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Northern Great Plains Coal Mining
What are the likely effects of expanded coal mining in Montana,
Wyoming, and North Dakota on the
small towns and communities there?
Mining activity in the sparsely populated region has grown dramatically
over the last decade—from less than 20
million tons of coal in 1970, to 100
million tons in 1978, with projections
for 350 million tons per year by the
mid-1980's.
The Fort Union coal formation,
which straddles those three States contains nearly 40 percent of the Nation's
coal reserves. Its coal is highly desirable
because:

of this report used computerized simulations of various levels of coal activity
to see if the communities could afford
the increased level of government
services and upgraded infrastructure
required by new energy projects and
the larger population attracted by
those projects.
In the long run (10 years or more),
most communities in the region will be
able to pay for the services required by
the new coal-related development, provided that they can tax the new developments. Without taxing authority (for
instance, if the mine lies outside the
taxing district of a locality), they will
have problems.

—It is low in sulfur, meaning that it
can be burned by utility companies
with less air pollution than other coal.
—It is in thick seams (some seams
up to 200 feet thick), and can be recovered by strip mining.

Northern Great Plains Coal Mining:
Regional Impacts (by Thomas F.
Stinson, Lloyd D. Bender, and Stanley
W. Voelker; AIB-452; July 1982; 36
pages; color illustrations; $5; stock no.
001 000-04265-3).

To try to ascertain the effects of
development on the region, the authors
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ABSTRACT
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Agricultural economists involved in aggregate supply-and «^máSa
analysis take one of two approaches: developing and then agg^gating many micromodels; or directly estimating aggregate^ >*
relationships. The micro approach is more costly and tzimfe^} -<
consuming, although errors in specifying relationships and in
measuring parameter values are generally lower than in macromodels. Unfortunately, error is always incurred when microrelationships are aggregated. Errors resulting from aggregating
soil inventory detail and the effects these errors have on
linear programming analysis of agricultural production potentials are measured in this study. The tradeoffs between error
levels, study costs, and user needs, and the implications for
economists involved in designing research programs are discussed.
Key words:

Aggregation error, linear programming, soils inventories, agricultural production, natural resources
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PREFACE

This report looks at the practical problems of data aggregation
error. Although analysts are well schooled in aggregation
theory, they are continually faced with the need to allocate
limited time and funds to collect, organize, and analyze data.
Conceptual problems of aggregation have been thoroughly examined, but the practical problems of allocating time and funds
to data collection and model specification have not been
thoroughly addressed.
The Cibao Valley in the Dominican Republic is used to illustrate
the tradeoffs analysts face between error levels, study costs,
and the ability to provide useful information on policy questions. The report demonstrates that the most appropriate level
of data aggregation may not necessarily be the most detailed,
time consuming, or expensive.
The audience for this study includes agricultural economists,
soil scientists, and other natural resources professionals
studying and developing land use policies. Analysts with international interests may also find the study valuable, since the
case study deals with a developing nation, where reliable resource data are scarce.
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Effects of Aggregation Error on Analysis
of Agricultural Production Potential

John D. Sutton

INTRODUCTION

Errors which occur from aggregating detailed data and
relationships have long concerned agricultural economists.
Some involved in agricultural policy analysis believe that because there is so much variation between firms in the sector,
only very detailed micromodels are useful. Others, however,
argue that errors in specifying behavioral relationships and
measuring parameter values would be lower in micromodels but
such models would be prohibitively costly to develop. Furthermore, aggregation of these microrelationships always involves
aggregation error even if there are no errors in specification
or measurement. Thus, this group argues that for national/
regional agricultural policy analysis, only small, simply
structured models should be developed.
This case study measures the nature of aggregation error in
economic analysis of agricultural production potential, using
the Dominican Republic's Cibao Valley as an example. The
effects of various levels of land detail on the output of one
type of agricultural information system—that of the Comprehensive Resource Inventory and Evaluation System (CRIES) \J
project in the Cibao Valley of the Dominican Republic—are
measured and discussed. Researchers and planners may use this
information to understand the costs, time, and reliability of
analysis undertaken at various levels of detail.

Procedure

Three increasingly aggregated soil inventories were constructed
for the Cibao Valley, a 250,000-hectare (ha) region in the
Dominican Republic. The 9 soils of the aggregate inventory are
composed of the 14 soils of the intermediate inventory; these
14 soils are composed of the 45 soils of the detailed inventory.
Next, a land-based linear programming (LP) model designed to
analyze agricultural production potential was specified and run
at the three different levels of land detail developed in the
\l CRIES was funded by the Office of International Cooperation and Development in the U.S. Department of Agriculture
(USDA) through a participating agency service agreement with
U.S. Agency for International Development. Participation of
Michigan State University (MSU) was covered under a cooperative
research agreement between the USDA and MSU.

soil inventories. Finally, cost and information differences in
the soils inventories and model solutions to policy questions
were compared.
The study presents the three concepts of specification, measurement, and aggregation error. Since specification and measurement occur before aggregation, errors in either can influence
the size of aggregation error, the focus of this study. Given
the nearly inevitable presence of specification and measurement
errors in any modeling activity, it is assumed that both types
of error are found in this study. Aggregation error is measured
by comparing solution values of the two aggregated LPs to solutions of the base model, the detailed LP. The extent of measurement and aggregation error are also discussed in terms of
the cost and information of each soils inventory.
Results

Study results regarding aggregation of soils data suggest that:
1)

Measurement and aggregation errors in the aggregate inventory render it the least reliable of the three inventories;
the detailed inventory is the most reliable.

2)

Nevertheless, given the regional/national interests of the
user group, agricultural planners in a national planning
agency, the aggregate (then the intermediate) inventory
appears adequate since:
—

The map is legible;

—

The number of map units is the same as the number
of regions of interest to the user;

—

It is the least costly in time and funds;

—

Economic analysis of agricultural production potential requires merging socioeconomic data of unknown
statistical reliability with the soils data,
regardless of the latter's reliability. The reliability of the merged data set and subsequent
analysis is thus unknown.

Comparison of soil inventories
Item
Time required (years)
Cost (dollars)
Map complexity
Soil information
Reliability of data
collection

; Detailed

] Intermediate

3.0
1,112
Less than
aggregate
Most
Most

•
] Aggregate
•

1.5
220
Lowest

1.0
55
Highest

More than
aggregate
More than
aggregate

Least
Least

Study results also indicate that data aggregation produces
error in LP model solutions. But deciding on one of the two
aggregated versions of the basic LP model is not easily done.
Although both specification and measurement errors are assumed
to exist, they do not vary between the models:
the same sets
of LP specification and socioeconomic data are used in each of
the three models. With respect to measurement errors, if they
are unbiased, their influence on aggregation error may decrease
as aggregation proceeds, since individual errors may cancel.
To the extent that these errors are biased, however, they will
influence the size of error resulting from aggregation. The
extent of bias is unknown.
Several methods of comparing solutions of the two aggregated
models to the base (detailed) model, such as absolute differences, percentage bias, and Theil's Inequality Coefficient show
the extent of aggregation error. Regional solutions of the
intermediate LP correspond more closely to those of the detailed
model than do aggregate solutions. For example, 75 percent of
the time, the intermediate LP solution values for crop areas,
production costs, and production levels are closer to detailed
LP values than are aggregate LP values. Both aggregated LPs
required 7 to 8 percent more cropland than the detailed model
to produce the required crop production. These percentages
clearly indicate the extent to which aggregation underestimates
the production potential of the resource base.
Given these results and the user group's focus on national/
regional analysis, the intermediate LP may be preferred to the
aggregate LP since its regional solution values correspond more
closely to the base model regional solution. In making a final
decision, the user must consider the possibly greater measurement error, time, and costs involved with the intermediate
model than the aggregate model. Total estimated time and costs
of either aggregated information system (including soil inventory and mapping, socioeconomic data collection, LP model construction, and analyses) are significantly less than for the
detailed system:

Soils-LP
information system

;

Time
Years

Detailed
Intermediate
Aggregate

4.5
2.3
1.5

i

Cost
Million dollars
2.23
.44
.11

In terms of the full soils-LP information system, the merging of
soils data of a known level of reliability with socioeconomic
data of unknown reliability is counterproductive in terms of
interpreting and comparing LP solutions of the user's policy

questions. Nevertheless, this merging is essential and
inevitable for economic analysis. Since the degree of detail
significantly affects cost, it is important that analysts/
planners develop each data set only to the degree of detail
necessary to analyze the problem.
The usefulness of any information system can be determined only
by the user group. For example, although the study shows that
aggregation affects solutions, the full significance of the
differences in model solutions to the users cannot be established. The fundamental issue is deciding between 1) relatively
low cost and time requirements but possibly high specification
and greater measurement errors associated with highly simplified models, and 2) high cost and time requirements but possibly
lower specification and measurement errors associated with more
complex models.
Although theoretically possible, specification, measurement, and
aggregation errors cannot be avoided entirely O, 7^, j^, 20,
22). _2/ However, it should be possible to control size of
errors or at least to understand their extent if the researcher
first determines user needs and perceptions of resource problems, and then builds an information system in which the level
of detail is consistent with those needs and perceptions. Even
this may be difficult, for although users should be those most
capable of indicating cost effectiveness of different levels of
detail, they may find it difficult to articulate their needs
and the usefulness of different information.
AGGREGATION ERROR V

The aggregation problem surfaces whenever the economist studying
aggregate supply or demand relationships must choose between
micro- or macroanalytical techniques. Microtechniques, focusing
on the individual unit, are considered better at representing
the social and economic forces which condition behavior. Macrotechniques provide for direct statistical estimation of the
aggregate functions without requiring analysis of the individual
farms.
The pure microapproach is rarely relied on to explain aggregate
relationships because of the huge number of models needed to
represent the behavior of all farms, the need to account for
interactions between the models, and the prohibitive cost of
developing information at this level of detail.
An approach intermediate between micro- and macroanalysis involves identifying a hypothetical farm whose supply function is
considered representative of farms in a given region.

2J Underscored numbers in parentheses refer to items listed
in the bibliography.
3J The term "aggregation bias" is frequently used. Bias denotes systematic rather than random error. Since errors in
aggregation may be biased or unbiased, depending on the method
of aggregation, aggregation error will be used instead of aggregation bias.

Specifically, aggregating the supply functions of these
representative farms involves:
1) sorting farms in a region
into homogeneous categories and deriving supply functions for
representative farms in each category; 2) aggregating these
functions to estimate a regional supply response; and 3) adjusting results on the basis of experience to make predictions
U, pp. 705-6).
Use of this approach results in aggregation error. A simple
example illustrates the problem. Assume farm A has 100 units
of capital and 50 units of labor; B has 100 units and 150 units,
respectively. It requires 10 units of labor and capital to produce one unit of product Y. Programmed separately, A and B will
produce 15 units of Y. However, if their resources are averaged, the representative farm would have 100 units of capital
and 100 units of labor. Programming this farm and multiplying
by 2 (to represent the two farms in the aggregated farm) allows
production of 20 units of Y. The supply function for this
representative farm will thus be shifted to the right.
Specification and
Measurement Error

The amount of error incurred when aggregating micro- or
representative relationships depends in part on:
1) whether or
not the behavioral relationships of the representative farm are
accurately specified; and 2) whether or not data are accurately
measured. Because both specification and measurement occur before aggregation, errors that may be incurred during both are
briefly discussed.
Some economists criticize agricultural information systems for
being too aggregative. For example. Heady states that unless
founded on detailed farm-level models, LP models are likely to
give misleading implications for policy in developing countries
(12, p. 382). But ability to specify perfectly the conditions
under which a farm actually operates and the interrelationships
among farms is not empirically possible. Aggregation of misspecified relationships increases the amount of misspecification
and hence the amount of aggregation error. Further, it is highly doubtful that economic theory is so encompassing that it is
possible to faithfully relate microtheory to macrophenomena.
Even when microtheory provides behavioral propositions, they
normally refer to static or dynamic equilibrium states and not
to the disequilibrium situations of the real world (11).
Measurement errors for both micro- and macrovariables include
errors in technical coefficients, resource restrictions, and
input costs. Data may be drawn from a number of sources and may
be modal, average, or drawn from small, unrepresentative samples.
If the population distribution of parameter values is known,
sampling techniques could be used to estimate values without
error at a desired level of confidence. However, measurement
errors arise if the distribution of the model's parameters over
all farms is not known but estimated. This is often the case.
Without an adequate historical record, it may be difficult to
establish the relevant range for any variable. If each of several variables has wide ranges, the usefulness of model solutions
may be questioned. If the distribution of a variable's values

is expected to have a large variance and/or if the distribution
is badly skewed, some representative values have less meaning.
Since measurement error will normally occur before aggregation,
its magnitude also influences aggregation error. Aggregation
of measurement errors will not necessarily produce greater or
less error, however. If measurement errors at the disaggregated
level are not biased, their aggregation might result in a net
reduction of error, with overestimates canceling out underestimates.
IMPACTS OF ALTERNATIVE LEVELS OF
LAND DETAIL

A major criticism of information systems has been that the land
detail employed is not appropriate for the identified problem,
the analytical tools used, or the needs of the user. The
effects that different levels of detail have on producing information about agricultural production potential are presented.
The method involves: 1) constructing three increasingly aggregated soils inventories; 2) estimating the cost and evaluating
the information content of the respective inventories and maps;
3) specifying a basic LP model capable of analyzing production
potential of a major agricultural region, the Cibao Valley in
the Dominican Republic; 4) constructing two increasingly aggregated versions of the basic LP; and 5) evaluating information
content of the three versions by comparing LP model solutions of
the two aggregated models to that of the most detailed model.
In the late sixties, the Cibao Valley produced 90 percent of the
nation's tobacco, 33 percent of its coffee, 25 percent of its
cocoa, 29 percent of its rice, 53 percent of its plantain, 46
percent of its yucca, and 32 percent of its sweetpotatoes.
Three regions were identified. The western region is flat, dry,
and hot with average annual rainfall of 600 millimeters (mm),
and average annual temperature of 27°C. No cropping is possible
without irrigation, but with irrigation, soils are quite productive. The major crop is rice, with some plantain, sugarcane,
and natural pastures. One major east-west highway and numerous
hard-surfaced feeder roads are located in the region. Population
is centered around three small towns—Monte Cristi, Esperanza,
and Valverde (Mao).
The central region includes rolling plains with slopes of 3 to
15 percent and in some cases, up to 30 percent. Average annual
rainfall is 1,100 mm in the rolling plains areas and 1,500 mm
along the Yaque del Norte River. Supplemental irrigation is
generally needed although not always available. Major crops are
tobacco in the rolling hills and rice and plantain on the lower
terraces. The transportation network is similar to that in the
western region, except that it is quite extensive around
Santiago, a city of 268,400 in 1971.
The eastern region returns to the flatter slopes of the west.
This is the wettest of the three regions, with an average annual
rainfall of 1,200 to 1,800 mm. Irrigation is required only for
rice. Land use includes much interplanting of food crops (corn,
beans, yucca, plantain, sweetpotatoes, and tobacco) in the west

and central parts to highly productive rice and pastures in
the southeast; cocoa is found in the hillier areas• A number
of hard-surfaced roads transect the region. This is the most
populous region.
Policy analysts and planners concerned with the Cibao Valley's
capability to produce food and fiber for both its own and for
nonvalley requirements are the hypothetical users of the information system constructed. In this regard, the users have a
"national" focus. The problem to be analyzed is how to use the
Cibao's land resources in the least costly way to meet current
and future crop requirements.
Three Soil Inventories

Ideally, three completely independent soil inventories would
have been developed. Since this was not possible due to time
and funds, a consulting soils scientist used existing studies
and limited fieldwork to prepare three increasingly aggregated
inventories whose principal soils would provide the land resource data for three LP models. The area of each soil would
be measured from the respective soil map, and LP models constructed to analyze production potential. Criteria for the
three maps were:
Detailed inventory:

Map unit delineations would be
usefully legible for a valley
planner at a 1:100,000 scale.
Principal soils could be properly
described as phases of soil
families, kj

Intermediate inventory:

Map unit delineations would be
usefully legible at a 1:250,000
scale. Principal soils could be
properly described as phases of
soil subgroups, kj

Aggregate inventory:

Map unit delineations would be
usefully legible at a 1:1,000,000
scale. Principal soils could be
properly described as phases on
soil great groups, kj

The text and 1:50,000 scale map published by the United Nations
Food and Agricultural Organization (FAO) in 1974 was the most
important source of information. FAO map units were mostly

^/ Soils classification is done such that one soil varies
from another in one or more properties to such a degree that the
combinations of all properties result in different responses to
management for growing crops (27). In order of decreasing rank
and increasing number of differentia and classes, the categories
in the USDA Soil Taxonomy are order (10 in the United States),
suborder (47), great group (185), subgroup (970), family (4,500),
and series (10,500).

consociations or associations of phases of "series." 5/ A
consociation is a mapping unit in which only one identified
soil component (plus allowable inclusions) occurs. An association is a geographic mixture of areas of two or more distinctive kinds of soil, or of a soil and a kind of miscellaneous
area. The FAO report was augmented by a 1967 study of the
Organization of American States (OAS). Map units on the
1:250,000 OAS soil map are loosely defined associations of very
broadly conceived series. The third data source is the national
CRIES soil map, drawn at a scale of 1:250,000 with map units of
associations of phases of soil subgroups. The dominant range
in soil texture for subgroups was described so that soil families could be identified even though the map units were named
in terms of subgroups.
The detailed soil map was drafted on the 1:50,000 scale FAQ base
map, but its delineations were drawn to be legible when published at the 1:100,000 scale. The 31 map units and 45 unmapped
components, principal soils, are associations of phases of
families. The detailed map has 95 delineations. 6^/ The soil
classification of the FAO report was used in most cases. In
spite of some questions about the FAO classification, the
family-level map seems to present a reasonable analysis of the
soils for interpretation of management requirements and use
potentials.
The intermediate soil map closely follows the national-level
CRIES map. Also drafted on the 1:50,000 scale FAO base map, its
11 delineations were drawn to be legible at the 1:250,000 scale.
Seven map units and 14 component principal soils, described as
associations of phases of soil subgroups, were defined. The
subgroups' dominant textural characteristics were specified so
that interpretations could be made as though the components were
families.
Figure 1 presents a portion of the 1:250,000 scale map but with
all three sets of map units. The relative sizes of the maps at
their published scales are also shown. The detailed map is
13 x 73 inches in size, the intermediate map is 5 x 29 inches,
and the aggregate map is 1 x 7 inches.

V The FAO series are not taxonomic subdivisions of soil
families so they do not fully qualify as series (14). They are
more broadly and loosely defined than required by current U.S.
standards, and classified to the subgroup level of the soil
taxonomy; however, some classifications are contrary to other
information about the soils, and some series seem to be broader
than the subgroup to which they are assigned. Some FAO map
units, particularly those in flood plain areas, are very vaguely
defined, loose associations, or undifferentiated groups of suborders and great groups.
6^/ A map unit can have one or more noncontiguous delineations,

Figure 1—Cibao Valley Soil Maps
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The aggregate map was also drafted on the 1:50,000 scale FAO
map base, but delineations were drawn to be legible when published at the 1:1,000,000 scale. Only three map units separating the udic, ustic, and aridic moisture regimes were
defined. The map units and nine component principal soils are
associations of phases of soil great groups, but because the
total range in soil characteristics in the study area was very
limited, the principal soils were described and interpreted more
or less at the family level.
Taxonomically, the principal soils of the aggregate map units
(phases of soil great groups) could be perfect composites of the
principal soils of the intermediate map units (phases of soil
subgroups), which in turn could be perfect composites of the
principal soils of the detailed map units (phases of soil families). Because of the intermingling of soil bodies, the difference in scales at which the three maps were drawn, and
cartographic need for map legibility, the actual correspondence
is not exact. The relationships are precise enough, however,
so that the 45 detailed principal soils, 14 intermediate principal soils, and 9 aggregate principal soils serve well as land

constraints in the three levels of soil aggregation ia the
three respective versions of the basic LP model.
Soil Map Comparlsons

Soil map evaluation assesses the accuracy of different soil
areas and the usefulness of the map. While most users do not
have the opportunity to "ground truth" soil maps, an investigation of the methods used to prepare the inventories can indicate which map more closely corresponds to actual resource
distribution. The map itself can be inspected for its information content. Estimates of relative costs can also be made by
studying the methods used.
In order to make possible a comparison of information content
of each map and of each inventory which would have ideally been
undertaken, this section presents the assumed conditions by
which the inventories would have been undertaken (17).

Assumed Conditions
for Soils Inventory Preparation

A number of conditions are assumed for purposes of conducting a
soils inventory. The size of the study area would be 250,000
hectares; the purpose of the study would be to assist planners
in analyzing the area's agricultural potential; the smallest
map delineation would be consonant with that purpose; map scales
for the three separate maps would be 1:100,000, 1:250,000, and
1:1,000,000; topographic and climatic maps of the area would
exist; aerial photos at 1:20,000 and smaller scales would
exist; and there would be sufficient laboratory equipment,
staff, materials, and budget to finish any one of the inventories in 1 year. Since the latter conditions seemed unrealistic,
a conservative bias would be given to costs of the more intensive surveys.
The preparation of each inventory would generally require that
10 to 15 percent of the allotted work time be spent compiling
existing tabular data, imagery, and maps and taking preliminary
photographs to establish map units. One-half to three-quarters
of the time would be spent in the field making observations,
boundary checks, analysis of soil samples, and map unit revisions. Finally, 10 to 25 percent would be devoted to classification, laboratory analysis, and report writing.
For each inventory, map units would be initially established
through interpretation of existing photography. A sample area
(not necessarily contiguous) representing 10 percent of the
250,000 ha Cibao would be established.
For the detailed inventory, aerial photos of 1:20,000 scale and
a topographic map of 1:50,000 scale would be used, and 10
observâtions/km2 in the sample area would be made. A detailed
field analysis would be made of three of these observations, and
tentative typical profiles described. Outside the sample area,
five observations/km2 would be made. A detailed laboratory
analysis in a central laboratory would be made of two of the
five observations/km2. Map unit boundaries based on the photo
interpretations and field and laboratory analysis would be made,
with a publication scale of 1:100,000 and with phases of soil
families as map units.

10

For the intermediate inventory, aerial photos of 1:60,000
scale and a topographic map of 1:250,000 scale would be utilized to establish map boundaries. Only five observations/km^
would be made in the sample area; detailed field analysis would
be made of one of these observations/km2. In the rest of the
nonsample Cibao area, 2 to 3 observations/km2 would be made,
with a detailed laboratory analysis of one of them in the central laboratory. Extrapolation would be less precise than in
the detailed inventory. Publication scale would be 1:250,000,
and map units would be phases of soil subgroups.
For the aggregate inventory, aerial photos of 1:80,000-100,000
scale and a topographic map of 1:250,000 scale would be used to
establish map unit boundaries. Three observâtions/km2 in the
sample area would be made and a detailed field analysis of
0.5/observations/km2 in the sample area. There would be no
central laboratory analysis. Outside the sample area, one
observation/km2 would be made. Publication scale would be
1:1,000,000 with phases of soil great groups as soil map units.
These assumed conditions for preparation methods suggest greatest reliability (and cost) would be found at the detailed level
and least at the aggregate level. A relative scale proposed by
Cline is used to rank the three inventories on the reliability
of preparation methods, with 1 as most reliable and 5 as least
reliable (6^):
(1)- detailed fieldwork with remote sensing support;
(2)- detailed fieldwork without remote sensing support;
(3)- reconnaissance fieldwork with remote sensing support;
(4)- reconnaissance fieldwork without remote sensing
support or only remote sensing with field checking;
(5)- exploratory fieldwork without remote sensing or
only remote sensing. IJ
Based on this scale, the means to collect data in the detailed
inventory are the most reliable (3), while those of the aggregate are least reliable (5). While the same type of base map
would probably be used in each inventory, the information content of the large-scale 1:50,000 topographic map would probably
be greater than that of the 1:250,000 map. Therefore, the map

77 Detailed"^is defined as boundaries sketched from observatio^ns of their entire occurrence on the ground; reconnaissance
as part of the boundaries seen, with a schematic map made from
available evidence on relief, geology, climate, and vegetation,
and sample areas chosen for detailed work and extrapolating
results; exploratory as boundaries usually obtained from compilation of existing sources, and identifying soil associations
through limited field checking.
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used in the detailed inventory would be more informative than
that used in the other inventories.
Map Analysis

The characteristics of the three soil maps provide the basis
for map analysis (table 1). 8^/
Map Legibility« Map legibility is largely subjective. Factors
that influence it include the number of delineations per unit
of map area, colors or patterns used to represent them, ground
features shown on the map, and quality of map presentation.
Only the first factor, the number of delineations per unit of
map area, varies between the three maps.
Legibility decreases if a large number of map symbols must be
placed outside the delineations and keyed by arrows. In this
regard, a minimum-size delineation is one in which a simple map
unit symbol (2 to 3 digits) can be printed legibly. Alternatively, it is the smallest area that can be easily discerned by
the user. Its size, of course, is affected by its shape. A
long and narrow delineation, for example, would have to be
larger for legibility than if it was round. While the concept
is a parameter for determining a suitable published map scale,
it is a highly subjective concept. Sizes of 0.4 cm2 to
1.5 cm2 (1/4 in2 = 1.61 cm2) have been suggested where 2to 3-digit map symbols are used (9^). Since the intermediate
map units would be designated by symbols with 8 to 15 digits,
a slightly larger minimum size delineation of 2.04 cm2
(3/4 in X 3/4 in) is used here. 9^/ The actual land area represented is 204 ha at a scale of 1:100,000, 1,275 ha at
1:250,000, and 20,400 ha at 1:1,000,000.
On many soil maps, there may be a few delineations smaller than
the theoretical minimum. Obviously, a large number of these
areas, so small that map symbols would have to be keyed outside
of them, would decrease legibility. On the detailed 1:100,000
map there are only three, on the intermediate map one, and on
the aggregate map none.
The relative complexity or simplicity of a map can be indicated
by relating the number of delineations per unit of map area to
the maximum number allowable while maintaining legibility. If
the minimum size delineation is 2.04 cm2, then the reciprocal,
0.49, is the maximum number of delineations/cm2. If n = the

8^/ At a scale of 1:100,000, 1 cm2 on the map represents
1 km2; at 1:250,000, 1 cm2 represents 6.25 km2; and at
1:1,000,000, 1 cm2 represents 100 km2. Thus, although the
number of observations/cm2 increases as scale decreases, the
number of field observations per unit of land area and, therefore, information content, decreases.
9^/ Map unit symbols have not been prepared. However, the
symbols used in the CRIES soil mapping for the Dominican
Republic ran 8 to 15 digits. This mapping is closely equivalent
to the intermediate soil inventory.
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Table 1—Characteristics of Cibao Valley soil maps

Map

Characteristic
'>
Scale

Detailed •

Intermediate \
•

; 1:100,000

1:250,000

Aggregate

1:1,000,000

Number of field observations 1^/:
Per km^ in the field :
2
Per cm on the map
i
Map units 2/:

5.5

2.7

1.2

5.5

17.2

120.0

:

Number

[

31

Taxonomic level

:

Family

Subgroup

Great group

Phases

]

Yes

Yes

Yes

Map delineations
Average size:

cm

Minimum size:

:

95

11

\

21.9

32.3

:
:
3/\

2,190

ha 3/ :

204

ha
cm

2

7

2.04

20,190

3

3
7.6
76,200

2.04
1,275

2.04
20,400

1^/ At a scale of 1:100,000, one cm2 on the map represents
a one km2; at 1:250,000, one cm2 represents 6.25 km2;
at 1:1,000,000, one cm2 represents 100 km2,
2/ A map unit may be composed of one or more delineations.
3_/ Smallest delineation in which map symbols can be printed
legibly.

number of delineations/cm

of map area, then n also =*

1
and map texture intensity (MTI)
average size delineation

0.49

average size ' minimum size
- ^nimum size (cm2)
average size (cm2)
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The average size delineation for each map ranges from 2,190 ha
on the detailed map, to 20,190 ha on the intermediate map, to
76,200 ha on the aggregate map.
The larger the MTI, the more complex the map.
maps are detailed, 0.093; intermediate, 0.063;
0.268, Relative to one another, the aggregate
complex and the intermediate map the simplest;
the maximum number of delineations/cm2.

The
and
map
all

MTI for the
aggregate,
is the most
are below

A map becomes illegible if a large proportion of the delineations are smaller than the minimum size. Map intensity can
also be understood by determining the degree to which map scale
can be reduced before the average size delineations become
smaller than the theoretical minimum size delineations. The
map index of maximum reduction is thus defined as the square
root of the ratio between the average size and minimum size
delineations of the actual map. The minimum scale of reduction
is the smallest scale to which a map can be reduced before the
average size delineations become smaller than the minimum size
delineation.
Minimum scale of reduction = actual scale + (actual scale)
(index of maximum reduction)
The index of maximum reduction and the minimum scale of reduction for the three maps are:

Index of
maximum
reduction

Minimum scale
of
reduction

Detailed

3.28

1:428,000

Intermediate

3.98

1:1,245,000

Aggregate

1.93

1:1,930,000

Item

The minimum scale of reduction certainly does not indicate a
useful scale because if average size delineations were reduced
to the minimum size, a large proportion of the delineations
would be smaller than this legibility criterion. A much smaller
scale than that of the published map suggests that the surveyor
might have worked with a smaller scale from the standpoint of
legibility. A high (10 to 20) index of maximum reduction may
indicate relatively homogeneous soil bodies, improper scale
definition, or an inadequate survey. A low (1 to 2) index
suggests intensive mappings (9^). Only the aggregate map
approaches the intensive mapping range of the index of maximum
reduction.
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The values for the three Cibao maps suggest that smaller survey
scales (and hence lower costs) may be desirable from a legibility perspective for the detailed and intermediate maps.
Homogeneity of the soil resource also seems to support smaller
scales.
The total number of delineations is also important; the fewer
there are, the easier and less costly the tasks of gathering
both soils data and complementary socioeconomic data; correcting
errors in existing data, analysis, and interpretation; and presenting analytical results to decisionmakers. The number of
delineations for the three maps are detailed, 95; intermediate,
11; and aggregate, 3.
Adequacy of map scale is also related to the user's planning
area. The largest map scale is thus defined by the size of the
smallest area of interest the user would want to identify on
the map. Given'the national orientation of intended users,
the three Cibao regions serve as minimum areas of interest.
Broad plans indicate general use patterns that would use valley
natural resources most efficiently; later, planners could be
expected to focus on subregions within a particular region or
regions for more intensive investigation and data collection.
From a natural resources aspect only, these subregions would
be relatively more homogeneous and could correspond to individual or small groups of map units. From a natural resources
standpoint only, individual map delineations would define the
minimum area of interest for the valley's regional planners.
Thus, the aggregate inventory with three map delineations and
nine unmapped principal soils may provide sufficient geographic
information. The detail of the detailed (95 delineations and
45 unmapped principal soils) and intermediate inventory (11 and
14, respectively) may not be any more useful to this user group
than the aggregate inventory. 10/
The smallest map delineation in each inventory is detailed,
30 ha; intermediate, 750 ha; and aggregate, 30,300 ha. Given
the minimum size delineations (defined for legibility at
2.04 cm2), only the aggregate map appears adequate since only
in its case is the minimum size delineation, 20,400 ha, smaller
than the smallest map unit.
Reliability of Delineation Boundaries. Soil inventory intensity and map scale determine reliability of delineation boundaries.
Theoretically, the larger the scale, the larger the
number of observations required for boundary placement, and the
more accurate the placement. Given the discussion on inventory

10/ Limited planning would be possible if only resources were
solely considered. Planners would need to address social and
economic factors, the relationships between these factors and
natural resources, and hence the relevant minimum areas of interest. Given the scarcity of reliable socioeconomic data, the
additional usefulness of an inventory as disaggregated as the
detailed is particularly questionable.
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methods, the detailed inventory ought to have the most reliable
boundary placement, and the aggregate the least reliable.
The accuracy of boundaries may also be a function of line
width: the smaller the size of individual delineations, the
greater the effect of width. Should a boundary line be misplaced, the percentage error in the area of the delineation is
greater the smaller the delineations. The land area covered
by a 1.0 cm length of this thickness (0.8 mm) of line would be
8 ha at 1:100,000, 50 ha at 1:250,000, and 800 ha at
1:1,000,000. Assuming circular average size map unit areas,
the areas of their boundary lines would be 6, 5, and 10 percent, respectively, of the circular areas in the detailed,
intermediate, and aggregate inventories. Thus, effect of line
width on intermediate delineations is relatively smaller
(5 percent), since average size (32.3 cm2) is greater than in
the other inventories. With respect to the detailed inventory
(6-percent error), however, this intermediate advantage may be
canceled out by the less reliable means used to collect intermediate data, and hence locate boundary lines. Given the less
reliable means used in the aggregate inventory to collect base
data as well as smaller average delineation size (7.6 cm2),
errors in placement (10 percent) are more sizable than in the
other inventories. The area of a boundary line of a minimum
size area on the detailed, intermediate, or aggregate Inventory
maps represents 20 percent of its area.
Comparison of Measured and Summed Detailed Areas of Map Delineations. The area of each map delineation at all three levels
of detail was planimetered as drawn on the 1:50,000 scale FAO
base maps. Theoretically, area measurements would sum exactly
across the three levels of soil details. That is, aggregate
map delineations (associations of phases of great groups)
would be perfect sums of the intermediate map delineations
(associations of phases of subgroups) which in turn would be
perfect sums of the detailed map delineations (associations of
phases of families). This boundary coincidence does not occur,
however, for several reasons.
Cartographic error occurs when delineation boundaries from maps
of three different scales (1:1,000,000; 1:250,000; and
1:100,000) are drawn on the same 1:50,000 base map. The lines
on the small 1:1,000,000 scale map are not as precise as the
lines on the 1:100,000 map. Other possible sources of error
arise from locating soil boundaries improperly, mislabeling,
using line markers of varying widths, and using the planimeter
inexactly. The planimeter, for example, approximates curves
with linear segments. Area measurement of those map delineations with a higher proportion of curved boundaries (detailed
would generally have more curved boundaries than intermediate,
which would have more than aggregate delineations) would
therefore be subject to greater error.
Measurement error occurs when comparisons are made between
the planimetered intermediate (aggregate) map delineations
and the sums of those detailed delineations which make up the
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intermedíate (aggregate) delineations.
level, the difference between measured
for the larger map units (for example,
4.5 percent for C) and largest for the
example, 22.5 percent for F) (see fig.

At the intermediate
and summed areas is least
0.3 percent for E, and
smaller map units (for
1).

Area measurements of the valley at the detailed, intermediate,
and aggregate levels are 2,179.53 km2, 2,221.32 km2, and
2,286.34 km2, respectively. Intermediate measured area is 1.9
percent greater and aggregate measured area is 4.7 percent greater than the sums of the measured detailed map units.
Map Unit Descriptions. The soil taxonomic classification of the
map units in the three inventories are family, subgroup, and
great group. Because of the restricted extent of the study area,
map units almost never cover the whole range of the class used
to name it. The total range in soil characteristics for Cibao
Valley great groups and subgroups is quite limited. Thus, great
group descriptions are more or less done at a family level of
significance (14). Soil phases, for example, are the same as
those at the other levels. Similarly, the dominant textured
characteristics of the subgroups were able to be specified and
so descriptions could be made more or less at the family level.
The family level map is most closely based on the FAO series
levels map. With some assumptions about clay mineralogy, the
series were placed into families based on the information given
in the report on particle size distribution. There is considerably more doubt about placement at the higher subgroup and great
group levels than at the family level. Although the FAO information leaves questions about the degree of flood hazard, the
nature of soils on the flood plains, and the drainage restrictions, the family map could present reasonable analysis for
interpretation of management requirements and use potentials (14).
At each of three levels, both consociations and associations of
soils are used. By definition, a consociation is purer than an
association. In the detailed inventory, 19 map units are consociations and 12 are associations. The intermediate and aggregate inventories have three and zero consociations, respectively,
and four and three associations, respectively. This suggests a
highest level of purity, given the taxonomic level, for the
detailed inventory and lowest for the aggregate inventory.
Soil Inventory Costs

The costs of gathering and developing soils information depend on
innumerable factors such as transportation difficulties; wage
levels; completion deadlines; availability of secondary materials
such as topographic maps, planimetric maps, geologic maps,
meteorological data and maps, recent aerial photography, photomosaics, satellite images, and soil surveys; equipment for field
and laboratory work; availability of trained personnel; number of
cloud-free days; severity of rainy seasons; and complexity of the
terrain.
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A SIEDRA soils scientist estimated costs as if three inventories
were constructed independently 11/ (see table 2). Relative
costs for the three inventories are 1.0 for the aggregate, 3.2
for the intermediate, and 10.3 for the detailed inventory.
Experiences with agencies in several developing countries suggest that, due to administrative, logistical, and technical
bottlenecks, the assumption that any of the three inventories
could be undertaken in 1 year seriously underestimates time
needed for the more detailed inventories. It seems reasonable,
given the number of map delineations, to increase personnel time
from 1 to 3 years in the detailed inventory and from 1 to 1.5
years in the intermediate inventory. Per hectare costs would
change to $4.45/ha, $0.88/ha, and $0.22/ha, respectively (see
table 3).
Table 4 presents a comparative summary of the three soil inventories and maps. Estimated cost and time differences between
the three inventories is substantial. The difference would
probably be quite significant to the user group because the inventories only represent part of the costs involved in doing
policy analysis.

Table 2—Soil inventory costs, initial estimates
,
Detailed

Item

•
•
•' Intermediate •

Aggregate

1,000 dollars
271.2
4.4
70.0
150.0
74.3
569.9
2.28

Personnel
Materials
Vehicles
Laboratory analyses
Publications
Total
Cost/ha ($/ha)

21.2

90.0
1.3
21.0
33.8
29.2
175.3
.70

.5
4.2
20.3

9.2
55.4

.22

Table 3—Revised soil inventory costs
Inventory

:
Map
: Initial cost :
: delineations ;: assumptions :
Number

Detailed
Intermediate
Aggregate

95
14
3

Revised cost
estimates

.. -.^^..^^'n^l 1 r%^cf /\>ry
—
—-•——--—uoxj.ars/na

2.28
.70
.22

-m

-.——-. — — —
—
— —

—

4.45
.88
.22

11/ SIEDRA is the Spanish acronjnn for Inventory and
Evaluation System of Agricultural Resources. SIEDRA is located
within the Dominican Republic Subsecretariat of Natural Resources.
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Table 4—Information produced by the detailed, intermediate, and aggregate
soil inventories
Inventory
Item
'»

Detailed

»

Data collection

••

: Most reliable
: soils data;
: most time to
: collect

Intermediate
Reliability somewhat greater than
aggregate

Map legibility:
' 2,200
Average size of map units
20,200
(hectares)
Units smaller than legibility • 3
1
minimum
Degree of map complexity
: Complexity level
Least complex
somewhat greater
than intermediate
Smaller scale possible without
unduly reducing legibility
• Definitely
95
Number of delineations
Map units:
Amount of soils information

Most informative

Purity of soils within any
map unit

Purest—19 consociations

Boundaries:
Reliability

Area covered by one cm (hectares)
Cost estimates:
Total
Per hectare
Time required (years)

Aggregate

Definitely

11

Information between detailed
and aggregate
Purity somewhat
less than intermediate—3
consociations.

Least reliable
soils data;
least time to
collect

76,200

0
Complex but not
overly so

Yes
3

Least informative
Least pure—0
consociations

Greatest

Reliability some- Least
what greater than
aggregate

8

50

800

$1,112,500
$4.45

$220,000
$0.88

$55,000
$0.22

3.0

1.5

1.0

:

In summary, it appears that the aggregate soil map (and next
the intermediate) may best meet the needs of Cibao Valley planners, the assumed user group. The map is legible and the scale
could even be reduced before seriously decreasing legibility.
The number of map units, three, is the same as the number of
socioeconomic regions that result when the user defines minimum

19

area of interest. Soils data reliability is lowest of the
three inventories but so is the cost and time involved in surveying, doing laboratory analysis, and mapping. It may be
sufficiently reliable given the reliability of the socioeconomic data that must be associated with each principal soil component.
LP MODEL

Algebraic Structure
of Basic Model

A cost-minimizing LP model was developed to analyze how to use
the soil resources of the Cibao Valley in the most efficient
way to meet crop production requirements. Three increasingly
aggregated versions, each with the behavioral specifications of
the basic LP model, were constructed by utilizing the principal
soils of the respective soil inventories. Thus, the models
have identical structures and differ only in the aggregation of
the valley's land base. The models are:
1)

Detailed—crop yields vary by principal soil; 45 land
constraints, one for each detailed principal soil.

2)

Intermediate—crop yields are area weighted averages
of the detailed principal soils comprising each intermediate principal soil; 14 land constraints.

3)

Aggregate—crop yields are weighted averages of the
component detailed principal soils comprising each
aggregate principal soil; nine land constraints.

The structure of the model is as follows:
Objective Function:
MIN

Z = 2
(c^,, • X. ,,, ) + Z
(c' ,, • t^, ,, )
hijk
^J^
^'J^
hh'k
^^^
^*^^

Minimize the sum of production and transportation costs
Land Constraints:
^ ^hijk " \±
k=l, •••, 13

for each h = 1, 2, 3
for each i

The land area of each principal soil in each producing
region is totally accounted for by the sum of areas in
each crop-production technique, pasture, and idle.
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^ \±jk - ■'■•^^ijk^^
k = 1-3, 6-9, 11

for each i
for each h = 1, 2, 3

^ ^hijk - °*^^hijk^^
k = 1-3, 6-9, 11

for each i
for each h

LP solution values of principal soil areas in each cropproduction technique combination were restricted to 70 to
120 percent of the current normal levels.

for each i
k = 1-3, 6-9, 11

for each h

For those principal soils for which some crop-production
technique does not occur in the current normal, a maximum
of 50 percent of the total area of that principal soil
could be assigned to the crop-production technique combination. Since in these instances, several combinations
are not found on any one principal soil, each combination
will compete against one another for the 50-percent area.
= X.
hik

\±k

for each i

en

for each h

k = 12

\ijk

\ijl^

en

for each i
for each h

k = 4, 5, 10

The areas of pasture and of three small area crops, bananas,
sugarcane, and cocoa, are fixed at their current normal
levels.
Transportation Constraints:

in ^hh'k ^ \'k

for each k = 1, •••,10
(11 is interplanted
package of crops)
for each h'

Total units of every crop transported from each supply
region to each requirements region must be greater than or
equal to the crop requirements of each requirements region.

ij

(x.
hijk

^ijk^ - I \h'k

for each k = 1, •••, 11
for each h

All crop production is transported.
Where:
=

principal soil. In the detailed model, i = l,««-,45;
in the intermediate model, i = 1,«*»,14; in the
aggregate model, i = l,»-.,9.
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j

=

crop production method, j = 1, 2, 3,

k

=

crop, k =!,•••,13. 1 to 10 are individual crops
in which areas of 4, 5, 10 are fixed; 11 is interplanted group of crops 2, 3, 6-9; 12 is pasture; 13
is idle.

h

=

crop production region, h = 1, 2, 3.

h'

=

crop requirements region, h' = 1, 2, 3, 4.

c..,

=

cost of producing crop k by production method j on
principal soil i; (pesos/ha).

«

area of crop k under production method j on principal soil i in region h; (ha).

X,

Data Classification
and Measurement

,

^hh'k "

cost of transporting crop k from producing region
h to requirements region h'; (pesos/unit of production).

t , ,,

=

units of crop k transported from producing region
h to requirements region h'; (units of production).

X

=

area available for crop production and pasture in
producing region h; (ha).

X'

=

one-half of area of principal soil i in region h
not used for any type of production in current
normal.

^I'k

"

estimated yield of principal soil i for crop k
under production method j; (units of production/
ha).

R, ,,

=

requirement for crop k in requirements region h';
(units of production).

Z

=

total cost of crop production and transportation;
(pesos).

en

=

current normal conditions.

Map Unit Areas. Area measurements of each map delineation on
the base map were made with a planimeter. Delineation areas were
summed to develop map unit measurements.
Areas of Principal Soils. Since principal soils were unmapped,
principal soil areas were estimated in two ways. In the intermediate and aggregate inventories, the consulting soil scientist
estimated approximate percentage composition of each map unit by
principal soil component and by "undescribed soil inclusions."
The inclusions percentage was proportionately allocated to each
principal soil.

22

Another procedure was used for detailed principal soils since
the detailed inventory did not include this specific area percentage information about unmapped principal soils. Instead,
FAO base maps on which detailed map units were drawn were
studied to determine the FAO soil series within each. These
series v/ere then correlated with the principal soil definitions
of the detailed inventory in which the soil scientist had denoted the predominate series. FAO estimated areas of each
series in each map unit were recorded and, if necessary, proportionately adjusted to total map unit area.
To test effects of land aggregation, the area of an aggregate
principal soil must equal the sum of its component intermediate
principal soils, and the area of an intermediate principal soil
must equal the sum of its component detailed principal soils.
Since principal soils were not mapped, these methods provided
only an approximation of area. Separately measuring the aggregate, intermediate, and detailed map units and then allocating
them to principal soils did not permit these equalities for
reasons of cartographic necessity. Where necessary, detailed
and aggregate principal soil areas were thus normalized to the
intermediate principal soil areas to provide these equalities.
Intermediate map unit measurements and principal soil percentage
composition were used as control totals. Since they did not
correspond in measured area to their respective intermediate
principal soil, measured detailed map units and calculated
principal soil areas were used to establish relative percentage
occupancy of the intermediate principal soil area (the control
total). The same method was used to allocate intermediate
principal soil area to each aggregate principal soil.
Regions. Three socioeconomlc regions were identified by the
SIEDRA staff—east, central, and west. The east is composed of
90 percent of aggregate map unit I and 69 percent of unit II;
the central is 12 percent of unit II; and the west is all of map
unit III and small portions of units I and II.
Cropland Use. Due to time and budget limitations, land use and
agronomic data were developed only to illustrate the nature of
impacts of information generated by a particular LP model. Although these data are internally consistent, they are not considered sufficiently accurate to be actually used by planners
analyzing the area's agricultural production potential.
The absence of secondary data for the study area influenced the
methods used to determine land use. This absence occurs largely
because existing secondary sources present data by political
boundaries rather than by the physiographic boundaries used to
identify map units and principal soils. The judgment of persons
familiar with the Cibao Valley and trained in soils, agronomy,
and agricultural economics; secondary data for political units;
major land cover interpretations from LANDSAT; and reconnaissance
field study were used to develop current normal estimates of land
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use by each crop-production method combination for the
intermediate map units and principal soils only. Total area
cultivated was the criterion for selecting major crops and production methods. 12/
For each intermediate map unit, percentage estimates of land
use by crop were made. Crop categories considered in the field
reconnaissance were rice, tobacco, sugarcane, plantain, bananas,
yucca, corn, beans, cocoa, sweetpotatoes, a general annuals
category, pasture, and idle. Staff of the FAO-sponsored Centro
de Desarrollo Agropecuario (CENDA) felt that 30 percent of the
annuals area was interplanted into corn, beans, yucca, sweetpotatoes, tobacco, and plantain. Interplanting was found
largely in the east. The remaining 70 percent of the annuals
area was assumed planted to single crops. Except for rice,
double-cropping was very limited.
With respect to the allocation of crop use, idle, and pasture
to the intermediate principal soils, idle was assumed to occupy
20 percent of each principal soil. Except for those intermediate map units with interplanted crops, crop distribution percentages estimated in field reconnaissance were multiplied by
total active cropland in the particular principal soil to obtain
crop area estimates by principal soil.
Allocation of cropland use on intermediate map units with interplanting differed from the other regions in treatment of the
general annuals category. An example illustrates the assumptions and method:
Assumption;

•

30 percent of the annuals area is interplanted and 70 percent is planted alone.
The relative distribution of crops in the
70 percent area is: yucca, 30 percent;
corn, 25 percent; plantain, sweetpotatoes,
and beans, 15 percent each.

Assumption:

•

of the interplanted area, 30 percent is in
corn and beans during the first planting
and yucca and corn during the second planting;
30 percent is in plantain and beans; no
second planting;
10 percent is in tobacco and yucca; no second planting;
30 percent is in plantain, sweetpotatoes,
and beans; no second planting.

•
•
•

12/ If the study had different purposes, other criteria could
have been used, such as the proportion of farms using a particular production practice or using a certain set (or specified
range) of inputs, the proportion of production, the amount of
labor inputs or of other specified inputs, or foreign exchange
earnings. Selection of what is major may vary yearly as markets,
price, and climatic conditions change. Normal conditions with
respect to such conditions were assumed.
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Assumption;

•

Calculations;
•

•

•

whenever plantain is interplanted, it
occupies one-third of the cultivated area.
for the yearly use of 100 ha of interplanted annuals:
30 ha in corn/beans and yucca/corn (equivalent to 15.0 ha in corn, 7.5 ha in yucca,
7.5 ha in beans—two plantings); 30 ha in
plantain/beans (equivalent to 10.0 ha in
plantain and 20.0 ha in beans—one planting);
10 ha in tobacco/yucca (equivalent to 5.0 ha
in tobacco and 5.0 ha in yucca—one planting);
30 ha in plantain/sweetpotatoes/beans
(equivalent to 10.0 ha in plantain, 10.0
ha in sweetpotatoes, 10.0 ha in beans—one
planting).

In summary, yearly use of 100 interplanted ha is 37.5 ha in
beans, 20.0 ha in plantain, 15.0 ha in corn, 12.5 ha in yucca,
10.0 ha in sweetpotatoes, and 5.0 ha in tobacco. These totals,
converted into percentages, were used to determine intermediate
principal soil use in the east.
Crop Production Methods and Costs. One to three representative
production methods with an associated yield and variable onfarm
production costs (pesos/ha) were defined for each crop. Production costs would be expected to vary by principal soil,
since inputs such as fertilizer application rates or the amount
of labor for fertilizer application would also vary. Lack of
data on such relationships, however, led the analyst to vary
costs only by yields. Thus, a representative method with a cost
of $60.00/ha, for example, would be applied to every principal
soil. Unit production cost varies only with yield.
Crop Distribution to Detailed and Aggregate Principal Soils.
The only land inventory done was for the intermediate map unit
and principal soil level. Allocation of crops and production
methods to detailed principal soils was done on the basis of the
percentage compositions of intermediate principal soils by detailed principal soil. Allocation to an aggregate principal was
done on the basis of its composition by intermediate principal
soils.
Crop Yield Estimates. Lacking any crop yield data by soil, estimates of yield potential for each crop were made by ordinally
ranking the productivity of each detailed principal soil on an
index of 0 to 100 under one of the representative production
methods. Each index was converted to an estimated yield by multiplying the index by the absolute yield associated with the
representative method. The resulting yield estimates by principal soil are consistent relative to one another. They are not
valid in an absolute sense for lack of information on principal
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soil physical and chemical characteristics. Weighted averages
of the detailed yields were inputs to the intermediate and
aggregate models.
Limited information on soil properties such as salinity, reaction, base saturation (properties that directly affect various
crop responses) was also used to estimate the yield indices;
however, one soil property and dominant crop requirement often
tended to predominate in estimating an index. In the case of
paddy rice, for example, poor drainage would be desirable for
good water control and management, but such a condition would
be detrimental to banana production.
Transportation Costs. Tariffs established by the Dominican
Government to transport one quintal (100 kilograms) of produce
from designated sites to Santo Domingo were used to estimate
transport costs. All principal soils in a production region
were assumed to have the same transport cost. Trade may occur
between any of the three production regions (east, central, or
west) and any of the four requirements regions (east, central,
west, or Santo Domingo).
Production Requirements. Relative crop production requirements
in the four regions were estimated in different ways. Rice
marketing was based on the quantity and distribution of rice
storage facilities. Tobacco was assumed to be required only in
the central region since its production is totally controlled by
the nation's major export houses, all of which are located there.
Sugarcane was assumed to be evenly required between the west
(the location of the valley's only sugarcane mill) and the nonCibao area south of the east region, which is part of the
Santo Domingo region. Corn is largely utilized in the poultry
industry, which is concentrated in the Santo Domingo region.
Cocoa is primarily an export crop, 90 percent of which is marketed through Santo Domingo for export. Current requirements
for plantain, bananas, beans, yucca, and sweetpotatoes were
assumed to be based on the relative populations of the three
Cibao regions and Santo Domingo. For these crops, as for those
above, production from non-Cibao areas of the country was ignored. No production was derived from pasture.
In the absence of independently derived production levels of
crop and region, the area of each crop-production method was
multiplied by its respective yield to estimate current production levels. These sums were chosen as right-hand side constraints for the LP. Multiplying these output levels by the
distribution percentages resulted in current production requirements by crop and region.
LP Model Solution
Comparisons
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The model was run for several variations of the policy question:
given the current normal pattern of cropland use, what would be
the most efficient (least costly) means of meeting regional crop
requirements?

The following comparisons were made between the intermediate
and detailed solutions, and between the aggregate and detailed
solutions:
1)

Absolute solution values for regional and valley crop
area, production, production cost, transportation
flows, and value of the objective function,

2)

Value of a summary comparison statistic, Theil's
Inequality Coefficient, U, to compare projected regional and valley changes of cultivated area and production
from current normal values as calculated by the three
models. The formula for U is:

„
u

-

<^<°2r°ii''>'^'
2 V
(ZO^i ) '^

where 0^ are the differences between the detailed LP
model solution and the current normal value of some
parameter i; 02i are the differences between the intermediate LP model, for example, and the current normal.
When there is perfect correspondence between all of the
changes predicted by the detailed and another model, U
is zero. Nonnegative, it has no upper limit. This
paper does not attempt to determine the significance of
any particular U value. This can only be done by the
user of the information produced by the LP model.
3)

Bias (average signed error) in solutions of the more
aggregated model solutions with respect to the detailed
solution by determining if solution values are either
larger or smaller than the detailed values on the average. If the weighted sum of the overestimates equals
the weighted sum of the underestimates, bias is zero.
The formula for computing bias is:

Bias = [Z^ (W..

Q

^'-)] X 100
li

where 02i is, for example, the aggregate solution value,
Oii is the detailed value for the specific variables
0.
li
noted above, and Wi is weighting factor, Wi
ZO
This formula can be simplified to:
li

Bias =

^ ^}- ^^
^"li

X 100

In addition to the above and to illustrate the loss of information from land aggregation, the variance of detailed principal
soil yields around the intermediate (aggregate) yield of each
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respective intermediate (aggregate) principal soil and the
coefficient of variation is calculated by crop. The formula
for variance is:
2
Variance = a

=

2(yi-y)^
;—
n-1

where y is the weighted average yield of the crop on the intermediate principal soil and y-^ is the yield on the detailed
principal soil. The formula for coefficient of variation is:
where y is the mean yield and a is standard deviation.

In comparisons between detailed, intermediate, and aggregate LP
model solutions, the difference in solution values between the
intermediate and aggregate models are generally less than the
difference of either value from the detailed solution. For both
aggregated models, differences from the detailed solution are
much less at the valley level than at the regional level. The
intermediate solution generally is less different from detailed
solutions for regional crop area than is the aggregate model
(tables 5 and 6). In addition, the sum of unsigned percentage
differences for regional crop areas is 397 percent for the intermediate model and 1,407 percent for the aggregate model
(table 7).
Total unsigned (absolute) area differences from the detailed
solution seem to be positively correlated with the coefficient
of detailed yield variation, particularly in the aggregate model
(table 8). The lowest coefficients of variation in crop yields
are for plantain, rice, and tobacco, the crops with the least
area difference from the detailed solution. Although the interplanted activity has the lowest coefficient, it shows the greatest difference because 75 percent of an interplanted ha is
composed of corn, beans, yucca, and sweetpotatoes—all crops
with high coefficients.
Absolute solution values for production of individual crops also
show considerable variation from the detailed values, although
less of a range than for area. Except in the west, the aggregate model shows less difference from the detailed than the
intermediate model.
The relatively smaller variation in production (than in area) is
consistent with the LP model structure as the LP algorithm
chosen attempts to minimize costs and reduce production down to
the right-hand side crop requirements constraint, a greater than
or equal to constraint. The relatively greater variation in
area than in production stems from each model's ability to use
from 70 to 120 percent of the current normal area in each cropproduction method combination, by principal soil. In addition,
the models can use up to 50 percent of the area of any principal
soil not in use in the current normal. The larger number of intermediate principal soils (14) than aggregate principal soils (9)
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Table 5—Area, production, and cost differences due to land aggregation
•
Production
! Production costs
•
Crop/region
:De: Inter- : Aggre- : De: Inter- : Aggre- : De: Inter- '• Aggre: tailed : mediate: gate : tailed: mediate: gate : tailed: mediate: gate
•
000 hectares
000 units
•
Million pesos
•
Rice:
East
: 10.5
10.7
11.1 : 1,310
1,330
1,390 : 12.4
12.6
13.2
Central : 1.2
1.3
1.4 :
100
100
110 :
1.4
1.5
1.5
West
: 13.1
13.1
12.6
: 1,290
1,270
1,200 : 13.4
13.4
12.9
Valley
: 24.8
25.1
25.2
: 2,700
2,700
2,700 : 27.1
27.5
27.7

]

Area

h

:

Tobacco:
East
Central
West
Valley

:
.6
: 12.7
: 3.6
17.0

Plantain:
East
Central
West
Valley

.

Com:
East
Central
West
Valley

:
: 10.3
:
3.1
:
.8
: 14.1

Beans :
East
Central
West
Valley

:
:
:
:
:

Yucca :
East
Central
West
Valley

:
: 13.0
: 2.2
:
.1
: 15.3

Sweetpotatoes:
East
Central
West
Valley

:
:
:
:
:
:

7.6
:
1.9
! 12.1
: 21.6

6.9
1.1
.1
8.1

5.7
1.1
.8
7.6

Í

.6

.5

13.2

15.1

^

3.4

2.8

17.2

18.4

,

90
470

40
350
80
470

6.3
2.4

8.9
2.1
10.8
21.8

!
:
:
:

170
50
180
400

120
50
230
400

210 :
40
150
400

13.2

11.3
1.4
.4
13.1

:
:
:
:

340
100
20
460

360
80
10
460

400
40
10
460

:
!
:
:

1.7
.5
.1
2.2

1.7
.4
.1
2.2

1.9
.2
.1
2.3

5.9
1.0
.1
7.0

6.8
.6
1.6
7.5

:
:
:
:

210
40
1/
250

220
30
1/
250

230
10
1/
250

:
:
:
:

1.7
.3
1/
2.0

1.5
.2
1/
1.7

1.7
.1
.1
1.9

13.2

: 1,440
:
320
:
10
: 1,780

1,510

15.5

13.6
1.6
.5
15.7

1,520
200
60
1,780

:
:
:
:

2.7
.5
1/
3.2

2.7
.4
1/
3.2

2.8
.3
1/
3.2

5.6
1.0
.8
7.4

6.5
.8
.2
7.6

:
820
:
200
:
110
: 1,130

970
120
40
1,130

:
:
:
:

1.3
.3
.2
1.8

1.3
.2
.2
1.7

1.5
.2
.1
1.8

16.4
25.0

9.9
2.7
.6

2.1
.2

See footnote at end of table.

:
:

20
360

240
20
1,780

860
150
110
1,130

30
380
60
470

:
:
:
:

.3
6.7
1.9
8.9

.3
7.0
1.8
9.1

.3
8.0
1.5
9.7

4.5

1.1
7.2

3.9
1.4
9.6

5.3
1.2
6.4

12.9

14.9

13.0

Continued—
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Table 5—Area, production, and cost differences due to land aggregation—Continued
Production costs

'.

Production

[

Area
Crop/region]

: Inter- : Aggre: Inter- : Aggre-: De: Inter- : Aggre-: DeDemediate: gate
tailed:
tailed:
mediate:
gate
:
gate
:
:
mediate:
tailed
1_,000 hectares

Interplanted:
East
Central
West
Valley

:
:
: 14.6
: 2.2
.1
:
: 17.0

Minor area
crops:
East
Central
West
Valley

:
:

:

Million pesos

1,000 units

:

:
:
:
:

2.8
.4
1/
3.3

4.6
.5
1/
5.1

4.6
.2
.1
4.9

—

:

1.9
.3
7.0
9.2

1.9
.3
7.0
9.2

1.9
.3
7.0
9.2

_
—

:
:
:
:

—

—
""

—
""

:
:
:
:

29.4
11.4
29.9
70.8

30.4
12.0
32.2
74.6

32.2
12.2
28.3
73.6

23.7
2.7
.2
26.6

23.7
1.1
.7
25.5

: Reported in production
: of tobacco, plantain,
:
corn, beans, yucca,
sweetpotatoes
:

: 12.9
: 1.5
: 18.7
: 33.1

15.2
1.4
18.7
35.3

14.7
1.2
19.5
35.3

:
:
:
:

—

Idle:
East
Central
West
Valley

: 36.6
: 6.1
: 20.9
: 63.5

28.2
4.8
16.8
49.9

22.4
7.3
22.6
52.1

:
:
:
:

—

_
—

Total:
East
Central
West
Valley

: 118.8
: 33.0
: 70.3
: 222.1

119.4
32.5
70.2
222.1

119.4
32.5
70.2
222.1

:
.

_

_

:

-

—

1/ Less than 50 hectares (area), less than 5 units (production), less than 50,000
pesos (cost).
- = Not applicable.

implies more flexibility in the intermediate model (most of the
flexibility would be in the detailed LP model which has 45
principal soils), and hence relatively greater area variation
with respect to the detailed solution.
Regional values of both models for production cost of individual
crops show considerable range, similar to that for area, about
the detailed values. Total production costs for all crops were
greater than the detailed solution in all areas except the west,
where the aggregate solution is slightly less (5.4 percent).
Regional production costs for individual crops are never more
than 12.9 percent greater (east region, aggregate solution) and
valley production costs never more than 5.4 percent greater than
30

Table 6—Absolute differences of intermediate and aggregate
model solutions, from the detailed solutions
[
Regional and valley
solutions

Least absolute difference siiiown by—

'Intermediate *
]
model
;

No difference

Aggregate

model

\

No, of times
Areas for nine crops :

25

8

3

Production levels for
seven crops 1/
¡

17

3

8

Production costs for .
nine crops
:

18

8

10

Total

60

19

21

:

1/ Production levels for two crop groupings—minor crops and
pasture, and interplanted crops—are reported by the seven
separate crop types.

the detailed solution. The largest differences are in the
SLggregate solution for the west (18.6 percent greater) and for
the valley (8.9 percent greater). Neither of the two more
aggregated models consistently shows a greater (or lesser) difference from the detailed solution production costs.
In each objective function solution, both aggregated models (the
aggregate somewhat less than the intermediate) have higher optimal solution than the detailed solution (table 9). However, the
differences range from only 3.9 to 5.2 percent greater than the
detailed solution.
Comparisons are also made with the Theil Inequality Coefficient,
U. The coefficient compares parameter changes (from a current
normal level) as projected by the detailed LP and changes of one
of the aggregate LP solutions. If perfect correspondence between the detailed change and that of one of the aggregated
models exists, U would be zero. Nonnegative, it has no upper
limit (table 10). 13/

13/ Suppose a change in cultivated area of all crops from the
current normal as solved in the detailed and some model A is to
be computed. If A predicts a change from 7 in the current normal
to 14 and the detailed predicts the same, then U = 0; if A is 7
to 4, then U = 1.4; if A is 7 to 21, then U = 1; if A is 7 to 17,
then U = 0.43; and so on.
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Table 7—Percentage differences of detailed crop area solutions
Aggregate signed differences
•
Valley
Valley ] East *• Central • West
•
•

Intermediate signed diffe renees
Crop

' East "•

Central *• West '•
•
•

'

Percent
Rice
Tobacco
Plantain
Corn
Beans
Yucca
Sweetpotatoes
Interplanted
Idle

2.0
:
.5
:
: -17,5
: -3.6
: -14.1
1.0
:
: -2.7
: 62.0
-23.0

4.1
3.7
27.4
-12.8
-14.2
-3.4
-8.2
22.0
-20.6

0.0
-7.4
35.3
-22.1
32.6
38.9
-2.9
58.1
-19.3

1.1
1.2
16.0
-6.6
-13.7
.7
-3.5
56.8
-21.6

6.2
-24.7
16.9
9.7
-2.3
4.2
13.9
62.0
-38.9

10.1
18.8
12.5
-54.8
-45.0
-25.0
-26.0
-51.7
19.6

-3.3
-23.7
-11.1
-43.4
100.5
240.1
-69.1
435.1

7.7

1.4
8.1
.9
-7.4
-7.1

2.5
-.7
50.2
-18.0

; Intermediate unssigned differences 1 Aggre¡gate unsigned differences
••
•
Valley
Three regions
Valley \
:
Three regions
••
Percent
Rice
Tobacco
Plantain
Corn
Beans
Yucca
Sweetpotatoes
Interplanted
Total
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6.1
11.6
80.2
38.5
60.9
43.3
13.8
142.1
396.5

1.1
1.2
16.0

6.6
13.7

.7
3.5
56.8
99.8

19.6
67.2
40.5
107.9
147.8
269.3
109.0
548.8
1,406.6

1.4
8.1
.9
7.4
7.1
2.5
.7
50.2
78.5

Table 8—Relation between coefficient of yields variation
and unsigned regional crop area differences from
detailed solution
' Coefficient
' of detailed
yield variation 2J

Crop 1/

\ Diffeirence
:
Solution
I from detailed
Intermediate Aggregate
j solution
!
i

Interplanted

0.318

!

Least

Rice

Rice

Tobacco

Plantain

Sweetpotatoes

Tobacco

.557

Corn

Sweetpotatoes

.844

Yucca

Corn

Corn V

.851

Beans

Beans

Beans V

.876

Plantain

Yucca

Interplanted

Interplanted

!

Plantain

.413

Rice

.511

1

1

Tobacco

Sweetpotatoes

Yucca

1/

1.016

VT
!
1

Greatest

.i
1./ Does not include banana, sugarcane, or cocoa since these
cro^ps did not enter the LP optimization.
2/ Coefficient of variation equals standard deviation divided
by the mean.
V Yield estimate is zero on 17 principal soils, primarily
in the west.
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Table 9—Differences in objective function solutions
Model

unit

;

Thousand dollars
Objective functions solutions:
Detailed
Intermediate
Aggregate

:

73,910
77,770
76,790

Differences between solutions:
Intermediate—detailed
Aggregate—detailed

:
:

3,860
2,880

:

Percent

Differences as percentage of detailed
solutions:
Intermediate
Aggregate

:
:

5.22
3.90

Table 10—Correspondence between solutions of intermediate,
aggregate, and detailed solutions
Solutions compared with
detailed solution
Item
Intermediate

Aggregate

U coefficient 1/
Cultivated area:
East
Central
West
Valley
Production:
East
Central
West
Valley

1.50
.49
.85
1.16

1.53
1.69
.41
.98

,34
.44
.06
.04

.66
.72
.13
.01
—p.

(2 fP.-Aj^) '^
\l The formula for the Theil Coefficient is U
where A is the change in some parameter i from
the current normal value to the detailed solution value; P is the change from the current
normal value to the solution value of one of
the aggregated models.
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±JJL_

(Z, A^ )

Generally, comparative results indicated from studying the U
coefficient support the results determined above by comparing
absolute differences in solution values. Thus, relatively
lower U values for production suggest a higher degree of correspondence with changes projected by the detailed LP model for
production than for cultivated area* Also, production solution
values correspond more closely with that of the detailed solution for the valley than for the regions* Similarly (to the
absolute differences analysis), coefficients for area do not
indicate close correspondence to the detailed solution in any
cases, region nor valley. Nor do regional area coefficients
seem to be consistently larger or smaller than that of the
valley. Each of these points is consistent with the LP structure.
An additional comparative measure utilizes bias, or average
signed error, of the LP solutions to show if solution values of
the more aggregated models are larger or smaller, on the average, than those of the detailed model. If the weighted sum of
overestimates equals the weighted sum of underestimates, bias is
zero. For all three parameters—cultivated area, production,
and production cost, intermediate model solution values were
usually (11 of 12 instances) positively biased with respect to
the detailed solutions (table 11). Consistent with the comparisons of absolute solution values and the U coefficients, the

Table 11—Percentage bias between solutions

Item

[
Bias between
1 intermediate and
[ detailed solutions

"

Bias between
aggregate and
detailed solutions

Perc:ent
Cultivated area:
East
Central
West
Valley

:
:
:
:

7.6
2.2
8.0
8.6

18.0
-6.5
-3.3
7.2

Production:
East
Central
West
Valley

:
!
:
:
:

2.7
-12.6
1.0
.3

10.0
-21.4
-2.6
.1

Production costs: :
East
:
Central
:
West
:
Valley
:

3.4
5.2
7.4
5.4

12.7
7.0
-5.6
4.1
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bias is greatest for cultivated area and least for production
levels« Aggregate solution values are almost as often negatively as positively biased with respect to the detailed solutions (5 of 12 instances). They often are more biased than the
intermediate weighted bias values (7 of 12 instances).
Earlier it was shown that estimated cost and time differences
between the three soils inventories were substantial. Given the
needs of Cibao Valley planners, the aggregate inventory is preferable. Soils data reliability is lowest but adequate for the
users. In addition, the aggregate map is legible. The number
of map units is the same as the user's three regions, ana the
inventory is least costly and time consuming.
A summary of the aggregated LP model solution comparison« to
detailed LP model solutions, the base LP for comparison, is presented in table 12.

CONCLUSIONS

Table 12—Summary comparison of the intermediate and aggregate LP solutions
relative to detailed solutions
Intermediate LP

Item

Aggregate LP

Data collection:
Reliability/region

Unknown reliability for area extents of crop-production
method combinations, production, and transport costs.
Simple nature of the LP structure common to all
three versions of the basic model results in a high
level of specification error (compared to some unspecified but more complex models). Importance of
measurement errors may decrease with aggregation as
unbiased errors tend to cancel out one another, may
increase to the extent errors are biased. Degree of
bias is unknown.
:

Cost

Costs of generating socioeconomic data, specifying the
LP, and performing LP analyses were not calculated.
Assuming that these costs would be proportional to
the number of soil map units and at least as much as
the cost of generating data on soils, estimated total
costs for both soils and economic data would be $2.2
million and 4.5 years for the detailed, $0.4 million
and 2.3 years for the intermediate, and $0.1 million
and 1.5 years for the aggregate system.

See footnotes at end of table.
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Continued—

Table 12—Summary comparison of the Intermediate and aggregate LP solutions
relative to detailed solutions—Continued
Item

Intermediate LP

Aggregate LP

Solutions:
Amount of difference from
detailed solutions for
crop areas, production
levels, and production
costs.

In 60 of 79 instances, has
In only 19 of 79 instances
smaller absolute (unhas smaller difference.
signed difference). 1/
Total unsigned variation
Total unsigned variation
for all crops and idle
for all crop and idle area
area is 1,407 percent,
is 397 percent. 2/
three times that of the
intermediate model. 2/
In general, variation of solutions is greater at the
regional level and closer to the detailed solution
at valley level. Variations for parameters of crop
area and production cost are greater than variation
for crop production levels.

Correspondence with detailed solution shown by
U coefficient

In general, correspondence for production is much
closer than for crop area and for the valley than
for region values.
Has lower U value in 5 of 6
instances for regional
area and production, but
none at the valley
level. 3/

Percentage bias with respect to detailed solutions

Objective function value
with respect to detailed
solution
\l
y
y
4/

See
See
See
See

table
table
table
table

Has lower Ü value in only
1 of 6 instances for
regional area and production, but is lower in
both instances at the
valley level. _3/

Usually (11 of 12 instances) Almost as often negatively
positively biased, kj
(5 of 12) as positively
biased, kj
Smaller absolute (unsigned)
bias at the regional
level 7 of 8 times but
never smaller at the
valley level. IJ

Smaller absolute bias at
the valley level but
only smaller 1 of 8 times
at the regional level. IJ

5.2 percent or $3.9 million
greater.

3.9 percent or $2.9 million greater.

6.
7.
10.
11.

37

Recall that this small, simply specified LP model developed at
three different levels of soil detail probably has a relatively
high level of specification error. This error level does not
vary between the detailed, intermediate, or aggregate versions
of the model since the LP model specification stays the same.
Errors in measuring values of soils parameters were shown to
grow from the detailed to the intermediate to the aggregate
soils inventory. Measurement errors were also assumed with respect to socioeconomic parameters, but these were not measured.
Only one set of socioeconomic data was used for the three model
versions. To the extent that measurement errors are not biased,
their influence on aggregation error would tend to be reduced as
over- and underestimates cancel out one another. To the extent
that data measurements are biased, the effect of this type of
error would increase along with aggregation. The extent of
bias is not known. Statistical socioeconomic surveys were not
undertaken and none were available.
Errors from aggregation were estimated in several ways. An example of the nature and extent of this error is provided by the
aggregated LPs' greater land requirements to produce specified
crop outputs (the intermediate LP required 13,600 ha and the
aggregate LP 11,400 ha more than the detailed LP, for example).
Table 12 summarizes other measures of this error.
In terms of the level of aggregation error and given the interest of the user group in regional location, production, and
costs of specified crops in the valley, it appears that the intermediate model would be preferable to the aggregate model.
In most (60 of 79) instances, intermediate solution values are
closer to those of the detailed solution (table 5). Furthermore, for crop area, variation of intermediate regional solution
values from detailed values is only one-third the variation
resulting from comparison with the aggregate solution. This
preference is only tentative, however, in view of the large variations for some crops. For example, plantain area in the west
is 36 percent greater than the detailed solution value; interplanted area in the east is 62 percent greater. Regional solution values of the intermediate LP model, although always
positively biased with respect to the detailed solution values,
usually have less bias than the aggregate model solution values.
Objective function solution values for the aggregated models do
not differ significantly from one another. They are 4 to 5 percent higher than the detailed solution value, an expected result
given the lesser land resource flexibility of the two aggregated
models.
Total costs of building the three soils inventory-LP information
systems are considerably different and would be evaluated by the
user before selecting the most appropriate information system.
Cost estimates of generating the socioeconomic data set used
could not be made. However, because of the intimate knowledge
of Dominican soils scientists of the Cibao Valley and the
methods, skills, facilities, and institutions that would be used
to prepare each soils inventory, costs and reliability estimates
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could be made for soils. Variable costs of generating
socioeconomic data at a given level of reliability and of preparing data in the format necessary for the LP algorithm was
assumed to be proportional to the number of soil mapping units.
Assuming that the socioeconomic surveys would require as much
time as the soil inventory (3 years-detailed, 1.5 yearsintermediate, and 1 year-aggregate) and that they could begin
once the soil mapping was half completed, a total time requirement for all surveys, LP analyses, and publication of results
could require 4.5 years and $2.23 million for the detailed, 2.3
years and $0.44 million for the intermediate, and 1.5 years and
$0.11 million for the aggregate information systems, respectively. Depending on the importance the user group would assign
to cost and time required, the aggregate system would probably
be chosen.
The choice of information system ultimately rests with the
users. At a minimum, users must consider total cost, time required, and reliability of results of the three information
systems in relation to their budget, staff skills, anticipated
policy/planning uses of the analysis, and political/
administrative factors. Without the opportunity to consult with
users, the most suitable of the systems studied cannot be determined. It is observed, however, that:
1) cropping pattern
differences from the detailed solution by region of the valley
are less for the intermediate than for the aggregate information
system; 2) differences from the detailed solution vary widely
by individual crop for both aggregated systems; and, 3) cost and
time involved decrease rapidly as the level of detail decreases.
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