1.9 million and unsubsidized returns increased by $1.8 and $2.4 million,
respectively, for strategies H and I. Foreign exchange use increased by
approximately 90 percent for both strategies.

Both strategies expanded rice production in GDSS 06A, but strategy

I also expanded in irrigated 07A rather than in 16A and 21A. This was
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due to the potential labor use in 07A being higher than the current
normal labor use in the other GDSSs. Typical production techniques were
forced in strategy H. Strategy I selected typical techniques in irri-

gated 06A, and alternative techniques in I.

Minimization of Rice Foreign Exchange Use

Strategies J and K assumed a rice expansion decision rule of minimi-
zation of foreign exchange use in rice production. Strategy J was re-
stricted to current normal production parameters, and strategy K allowed
free choice among production parameter alternatives. An added restric-
tion which required a minimum of a single rice production cycle in each
GDSS was placed on these two strategies.

Both strategies resulted in only slight differences from the current
normal foreign exchange use of $843,000. Rice production increases for
strategies J and K were about 19 percent over current normal production.

Increases in monetary RLM were half or less than half of current
normal returns for both strategies. Unsubsidized returns increased about
100 percent over current normal for strategies J and K. Labor use in-
creased less than a half million hours over the current normal level of
2.3 million hr.

A1l strategy J rice expnansion took place in rainfed GDSS 07A, and
all of the strategy K expansion was in rainfed 20A. Typical production
techniques were forced in strategy J, while K selected alternative pro-

duction teghniques.

Ranking of Expansion Strategies by Production Impacts

Rankings of the top three alternative expansion strategies according

to their impacts on the studied production parameters differed depending
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on the expansion criterion selected (Table 5-11). The ranking using
maximization of regional rice production as the expansion decision
criterion was C, E, I. Rankings using monetary returns as the decision
criterion were E, G, and C, and those using unsubsidized RLM were G, E,
and C. When making rice labor use the criterion the ranking was I, C, E,
and using the foreign exchange criterion resulted in a ranking of E, G,

A.

Table 5-11. Ranking of Rice Expansion Strategies on the Basis of
Four Impacts, Central Region, 1979 Current Normal

Rank

Expansion Impact

1 2 3
-------------------- strategy-----===-c-cocucou--

Rice production C E I
RLM, monetary E G C
unsubsidized G E - C
Labor use I C E
Foreign exchange use E G A

Only strategy E ranked among the top three for all expansion deci-
sion criteria, and it was ranked first for two of the five criteria.
Strategy C ranked in the top three for four of the five criteria, and in

three instances G was among the top three.

Results of the Sensitivity Analysis

One of the sets of assumptions believed to be most critical in
influencing the outcome of the study was that which led to the estimates

of the number of potential multiple cycles of rice production in each
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GDSS. Most of the solution GDSSs for each alternative rice expansion
strategy were ones with three potential cycles. In order to test the
sensitivity of the study results to the multiple cycle assumptions, two
of the high ranking expansion strategies, E (maximization of monetary
returns) and I (maximization of labor use), were rerun with the follow-
ing change in the multiple production cycle assumptions: all GDSSs were
restricted to a maximum of two production cycles.

The modified strategy E results indicated, as expected, that rice
production and net regional monetary returns, unsubsidized returns, and
labor use all were reduced over the original strategy results by about
33 percent (Table 5-8). Rice expansion took place in two GDSSs with
both strategy E and modified E. Both strategies expanded production in
irrigated GDSS 07A. However, expansion also took place in rainfed 20B
with modified strategy E compared with the irrigated 06A with original
strategy E. The difference was due to rainfed 20B's having a higher
total annual production than irrigated 06A when 06A was restricted to
two rice crop cycles per year.

Comparisons between strategy I and modified strategy I production
parameters are similar to those between E and modified E. At the GDSS
level, both the I and modified I strategies expanded rice production in
irrigated 06A and 07A, but modified I also expanded production in irri-

gated 16A (with reduced area of production in 07A).

Chapter V's Relation to Chapter VI

The analytical results presented in this chapter will be discussed
in Chapter VI. Their implications for rice expansion policy will be

covered in light of the data and methodological limitations of the study.



CHAPTER VI

DISCUSSION OF ANALYTICAL RESULTS

Chapter VI contains a discussion of the analytical results presented
in the previous chapter. The discussion is organized in the same order
as were the major objective-related questions asked in the first chapter.
Each question is restated. Then the implications of the study results
for answering each question are discussed. Assumptions used in the study
and significant limitations of data quality and analytical procedures, as
they might have affected study results, are covered.

Comments are made as to the appropriateness of the study methodology
for the Dominican land use planning environment. There is a discussion
of methodological modifications required to expand this regional study
to the national level. Finally, the need for additional information on
intra- and inter-sectoral factors bearing on Dominican rice production

and consumption is emphasized.

In What Land Areas Can Rainfed and Irrigated
Rice Production Be Expanded?

The results of the agroeconomic analyses indicate that rice poten-
tially can be produced at commercially marketable yield levels in four
rainfed GDSSs (07A, 07B, 20A, 20B), six irrigated GDSSs (06A, 07A, 16A, 168,
21A, 21B) and two subirrigated inclusions (07As, 11B) in the Central

Region. The most promising of the potentially available GDSSs are

128
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irrigated 06A and 07A. It is to these two areas that priority attention
should be directed for future project planning. Among the rainfed GDSSs,
the overall agroeconomic results indicate that 20B and 07A should be
given priority attention for more detailed field analysis leading to pro-
ject identification and planning.

Rice currently is produced in one of the four rainfed and three of
the six irrigated GDSSs and in both inclusions. There is substantial
physical area potentially available for rice expansion in each of the
rainfed GDSSs (34,000 to 115,000 ta), a findings consistent with records
indicating much greater earlier rainfed production in the Central Region
in the 1960s than is current (Murphrey, 1972). Physical area potentially
available for expansion of irrigated rice production in each GDSS is
much smaller than that for rainfed production, ranging from 0 to 20,600
ta.

Results of the sensitivity analysis of the multiple cycle assumptions
indicate the desirability for more detailed study of those assumptions
prior to using them in the planning of a rice expansion project. The
results confirm the importance of the GDSSs mentioned above as potential
rice expansion areas but indicate that irrigated 16A also would be a
high priority area for rice expansion if it happened that triple produc-
tion was not feasible in the other GDSSs.

The term "potentially" should be emphasized here because of the fact
that institutional factors such as long ownership, as well as other
factors not analyzed in the study might prevent rice expansion or other
land use changes in a number of the GDSSs. For example, the analysis
assumed current efficiency levels in canal maintenance and water distri-

bution to the field level. Given the many uncertainties in water
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distribution consistency in many areas, due to lack of disciplined control
of canal flood gates and lack of an economic incentive for efficient water
use (i.e., pricing of water by volume rather than by area irrigated),

this assumption must be given careful attention in future project plan-
ning. Soils characteristics must be analyzed in the field at a level of
detail much greater than that used in this study in order to identify the
specific areas within GDSSs with sufficient homogeneity to allow uniform
water distribution and drainage patterns.

In addition to the GDSSs and inclusions identified as having rice
production potential, there are other small, dispersed GDSSs and inclu-
sions which have rice potential in the Central Region. These areas may
be very useful and appropriate for production of locally consumed rice,
but they are believed to be too small to justify consideration for a major
governmental rice expansion project. Atypical years of heavy rainfall,
too, may give the illusion that additional areas are suitable for rice
production. However, those areas would not be suitable in years of
typical rainfall and should not be considered for further rice expansion.

Additional areas could become adaptable to production in the future
as new rice varieties are developed at the Juma rice experiment station.
Increased tolerance ranges for such limiting factors as consumptive water
use and soil pH would allow rice expansion in areas not identified in
this study as having rice production potential. Varieties with shorter
production cycles could open up possibilities for multiple cycle produc-
tion in areas that currently have only a single production cycle. Such
research advances at the experiment station, however, will have to be
complemented and coordinated with technical extension services and input

and output marketing assistance in appropriate land areas if a rice
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expansion project is to have any chance of success. Social infrastructure
investment in such projects as schools and medical clinics will also have
to be given careful attention if a major expansion project is to be

undertaken.

Which Expansion Areas Would Be the Most Profitable from
the Producers's and the Nation's Standpoints?

In this study, returns to land and management were used to estimate
"profitability". More correctly, these are returns to land, management,
and all other factors not explicitly specified in the benefit-cost calcu-
lations.

Results of the benefit-cost analysis indicate that rice can be grown
profitably in all of the GDSSs identified in the agrophysical analysis.
The most consistently profitable GDSSs under the expansion strategy alter-
natives studied were irrigated 06A and 07A and rainfed 20A. Partial
budgeting results indicate that profitable rice expansion in those GDSSs
could best be achieved through strategies E, C and G. Each of those
alternative strategies nearly doubled the regional net monetary returns
to land and management and resulted in proportional increases in net
unsubsidized returns. Strategies E, which assumed maximization of rice
monetary returns, and C, which assumed maximization of rice production,
not only resulted in the highest monetary returns and output, respective-
ly, but a]so'ranked very high in terms of the other production expansion
impacts. Strategy G also had high returns but had relatively lower rice
production and labor use.

Regional net returns increased substantially due to rice substitu-

tion for cultivated pasture/milk under all of the alternative rice
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expansion strategies considered in the study. Cultivated pasture/milk

is notoriously unprofitable in the Dominican Republic (Associacion,
1979). Expansion of rice into sugarcane areas would reduce net monetary
returns as sugarcane is more profitable than rice in all GDSSs except
rainfed 20A and 20B under current normal conditions. Rice expansion into
sugarcane areas would not have taken place, from the standpoint of net
unsubsidized returns, except in rainfed GDSS 20A.

One of the implications of these net returns impacts is that, from
the economic standpoint, the country should rethink its policy of rice
self-sufficiency and production area expansion, at least in the Central
Region. As long as rice replaces cultivated pasture, the region will be
better served in terms of net returns on its resources. However, replace-
ment of both cultivated pasture/milk and rice by sugarcane at current
normal relative prices would increase regional net returns even more.
Distribution of the returns and regional comparative advantage, among
other factors, must be considered, but strictly from the standpoint of
regional profitability agricultural planners should consider the loss
from sugarcane profits which the region is giving up in order to produce
or to expand production of rice. .

These comments must be considered in light of several critical
assumptions made in the study. Perhaps the most critical assumptions
were those which established the relétive prices of rice, sugarcane, and
milk. Used in the study were current normal prices which did not indi-
cate the volatile instability of sugar and rice pfices in international
trade. Sugarcane prices, for example, have varied for approximately
$150 to over $1000 per mt during the past decade. The current normal

price is $331 per mt. At the lower end of the price scale sugarcane
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production would be unprofitable in all GDSSs. Rice producers can respond
fairly rapidly to price fluctuations due to the short three to four month
rice production cycle. Sugarcane and milk producers have less flexibility
with products which have multi-year production cycles. These price
variability factors should be studied thoroughly prior to land use policy
changes or project development.

Also important were the estimates of potential for multiple cropping
of rice which were tested in the sensitivity analysis. The assumptions
that new rice areas can be brought into production with no additional
investment costs for irrigation development and no added water costs for
dry season pumping of underground water may be unreasonable in specific
GDSSs. The large capital investments in sugarmill facilities and the
optimurm mil1l operating levels must be considered before proposing any sig-
nificant change in production in specific GDSSs. Project planners should
give attention to those assumptions in more detailed project planning for
rice expansion.

Another set of assumptions critical to the economic analysis was
the assumption of perfect elasticity of input supply and output demand
assumption. Further analysis of those elasticities might in fact indi-
cate that input prices would rise or output prices would decline as rice
production was increased in the region. More elasticity input supply
and output demand functions would in turn mean that equilibrium among
the three land uses would occur with something less than complete replace-
ment of cultivated pasture/milk by rice or complete replacement of rice
and cultivated pasture/milk by sugarcane. Considering, however, the
relatively small size of the Central Region and the relatively small

percentage of national rice production analyzed in this regional study,
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the assumption of perfectly elastic functions is probably reasonable
except on a localized monopoly/monopsony basis.

It should be emphasized before closing this section that maximiza-
tion of returns to land and management was only one of the expansion
decision rules considered in this study. Use of expansion decision rules
other than returns to land and management resulted in different ranking
of the "best" strategies. For example, Strategy I, which assumed maxi-
mization of rice labor use, resulted in the highest labor use but was
substantially lower than several other strategies in terms of the other
impacts monitored. These different rankings of expansion strategies,
depending on the decision rule chosen, points to the importance of
decisionmakers' goal identification as the first sfep in the iterative
rice policymaking process. Depending on the specific goal and correspond-
ing decision rule chosen, the study results identify several different
GDSSs to which priority attention should be given for rice expansion
project planning. Only by clear definition of policy goals early in
the planning process can resources be allocated consciously and most
efficiently toward the attainment of those goals and the avoidance of

undesirable side effects.

Where Can Labor be Increased and Foreign Exchange Use
be Decreased in Rice Area Expansion?

The analytical results indicate that current normal labor use of
2.3 million hours per year could be increased by over 100 percent by
expansion of rice production in irrigated GDSSs 06A and 07A through appli-

cation of alternative expansion strategies I, C, and E. A1l of those
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strategies resulted in the selection, in one or both of the relevant
GDSSs, of the alternative techniques for rice production rather than
the typical techniques.

Regional net foreign exchange use per qq produced can best be mini-
mized through expansion in irrigated GDSSs 06A and 07A. Three of the
alternative strategies for expansion of rice production led to an in-
crease of at least 100 percent in rice production, with only a 25-38
percent increase in the use of foreign exchange. A1l of the three stra-
tegies selected the alternative rice production techniques over the
typical techniques in one or both of the relevant GDSSs. These results
clearly indicate that there are land areas and technical production
alternatives which could increase labor use and decrease foreign exchange
use (per gq of output) in the Central Region. More will be said about

the technical alternatives in the next section.

Are Alternative Rice Production Techniques Available

which Could Profitably Increase Labor and Decrease

Foreian Exchange Use?

The results discussed in the previous section indicate that there
are alternative production input combinations which could profitably both
increase labor use and decrease net foreign exchange use per qq of rice
produced in the Central Region. Adoption by current rice producers of
the alternative techniques analyzed in this study would increase labor
use by 46 percent and reduce foreign exchange use by 58 percent.

Rice production planners should take this into account in future
project planning and promote the dissemination to producers of infor-

mation on labor-using and foreign exchange-saving techniques. At the
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same time, experiment stations should place more emphasis on research

to identify and field test alternative rice production techniques which
produce these desired impacts and which are profitable both to the local
producer and to the national economy as a whole. The alternative tech-
niques analyzed in the study were but an illustrative sample of innumer-
able options potentially available to rice producers. It is up to the
research, extension, and agricultural information specialists to see

that that potential is turned into reality.

How Much Are Rice Production Costs Currently Being Subsidized
and What Would be the Impact of Subsidy Removal?

Current normal rice subsidies average about one-third of total pro-
duction costs and amount to about $1.5 million annually in the Central
Region. These subsidies are income transfers from taxpayers and con-
sumers to rice producers and are not real economic costs to the national
economy. Whether they are viewed as right or wrong is a judgment requir-
ing consideration of both positive and normative information. The
results clearly indicate that the Dominican government views rice sub-
sidies as "right." Objectively, the income transfers decrease taxpayer
and consumer utility and increase that of rice producers. There are
also differential impacts on the producers and consumers of potential
rice substitutes which are not subsidized.

A number of possible impacts of removal of rice production cost
subsidies can be anticipated. It is worth noting that the government
could not remove subsidies only from rice inputs, as many of the inputs

are used in the production of other agricultural products. There would
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be no way to prevent the use of subsidized inputs by rice farmers, who
would simply obtain them from their non-rice producing, subsidized
neighbors.

Assuming, however, that the government removed the subsidies (i.e.,
charged full economic costs) on all inputs used in rice production
regardless of their eventual use, the empirical results indicate that
rice profitability would decrease in all GDSSs and would be negative in
several. The ratios of the marginal value products (MVP) to marginal
factor costs (MFC) for the formerly subsidized inputs would decrease,
leading to a general producer shift away from the use of those inputs
and toward the use of inputs with higher MVP/MFC ratios. Producers with
economically fixed assets (Pa MVP Ps) would not change input use.
Marginal producers would shift out of rice production if their unsubsi-
dized unit costs were higher than the government price support levels or
if other land uses (in this case sugarcane) appeared to be more profit-
able. Production enterprises which used the highest amounts of previously
subsidized credit, foreign exchange, and water (e.g., irrigated GDSSs

06A and 11Bi) would be most affected.

Can a Land Assessment Procedure Be Developed Which Is

Appropriate to the Dominican Planning Environment?

It is too early to tell whether the land assessment methods developed
in this study will be used effectively by the Dominicans after U.S. tech-
nical assistance is terminated. A conscious and continuous effort was
made by the author to 1imit the sophistication of the data collection and

processing and agroeconomic analysis techniques to a level commensurate
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with the expected availability of Dominican human and financial resources.
It was the belief of the author that if the study methods were to become
permanently accepted as useful planning tools, the study's level of
technical sophistication had to be matched both to the expected techni-
cal understanding of the somewhat transient SIEDRA technical staff, and
to that of the highly transient crops of agricultural sector administra-
tors who have to be repeatedly convinced to allocate their scarce
resources to support the SIEDRA work.

The multidisciplinary nature of the study and its heavy dependence
on secondary and judgmental data necessitated a time consuming continuing
effort by the SIEDRA staff to explain project purposes, methods, and
data needs to itinerant administrators of the diverse data agencies who
provided published or judgmental data for the study. Although these
procedures were very beneficial in effecting inter-institutional cooper-
ation that was virtually unheard of previously, there is a real question
as to the permanence of the linkages and, therefore, to the viability of
these data collection procedures in the future because of the personnel
turnovers among administrators and technicians.

As a result of the uncertainties in these delicate inter-
institutional linkages critical to the future viability of the study
procedures, SIEDRA is being encouraged to integrate farm level land use
surveys into its overall data acquisition procedures as resources become
available. Early SIEDRA efforts at integration of its data collection
efforts with those of a SEA agricultural analysis project (ANSE) have
proven fruitless to date because of lack of adequate support for ANSE.

The dialogue proposing integration will continue in the interest of

eventual strengthening of both SIEDRA and ANSE. Farm surveys should not
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replace the secondary and judgmental data but should serve to reduce the
need for the complicated cooperative relationships required among agri-
cultural institutions with very diverse operational orientations.
Agricultural sector surveys, properly designed and executed to fulfill
SIEDRA land use data needs, would likely result in much better data
quality, particularly for cultivated pasture and sugarcane production
and would assure direct compatibility of the complete sector data set.
Because of the complexity and difficulties of the multidisciplinary
nature of the SIEDRA work and because of institutional jurisdiction
disputes vis-a-vis economic analysis, there has been an increasing feel-
ing among the SIEDRA staff that SIEDRA should concentrate its efforts
on agro-physical analysis and relegate the economic analysis to other
jnstitutions. That type of "division of labor" could prove beneficial
to the extent that inter-institutional coordination could be effected
to provide for the economic analysis on a timely basis. However, attempts
at such coordination efforts to date have come to nought. The danger in
carrying out agro-physical analyses to the exclusion of economic analyses
is that resulting recommendations could prove to be economically dis-
astrous. For example, a large expansion of rice production in GDSS 07A,
as based on the agrophysical results of this study, could prove an econ-
omic boondoggle if no consideration is given beforehand to the economic
questions of land opportunity costs for sugarcane production and of the
impacts on sugarmill operating efficiency of a reduction of sugarcane

production in the mill area.
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Modifications Needed in the Regional Study
for National Application

There are several types of modifications that would be required in
the study methodology in order to apply it at the national level. Five
of the more critical considerations are discussed below.

First is the question of improvement in data acquisition procedures,
discussed in the previous section. Land use surveys at the farm level,
ideally as a component of a more comprehensive sector survey, should
become a part of the SIEDRA data collection process as soon as resources
can be made available. The agricultural ministry (SEA) already has
some limited experience with farm surveys for obtaining agricultural
sector data, and the SEA survey personnel could likely administer the
land use surveys needed by the SIEDRA staff. Financial support for a
separate SIEDRA land use survey has not been available to date.

A second modification that should be considered is that of the
assumption of perfectly elastic input supply and output demand functions.
This assumption will have to be reevaluated in the 1ight of the magni-
tude of the contemplated changes in input use and resulting output. The
assumption of constant input and output prices is valid only as long as
the changes in quantities of inputs and outputs are not sufficient to
affect market prices. In the event that production changes are of a
magnitude sufficient to affect input and output prices accordingly.

Due to the almost complete lack of credible data on either supply or
demand elasticities, a separate study is needed to develop information
on price responses for key inputs such as labor and each of the major

products.
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Another consideration for a national study is the relatively greater
importance of transportation costs in moving inputs and outputs to multi-
ple consumption markets. In the regional study an average transportation
cost for all GDSSs to the Santo Domingo retail market was calculated but
was a relatively insignificant component-of total costs. At the
national level there will be multiple consumption markets for the vari-
ous products and many more GDSSs from which production-will be marketed.
Transportation costs and their impacts on regional comparative advantage
for the different products will become increasingly more important as
fuel costs rise. Gasoline which was $0.99 a gallon early in 1979 rose
to $2.39 by mid-1980 and there is no end in sight for future price
increases.

A fourth factor which must be considered before undertaking a
national level land base assessment is that of computerization of the
SIEDRA data base. Almost all of the data refinement and analysis com-
putations carried out in the study were done on hand calculators. For
the regional study, which was limited to 29 GDSSs and three land uses,
the use of hand calculators was both feasible and desirable from the
training standpoint. The calculators forced the SIEDRA staff to pay
continuous attention to every number processed and required more staff
members to become involved in the computations than would have been
necessary with the use of a computer. On the other hand, errors in
data entry and in the copying of numbers between calculators were a
continual nightmare that consumed enormous amounts of previous staff
time. A national study, which would involve at least 100 GDSSs and up K
to 25 alternative land uses, could not be carried out efficiently with-

out computerization of the data base.
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A final primary consideration in going to a national study and to
additional regional studies is that of increased sophistication of
economic analysis techniques. Increased analytical sophistication would
require more highly trained analysts than those on the current SIEDRA
staff. Because of the organizational structure of the SEA, in which
there are separate sub-ministries for economic analysis and for land
use analysis, SIEDRA has been quite successful in obtaining highly
qualified personnel from the non-economic disciplines but has had very
limited success in obtaining good economic analysts. This institutional
obstacle to improved economic analysis by the SIEDRA staff will have to
be overcome if SIEDRA is to progress over time into such analytical
techniques as linear and non-linear programming, various econometric
techniques, as components of more general systems simulation models of

the agricultural sector.

The Need for Additional Information

The final comment in this discussion of the study results is a
repetition of a statement made in the first chapter: Policymakers need
to obtain information in addition to this land base assessment before
making policy decisions related to land use changes. There are many
critical factors vearing on land use alternatives which were not studied
in this land assessment. For instance, a major rice area expansion into
former cultivates pasturelands would, according to the study results,
significantly increase labor use in the area. Labor availability was
not analyzed in the study but is obviously a critical consideratfon in

a land use change requiring labor intensification. Also, a significant
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migration of laborers into an area implies that the government will have
to invest in certain social overhead capital, such as schools, medical
facilities, and roads if the laborers are to become permanently settled
in the area. Investment in social overhead capital was not analyzed in
the study but is a factor which policymakers must take into consideration
if a major land use change i§ to be successfully made. History is strewn
with examples of costly, unsuccessful attempts at land use changes (e.g.,
colonization in several Latin American countries) in areas where the

principal selection criterion was that they "had good soils."



CHAPTER VII

SUMMARY AND CONCLUSIONS

Summary

The Dominican Republic has been importing increasing quantities
of rice since 1972. In 1978 the government began a program to increase
domestic rice production in order to reduce foreign exchange expendi-
tures and to increase employment. As a sub-component of that program,
this study was undertaken to assess the agronomic and physical ("agro-
physical”) and économic ("agroeconomic") feasibility of rice production
expansion in each land unit ("GDSS") in the Central Region of the
country (see Figure 2-1). The regional study was to serve as a proto-
type for a national rice land use assessment and for studies of other
agricultural land uses.

The Central Region was selected for study because of data avail-
ability and because of the region's proximity to the Santo Domingo
office of the technical staff ("SIEDRA") conducting the study. This
proximity permitted relatively inexpensive field training of the SIEDRA
staff and verification of questionable data.

The analysis was to two types. First, an agrophysical analysis of
the land base was carried out in order to identify areas with potential
for increased rice production. Rice plant tolerance limits for poten-

tially 1imiting soil and water characteristics were estimated and

crosstabulated with the corresponding GDSS characteristics. For each
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of the GDSSs selected through that process estimates were made of the
area potentially available for rice expansion, current normal (expected)
rice yields and production, and possibilities for multiple rice produc-
tion cycles.

Second, an economic analysis was made of the GDSSs selected in the
agrophysical analysis. Benefits and costs of the production of rice and
of its two principal competitors for land in the Central Region (sugar-
cane and cultivated pasture used for milk production) were analyzed from
the producer cash expense ("monetary") and the national opportunity
("unsubsidized") points of view. A typical current set of rice production
techniques and an alternative set requiring increased labor and/or
decreased foreign exchange use were analyzed. The benefit-cost results
were used in partial budgeting of a hypothetical 25,000 ta expansion of
rice production area using 11 alternative strategies. The strategies
consisted of various assumptions on expansion decision rules (maximiza-
tion of rice production, maximization of rice monetary and unsubsidized
returns to land and management, maximization of rice production labor
use, and minimization of rice production foreign exchange use) and policy
variables (rice production techniques, number of rice production cycles
per year, and expansion in current or potentially available GDSSs).

Results of the agrophysical analysis indicated that rice production
was adaptable to rainfed GDSSs 07A, 07B, 20A and 20B, irrigated GDSSs
06A, 07A, 16A, 16B, 21A and 21B, and to subirrigated inclusions 07As and
11Bi (see Tables 4-2 and 4-3). Total physical area potentially available
for rice expansion was estimated at 310,000 ta (1 ta - 1/15.9 ha) for
rainfed and 75,000 ta for irrigated production (see Table 5-2). Multiple

rice production cycles were determined to be feasible in eight of the

twelve GDSSs and inclusions.
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Economic analysis results indicated that irrigated GDSSs 06A and
07A and rainfed GDSS 20B should be given priority attention for rice
expansion projects in the Central Region. Expansion in those areas would
be profitable both to producers (monetary returns) and to the nation
(unsubsidized returns) using a combination of typical and alternative
rice production techniques. Labor use would increase substantially and
foreign exchange use per unit of rice produced would decrease if rice
were substituted for cultivated pasture used in milk production. Rice
substitution for sugarcane would not be economically rational under the

assumptions of the study.

Conclusions

Conclusions drawn from the study can be divided into policy and
methodological conclusions. There are two major policy conclusions.
First, there are land areas in which rice could be produced profitably
from both the producer's and the nation's standpoints and at the same
time provide increased employment opportunities and decreased use of
foreign exchange per unit of rice produced. Irrigated GDSSs 06A and
07A and rainfed 20B are the best prospects. A 25,000 ta expansion of
rice production in those GDSSs under strategy E (maximization of rice
monetary returns with free choice of production technique and GDSS)
would increase annual labor use by 2.4 million hr and increase brown
rice production by 4.4 million qq. The unsubsidized cost of domestic
production would be $3.2 million of which $0.3 million would be used for
foreign exchange. An equivalent quantity of imported rice would cost

$5.8 million. Thus, domestic production of the 4.4 million qq of rice
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which would otherwise be imported could save the country $2.6 million
total and $5.5 million in foreign exchange. The $2.6 million in savings
could be interpreted as the economic value of this rice study.

Second, there are profitable alternative rice production techniques
which could increase labor use and decrease foreign exchange use.
Adoption in current rice production areas of the alternative techniques
analyzed in this study would both increase labor use and decrease foreign
exchange use by about 50 percent. Such techniques must be introduced
to producers through the Dominican research and extension institutions
if they are to bring about the desired impacts in the field.

There are three major methodological conclusions. First, the study
methods seem to be appropriate to the current Dominican planning environ-
ment. However, the secondary and judgmental data sources used in the
study should be supplemented by land use surveys at the farm level,
preferably as components of more comprehensive agricultural sector
surveys. This integration of surveys would help to assure data compat-
ibility and completeness for overall sector analysis.

Second, several of the critical assumptions made in this paper
should be given more detailed study prior to use in project planning.
The order of priority should be: (a) number of rice multiple production
cycles possible in each GDSS; (b) relative product prices; (c) irriga-
tion infrastructure costs; and (d) unsubsidized prices. Third, other
intra- and inter-sectoral production and consumption information in
addition to this }and use assessment should be incorporated in the rice
expansion policymaking process in order to increase the probability that
a feasible and desirable expansion policy and resulting projects can be

planned and implemented. More detailed land base analysis in the field
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is required to locate, within the selected GDSS, specific areas suitable

for project development.
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