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ABSTRACT
POPULATION PRESSURE, DEFORESTATION, LAND DEGRADATION
AND POPULATION REDISTRIBUTION IN THE PLAN SIERRA REGION
OF THE CORDILLERA CENTRAL, DOMINICAN REPUBLIC
By

Richard Alan Sambrook

Accelerated population growth, deforestation, and land degradation are a major concern of
development planners in the Third World. Eavironmental experts study the cutting of trees to
determine the extent as well as the impact of forest conversion on such physical processes as erosion
and stream and reservoir silting. However, a major social-human dimension interfaces with these
physical processes and poses many questions. What effect, if any, does population pressure have on
deforestation, the intensity of agricultural practices, and population redistribution? Do these
relationshipe change over time? Despite the obvious importance of these queries, few researchers have
attempted to explain interrelationships between two or more of these processes.

Within the framework of a conceptual model, a series of rescarch hypotheses was formulated
to define the nature of the relationships between these principal themes: agricultural intensity,
deforestation, human carrying capacity, land degradation, population pressure, and population
redistribution. This rescarch was conducted at two spatial scales: the political "section,” the smallest
organized unit below the municipality for which Dominican census data is published, and the rural
farm houschold. Interval-ratio data from the national census and farm level sample surveys were
evaluated by means of bivariate regression and simple corrclation analysis.

Results confirm a strong positive relationship between population pressure and out-migration
at the political section scale. On the farm level, a moderately strong positive relationship is established
between population pressure and deforestation. A similar strength causal linkage is established
between deforestation and land degradation. In contrast, only on larger farms is evidence of a weak
positive relationship confirmed between population pressure and Boscrupian measures of agricultural
intensity. Lickert scaling was employed to assess Wolpert’s concept of *place utility” in a rural



eanvironment. Migrants who define their occupation as farming reveal a positive correlation between
land degradation and the decision to migrate. The role of land degradation, an ecological "push” factor,
increases with age. Finally, weak positive correlations among the variables age, education, occupation
levels and migration destinations indicate that population redistribution is significantly less selective
than anticipated of a "late transitional society,” within the context of Zelinsky’s mobility transition
model.
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Preface
Contents and Objectives

Introduction

Since the end of the Second World War (1945), explosive population growth in developing
arcas of the world has stimulated accelerated deforestation. Rapid conversion of primary forest has
taken place to provide for: the expansion of lands for food production; fuelwood and charcoal
production for household cooking and heating; and logwood and construction timber, with some
commercial lumber exports intended specifically to generate foreign exchange. In a few countries,
change in natural forest canopy has been carefully managed to facilitate long-term socioeconomic
development. Unfortunately, in most localities of the Third World, rapid tree removal, in conjunction
with poor silviculture and poor soil conscrvation practices, results in large-scale environmental
degradation. Extensive soil loss, primarily in the form of gullying and mass wasting, subjects rural
residents to decreased food production and deprives them of vital natural vegetation growth, especially
in ecologically sensitive areas; all combine to further increase population pressure on the land.

In developing arecas where agroforestry or appropriate silviculture and farming systems lead to
sustainable ecosystems, land degradation is minimized. In some cases, human carrying capacity may be
increased to generate in-migration. In contrast, in arcas where land degradation ncgatively impacts
biomass productivity, rapid deforestation may ultimately lead to a decrease in population-supporting
capacity. Subsequently, out-migration may occur as a major social respoase to these dynamic
interrelated processes. An explanation of these competing social responses to population pressure and
their associated impacts on both the physical environment and population redistribution are worthy of
spatial analysis.

Accelerated population growth, deforestation and land degradation are a major concern of
development planners in the Dominican Republic (Antonini and others 1974, 1975; Hartshorn and
others 1981; Kemph and Hernandez 1987; Lang 1988). Eavironmental experts have studied the extent
as well as the impact of deforestation on such physical processes as erosion and stream and reservoir



silting (Hartshorn and others 1981). However, a major social-human dimension interfaces with these
geacral physical processes and poses many related questions. What effect, if any, does population
pressurc have on deforestation, land degradation, and ultimately, population redistribution? Do these
relationships change over time? Moreover, how are incipient agricultural intensification practices (in
response to pervasive population pressure) related to environmental change? Has population density
already exceeded the carrying capacity of the traditional hillslope farming system, especially in more
marginal mountainous arcas? If so, is the rural environment of the Dominican Republic becoming a
degraded place to live, one which no longer satisfics the "place utility” of traditional farming
bouscholds? Consequently, does land degradation act as a resource "push® factor which may trigger a
decision to migrate? lfso,’whomoveswhereandwhy? More importantly, perhaps, why do some
people choose to stay behind? Finally, what are the short and long-term implications, both national
and international, of an increasing number of ecological refugees flecing traditional small farm areas of
the Dominican Republic?
Research Goals

The primary objective of this disscrtation is to answer these related rescarch questions and
explain the linkages between these dynamic processes and variables. To accomplish this task a
conceptual model is proposed that will serve as the theoretical framework for the research. This model
theory. Within the framework of the conceptual model, a serics of rescarch hypotheses is formulated
to define the nature of relationships and associations between the principal themes examined in this
Relevance of Research

Despite the obvious importance of these themes in the Third World, few researchers in the
natural or social scicnces have attempted to explain the nature of the interrelationship between two or
more of these processes or variables. This dissertation attempts to both critically examine these related
processes in a single conceptual model and empirically assess the model in a representative developing



country (the Dominican Republic) spatially at two different scales of analysis (the political section and
the farm household) and temporally over approximately a thirty year time frame.
Research Organization and Field Work

The presentation of this research is organized into seven chapters, following a bricf preface
which details the contents and intent of the dissertation. The first chapter functions as an historical
overview of population distribution, growth, and patterns of internal and external migration, changing
states of natural forest and vegetation cover, and land use and degradation in the Dominican Republic.
Chapter Two provides a critical review of appropriate selections of published research pertaining to the
problem. This literature can be grouped into three general theoretical bodies. One is people-
cavironmeat theory or human-cultural ecology. Within this body lic the social causes of land
degradation, viewed from the perspective of small farm managers. Another is cconomic theory,
specifically that dealing with population and resource relationships. Included in this body are the
concepts of human carrying capacity, population pressure, and agricultural intensification. Last is
behavioral and conventional migration theory, pertaining to perceptions of "place utility” and the
propeasity to migrate as well as to resource push factors or environmental stresses that actually trigger

Chapter Three introduces the proposed conceptual model that serves as the theoretical
framework for this research. As noted, the model attempts to link conventional population-cconomic,
people-cavironment, and behavioral-migration theory in order to explain the processes addressed in
the related rescarch questions. The strength of the associations, or linear relationships among
variables paired by hypotheses that predict the direction of the relationships proposed in the model,
will be tested by means of simple correlation or bivariate regression analysis.

The fourth chapter initially characterizes the Plan Sicrra region of the Cordillera Ceatral as
the study arca. The balance of the chapter will discuss, in order: definitions of key variables, terms, and
cquations; the ficld survey, including sampling strategy and questionnaire design; and methods of
analysis. htheﬁhhandshthchaptemmmmaryrmksofbﬂhtheﬁcldqmﬁmmhc,simpk-
bivariate regression, and correlation analysis are discussed in order to assess the various links in the



conceptual model and their contributions to prevailing theory. Chapter Five focuses on results related
to population pressure and resultant land use; Chapter Six on the motivations for migration and
destination choices. The last chapter discusses the conclusions and important implications of this
dissertation and makes recommendations for future rescarch. Following that, the ficld sample
questionnaire and variable directories for the various data sets analyzed in this dissertation are
included as appendices.

Ficld work for this disscrtation was conducted over an extended visit to the Dominican
Republic, which lasted approximately from August 15, 1986 through May 15, 1988. The formal
questionnaire was administered during the month of February 1987, with the pilot sample, pre-testing
and training of interviewers accomplished in January of the same year.



Chapter One
Population Dynamics and Forest Resources
in the Dominican Republic

Introduction

The Dominican Republic has experienced rapid population growth, like most developing
countries since the end of the Second World War which apparently has stimulated deforestation and
population redistribution. The relationship between accelerated population growth and rapid depletion
of natural resources on the Island of Hispaniola was first reported by Crist in 1950 and Dyer in 1954.
From 1965 through 1975 the rate of natural increase ranged from a high of 3.24%, for the five-year
period 1965 to 1970, to 3.09% for the five-year period 1970 to 1975 (Loaiza C. 1983). However, the
average intercensal natural growth rate from 1970 through 1981 was 2.9%, indicating a gradual decline
in the natural growth process. Specific reference to population growth and increased forest conversion
in the Dominican Republic resulted from the United Nation’s Food and Agriculture Organization
(FAO) bascline studics conducted during the early 1970s (United Nations 1973; Antonini and others
1975).

The accelerated population growth generated a number of social, demographic, economic and
ecological problems. For example,

The baby boom of the *50s and ’60s put the economically active population (15-64 years of age)

in the minority (49%) in 1978. In that same year 48% of the population was under 15 years of

age. In the past few years the birth rate (per 1000) has risen to 45—the highest in the

Caribbean region. Infant mortality of 83 per 1000 live births is one of the highest in Latin

America (Hartshorn and others 1981, 11).
By the year 1980 the Dominican population had soared to over 5.6 million. Crude birth rates slowed,
somewhat, to 34.6 per 1000 and total fertility rates fell below five (4.8), demonstrating the success of
large-scale family planning efforts. Crude death rates declined to 9.1 per 1000 with life expectancy at
birth averaging 60.3 years.

By the carly 1980s the Dominican Republic already was one of the most deasely populated
countrics in Latin America (crude density), averaging over 115 persons per square kilometer
(Figure 1.1). This figure, realistically, should be set much higher, as much of the land in the Dominican

5
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Republic is not considered suitable for agriculture (Hartshorn and others 1981, 57). Estimates of
physiological deasity for the republic were sct at 267 inhabitants per square kilometer, based on arable
land measures (Hartshorn and others 1981, 11).

The majority of the population is concentrated in urban corridors of the central lowland
valleys, which generally separate the country into three parts. Low population densities are found
along the mountainous border with the Republic of Haiti and at the extreme eastern end of the island.
The highest population concentrations in the country are found in the National District, which contains
the capital city of Santo Domingo. In 1970, this area had surpassed 550 persons per square kilometer;
by 1980 the deansity in the district soared to 1050 persons per square kilometer, an increase of over
ninety percent. The provinces of Santiago, Valverde, and San Pedro de Macoris demonstrate similar
growth patterns (Beetstra 1983). In 1990, the population of the Dominican Republic broke the seven
million mark; roughly a third of the people live in the National District, over 675,000 live in the
province of Santiago.

Population Redistribution

Historically, population redistribution in the Dominican Republic has been characterized by
three general migration streams. The first, and most important in terms of numbers of internal
migrants, is defined as rural out-migration from highland areas toward the central valley urban
corridors (Figure 1.2). The Sierra region of the Cordillera Central and mountainous southwest (Sicrra
Barouco) are the most important migrant source arcas for these flows (Ramirez, Tactuk and Bretén
1977). A second important external migration stream originates from the mountainous Haitian border
arca where both legal and illegal immigrants gravitate toward coastal villages and cities. Thirdly, there
kaéenenlmovementolpeoplcﬁomnnalleoastalcityueastowardthchrgerurbancentersfoundin
the lowland valley corridors of the republic. Finally, and most recently, there is a well defined
international flow of Dominican emigrants to the United States, specifically to New York City.

Within the Dominican Republic, the two primary urban destinations are the capital, Santo
Domingo, located along the Caribbean coast, and the major regional ceater of Santiago de los -
Caballeros, located at the terminus of the western Cibao valley. Migration patterns to these



MOT4 NOLLVUDIN-LNO é (V1009) O3
YOORNO0D ONVIMOT \_

anN3911

snqnday] UBdIUITWO(] Y} U} SUredNg uonesdiy
T1 omdyy




destinations differ in a number of important ways. Traditionally, the movement to Santo Domingo is
characterized as step-wise migration, where migrants "stepped” their way up through the urban
hierarchy sequentially over a number of moves. For example, recent studies determine that slightly less
than two-thirds (62%) of the in-migrants tothc&apitalcityare from urban centers with populations
greater than five thousand people; fifty-six (56%) percent of the in-migrants are from the North-Cibao
Region, presumably from the city of Santiago (Ramirez 1981).

Although some migrants from the north coast still move step-wise fashion to Santiago, in
anticipation of a future move to the capital, most migration flows to Santiago now appear to be
primarily "direct” rather than the step-wise pattern. Recent research indicates the in-migrants are not
from the smaller cities in the hinterlands but come directly (59%) from the rural political sections and
parishes of the countryside (Ramirez 1981). Explanations for these direct moves include: close
proximity of rural source arcas; general economic problems and overall lack of opportunities in the
intermediate sized cities; the traditionally high standards of living and employment opportunities in
Santiago; and finally changing perceptions toward the capital which is losing its popularity as an
internal destination (Duarte 1980, 1986; Grasmuck 1984).

As mentioned before, Santiago de los Caballeros has traditionally been a widely-chosen
temporary home for migrants who have eventually taken up permanent residence in Santo Domingo.
Additiouaﬂy,Sanﬁago’spopuhrityisgmwingbpthasaﬁnald&sﬁnaﬁonandasa'stagingarea'for
international migration. Migrants from the mountainous areas surrounding the city frequently move to
Santiago prior to migrating to the United States.

The international out-flow of Dominicans, especially to the United States, is both noteworthy
and well documented (Ugalde, Bean and Cardenas 1979; Morrison and Sinkin 1982). For a country of
only scven million inhabitants, the Dominican Republic ranks seventh as a source area for immigration
to the United States; this is outstanding whean one considers the low levels of refugee migration and
comparatively small population base. Moreover, Dominicans are well known to manipulate U.S.
immigration laws to their advantage through the extended family system (Bryce-Laporte 1979).
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Conscqueatly, the process of "chain migration” has becn established for almost thirty years, facilitating
the eventual movement of Dominican family members to the United States.

Population redistribution is considered the primary demographic response to accelerated
population growth in developing countries. Consequently, it is likely that the dynamic migration
streams in the Dominican Republic may be attributed to increasing population pressure on natural
resources over the past forty-five years. On the other hand, traditional rural societies also employ a
number of economic strategies in response to pervasive population pressure on food production

. resources. Customarily, conversion of primary forest vegetation to agricultural land is considered an
important initial response. The following section will assess recent changes within major vegetation
complexes of the Dominican Republic.

Overview of Forest Cover

The natural vegetation of the Dominican Republic is classified according to the Holdridge
system of lifc zones. This system is based upon two independent climatic parameters, mean annual
rainfall and bio-temperature, where bio-temperature "differs from regular temperature in that it
substitutes zero for all unit values above 30 C. and below 0 C. For example, bio-temperature in the
Dominican lowlands is lower than the standard temperature” (Hartshorn and others 1981, 13).

Nine ccological zones were delimited by the OAS’s natural resources inventory in 1967
(Figure 1.3), based on a first order classification (Hartshorn and others 1981). The two major life
zonecs—subtropical moist forest and subtropical dry forest—-cover about sixty-cight percent of the
surface area of the republic. However, the subtropical lower montane wet life zone—covering about
seven percent of the surface arca—is cited as being the most important for the future development of
the country; it contains the headwaters of the major rivers in the Cordillera Central, which are critical
for irrigation in the lower western Cibao valley and the generation of hydroelectric power for the major
urban ceater in Santiago de los Caballeros (Hartshorn and others 1981, 1).

In all, sevea of the nine Holdridge Life Zones are found in varying degrees in the Cordillera
Ceatral (Table 1.1). The subtropical dry forest~second most extensive in the country (20.72%)— is
found in the western Cibao valicy and cffectively covers the lower Rio Yaque del Norte watershed.
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Table 1.1

Area of Holdridge Life Zones in the Dominican Republic
(OAS Natural Resources Inventory 1967)

Life Zope Arca in Km(sq.) Percentage

Subtropical Thorn Woodland 1,001 2.08%

Subtropical Dry Forest 9,962 20.12%

Subtropical Moist Forest ‘ 22,79 47.42%

Subtropical Wet Forest 6,834 14.22%

Subtropical Rain Forest 56 0.12%

Subtropical Lower Montane 3,480 7.24%
Moist Forest

Subtropical Lower Montane 3,577 7.44%
Wet Forest

Subtropical Lower Montane 36 0.08%
Rain Forest

Subtropical Moatane Wet Forest 303 0.63%

Sources: Hartshorn and others 1981, E_mmmwg, 13; OAS 1967, Reconocimiento y Evaluacién
de los Recursos Naturales de la Repiblica Dominicana: Estudio para su Desarrollo y Planificacién,
Washington, D.C.
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Rising from sea level, ncar Monte Cristi, to about 700 meters near Santiago the life zone receives a
range of 500 to 1000 mm. of rainfall annually. Mecan annual bio-temperatures range from eighteen to
twenty-four degrees Celsius. The natural vegetation is comprised of a "low, single-stratum forest with
an abundance of sclerophyl-leaved species® (Hartshorn and others 1981, 16). Moreover,

These dry forests are the major source areas for charcoal, as well as the primary browse for

goats. Indiscriminate and uncontrolled cutting of trees for charcoal and an open-range

approach with goats has led to significant degradation wherever natural vegetation is
accessible. Slash and burn farmers ("conuqueros”) who have traditionally avoided this Life

Zoue due to the high risk of drought-caused crop failure, are now beginning to advance the

“agricultural frontier” into the dry forests (Hartshorn and others 1981, 16)

The subtropical moist forest life zone is found in the foothills (anti-Sierra) of the Cordillera
Central below an elevation of 850 meters. This is the largest life zone in the country covering almost
half the surface area (47.42%). Throughout the zone mean annual rainfall ranges from 1000 to 2000
mm. with bio-temperatures ranging from cighteen to twenty-four degrees Celsius. In addition, it
appears that yearly rainfall trends generally increase from west (less than or equal to 1500 mm) to east
(greater than 1500 mm). Natural vegetation is described as a "well developed, heterogeneous forest of
broad-leafed trees,” and because this life zone traditionally has been considered the most suitable for
agriculture, oaly fragments of the natural flora remain (Hartshorn and others 1981, 16).

The third most important life zone—subtropical wet forest—covers approximately fifteen
percent (14.22%) of the surface area of the republic and is found in the southeastern portion of the
Cordillera Central. In addition, there is a concentration of subtropical wet forest along the
northwestern flank of the Cordillera Central. Although this life zone does extend to sca level in a few
locations, it is usually found in clevations above the subtropical moist forest zone where mean annual
rainfall ranges from 2000 to 4000 mm. with bio-temperatures ranging from eighteen to twenty-four
degrees Celsius. The natural vegetation of the subtropical wet forest life zone "is a heterogencous
multi-stratal forest usually dominated by broadleaved tree species” (Hartshorn and others 1981, 16).
However, "natural vegetation has beea largely destroyed, leaving minor remnants only in the most
inaccessible places” (Hartshorn and others 1981, 17).
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The subtropical lower montane moist forest life zone is found primarily on the eastern,
southern, and to a lesser extent on the northern slopes of the Cordillera Central. This life zone covers
approximately scven perceat (7.24%) of the surface area of the country. Mean yearly precipitation
ranges from 1000 to 2000 mm. with average bio-temperatures of between twelve to eighteen degrees
Celsius. Natural vegetation in the life zone consists primarily of open pine forests that occur above 800
meters in elevation, however:

the majority of the land in this Life Zone has been deforested or seriously degraded by slash

and burn agriculturalists. Inappropriate hillside farming on poor, shallow soils has resulted in

serious crosion and loss of fertility, with the conscquence of substantial abandonment of land

or conversion to poor pasture. (Hartshorn and others 1981, 18).

As noted carlier, the subtropical lower montane wet forest is considered by development
planners to be crucial for future watershed management. The life zone covers approximately seven and
onc-half percent (7.44%) of the surface arca in the republic. It is specifically found in the middle
portions of the Cordillera Central at clevations between 850 and 2100 meters, where mean yearly
precipitation ranges between 2000 and 4000 mm. with bio-temperatures ranging between twelve and
cighteen degrees Celsius. The native plants are typified by a complex mixture of broadleaved forests,
which occur in valleys and on lower slopes, and pine forests that develop on the ridges and upper slopes
(Hartshorn and others 1981, 18). Ecologists note that this vital life zone

is receiving considerable pressure from slash and burn agriculturalists, who are advancing

deeper into the major mountain ranges. There are precious few patches in the Life Zone with

soil suitable for permanent agriculture. (Hartshorn and others 1981, 18).

Finally, the subtropical lower montane rain forest life zone is found exclusively in the
Cordillera Central. However, this vegetation type is particularly rare and is found only in three isolated
patches totaling no more than thirty-six square kilometers. Here, the natural vegetation is
“characterized by the dominance of broadleaved species, and the abundance of tree ferns and
cpiphytes® (Hartshorn and others 1981, 18).

Three of the Holdridge life zones are found within the thirty-four political sections that define
the Plan Sierra region (forestry and resource management area) of the Cordillera Central. The

subtropical dry forest blankets approximately twenty-five percent of the surface area in the
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northernmost political sections, extending from Gurabo and Cacique in the west through the Section of
Mesetas in the cast (Figure 4.3). Roughly thirty-five percent of the Plan Sicrra management area is
covered by the subtropical lower montane moist forest life zone at higher elevations. The balance of
the management arca is covered by the subtropical moist forest at clevations below 800 meters.
Overview of Deforestation

Through the carly 1920s the Dominican Republic possessed untapped timber resources
important for national developmeat. In 1921, "closed" forests alone were estimated to cover at least
scventy-five perceat of the country’s land surface (Durland 1922). Significant deforestation in the
Dominican Republic began after the political rise to power in 1930 of General Rafacl Trujillo. Prior to
the start of the Second World War, Trujillo and close members of his family largely controlled, actively
promoted and financially profited from the rapid development of timber resources. However, by 1943,
this figure (75%) had decreased oaly minimally to approximately sixty-nine perceat forest cover
(Fundacida Florenda 1986). On the other hand, as carly as 1937, his Secretary of Agriculture, Carlos
Chardon, raised public awareness to the dire consequences of deforestation and soil erosion (Antonini
and others 1974; 1975).

During Trujillo’s reign which lasted from 1930 until 1961, the Dominican government did little
to manage their forest resources despite convincing scieatific evidence that a major ecological problem
was in the making. For example, it is estimated that between the years 1943 and 1958 Dominican
forest rescrves decreased by one-third (Sachtler 1974). This represcats a forest conversion rate of
2.24% annually for the fiftccn-year period or the equivaleat of 75,000 hectares per year. Furthermore,
within the thirty-year period from 1941 to 1971 Dominican forest cover diminished by approximately
fifty percent (Sachtler 1974). In addition,

When compared with actual forest cover according to FAO [1973], the pure pine forest [has]

decreased in arca about 30% while the mixed pine-broadleaved forest lost over 70%. The

striking differeace in rates of presumed deforestation is probably due to the topographically
lower location of the mixed forest, heace it was more accessible for logging and the better soil
under the mixed forest.

Further extrapolations of the primeval broadleaved forests using Life Zones suggests 86% of
the humid broadlcaved forests and 69% of the sub-humid broadlcaved forests have been
deforested. These very crude estimates of deforestation do indicate the pressures for
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conversion of lowland forests to non-forest use. Only in the highlands are the deforestation
pressures less on the pure pine forests (Hartshorn and others 1981, 19).

Throughout the Trujillo era, the tree-covered frontier was placed under the legal jurisdiction
of a select number of lumber companies, especially commercial interests owned outright by Trujillo or
close family members. Consequently, rights to land and water as well as forest products were
coatrolled by the President or quasi-independent companies (Antonini and others 1975, 53-56). The
dictator attempted to restrict access to the highland frontier and thereby limit competition from small
farmers and others for forest resources. As a result, population pressure in the older established
agricultural arcas reached an explosive level. With Trujillo’s death in 1961, the land- hungry
agriculturalists and small scale timber cutters invaded the forested slopes with little regard for the prior
legal claims of the large lumber companies. However, as a result of the uncontrolled forest cutting that
occurred after Trujillo’s death (1961) the Dominican Government, in 1967, banned all commercial
lumbering and outlawed the cutting of live trees.

This dramatic action by the Dominican government set a global precedent for developing
countries. It was the first occasion where an clected civilian government banned all commercial
lumbering activitics and made unlicensed cutting of trees a crime. The legislation has been somewhat
cffective, where we find:

The 1967 law closing sawmills and prohibiting the cutting of trees certainly is a major
factor in reduced deforestation. It should be noted that pine forests occur on poor soils in
remote and rugged terrain, hence of negligible interest to agriculturalists. Consequently
the closing of sawmills took away the major threat and FORESTA [Forest Service] has done an
excelleat job protecting the remaining pine forests (Hartshorn and others 1981, 19).
Since 1967, governments of other developing countries also have restricted commercial lumbering and
tightly controlled the sale of precious hardwoods.

Despite these bold legislative actions in the Dominican Republic, several recent reports
indicate that the accelerated rate of deforestation continued after 1967. The results of a 1980 FAO
national forest inventory cstimated that only 1,846,000 hectares of forested land remained-—-about
(38%) thirty-cight perceat of the total land area of the Dominican Republic—pointing out a loss of
379,000 hectares since 1958. These losses are not encouraging and indicate that Dominican forests
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continued to decrease at a rate of 17,227 hectares annually or about one percent per year (Olson and
others 1984, 16).

In the carly 1980s deforestation once again became a sociopolitical issue of national
importance. A depressed economy and pronounced increase in the price of oil-based fossil fuels
placed even greater demands on the Dominican forest reserves. In addition, extensive physical damage
to large financial investments in the infrastructure were reported:

floods. To illustrate the huge losses involved, siltation has cut the projected operational life of

two receatly constructed dams by at least half.

The Valdesia reservoir has 22 meters of sediment at the heel of the dam, only 8 meters from

the intake. The Tavera reservoir, completed in 1973, already has 18 meters of sediment

behind the dam, causing a 40% reduction in dead storage capacity and a 10 to 15 meter loss of
active storage. In short, the degraded condition of the country’s watersheds is a national

catastrophe (Olson and others 1984, 24).

As a consequence of these events, the Dominican government took renewed action. In cooperation
with USAID, it laid the groundwork for a National Forest Management Plan and 1983 was declared
the "Year of Reforestation.”

Receatly, Canadian geographer Fournier, in association with Dominican resource economist,
Arturo-Russell, analyzed regional land use/land cover change for the period 1972 to 1986. Their study
arca compriscd the western third of the Dominican Republic and covered a 150 by 210 square
kilometer arca, the equivaleat of two adjoining LANDSAT frames. Over the fourteen-year period,
they observed a high rate of deforestation in both the broad-leaf deciduous and pine forests (30%) and
in the dry-shrub forests (29%). They also detected significant increases in pasture land (26%) and
overall cultivated land (68%). Morecover, according to their calculations, while the percentage of
productive (timber-quality) forest in their study arca was tweaty-cight percent or about 767,800
hectares in 1972/73, it had dropped to twenty-three percent of the land area or 619,900 hectares by
1979, and to about tweaty percent by 1985/86.

In total, approximately 230,600 hectares of both broad-leaf deciduous and pine forest had been

cleared during the fourteen years—an average of 14,475 hectares annually, significantly higher than the
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national average based on carlier FAO statistics. The rate of deforestation in the dry-shrub forest was
estimated even higher at 17,000 hectares per year. Nevertheless, Fournier and Arturo-Russell did
observe a slowing of the forest conversion process during this time; for example, the annual rate of
deforestation had dropped to 2.4% or about 18,500 hectares per year between 1972/73 and 1979. In
the period 1979 to 1985/86 the rate of deforestation declined to 1.8% per year or about 11,800 hectares
annually. The combined rate of deforestation for the fourteen-year span was 15,300 hectares per year,
or about two percent annually (Fournier and Arturo-Russell 1987).

Land Use

Curreat land use in the Dominican Republic clearly perpetuates the traditional dominance of
agriculture on the landscape. Based upon the most recent complete agricultural census available
(1971), approximately cighty-five perceat of the land area is dedicated to agriculture (Table 1.2), with
the greatest majority of the farmland dedicated to pasture-grazing (43.7%) and permanent cultivation
(28.1%); remaining land use includes: seasonal cultivation, monocrop, (7.8%); scasonal cultivation,
mixed, (3.1%); fallow (5.3%); woods and forests (9.4%); and other uses (2.6%). Similar results were
produced from the Comprehensive Resources Inventory and Evaluation Survey (CRIES 1980), where
(82.6%) of the land use or cover is attributed to some form of agricultural activity (Table 1.3).

Land use in the Plan Sicrra management area reflects similar trends, with a notable increase in
the percentage of land dedicated to commercial grazing. Based on figures from the 1971 agricultural
census (Table 1.2) almost sixty percent (57.98%) of the land was classificd as pasture-rangeland. On
the other hand, only a little more than seven percent (7.28%) of the land was listed in permanent
cultivation, with approximately fourteen percent classified as seasonal cultivation—both mixed and
monocrop combined. Other land uses include: fallow (10.39%); woods/forests (9.37%); other
(1.01%).

The most recent land use survey in the Plan Sierra management area (1983) reveals some
notable differences. For example, about tea perceat less territory (46.92%) is classified as pasture and
approximatcly twelve percent more land is categorized as woods and forests (22.96%). This difference,
most likely, is a result of open pine forest classificd as rangeland in 1971 rather than reflecting an
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Land Use Type

Total Land Area

Seasonal Cultivation
(Monocrop)

Seasonal Cultivation
(Mixed Cropping)

Fallow Land

Woods/Forests

Other Land

* A tarea is a Dominican unit of land, where 15.6 tareas is the equivalent of one hectare.
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Table 1.2

Land Cover/Use in the Dominican Republic
and the Plan Sierra Study Area
(in Tarcas*)

42,572,378

3,327,598

1,331,571

2,251,303

8,550,812

22,835,814

4,006,385

268,895

Plan Sierra

1,375,198

104,787

(combined)

125,129

83,452

876,665

255,235

11,131

Source: BretSn, Agron. Pedro A. 1978. Plan de Desarrollo La Sierra, Santo Domingo: Secretarial de
Estado de Agricultura, page 132.



Table 13
Yearly Forest Conversion Rates
for the Political Sections in Plan Sierra

1960/70 1960/81
Baitoa -1.406 N.D.
Lopez -1.485 ND.
Sabana Iglesia 0.645 +0.387
Cagueyes <0.955 -2.136
Cebd <0.984 -1.247
Dicayagua Abajo -1.635 -1.374
Franco Bido <2.013 -1.308
La Guama -1.995 -1.016
Jagua Abajo -1.571 -1.372
Janey -4.508 -1.502
Juncalito Abajo -1.421 -1.631
Loma del Corral +0.458 -1.203
Mesctas <0.500 0.771
Pinalito -2.005 -1.284
Celestina -2.982 -1.671
Cuesta Abajo 6.209 -2.629
La Diferencia -1.245 <2.151
El Rubio -1.090 <2.423
Eugenio Perdomo -1.524 -1.859
Guama -4.820 -2.621
Inoca <2.123 -1.612
Jicome -1.228 -1.590
Las Piedras 4.176 -1.782
Las Placetas ) -2.232 -1.926
Los Montones Abajo -1.5717 -1.768
Mata Grande 0.538 -3.070
Pedregal -1.032 -1.553
Yerba Buena -1.714 -1.258
Palmarejo N.D. -2.874
Toma N.D. -1.288
El Mamoncito N.D. -1.835
Gurabo . N.D. -2.069
Cacique N.D. -1.584
Rodeo ND. <3.722

Source: 6t0. Censo Nacional Agropecuario 1971 (ONE) and the Author.
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increasc in forest cover in 1983. Regardless, other agricultural land uscs in the area include:
permaneat cultivation (21.3%); scasonal cultivation (8.16%); and prepared for cultivation (0.66%). In
total, slightly more than seventy-five percent of the land in the Plan Sierra management region of the
central Cordillera Central is used for agricultural purposes.

Agriculture is cited as the most important factor in the forest conversion process. This also
applies to the Dominican Republic, where, for all practical purposes, the country is still an agrarian
society with sixty-five perceat (1981) of the working population participating in the rural sector. Santo
Domingo and the country as a whole traditionally have depended upon small farmers for their basic
food needs (Antonini and others 1975). Small farmers are blamed for the deforestation and related
environmeatal degradation (Antonini and others 1974; 1975).

Families raisec most of their yearly food needs by slash and burn agriculture. The tools and

techniques of this type of production system in the Southwest are remarkably similar to those

used by the peasants of the Cordillera Central. Of all the different activities carried out by the
peasants of the Southwest it is slash and burn agriculture that has the broadest negative impact
on local resources. Damage is particularly noticeable on the steep hillsides of the Sierra de

Martin Grande, Sicrra de Baoruco and the southern slopes of the Cordillera Central, and also

in crucial watersheds such as the Rio Yaque del Sur, Rio del Medio and Rio Ocoa. (Hartshorn

and others 1981, 87).

Despite these accusations, the social causes deforestation and soil erosion are as poorly understood by
the average Dominican farmer as they are by the government administrator, natural or social scientist
who blame them for environmental degradation.

The literature review in the next chapter will lay the theoretical ground work for the
introduction of a conceptual model that attempts to explain the linkages between these interrelated
physical and social processes. Therefore, it will be necessary to first define the concepts of population
pressure and human carrying capacity and discuss their application within the context of competing
population growth models. In addition, it is important to critically cvaluate curreat rescarch findings
on the process of deforestation and land degradation in developing countries, and consider new social
cxplanations from people-cavironmeat theory. Finally, the next chapter will discuss the concepts of
*place utility” and resource "push” and "pull” factors in order to explain the process of population
redistribution in the Plan Sicrra Regioa of the Cordillcra Central.



Chapter Two

Population Pressure and Environmental Degradation
in Developing Countrics

Introduction
The preface and previous chapter made reference to the notion of population pressure as the
causal link in explaining the dynamic processes of forest conversion, land degradation, and population
redistribution. Although a controversial concept in the social sciences, population pressure historically
has been labeled as a crucial agent to explain a host of social ills in developing countries:
Gullied and eroding hillsides, deforestation, siltladen rivers, landlessness, and a swelling flow
of urban bound migrants all have something in common in Third World countries. They
manifest rural population pressure, an imbalance between humans and the resources which

support them. These consequences function as neither discrete nor linear variables. Instcad
they interact synergistically, accelerate, and compound exponentially. As populations grow

and require more from a limited resource base, pressures gain momentum with pervasive
impact. Man-land and man—man balances tilt. Deterioration of rural resources progresses
with lasting effect. Conditions of life worsen into the next gencration (Anzagi and Bernard
1977, 63).
For some investigators, a conceptual problem with the term population pressure lies in the fact that the
working definition must be based upon two equally controversial terms, carrying capacity and optimum
population (Brush 1975; Hardesty 1977). Consequently, these related terms will be discussed prior to
developing the concept of population pressure.
The Concept of Carrying Capacity
Carrying capacity is defined as "the theoretical limit to which a population can grow and still
be permanently supported by the environment” (Hardesty 1977, 286). Furthermore,
the essence of carrying capacity is the axiom that a given picce of ground can support a specific
number of people, their tools, institutions, and wants, without seriously depleting the
eavironment or the human interaction with it (Hart 1970; Bernard, Campbell and Thom 1989,
400).
The concept of carrying capacity has beea borrowed from the animal and biological scieaces. The term
is currently used in a number of rescarch and planning arenas with several variations. Rescarchers in
the animal and biological sciences recognize three levels of carrying capacity: subsistence density,
security density, and optimum deasity (Igbozurike 1981). Pecople in planning and recreation studies

2
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define four separate types of carrying capacity: physical, economic, ecological, and perceptual
(Igbozurike 1981). Of these, “far more relevant in explanation of [human] behavior is the perceived
carrying capacity, in a situation where such capacity has clearly been exceeded” (Bayliss-Smith 1980, p.
61). In addition, Igbozurike notes,
carrying capacity frequently is used interchangeable with such expressions as maximum
population, absorptive capacity, environmental limit, suppomve ability, and productivity. Most
often, however, it is interchanged with productivity, with the implication that a statement on
carrying capacity is largely or entirely a statement on productivity (Igbozurike 1981, 141).
This is largely due to the conceptual association between carrying capacity and the term environmental
poteatial. Porter points out,
that the terms "carrying capacity” and "environmental potential® have differing but kindred
meanings. Carrying capacity is specific and suggests an optimal density of some sort—people
per square kilometer, livestock per hectare—-while environmental potential has a more general
frame of reference (Porter 1970, 202).
An exercise in environmental poteatial would attempt to determine the maximum number of people
that theoretically could be supported based on an optimal combination of climate, soil and crops.
Early criticisms of the carrying capacity concept noted the absence of "underlying forces" such
as hopes for the future and perceptions of the quality of life (Mabogunje 1970). Thom and Bernard
(1981) cite these "underlying forces” as including:
(1) accommodating aspirations and needs beyond basic subsistence; (2) accounting for life-
sustaining imports and exports in a region; (3) allowing for human activitics beyond food
production; and (4) assessing the role of political, institutional, social, economic, and cultural
coastraints (p. 387).
In response to these legitimate criticisms, geographers recently defined carrying capacity as “the
number of people and the level of their activities which a region can sustain in perpetuity at an
acceptable quality of life and without land deterioration® (Bernard and Thom 1981, 386).
The Concept of Population Pressure
Population pressure is understood as an imbalance between a population, the food production
system and the available resources in an arca. The term has been characterized as "a rather vague
notion of what happens when population size approaches the carrying capacity” (Hardesty 1977, 298).
Geographers have been rather specific in this regard: "population pressure is a long-term process of
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deteriorating physical and human conditions occurring at many scales as a result of excess numbers of
human and or animals in relation to the ability of the land to support them” (Bernard 1977, 44). In
social services, education, employment, housing, water supply, and nutrition...[and ultimately
coatributes to] soil erosion, overgrazing, bush clearance, excision of forests, and despoliation
of river systems [that] are serious environmental problems (Bernard and Thom 1981, 381).
The consequences of population pressure are perhaps more readily recognizable than the
boundaries of the definition. However, at one extreme it is clear that population pressure is delimited
by maximum carrying capacity. For example, population pressure gradually increases as population
growth first approaches and thea exceeds the carrying capacity. When carrying capacity is surpassed
the area is appropriately termed "overpopulated,” or:
the state which prevails...as a condition sometimes recognizable through various objective
symptoms, such as malnutrition, emigration, social disorder, but usually only definable by
reference to subjective states of mind, such as overcrowding, unpleasant diet, excessive work-
load, unacceptable distribution of settiement, etc. (Bayliss-Smith 1980, 62).
In thkm'cnremepopnhﬁmpressm;wouldimplypopulaﬁonnumbemingreatexcessofthe
Carrying capacity. An important distinction occurs when this threshold is surpassed, the quality of the
SoOcial and physical environment is compromised; these effects may be long-term, catastrophic and
irreversible.
At the other extreme, population pressure is apparent when the welfare or "quality of life” has
Been compromised. Two questions may be posed to define this other threshold:
how many people would the technology of a given society support in a particular environment
at a certain welfare level?, at what stage, therefore, would population growth be likely to result
in a deterioration in welfare?... We can assume that it is this latter symptom, the deterioration
in welfare, which is likely to be perceived as *population pressure,’ and which will therefore
trigger off various social responses in an attempt to improve the situation (Bayless-Smith 1980,
62).
l=38‘!!‘02.1illustratesllow"optimumpopulatiou"maybe(lcﬁnmlastln:popnlatimsizu.:tlmtmaximizes
l"‘llmnwelfm.e(Nc:wnm:amlMatzkv.-.1984,2()4). By implication, population sizes oa cither side this
Obtimum are scen to minimize welfare. However, "since *optimum’ relates to the external needs and
wmdamsﬂummmmmhhsmw
be an illusory idea” (Bernard 1977, 44). As an alternative,
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[Hart] suggests that ’comfortable density’ is more appropriate. He defines it as the maximum

population size in a given arca for perpetual, peaceful living, without stress and without

cxhaustion of available resources (Bernard 1977, 44; Hart 1970).

Despite the conceptual and operational problems, planners have attempted to define the
optimum population size for Transamazonian settlement schemes. These prescribed "limits® are
designed to safeguard "sustainable” carrying capacity levels. Fearnside writes:

A clear distinction is often lacking between the “sustainable” and "instantaneous" uses of the

term "carrying capacity.” The term has frequently been employed to refer to the population

that can be supported on a resource at a given point in time, in addition to its use—as in the

present study—to refer to populations that can be supported indefinitely (Fearnside 1985, 333).
In this instance planners usc simulation modeling to specify the optimum population. The model
simulations are then compared with colonist propensities for failure in their agricultural attempts
(Fearnside 1985). Geographers Bernard and Thom (1981) and Bernard, Campbell and Thom (1989)
Likewise assisted the Kenyan government in assessing sustainable carrying capacity levels for rural
development planning in marginal areas of the castern ecological gradient. Both the definition and
determination (measure) of human carrying capacity and population pressure, as developed by
Bernard, Campbell and Thom are applied in this dissertation to the traditional hillslope farming system
in the Dominican Republic. Furthermore, as forest conversion is commonly considered the primary

©Conomic response to the ongoing pressures of accelerated population growth, causes and rates of
deforestation in developing countrics will be considered next.
D eforestation in Developing Countries
Prior to the year 1972, there was a trend in developing countries toward greater usage of oil-
Based fousil fucks. In fact, oil use often was considered a factor in an index of sociocconomic
Aevelopment. With the formation of crude oil cartels and the crude oil embargo of 1972, the tread
Cwvard greater oil fucl usage in the Third World reversed. An environmental impact of the "energy
SXixis” in the 1970s and 1980s has unfortunately meant an even greater reliance on traditional fuel
EOurces such as firewood and charcoal.
This increased depeadence on forest resources for cooking and heating fuel, in addition to
Qemands for commercial lumber, land for agriculture, roads, dams, and settlements, places extreme
Pressure on forest reserves of developing countries. It is not surprising many government
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administrators, natural and social scientists are doubtful that national forest reserves will meet these
needs; rapid deforestation currently causes increased prices and shortages of fuels such as firewood and
charcoal. For example, in many developing countries the wood extraction rate exceeds five cubic
meters per hectare, which is the rate of biomass renewal for average forest productivity (Bowonder
1985, 171).
Two geographers, Allen and Barnes, recently assessed deforestation in developing countries at
several spatial scales. On the global scale they formed rather limited determinations concerning the
process of deforestation in developing countries, due primarily to widespread disagreement within the
scientific community regarding the magnitude, causes, and consequences of forest conversion.
Estimates of world forest cover vary greatly; since 1961 global forest estimates ranged from 2,393 to as
high a 6,050 million hectares. They conclude that global estimates of forest cover area over time show
no mecaningful trend, especially no downward trend (Allen and Barnes 1985, 167). On the other hand,
Borevonder notes,

a recent study by the United Nations Environmeat Programme and Food and Agricultural

Organization shows that seventy-six developing countries deforest jointly 11.3 million hectares

of forests every year whereas the rate of tree planting in these countrics is depressingly low,

about 0.52 million hectares cvery year..Jand]. It is estimated that by the year 2000, the world
population will be 6.4 billion and wood availability per capita would decrease to 40 cubic

meters from the current level of 76 cubic meters per year (Bowonder 1985, 172).

“AS a result of these various findings, deforestation on a worldwide basis has been associated with
<huanges in wood supply, genetic resources, the hydrologic balance, and global cycles of carbon and
Other clements (Allen and Barnes 1985; Bowonder 1985; Williams 1989).

Allen and Barnes drew more meaningful conclusions from linear regression analysis of
™ational level data. Using published data from the FAO Production Yearbook, the FAO Yearbook of
' Qurest Products, and the Workd Bank, the authors used deforestation variables, sociocconomic
SXaclicators, land usc data, and wood use data to construct regression equations for a cross-national
Pame] analysis. The authors derive the following generalizations from their results:

Deforestation is associated in the short term with rising population and expansion of

agriculture and in the long term with wood harvesting for fuel and export. Deforestation

through extensive wood use does not occur as quickly as it does through population growth
and expansion of arable land. Intensive wood harvesting does result, however, in
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deforestation; a country that has high wood production and high wood exports tends to lose
forest arca within about a decade. The delayed appearance of net deforestation might be due
to the gradual, cumulative effect of exceeding sustainable yields in forests and woodlands

(Allen and Barnes 1985, 180).

Bowonder offers that "deforestation is a consequence of low per capita income, non-availability of fossil
fuels, high population density, and poverty; heace it is intricately linked to socioeconomic process”
(Bowonder 1985, 179). The literature cites the following common causes for deforestation in
developing countries: climate, agriculture, logging, fucl, burning and grazing, and forest management
(Allen and Barnes 1985).

The ecological consequences of forest conversion are hotly debated; a central issue focuses on
the practice of professional forestry in developing countries. Those who support the principles of
managed forestry and their practice see forest conversion as the logical economic development of a
remncwable resource. Others, who doubt the role or question the motives of commercial forestry, see
deforestation as the exploitation of a valuable resource for the short term benefit by a few ruling elite.
R cgardless, even at the national level of analysis, it is difficult to generalize about the effects of
deforestation, but in selected instances these effects appear to be quite severe:

It should be remembered that the consequences of deforestation are to a great extent location-
specific. It is extremely difficult to infer the losses—be they of species diversity, wood
production potential, soil fertility, or watershed protection—from an analysis of the overall rate

of deforestation. Nevertheless, these factors determine the severity of the impact of forest loss
on the quality of life in developing countries (Allen and Barnes 1985, 181).

In a pumber of developing countries these findings variously support the notion that rapid
<Deforestation is somehow directly related to land degradation.
D eforestation and Eaviroamental Degradation
Is there reason to believe that forest conversion has contributed to significant environmental
Qe gradation in the past? If 0, have the outcomes of thesc events generated out-migration? An
haistorical cxample from Latin America demonstrates an association between population growth,
Aeforestation, environmental degradation and emigration:
Liceaciado Rodolfo Brena Torres, Governor of Mexican State of Oaxaca, wrote in a personal
communication: "The problem of the land is acute here. Lack of foresight started the
destruction of the forests that covered the statc in the XVIIIth Century; the lands stripped of

their vegetation were eroded by wind and rain, leaving this desolate landscape, sad to look at
and even sadder from the economic aspect—-since there remains regions so dead that one can
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get nothing useful from them. The population increase makes the situation more distressing
and in the face of the impossibility, for a great part of the population, to satisfy here the
necessities of existence, it has no alternative but to emigrate to other places, at times on a
temporary basis as when the "braceros” [migrant farm workers] go to work in the United
States, or at other times to settle in Mexico City or neighboring states’ (Vogt 1970, 177).

The negative consequences of rapid forest conversion also have been linked with the demise of

The late George Vaillant suggested that conflict, revolt, and crop failure contributed to the
downfall of Teotihuacan, and that the crop failure was largely the result of deforestation,
erosion, and consequent disruption of the hydrologic cycle. The decay of the Mayan 'empire’
has been postulated on more or less the same mismanagement of the land; but there seems to
have been no widespread disruption of the structure of the land in Mexico and Central
America before the arrival of the European (Vogt 1970, 181).

Furthermore, the negative consequences of overpopulation were recently associated with
deforestation and land degradation in a contemporary developing country. Karan and Iijima describe
environmental stresses within the Himalayas and also observe population redistribution as a result of
these processes:

With increased population, forests have been depleted, and the consequent runoff produces
erosion and loss of cultivable land. As much as 40% of former farmland in eastern Nepal has
been abandoned because it is no longer fertile enough to produce crops. One-fourth of the
forest in the country has been cut in the past decade. If this trend persists, the remaining
forested area may be denuded in another twelve to twenty years. These statistics are

disturbing for a predominantly agricultural economy... The lack of land leads poor people to
extend the frontiers of agriculture into marginally productive areas of the mountains (p. 90).

m&agilemomtmnmonmmtsmbemgmbjededmnsesthamnotbcsmmed,and
the middle Himalayan slopes are becoming nonproductive. The farmers become
refugees who move to the foothills and the piedmont plain (Karan and lijima 1985, 71).

Nevertheless, the precise nature of the relationship between population pressure and
defmmaﬁmmahsmhmmmeprmkadingnlﬁmﬂclytomvhmmcnwdcgndabnk
S€riously questioned by social scientists also working in developing countries:

FuMMMmemathoMmhﬁmdemmmto

land degradation. Degradation can occur under rising [population pressure on resources)

PPR, under declining PPR, and without PPR. We do not accept that population pressure

leads inevitably to land degradation, cven though it may almost inevitably lead to extreme

poverty when it occurs in underdeveloped, mainly rural, countries... PPR is something that can
operate on both sides [of the equation], contributing to degradation, and aiding management

and repair (Blaikic and Brookficld 1987, 34).

Mm,BrwkﬁeMMBh&kthMdegadaﬁonﬁndmmaﬂykdwdﬂm

“Where the “principal” (decision maker) farmer actually plays a critical rol in determining the overall
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impacts of natural geomorphological processes. For example, natural land degradation may be greatly
minimized, as a result of investments in "landesque” capital, innovative or improved farm management
techniques, and skillful investments in labor. In contrast, rates of natural land degradation may be
greatly accelerated as a result of inappropriate farm management and inputs of labor, which function to
strain the resilieacy of the soils and overall capacity of the land resource base. Unfortunately, this
more common scenario will likely have the effect of further increasing population pressure on the land,
as larger amounts of farmland become degraded and are afforded a non-productive rank (Brookficld
and Blaikie 1987). In addition, a number of general conceptual models have been developed that
attempt to explain the relationship between population growth and the natural resource base within
traditional agricultural economies.
Cenceptual Models of Population Growth
A number of general population growth models have been devised that both describe and
illustrate the concepts of population pressure and carrying capacity. At least in the biological sciences,
the two most common models are the S-shaped (sigmoid) and the J-shaped (exponential) curve
In the sigmoid growth form, environmental resistance, whether inherent in the population
itself and its "home basc” or brought in from the outside, is gradually introduced and becomes
noticed only after a relatively long period of growth. From that time onward, however, its
impact increases as the population density rises. Later, influenced by the increasing weight of

the detrimental factors, the rate of growth tapers off, and the population reaches or, more
realistically, comes close to the carrying capacity, which is referred to as K, asymptote, or

equilibrium level.

The J-shaped curve, sometimes labeled as the exponential growth form, represeats a condition
in which, from a beginning that may or may not be slow, there is a remarkably accelerated
population increase that persists until a relatively sudden intervention of an adverse factor
halts the upward spiral. Again, the cessation of growth may derive from circumstances innate
in the growing population, or it may be induced by phenomena essentially external to the
population. Further, when growth is halted abruptly the population size may flatten out at the
maximum level attained, thus remaining approximately static as shown ...by L1. Alternatively,
as indicated by L2, it can decline if the operational constraints that led to the cessation of
growth continue to exert an influence of adequate streagth (Igbozurike 1981, 144).

“Although there appears to be a conceptual dichotomy between these two curves, any population over a
&iven period of time may demonstrate characteristics of both curves. Consequently, the sigmoid curve
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may be more representative of long-term trends whereas the J-shaped curve may be more
representative of the short-term scenario (Igbozurike 1981, 144).

Alternative carrying capacity consequences can be manifested in at least four ways (Newman
and Matzke 1984, 197). The first of which is the traditional notion of carrying capacity as expressed by
an cxtension of the S-shaped curve over time (Figure 2.2A). In this scenario population growth
increases over time but is gradually slowed by eavironmental resistance (constraints) until growth
stabilizes just below carrying capacity. Finally, with the assumption of "homeostasis” this level of
Ppopulation will be maintained indefinitely, with minor fluctuations above and below the homeostatic
Plateau defining population supporting capacity.

Frame B of Figure 2.2 depicts an extended version of the J-shaped curve. In this sequence,
Popalation density increases rapidly over time with little or no decline until carrying capacity has been
€xceeded. Subsequently, there is an rapid decline of population that eventually slows, rebounds slightly
and stabilizes somewhere below carrying capacity. The authors indicate:

one possibility is that the population will suffer a decline, imposed by resource limitation, until

it is lowered below carrying capacity. In this scenario the effects are on the population, not the

cavironment (Newman and Matzke 1984, 197).

This pattern of growth somewhat characterizes the earlier predictions of British cleric and economist,
ThOmasR.Maltlms,in1798,whcrehcvicwedthcrapidgwmhofthchnmanpopulationasbcinghcld
in check by catastrophic events, such as plague and famine, when other social controls such as
abstineace were ignored (Kleinman 1981).

The third graph (Figure 2.2C) symbolizes the general population-economic theory supported
by neo-Malthusian followers. In his latter formulations, based upon the assumption that population
&rowth is exponential whereas growth in agricultural productivity is arithmetic or rather limited (fixed

technology), Malthus belicved that population growth repeatedly would exceed the capability of the
TesOurce base to support it and as a result of over-exploitation the agroeavironment would gradually
deteriorate. Under these conditions both population growth and carrying capacity decrease over time
a3 the food production system collapses.
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However, frame 2.2D depicts the antithesis authored by Ester Boscrup (1965). In this
instance, as growth in human populations approach the carrying capacity, population pressure is viewed
as the stimulus for creative adjustments in the food production system. These adjustments largely are
expressed in a hicrarchical sequence of agricultural labor intensification and social /technological
change, perhaps followed by developments in other economic sectors at some point in the future. In
this carrying capacity alternative, population growth stimulates greater ingenuity and efficiency in the
food production system therefore carrying capacity increases with growth over time. Bilsborrow claims
that Boserup’s conceptualization directly challenges the classical Malthusian-Ricardian assumption of
constant technology, where:

As arable land becomes scarce relative to population, it is used more intensively. Boserup
describes five stages or systems of increasingly land-intensive technology (i.c., increased labor
inputs per unit of land): (1) forest or long fallow (20-25) years between crops); (2) bush fallow
(6-10 years); (3) short fallow (1-2 years); (4) annual cropping; and (5) multiple cropping (more
than one crop per year on the same land). As population grows, societics move from (1)
towards (5), cach representing an increasingly land-intensifying technology (Bilsborrow 1987,
184).

Finally, many of the themes (concepts) presented in her first major work were eventually expanded and

claborated, where we find,
Boscrup (1981) has developed a persuasive argument in which she essentially reverses the
order of priority and sces growing. populations as creating conditions favorable to many
technological changes. Stated simply, she maintains that critical population sizes and densitics
are nceded before certain technological changes become possible (Newman and Matzke 1984,
63).
Despite the popularity of Boscrup's competing theory of population pressure, particularly among
cconomists and associated (pro-growth) Third World development specialists, many social scientists
and ccologists argue that pervasive population pressure largely contributes to underdevelopment and
despair. Subsequent models from the social science literature have attempted to further link
population pressure with the processes of environmental degradation and population redistribution.
The following flow diagram (Figure 2.3) characterizes one of these models and is directly related to the

conceptual framework of analysis in Chapter Three of the dissertation.
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Models of Populatioa Pressure and Eaviroamenatal Degradation
Bernard suggests that a systems view of population pressure should be "put forth as an
integrated approach to the problem” (Bernard 1977, 43). He offers,
from the foregoing it should be apparent that concentrating exclusively upon either carrying
capacities or indices of population pressure produces at best a fragmentary picture of what
should be viewed as a unified man-land system. Initially, what we seem to need is a far clearer
conceptual picture of the structure of the system of population pressure, of the linkages and
flows among its parts, and of the way it functions as a whole (Bernard 1977, 55).
Citing the classic work of Harvey (1969) he proclaims “systems concepts are ideal for providing a
workable conceptual framework for the analysis of complex geographical situations® (Bernard 1977, 56)
Figure 23 illustrates Bernard’s general systems model for explaining two alternative outcomes
of population pressure. Theoretically, a population may be envisioned as existing with a fluctuating
growth pattern along a homeostatic platcau, where there is an apparent equilibrium between
population size, the food production system, and available natural resources. With continued
population growth, population density may increase and the balance among the variables in the system
becomes upset. The model illustrates that at least two courses of social action may take place; the
man-land support system is disrupted or the man-land support system is intensified. If the man-land
system is disrupted (A), cither as a result of apathy, lack of knowledge, inability or unwillingness to
effect change or adjust to their increasing members, a number of negative environmental and social
consequences may occur (B), ultimately leading to a decrease in the human population with a new
cquilibrium established at a lower population supporting capacity. On the other hand, if the man-land
system is intensified (A1), as a result of increased efficiency and ingenuity, a number of positive
consequences may occur (B1). The application of increased labor and new technology with emphasis
on soil conservation and re-investment may act to greatly improve the agrocavironment thereby
increasing the population supporting capacity. Consequently, a new equilibrium state is achieved at a
higher carrying capacity. Both of these circuits originate from the general population growth models
discussed carlier, and are currently both supported and debated in the literature (Boscrup 1965, 1981;
Brookficld 1972, 1984; Geertz 1963; Grigg 1979). Finally, in his scminal work, Bernard (1977) includes
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a scparate diagram detailing the components and linkages between boxes A and B noted above, “so-
called consequences of population pressure operating in [a] rural African context” (Bernard 1977, 57).
Newman and Matzke (1986;) characterize this general systems model somewhat more
cloqueatly as "development or disaster” but offer that “the world is not as simple as cither alternative
suggests” (Newman and Matzke 1984, 200). Despite this caveat,
this [conceptual] framework has practical application. It can serve as an agenda for
programmatic rescarch aimed at testing interrelationships in the real world and discovering
the detailed mechanisms of the process (Bernard 1977, 61).
In their version, the gently fluctuating growth pattern along the homeostatic plateau is referred to as
the "stable population." Moreover, they greatly expand upon the array of consequences of increased
population density in either circuit of the model. For example, under conditions where the people-
environmeat support system is disrupted three classes of negative consequences are anticipated: 1)
environmental deterioration, manifested by soil fertility declines, soil erosion increases, and progressive
deforestation; 2) subsistence deterioration, manifested by changes to hardier crops, yield declines,
income declines, and increasing malnutrition, and; 3) demographic depression, manifested by rising
mortality, and increasing out-migration. On the other hand, three classes of positive outcomes are
anticipated when the people-environment system inteasifies: 1) resource enhancement, manifested by
manuring, irrigation, and soil conservation; 2) productivity increases, manifested by increasing yields,
improved nutrition, and rising income, and; 3) demographic moderation, manifested by improved
opportunities for women, delayed nuptials, and increased use of contraceptives (Newman and Matzke
1984, 200). Citing empirical examples, they demonstrate how Iceland historically has cycled through
both legs of the "disaster or development® model. In addition, carrying capacity may change over time
in response to changes in the food production system or in the environment. For example, Maro
(1975) found that carrying capacities near Mt. Kilimanjaro were significantly increased as a result of
intensification duc to participation in a cash crop economy (Newman and Matzke 1984, 198-199). The
theoretical association between rural based natural resources and the migration process is the subject

of the next section.



Population Redistribution

From carlier discussions of both population-economic and people-environmeat literature, it
appears that the "long-term" ecological soundness of social responses to population pressure determine
whether or not land degradation likely occurs. Consequently, intensive forms of agriculture may be
seen to both increase population supporting capacity and minimize environmental degradation. In this
case, natural resource enhancement occurs as a result of improved farming skills and innovative
reinvestment in the land. Subsequently, the intensified farming area may be perceived as having a
*resource pull” factor generating voluntary in-migration. According to the conceptual framework of
migration decisions established by Lee (1966), rural migrants should be drawn to areas conducive to
successful agriculture.

Coaversely, land degradation more commonly is recognized as a compelling cconomic or
*resource push® factor from traditional farming arcas and may be seen to generate a type of “primitive”
out-migration (Petersen 1958), where the migrants are referred to as "ecologically displaced persons”
or occasionally known as “ecological refugees” (Standing 1984, 45). According to prevailing behavioral-
migration theory, the decision to migrate is made in order to maximize the "place utility” of the
individual or entire houschold. The various aspects of individual decision- making and are couched in
Brown and Moore’s intra-urban migration model of place utility:

A basic concept in the Brown and Moore model is that of place utility, which refers to an

individual's (or household’s) overall level of satisfaction or dissatisfaction with respect to a

given location. If the place utility of the present residential site diverges sufficiently from the

individual’s immediate needs, that person will consider secking a new location. Thus,
migration is viewed as a process of adjustment whereby one residence or location is
substituted for another in order to satisfy the needs and desires of each migrant better, that is,
in order to increase the place utility experienced at the residential site (Brown and Sanders

1981, 150).

Research in developing countries indicates that levels of population pressure in most rural areas
generally are high and are likely to remain 0, therefore “resource push may be expected to remain a
significant factor in rural-to-urban migration until development brings a better balance between core
and periphery arcas® (Brown and Sanders 1981, 176).
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As the agroenvironment deteriorates and people become increasingly less able to successfully
employ or modify the existing farming system, the environmeat may become a dominant stress factor in
the decision to migrate (Wolpert 1966). Brown and Sanders (1981) indicate that individuals go through
a rather complicated decision making process regarding migration; there are two distinct phases,
whether or not to migrate, and, if one decides to move, where to migrate. Ultimately the decision of
where to move will also be affected by changing environmental conditions. Traditionally, a change in
the food production system or out-migration have been plausible choices. However, with no available
agricultural froatier available and where innovative changes in the food production system are
prohibitive due to large capital and labor investments, the move to urban centers is an attractive
alternative.

The concepts of resource "push” and “pull® factors are derived from Lee’s theory of migration
which is viewed as a classic extension of Ravenstein’s laws of migration (Lee 1966; Ravenstein 1885,
1889). The processes of population pressure and environmental degradation generally are considered
"underlying” causes of population redistribution, especially rural to urban migration (Oberai and
Bilsborrow 1984). By examining these underlying causes of population redistribution exclusively in a
rural environment, this dissertation will not review the conventional theories of rural to urban
migration which focus primarily on the "pull” factors of urban areas, specifically: the dual economy
model (Lewis 1954); Sjaastad’s human investment theory (1962); and Todaro’s model of rural-urban
migration (Todaro 1969, 1976). The next chapter will introduce a conceptual model of population
pressure, establishing its linkages with the processes of deforestation, land degradation, and population
redistribution.



Chapter Three

Statement of Problem,
Framework of Analysis and Hypotheses

Statement of Problem

For developing countries in general, and specifically in the case of the Plan Sierra region of the
Dominican Republic, it may be inferred from population-economic theory that there are at least three
responses to population pressure: 1) forest conversion to bring nearby new land into food production
based upon existing or traditional-extensive—agricultural practices, 2) labor intensification or
innovative modification of agricultural practices on existing cleared land, and 3) out-migration, which
would involve a move to the forested agricultural frontier or to a more productive farming area. In
contrast, it also might involve abandoning the land and farming as an occupation altogether,
necessitating a move to the city. In addition, age, education, and level of occupational preparedness
logically would be associated with the propensity to migrate in the face of environmental degradation
and its associated stresses. Moreover, these key sociological variables should be associated with the
migration destination seclected and the condition the rural agrocnvironment (land degradation) plays in
the decision to migrate.

Innovative agricultural intensification and conservation may be implemented to improve the
resource base and actually attract migrants by increasing human carrying capacity. However, if land
degradation is sufficiently pronounced and population supporting capacity decreases then two distinct
conditions may result. Some individuals will leave the affected arca—-become out-migrants—-while those
who remain will be adversely affected sociocconomically, as the ability to satisfy basic subsistence nceds
coatinues to decline. Of those who leave, it is inferred from population theory that there will be three
gencral migration streams: one directed toward forested frontier areas, one toward agriculturally
intensified arcas and another to the country’s urban centers.

It can be inferred that the migration streams will be selective. Among the aduit population,
movement to the citics and fronticr areas will likely involve young adults, whereas those people

39
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remaining in the original rural source areas are expected to represent older age cohorts. It can be
further argued that selectivity based on occupational preparedness will occur among the migrant and
non-migrant groups. It is proposed that the best educated people will move to more intensified
agricultural areas or citics while the least trained people will remain in the rural source area, forgoing
cvea the choice to pioneer new land (Thomas 1970; Zuiches 1980).

Model of Population Pressure in Plan Slerra

Designed for this dissertation, the following model relates the association among population
pressure, deforestation, land degradation and migration. It serves as a springboard for more specific
hypotheses which relate pairs of variables that are designed to test the empirical inferences previously
described. The model builds upon competing theories from conventional population-economic
literature, and may also be seen as a logical extension of the "systems model” of population pressure
conceived by Bernard (1977). It incorporates concepts from both people-environment, classic and
behavioral migration theory, pertaining to perceptual aspects of the population redistribution process.
The model addresses the notions of "place utility" and "environmental” stress factors which, along with
"push and pull® factors, may trigger a decision to migrate.

Furthermore, the dissertation’s model is logically consistent with the prevailing conceptual
framework of Bilsborrow (1987), concerned with the broader consequences of accelerated population
growth and increasing physiological density in developing countries:

It is desirable to take a broader approach, categorizing the possible types of respoases [to

population pressure}: (1) demographic, (2) economic, and (3) "demographic-economic.” The

types of responses under (1) include changes in nuptials and declines in marital fertility.

Among the economic responses (2) we can cite increasing the land area under cultivation;

swntchmg from land-intensive methods such as slash-and-burn agriculture or grazing cattle to

raising permancat crops; increasing the use of fertilizer or the percentage of land under
irrigation, etc. It is also quite possible for technological changes to be stimulated which
involve the substitution of relatively more labor-intensive methods. The major "demographic-
economic” response (3) is out-migration from increasingly dense areas, whether in the form of
net rural-urban migration, rural-rural migration to other rural areas, or even out-migration

from the country. All such out-migration may be "permanent” or scasonal (Bilsborrow 1987,

185).

In Figure 3.1, both the right and left hand portions of this dissertation’s model indicate that

there are two distinct alternatives or scenarios—one positive the other negative—in response to
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Figure 3.1
Model of Responses to Population Pressure in the Plan Sierra Region
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pervasive population pressure. The more optimistic circuit proposes that population pressure may or
may not involve forest conversion for food production but in either case will generate agricultural
intensification, which in turn will improve the agroecosystem or at least provide for a stable condition.
An improved environment for food production will likely increase the population supporting capacity
and thereby reduce population pressure, restoring the population resource balance to the system. The
less optimistic circuit proposes that population pressure will involve forest conversion, especially for
more exteasive forms of agriculture that are unlikely to be sustainable under conditions of rapid
population growth. In this situation, the agroenvironment is modified in a negative manner, which may
force some people to migrate in order to restore the population-resource balance at a reduced carrying
capacity level. In addition, the logical temporal order of this conceptual model is also consistent with
the theoretical framework established by Bilsborrow:

I would hazard a guess that people historically have tended to exhaust, first, the economic

responses (at least those available to them in terms of their knowledge/capabilities and access

to information and credit) and then the "economic-demographic” response (out-migration,
involving the loss of a household member, which is painful for the household; or of the whole
houschold, which involves psychic loss from leaving one’s "home" arca, one’s roots), with

fertility adjustments last (Bilsborrow 1987, 190).

The lowermost portion of the model pertains to the population redistribution process. In
arcas where intensified farming strategics provide for stable and improved environments, it is likely
that population supporting capacitics will be increased, thereby attracting migrants. The question is,
who will be attracted to these arcas and where is their origin? On the other hand, areas suffering from
land degradation and decreasing carrying capacities are likely to generate out-migration. The question
bere is who will be the first to leave and where will they go? How are the younger and better prepared
individuals likely to respond to changing conditions in the ecological climate for agriculture?
Moreover, is it likely that older, less prepared individuals will remain in the rural source area,
regardless of changing environmental conditions? In order to evaluate this conceptual model, it is
necessary to determine the role of population pressure in the processes of deforestation, the
intensification of traditional agriculture, land degradation and population redistribution, especially if
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the residual rural population becomes increasingly less prepared to cope technologically with
cavironmental change.
Research Hypotheses

According to the literature of conventional population-economic theory, deforestation
commonly is regarded as the first social response to rapid population growth. Nevertheless, the precise
nature of the relationship between pervasive population pressure and deforestation generally is
unknown and largely misunderstood by most people, administrator, farmer, natural and social scientist
alike. Competing theories prescribe various choices in response to population pressure, which may or
may not involve forest conversion. Bilsborrow notes,

One would expect the increase in arable land to have come at the expense of land under

permanent pasture and forests. This would be consistent with the cross-country evidence of

Boserup [1981], who observes a negative tabular relationship between ratios of pasture land to

arable land and population density (Bilsborrow 1987, 191).

This dissertation will contribute to the bodies of population-economic and people-cavironment theory
by attempting to define the nature of the relationship between population pressure and the forest
conversion process. Because the Plan Sierra region of the Cordillera Central (Figure 4.2) generally is
recognized as an area of high population pressure and accelerated forest conversion, a positive linear
relationship logically is predicted between these key variables. Hence, the first research hypothesis
(1A) reads as follows: deforestation is dependent upon population pressure. In other words, as
population pressure increases forest conversion for agriculture increases.

The second research hypothesis (1B) will examine a number of traditional rural society’s other
choices in reaction to the increasing stresses of population pressure. These are customarily recognized
under the rubric of “agricultural intensification,” and by definition encompass the intensification of land
use and labor, investments in the land resource base, and innovations in farming skills (Boserup 1965,
1981; Brookfield 1971, 1984; Brookficld and Blaikie 1987). Brookficld notes,

the primary purpose of intensification is the substitution of these inputs for land, so as to gain

more production from a given area, use it more frequently, and hence make possible a greater
concentration of production (Brookfield 1971, 51).
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Within the conceptual framework of this dissertation, intensification logically may be employed by
small farm agriculturalists in direct reaction to pervasive population pressure, irrespective of
deforestation. As a result of the high levels of population pressure documented for the Plan Sicrra
region of the Cordillera Central, it is likewise logical to predict a positive linear relationship betweea
population pressure and heightened food production strategies. Consequently, research hypothesis
(1B) reads as follows: agricultural intensification depends upon population pressure. Hence, as
population pressure increases, land use intensity, the frequency of the adaptation of innovative farming
skills, and the frequency of long-term investmeats in the land resource base increase.

Simple bivariate regression analysis will be employed to determine the precise nature of the
relationship between these key variables. In an analysis of deforestation in a sample of developing
countries, Allen and Barnes (1985) found that,

an increase in population is associated with a loss of forest area... The negative cocfficients in

the regression (b and beta) and the negative correlation cocefficients (r) mean that developing

countries with high rates of population growth also have higher-than-average rates of
deforestation... Population growth in connection with expansion of arable land has been
regarded as one of the contributors to deforestation... The bivariate correlation coefficients
indicate that population growth is related to agricultural expansion, which in turn is related to

forest loss (Allen and Barnes 1984, 177).

In addition, Turner and others (1977) also used linear regression techniques to define the nature of the
relationship between population densities and agricultural intensities for tweaty-nine groups of tropical
subsistence cultivators. The results of their analysis establish a significant positive relationship on the
national level for a representative group of traditional farmers in developing countries. They found:

To be consistent with the Boscrup thesis, agricultural intensity was chosen as the dependent

variable. Correlation coefficients were calculated for arithmetic, exponential, and power

functions. The exponential model gave the greatest amount of explained variation (r squared
= 580). This form of the model is log A = a + bp, where A represents agricultural intensity,
and P is population density; a and b are parameters. The resulting cquation (and standard
error of estimate) are log A = 1.06 + 0.0049P (0.0008). The positive regression cocfficient,
which is significant at the 0.01 level on the basis of a t-test with twenty-sevea degrees of
frecdom, demonstrates that agricultural intensity does increase as population density increases

(Turner and others 1977, 389).

In her second book on the effects of population pressure, Boserup (1981) provides evidence to support
a positive lincar relationship between “the estimated percentage of land under multiple cropping and
population density in 130 developing countries® (Bilsborrow 1987, 192). In keeping with prevailing
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notions of traditional agriculture and land degradation in developing countries (Brookficld and Blaikic
1987), it is necessary to examine and explain the nature of these relationships on the farm level scale of
analysis.

Rescarch hypothesis (2A) will expand upon the theoretical groundwork of people-environment
literature by explaining the nature of the relationship between deforestation and land degradation.
According to evidence from scientists working in developing countries, especially in mountain
ccosystems, rapid and mismanaged deforestation appears to be positively related with widespread land
degradation, especially soil erosion (Karan and lijima 1985; Ives and Pitt 1987). However, professional
foresters protest that,

it is misleading and counter-productive to treat as though they were alike the impacts of the

very disparate array of activitics that have been labeled *deforestation.” The consequences of

fuelwood cutting and product removal by non-mechanized methods are vastly different than
those of mechanical clearing of forest and converting the area to maize or rice (Hamilton and

Pearce 1988, 92).

Nevertheless, there remains considerable disagreement regarding the various impacts (both cost and
benefits) of forest alteration and conversion to other land uses. For example, “fuclwood harvesting,
unless followed by a true conversion that attempts scdentary agriculture, can be sustainable forest usc"
(Hamilton and Pearce 1988, 80). On the other hand, in an analysis of fuelwood use and eavironmental
degradation in Sudan, it was found,

the principal environmental costs of deforestation ...include: the loss of the excess nitrogen

produced by Acacia, available to promote the production of palatable grasses and crops grown

on traditional agroforestry farm plots; the loss of animal feed from the foliage of the destroyed
trees and the subsequent overgrazing of the ground cover; the nutrients lost from the soil
through crosion after the ground cover has been destroyed; the removal of nutrients stored in
the wood and lost to recycling when transported to the market or burned in charcoal kilns, and
loss of moisture storage due to the removal of surface and soil organic material through
overgrazing and erosion. Before this [trec] removal, the moisture in the soil would have
enhanced the growth of palatable grasses and crops grown in the traditional farming system,

and maintained water levels in wells (Whitney 1987, 133-134).

Foresters actively debate whether "areas proae to shallow debris slides because of steep slopes and
soils with low or no cohesion are provided with a degree of stability by tree roots,” and whether,
*reduction of the upper tree canopy increases the throughfall of rain but does not necessarily increase

raindrop impact and *splash’ erosion® (Hamilton and Pearce 1988, 82-83). Finally it is argued,
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water budget of forest watersheds, resulting in increased water yield in streams from the

harvested arca (Hamilton and Pearce 1988, 81).

Because of both the high rates of deforestation and land degradation frequently reported for the Plan
Sierra region, it is logical to predict a positive relationship between these key variables. Research
hypothesis (2A) reads as follows: land degradation depends upon deforestation. Hence, as forest
conversion for agriculture increases, land degradation increases.

In direct contrast, Hypothesis (2B) defines the nature of the relationship between the process
of "agricultural intensification" and farm level environmental (land) degradation. Although Boserup
(1970) cautions that some forms of intensified food production, especially on steep slopes, may lead to
crosion as a result of reduced fallow lengths and poor land preparation, it is fairly well established and
widely promoted that agricultural intensification, combined with ecologically sound conservation
techniques, will lead to a largely improved or at lcast stable farming landscape (Simon 1975, 1977,
1981); this is essentially the logic of Boscrup’s (1965) "intensification of agriculturc” thesis. Based on
competing Boserupian theory from the conventional population-economic school of thought, one
anticipates an inverse relationship between increasing levels of agricultural intensification and
reductions in associated land degradation, directly as a result of investments in landesque capital and
improved food production skills. Therefore, research hypothesis (2B) is of the following form: land
degradation depends inversely upon agricultural intensification. Hence, as the intensification of

The first part of the third hypothesis set (3A) will define the nature of the relationship
between the process of deforestation and population redistribution, specifically in-migration.
According to the conceptual framework developed in this dissertation, one can argue that in-migrants
will be drawn to forested frontier areas, perhaps representing strong resource "pull® factors, in response
to ongoing population pressure in established rural source areas; this action is taken in order to
maximize "place utility” of the traditional farming houschold. As the Plan Sicrra region of the
Cordillcra Ceatral is known for both high rates of deforestation and population redistribution, it is
logical to predict a direct lincar relationship betweea deforestation and in-migration. Consequeatly,
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rescarch hypothesis (3A) is of the following form: in-migration depends upon deforestation. Hence,
there is a positive relationship between forest conversion and population redistribution, in the form of

In contrast, research hypothesis (3B) defines the nature of the relationship between the
process of land degradation and population redistribution, in the form of out-migration. Rapid forest
conversion combined with food production strategies that do not emphasize conservation,
improvement and innovative reinvestment in the land resource base may soon lead to a degraded
agrocnvironment. As less land remains available for cultivation, due to erosion and soil nutrient
detcrioration, rural people will be forced to seek their livelihood elsewhere. Moreover, according to
the conceptual model designed for this dissertation, land degradation as a result of pervasive
population pressure will likely generate both resource stresses and dissatisfaction with local "place
utility,” which together may trigger a decision to migrate. Nevertheless, citing an empirical example of
land degradation in Nepal, Blaikic notes,

it is not claimed that environmental degradation is directly accelerating migration from the

hills to the fast-disappearing new lands of the “terai,” but it is claimed that it is "one" option

given population growth and declining yields per hectare and hours worked—just as effective

land management for sustainable yiclds is another (Blaikic 1988, 154).

Because of the clevated levels of land degradation and out-migration cited for the Plan Sierra region of
the Cordillera Central, a positive relationship is predicted between farm level land degradation and
out-migration. Therefore, research hypothesis (3B) reads as follows: out-migration depends upon land
degradation. There is a positive relationship between land degradation and out-migration.

The fourth rescarch hypothesis will define the nature of the relationship between the process
of population pressure and migration. Occasionally, principal farmers are forced to decide among
several choices in an attempt the maximize the "place utility” of the household, this is especially true
under conditions of pervasive population pressure. Following Boserupian beliefs, one choice mandates
agricultural intensification by means of increased land and labor intensity, improvements in food
production techniques and investments in landesque capital. These efforts may be seen to reduce
“resource push" factors and thereby greatly increase the seanse of "place utility.” In contrast, heads of



48

rural houscholds may choose out-migration, being compelled by the “resource pull® of the forested
frontier, signifying a decision to maximize "place utility” in a new location. Because of the elevated
rates of out-migration reported for the Plan Sicrra region of the Cordillera Central, it is reasonable to
expect a positive relationship between population pressure and out-migration. Consequently, rescarch
hypothesis (4) reads as follows: out-migration depends upon population pressure. There is a positive
relationship between population pressure and out-migration. In conjunction, these three hypotheses
(3A, 3B, 4) both coatribute to and establish further linkages between migration and people-
environment theory.

The next three hypotheses (5A, 5B, SC) pertain to the population redistribution process, and
thereby contribute to the literature of conventional and behavioral-migration theory. Based primarily
upon the migration litcrature for Latin America (Thomas and Hunter 1980; Zuiches 1980), and
developing countrics in gencral (Lee 1966; Oberai and Bilsborrow 1984; Standing 1984), it appears that
level of occupational preparedness, education, and age are important factors in the population
redistribution process, especially the propensity toward cityward migration. Hypotheses (5A) and (5B)
predict a positive correlation between occupational preparedness, education, and cityward migration.
In general, the young, better educated and more highly skilled individuals leave rural generating
ceaters for the larger cities. In contrast, out-migrants with few skills and little education may feel more
sccure in an agricultural or rural village setting. They realize the shortcomings they face in an urban
cavironment. Consequently, rescarch hypothesis (SA) reads as follows: there is a positive correlation
between the variation in corresponding values of occupational preparedness and cityward out-
migration. Those better prepared individuals tend to migrate to the larger urban areas, while those
less prepared tend to migrate to frontier arcas or choose to stay behind. Research hypothesis (5B)
reads as follows: there is a positive correlation between the variation in corresponding values of
countryside for the “big city” are not only more cducated and better trained in technical skills but are
also younger than those who remain behind. Therefore, research hypotheses (5C) reads as follows:
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there is a positive corrclation between the variation in corresponding values of age and population
redistribution, in the form of out-migration to large urban arecas.

The last two hypotheses (6A, 6B) will further claborate on the concepts linking behavioral-
migration and people-environment theory by defining the nature of the association between level of
occupational preparedness, age, and the influeace or role of land degradation in the decision to
migrate. Investigators have long argued that environmental factors act as an impetus to migrate
(Brown and Moore 1970; Brown and Sanders 1981; Fuller 1978; Petersen 1958; Wolpert 1965). For
cxample, drawing from behavioral-migration theory, Wolpert (1965) proposes that a combination of
degrading conditions, both social and physical, in certain "urban environments" produce psychological
stresses, triggering a decision to migrate. Ultimately, the decision to migrate is made in an attempt to
maximize "place utility" as proposed by Brown and Moore (1971) and Fuller (1978).

Expanding on both notions from migration theory, the conceptual model in this dissertation
argues that a degrading rural environment also functions as a stress impetus stimulating behavioral
responses, especially the decision to migrate. It is further argued that one’s age and level of
occupational preparedness prior to out-migration vary directly with the perception of degrading
conditions in the local economy for agriculture. Hypothesis (6A) predicts a positive correlation
between occupational preparedness and the role of the environment (land degradation) in the decision
to migrate. Those individuals with the best occupational skills will be both the first to perceive the
significance of, and subsequently to leave, a rural area suffering from environmental degradation. This
hypothesis suggests that less prepared individuals will remain—become the stayers—in a gradually
deteriorating landscape for longer periods of time until the agroeavironment ultimately becomes the
dominant stress or "resource” push factor in the decision to migrate.

Moreover, older people are less likely to move than their younger counterparts. Where social
structures usually are better defined than those of the young, it takes a higher level of stress to enable
them to leave their rural security. Hypothesis (6B) predicts a positive correlation between age, at the
time of migration, and the role of the environment (land degradation) in the decision to migrate.
Generally, young and capablc individuals with rural backgrounds will be drawn to the large citics where
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both opportunitics for education and employment are perceived to be high regardless of the condition
of the eavironment.

In summary, this chapter introduces a framework of analysis that is designed to account for the
various social responses to pervasive population pressure, within the context of traditional hillslope
agriculture in the Dominican Republic. The importance of these responses will be evaluated in
chapters five and six by means of a series of rescarch hypotheses designed to assess the direction and
strength of key relationships, as specified in the new conceptual model. First, chapter four introduces
the Plan Sierra region of the Cordillera Central as the study area for this research, and discusses data
sources in the Dominican Republic, as well as key measures, methods of analysis, and the sample

survey design.



Chapter Four
The Plan Sierra Study Arca, Data Sources,

Mecasurements and Mcthods of Analysis

Introduction

Watersheds are logical units for the examination of human-environment interactions, and have
become an accepted framework for analysis in the natural and social sciences (O’Sullivan 1979).
Traditionally, geographers have observed the drainage basin as a fundamental physical unit (Chorley
1969), which also has an historical basis for human activity (Smith 1969). In the Dominican Republic,
geographers working with other ecologists developed a simulation model of a tropical watershed to
serve as a guide for regional analysis (Antonini and others 1974). Subsequently, development planners
proposed a national level strategy that is based on the systematic management of fourteen regional
hydrogeographic divisions (Figure 4.1), which delimit the country’s major river basins (Hartshorn and
others 1981).
Study Area

The research in this dissertation also approaches dynamic social and physical processes from a
regional, river basin level. Specifically, the Rio Yaque del Norte watershed was selected from among
the fourteen hydrogeographic regions for the following reasons: 1) the Yaque del Norte river basin
contains the western Cibao, second largest agricultural region in the country (Van Royen 1940); 2) as a
major food producing area, the Yaque del Norte basin has a high percentage of small privately-owned
farms (Antonini 1971); 3) the arca contains several major hydroclectric projects that show evideace of
reduced storage life due to excessive erosion (Olson and others 1984); 4) natural resource inventorics
document environmental degradation as a result of deforestation in this watershed (Hartshorn and
others 1981); and finally, 5) the Dominican government has established two natural resources
management arcas (Plan Sierra and Project Bao) to address sustainable silviculture and soil
coaservation in this central region of the Cordillera Ceatral (Bretén 1978; Hartshorn and others 1981).

As a result of both the planning and implemeatation of these two resource management arcas,
and earlier hydroelectric projects, a large data base exists for the upper-most portions of the Rio
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Yaque del Norte watershed. This is particularly true of the Plan Sierra management area, which is
largely nested within the Province of Santiago, with an extension into the casternmost portion of the
Province of Santiago Rodriguez (Figure 4.2 & 43). The management area contains thirty-four political
"sections” in their entirety. The political "section” is the smallest administrative unit below the
provincial level for which published census data is regularly available, and fortunately, within this
mountainous region, the political boundaries have not changed since the 1950 national census.
Consequeatly, the thirty four political sections within the Plan Sierra region allow for the compilation
of comparable variables for three national censuses, 1960, 1970, and 1981; “sections" therefore serve as
onc spatial level of analysis in this dissertation.

Data Sources

A recent publication by the Population Studies Center at the University of Texas evaluates all
the available Dominican census materials in detail (Larson 1987). Population and agricultural data for
the Dominican Republic are available from the National Statistics Office (ONE) in Santo Domingo at
several political scales, including: national, regional, provincial, municipal, scctional, and occasionally
the parish. The first Dominican census was taken in the year 1920, followed by decennial censuses in
1940, 1950, 1960, and 1970. Results from the 1981 population census are currently available, with
detailed maps and statistics published for the Province of Santiago and the Federal District.
Unfortunately, as of Fall 1990, the results of the 1981 agricultural census were still generally
unavailable, with only a limited number of national level tables in print. In contrast, (Antonini and
others 1975) have observed that the 1950 census is the most accurate and population projections often
are based on this year. On the national, regional and provincial level, summary demographic-cconomic
data and projections are published on a quasi-yearly basis as "statistical briefs."

Owing to the irregular coverage and release of the national census, it is fortunate that the
Dominican Department of Agriculture (SEA) authorized a number of houschold surveys for rural
arcas which came under the jurisdiction of cooperative international resource management projects.
Project Bao and Plan Sierra arc among these. In licu of the 1981 national agricultural census, detailed
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Figure 4.2
The Sierra Study Area, Cordillera Central, the Dominican Republic
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farm data are available for analysis for the year 1983 from the archives at the Plan Sicrra headquarters
in San Josf de las Matas (Abeu and Hernandez 1983).

Natural resource inventories oftea provide forest cover information, usually in map form, at
the national and, occasionally, the regional level. Resource inventories of the Dominican Republic also
are available for a number of years. Of these, the 1967 OAS natural resources inventory is clearly the
most comprehensive, including sixteen color maps at a scale of 1:250,000 and numerous tables. A
detailed combination land cover-use map of the Plan Sierra management region was prepared in 1983
by Belgian geographer, Franz Giclfus.

A frequent problem, encountered in comparing the natural resources inventories, is definition
of key terms and change of map scale. The various national and international agencies that have made
inveatorics of the Dominican Republic often used different criteria for land cover classification; this is
particularly true of forest cover. For example, FAO required a minimum of twenty percent crown
closure—twenty percent of the ground surface area is shaded by the trees—for forest designation. At
the other extreme, the 1980 Comprehensive Resources Inventory and Evaluation Survey (CRIES) of
the Dominican Republic used seventy-five percent crown closure. Finally, the medium scale format
used for the 1967 OAS national level analysis (1:250,000) is generally inadequate for precise
measurement at larger regional scales, such as the watershed level.

In order to minimize these problems, standardized large scale (1:50,000) topographic sheets
were employed as the overlay mapping base in conjunction with reference land cover-use maps, and
acrial photography as a secondary information source, which allowed forest cover measures to be made
at two points in time (1960 and 1980). Forest cover definition was based upon a minimum measure of
fifty-percent crown closure; this is the standard convention used by the U.S. Army Map Service, the
agency respoasible for mapping the Dominican Republic at the 1:50,000 scale.

Fairly complete acrial coverage of the Dominican Republic exists at several scales: (1:20,000),
(1:24,000), (1:50,000), and (1:60,000) for a representative sample of years. Antonini used imagery from
1948, 1958 and 1966 in an analysis of the Jagua Bao watershed (Antonini and others 1974, 1975). The
CRIES project at Michigan State University (MSU) documeated changes in land cover in the Ocoa
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watershed with imagery from 1946, 1963 and 1983. At the Plan Sicrra agricultural research station in
San Jos€ de las Matas, imagery is available for reference purposes at scales of (1:20,000) and (1:24,000)
for the years 1946, 1963 and 1980. A growing inventory of acrial photography and other imagery
preseatly is being archived by the Center for Urban and Regional Studies (CEUR), housed within the
Catholic University in Santiago. Acrial photography and topographic maps also are available for
purchase from the National Cartographic Institute in Santo Domingo.

Measures of Population Pressure and Carrying Capacity

In 1966 an international symposium on population pressure on resources (PPR) was held,
where it was observed that little consensus existed regarding definition or measurement:

The beast we call PPR (population pressure on resources) is too large, ambiguous and

ambulatory to be simply catalogued. It is bigger than we suspected previously; it has too many

appendages, angles, and wrinkles for comfort, and it may travel in herds. We have succeeded
only in demonstrating that it is truly multidirectional, that it involves relationships among many
different sets of variables—ecological, social, technological, psychological, and historical It is
impossible to produce a simple, universal definition that subsumes all the many kinds of
pressure situations observed at different places and in different periods. But we are all

uneasily aware that it exists (Zelinsky and others 1970, 581-582).

Fortunately, despite its ambiguities the study of population pressure has continued to function as a
conceptual framework for population-resource relationships (Bernard 1977, 47). Moreover, regarding
carrying capacity measures, geographers now claim, "no other method so effectively assesses the
productive potential of the environment in relation to current and potential human uses” (Bernard,
Campbell and Thom 1989, 400). In part, this may largely be duc to the fact that "carrying capacity is
conceptually inscparable from deasity” (Igbozurike 1981, 147).

By definition, assessments of population pressure or calculations of carrying capacity require a
density measure of the relationship between people and a unit area of the land resource base that must
support them by providing subsistence. Population density is rather simply depicted based on the
formula (D = N/A), where D symbolizes the population density, N defines the population for the
designated time period and (A) represents the spatial dimeasion (Igbozurike 1981, 147). Population
data mathematically manipulated in this fashion arc then mapped, usually by the choropleth method.
This technique produces uscful but rather "crude density” representations because the technique
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assumes an (unrealistic) equal distribution of population throughout the unit arca mapped, which often
produces abrupt and artificial boundarics between data class intervals. "Surprisingly, this simple
expression of crude population density is clearly the most popular form in use in geographic,
demographic, and other literature, as well as atlases and wall maps® (Igbozurike 1981, 147). Attempts
to improve the technique for representing population density by dasymetric mapping were first
proposed by Wright in 1936, and although his method may still be criticized for giving greater emphasis
to arca rather than people, it has served "as a springboard for the emergence of a large group of density
measures referred to as physiological densities, or, less commonly, economic densities® (Igbozurike
1981, 147).

The conceptual basis for mapping human populations based on "physiological” rather than
"crude” density rests on the premise that more realistic measures of population pressure may only be
based on the land area upon which the population depends for food production. In this manner
population density is often a function of people to the unit arca of arable land that must support them
(Turner and others 1977). However, in a broader perspective,

these [physiological measures] relate population size to one or more resources, to the specific

portion of land or water in which the resources are located, to particular resource exploitation

systems, and even to degrees of success attained in resource utilization activitics as measured

by current standards of living (Igbozurike 1981, 147).

In the carly 1980s, major methodological improvements were introduced by Bernard and
Thom (1981) and recently reitcrated by Bernard, Campbell and Thom (1989), who assessed population
pressurc and carrying capacitics at the sub-district level in Kenya. They note, "examples at the sub-
provincial scale demonstrate that even using present crude ecological, land use, yield, price, and
demographic data, we can make meaningful estimates” (Bernard and Thom 1981, 338). These belicfs
were first supported by Porter (1970) based upon ficld research examining population pressure on
resources (PPR) in Machakos District, Keaya. The proposed calculations of minimum farm size (1) to
determine carrying capacity (2) and asscss population pressure on resources (3) are as follows:

S = ((f * pc) + rl) divided by (y * 5) (&)

where,

S = minimum farm size in ha necessary to sustain an



average houschold cach year.

y = average yield per ha of food crops in millions of
ies per annum,

pc = percent of calories derived from crops.

rf = total subsistence food crop requircment for an
average houschold in millions of kilocalories per
annum.

s = scason

rl = livestock requirement in ha per family.

C = (A-aw)divided by S )

where,

C = carrying capacity in number of houscholds

A = total arca of location in ha.

aw = area of location in ha neither suitable for

S = minimum farm size necessary to sustain an average
household (computed from first formula)

For the population pressure formulation (3), the actual number of houscholds is divided by the carrying
capacity (C). The resulting ratio is an cffective measure of population pressure on land resources, with
values over one indicating that the carrying capacity of the farming system in houscholds has been

exceeded; in contrast, values below one indicate that excess capacity remains. As a further refinement,

they note,

a spatially more explicit expression of these data required conversion of houscholds to persons
and computation of surplus and deficit densitics. The population pressure ratio provides a
comparative index of the degree of pressure over the study arca (Bernard and Thom 1981,
397)

An important contribution in their formulation lies in the fact that the carrying capacity model
may be based upon full and partial subsistence. For full subsistence an assumption is made that 100%
of "basic subsistence needs” are provided from the land available to each houschold. As this
assumption, in most cases, is not realistic and was a major criticism of earlier formulations, Bernard,
Campbell, and Thom have provided a partial subsistence option. As a result of ficld surveys, estimates
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for partial subsistence were obtained and averaged. For example, if average houscholds obtained
cighty percent (80%) subsistence needs locally and twenty percent (20%) from the market place then
tweaty percent (20%) of the land required for each houschold could be deducted from the minimum
farm size (variable S, Formula 1).

Notice also, that the (aw) variable (Formula 2) measures land not suitable for grazing or
cultivation. This measure accounts for land that is both physically and socially not suitable for
agricultural production. A change in the (aw) variable could also be an effective measure of
eavironmental degradation over time. Ultimately, a general lack of accessibility to land, on a per
houschold basis, could greatly affect the population pressure within an arca. Consequently, formulas
two and three above were employed in the case study of the Plan Sierra region of the Cordillera
Central, as a basis for determining "section"” level population pressure based upon the carrying capacity
of the traditional hillslope farming system.

The 1987 Plan Sierra Farm Household Sample

Houschold level data also were obtained in the areas of agriculture, demography, economics,
and education, by means of a sample survey. The conveation in survey rescarch has to this point been
to interview individual out-migrants at the destination in order to explain the migration process.
However, with this technique, much information about pre-cxisting socioeconomic and environmental
conditions in the rural source arcas, perhaps, pertaining to the causes of out-migration, is lost. In order
to acquire additional data for out-migration at the source, a procedure known as a "multiplicity design"
was used in this rescarch. Aragon (1984) notes how this technique probes mutual aid and survival

In this way it is possible to obtain data using multiplicity surveys with heads of households, who

can provide crucial information about the spatial mobility of their relatives, making possible

the reconstruction of part of the total flow to which the informants themselves belong. An
interview schedule was designed to 1) register a detailed migration history of heads of
bouscholds, and 2) document part of the migration history of their relatives (pareats, siblings,
spouse and children), from information provided by the head of houschold about the places of
birth and present residence of those relatives and their passage by the place of interview.

Once the information is processed, it will be possible to identify seven groups of individuals
related to the place of interview (Aragoa 1984, 1).
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The seven groups related to the place of interview are listed in Table (4.1). A more detailed discussion
of the utility of multiplicity survey designs is found in the Papers of the East-West Population Institute
(Goldstein and Goldstein 1981).

Guidelines for survey and questionnaire design, specifically related to agriculture and
migration in low-income countrics were obtained from a text published by the International Labour
Organization’s (ILO) World Employment Programme (Bilsborrow, Oberai and Standing 1984). The
authors recommend that new rescarch questionnaires be patterned after successful survey instruments
that have beea thoroughly ficld tested. Systematic areas of interest, for example agriculture, are
preseated as questionnaire modules with specific types of questions being grouped into "submodules.”
For the Plan Sicrra farm level survey instrument, an agriculture, houschold characteristics, and
migration module was designed, employing a select number of questionnaire "submodules” in modified
form (Appendix B).

Sample Survey Design

The Plan Sierra sub-region of the Cordillera Central, located in the upper drainage basin of
the Rio Yaque del Norte, scrves as the population (estimated universe of 105,000 in 1987) for this
sample. Within the Plan Sierra management project, political sections were ranked according to a
simple index of population pressure, often called "physiological population density” (Bernard and Thom
1981). From the rank ordering, three political sections were selected from each of following three
groups: less than average, average, and greater than average population pressure. In each of the
sample units, a systematic unaligned random sample was taken to minimize locational bias in the
sclection of farm houscholds. The sampling was based on the location of residential unit structures, as
initially identified on the most recent (1981) large scale census maps. Statistical sampling tables were
consulted to determine the number of respondents for cach sample unit. For example, at a selected
confidence level of ninety-five perceat, for cach political "section” a minimum of fifty houscholds were
sampled. This ensured that the critical number of houscholds, in this case 384, for the nincty-five and
five option was exceeded by sixty-six houscholds (Sheskin 1985, 35).
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Table 4.1
Seven Groups Obtained from the Multiplicity Survey

(Aragon 1984)
Direct Indirect
Migrant Groups Information  Information

(Houscholds)  (Relatives)

Born in houschold and X X



Methods of Analysis

This rescarch employs simple correlation and bivariate regression analysis to determine the
precise nature of the relationships under investigation. These quantitative methods were sclected
because they are both statistically powerful and appropriate for the analysis of ordinal and interval-
ratio data. The overall objectives of simple bivariate regression analysis can be summarized as follows:
(1) to determine whether or not a relationship exists between two variables, a criterion (dependent)
and predictor (independent) variable; (2) to describe the precise nature of the relationship, should one
exist, in the form of an equation; and (3) to assess the accuracy or degree of prediction of the equation
(Kachigan 1986).

In the first stage of quantification, the various data sets prepared for this rescarch were
subjected to a "univariate” analysis using commercial (SAS Version 5) statistical software. This routine
produces a multitude of diagnostic statistics for individual variables, including: sample n, mean,
standard deviation, skewness, kurtosis, etc. Histograms and normal probability plots provide for ample
assessment of data normality. Based on this evidence, base ten log transformations occasionally were
applied to sclected key variables. A large number of frequency distribution tables were produced from
the household questionnaire data.

Commercial (SAS) software also was employed to produce simple bivariate coefficients and
residuals, via the regression procedure. For cach regression equation, a scatter plot was generated to
verify the linearity or near-linearity of the relationship. Within the regression procedure,
supplementary "residual probability plots” and related statistics were evaluated to ensure that other
assumptions of the lincar regression model were upheld. To the best of my knowledge, all of the
various data sets both analyzed and discussed in the following chapter comply with the assumptions of
the lincar regression model: linearity, normality, means of conditional distributions are equal to zero,
homoscedascity, and lack of measurement error (Johnston 1978; Kachigan 1986; Poole and O’Farrell
1970).



Chapter Five

Results of Analysis, Part 1:
Population Pressure and Land Usage in the Cordillera Central

Introduction

This chapter begins with an overview of the major trends in population pressure and
deforestation observed on the "political section" scale. The time frame applied to this level of analysis
extends from 1960 (as the benchmark year for this study) until 1983, the most recent year for which
data are available for the entire Plan Sierra management area. A description of the contents and
findings of the 1987 farm houschold questionnaire follows, including a discussion of farm level trends in
population pressure, the intensity of innovation in agriculture, deforestation and land degradation. A
review of the results pertaining to the first two sets of rescarch hypotheses concludes the chapter.
Section and farm level trends in population redistribution are subsequently introduced in chapter six,
geacrating a consideration of migration subgroups: out-migrants, in-migrants, return migrants,
potential migrants and non-migrants. Chapter six continucs with a discussion of the results of the
quantitative analysis for the remaining four sets of hypotheses.
Assessment of Section Level Population Pressure

Measures of population pressure on maximum carrying capacity were determined for five
scparate years on the political section level. Three of the years, 1960, 1971 and 1981 represent data
from the Dominican national census; the third and fifth years (1977 and 1983) reflect data gathered for
special surveys conducted in the Plan Sierra management area. Carrying capacity and population
pressure measures are based upon the following: 1) the amount of arable land in each political section,
as determined by an international rescarch team under the auspices of the Dominican Department of
Agriculture (Grupo de Trabajo "La Sierra’ 1977); 2) a minimum farm size of eighty tarcas (five
hectares) necessary to support an average houschold size of six persoas (adults and children), based
upon the traditional hillslope farming system and environmental potential of the region (Grupo de
Trabajo "La Sierra’ 1977; Yunén 1986), and finally; 3) the actual number of persons and estimated
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number of houscholds recorded for cach of the sample years. Population pressure is measured as the
ratio of the number of households to the carrying capacity, expressed as 100% population supporting
capacity when converted to a percentage.

Despite significant amounts of international emigration and internal out-migration from the
Plan Sierra study arca, population pressure at the political section scale tends to increase gradually
from 1960 up to the year 1977. This trend is followed by a slight decline in mean population pressure
in 1981 and a return to the 1977 density levels by 1983. For example, starting in the year 1960, mean
population pressure stood at just below forty-five percent (44.1%) of carrying capacity, ranging from a
low of slightly below six percent (5.6%) to a high of 168.5%, indicating overpopulation in the political
Section Baitoa at the far castern end of the study area (Figure 5.1).

Essentially this pattern is duplicated in 1971, where the statistics range from a low of
approximately six percent (5.5%) to a high of 165.5% (Figure 5.2). Despite a minor decrease in the
maximum population pressure level recorded for Section Baitoa between these national census years,
mean section level population pressure increased to almost one-half (49.1%) of population supporting
capacity. By this date, two sections (Baitoa and Cebi) exhibit population densities over the 100%
threshold for carrying capacity. With the notable exception of Pedregal, there is a general trend toward
increasing density in most political sections. Six year later (1977) three political sections (Baitoa and
Cebil in the cast and Palmarejo in the west) reflect population densitics over 100% of carrying capacity,
and mean population pressure reaches its highest recorded level at just below fifty-five percent (54.6%)
of carrying capacity (Figure 53).

By 1981, population pressure ranged from a low of a fraction under seven perceat (6.8%) to a
noticeable high of 192.7% of carrying capacity (Baitoa) but with a slightly lower mean of just over fifty
percent (52.1%). In contrast, population pressure in Pedregal continued to decline, as well as several
isolated political sections, for example: Cebi, Cuesta Absjo, Guama, Palmarejo and El Rubio, which
had declined drastically (Figure 5.4). In 1983, population pressure on land resources ranged from a
new low of five percent (5.1%) to approximately the same high density as experienced in 1981, and the
mean population pressure rose to almost fifty-five perceat (54.2%) of carrying capacity. By 1983, three
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Figure 5.1

Population Pressure, Sierra Study Area, 1960
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Figure 5.2
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Figure 5.3
Population Pressure, Sierra Study Area, 1977
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Figure 5.4
Population Pressure, Sierra Study Area, 1981
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political sections (Baitoa, Mesctas and Sabana Iglesia) in the castern portion of the study area illustrate
population densities over 100% of population supporting capacity. In summary, between 1960 and
1983 mean levels of population pressure on the political section level rose approximately ten percent
(10%) while maximum population pressure levels for individual political sections rose about (25%)
tweaty-five percent.

A linear settlement pattern is commonly found in rural areas of the Dominican Republic,
where scttlement tends to take place initially along major transportation lines connecting villages and
cities and subsequently diffuses perpendicularly away from these lines of communication and transport
(Antonini and others 1975). This general pattern is reflected in the population pressure maps for the
above mentioned years. For example, high population densities are found in the political sections of
Baitoa, Sabana Iglesia, Mesetas, Cebd, Guama and Pedregal, which all contain portions of the main
road leading from the upper Cibao Valley to the nodal villages of Janico, in Section Mesctas, and San
Jos€ de las Matas in the Section of Pedregal.

Assessment of Deforestation in the Sierra, 1960 to 1980

The year 1960 scrves as the bascline for forest cover measures, also calculated on a political
section basis (Figure 5.5). At that time the Plan Sicrra study arca was largely forested with political
section level percentages ranging from a low of sixteen percent forest cover in Sabana Iglesia in the far
castern portion to over nincty-five percent (97%) forest cover in one of the far western sections
(Toma). A mean of seventy percent (70%) forest cover indicates that this arca was essentially a
forested frontier in 1960. For example, twenty-five out of thirty-two political sections demonstrate
forest cover over fifty percent (50%) of their surface area. In addition, the forest cover map for 1960
also denotes the traditional linear settlement process with the incipient diffusion of settlers into the
forested upland areas.

Agricultural scttiement over the tweaty year period, as reflected by deforestation, generally
has evolved in close proximity to lines of transportation and in a radial pattern from the larger
scttiecment nodes (Sabana Iglesia, J4nico and San José de las Matas), with the highest perceatages of
deforestation gradually advancing toward the periphery of the Plan Sierra study arca (Figure 5.6).
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Figure 5.5
Forest Cover, Sierra Study Area, 1960
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Figure 5.6
Forest Cover, Sierra Study Area, 1980
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Percentage forest cover change rates vary from under ten percent (Sabana Iglesia) in the casternmost
portion of the study area to slightly less than seventy-five percent (Rodeo) in the west (Figure 5.7), with
a mcan deforestation rate of thirty five percent (35%) since 1960.

Forest cover change rates in Plan Sierra also reflect a moderation of the deforestation process.
The 1971 census indicates that between 1960 to 1971 the castern two-thirds of the study region, an arca
including the municipios of J4nico and San José de las Matas, demonstrate a mean forest cover change
of (-21.24%), equal to (-1.94%) annually. Yecarly forest conversion rates range from a low of (+0.4%)
in Loma de Corral to (-6.2%) in Cucsta Abajo, revealing an exceptionally high rate of deforestation.
Average yearly forest conversion rates for the entire twenty year period (Table 1.3) also reflect slight
increases in forest cover (+0.4%) and a lower annual maximum deforestation rate (3.7%). The twenty
year average deforestation rate equals somewhat less than two percent (1.74%) per year, slightly lower
than previous readings.

Farm Level Trends in Population Pressure and Deforestation

In order to assess the lincar relationships between population pressure and deforestation,
farming system intensity, and land degradation on an individual houschold scale, the first portion
(module) of the questionnaire was designed to probe these themes. The survey instrument was
systematically administered to approximately 450 rural households. From this group, 435
questionnaires were found suitable for compilation and data processing. The principal farmer, the
individual who is responsible for most, if not all, farm managemeat decisions, was targeted as the main
respondent.

Population pressure was determined by first calculating carrying capacity on an individual farm
basis, assuming an average houschold size of six persons on an average farm size of cighty tarcas. The
value of 1333 tareas (.85 hectares) per person was compared to the actual ratio of farm size and
number of persons in the houschold. The Plan Sicrra farm sample revealed a mean population
pressure of (85.57%) cighty-six perceat of carrying capacity, indicating the average farmstead in the
samplc arca was somewhat below the theoretical supporting capacity. In 1987, farm level population
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pressurc ranged from a low of approximately (25%) tweaty-five perceat to a high of 250% of carrying
capacity.

The average farm in the Plan Sierra sample study arca contains a mean of eighty-two tarcas
(82.15) and ranges in size from two to 2000 tareas (.13 to 125 hectares). Generally, farm sizes less than
one-half hectare are referred to as “microfundios.” Most farmers (72.5%) claim to own their own land,
with the average farmer bolding title to approximately sixty five tarcas. Ownership ranges in size from
as little as two up to 2000 tareas. In addition, the average farmer rents almost sevea (6.9) tarcas from
other landholders, accounting for about cighteen perceat (18.3%) of the farmstead. The amount of
farmland rented ranged as high as 400 tarcas. Finally, a large amount of agricultural land is occupied
by some farmers, without legal title to ownership; this practice is frequently referred to as squatting,
and is becoming a serious problem in rural areas:

Problems in rural arcas have brought about an increase of squatters to both national and

private lands. While in 1979 there were only five invasions of private property, 30 invasions

had taken place in the first ninc months of 1980. Invasion of land is not a minor disorder, but
an organized confrontation involving hundreds of squatter familics; some 5000 peasant
houscholds were involved in 1980... If the preseat tread in land invasion continues, it will pose
scrious potential for political confrontation within Dominican society (Hartshorn and others

1981, 86).

In the case of the Plan Sicrra sample area, the average farmer illegally occupies a mean of slightly over
ten (10.15) tareas or a little more than nine percent of the area designated as farmland. The amount of
farmland occupied in this fashion ranges from none to as high as 1000 tareas (sixty-four hectares).

On the average farm in the Plan Sicrra sample study arca there were fifty-five (54.3) tarcas of
land in production in 1987, accounting for slightly more than seveaty-five percent of the average farm
size. Approximately twelve (11.98) tareas are used for crops, a little over forty (42.3) tareas, on
average, for grazing purposes and the balance of about thirty (28.34) tareas are in fallow. The average
annual production per tarca, measured in kilograms for both animal and crop production, is 963
kilograms (1502.28 kilograms per hectare); the upper limit of the range is 3,746.2 kilograms per tarea
(58,440.72 kilograms per hectare). The average farm houschold derives about cighty-six perceat of its
subsistence food consumption from the farm.
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Of the three gencral classes of farmland in Plan Sierra, slope, ravine and flat, most (69.36%)
of the food production takes place on the “loma” or slope land. The average farm contains a mean of
slightly over sixty-five (65.24) tareas in this class. The second category, lands in ravines, account for
slightly more than nine perceat of the farmland and average somewhat less than five (4.56) tareas per
farm. Lastly, the highly desired "flat" lands comprise a little more than twenty percent of the arable
land in this arca and average slightly more than twelve tarcas per farm. Antonini observes:

Dominican farmers generally classify land into three categorics: "haida,” sometimes referred to

as "lo pendiente,” are hill slopes; "hoya" refers literally to hollows or intervales; and “llanos,”

plains. "Haida" lands are of less poteatial agricultural value and warrant no additional clearing
aside from occasional weeding during the cultivation period. Higher valued "hoya" and “llanos”
may provide the added incentive to complete land clearance by removing tree stumps and
roots, but at times even "llanos" sites remain unimproved. Though the majority of peasants
use hand tools such as the machete, hoe, axc and digging stick, onc may occasionally sce ox-

drawn plows being used on higher valued lands (Antonini 1971, 3).

Principal farmers were asked to estimate the average amount of new land (forested) put into
production each year. Farm level forest conversion ranged from no new lands cleared to a high of 150
tarcas; mean farm level deforestation registered slightly more than one-half hectare or about nine
tarcas annually. This value represents a significant decrease in the annual rate of forest conversion for
agriculture from the carly 1970s, estimated by Werge (1974) at twenty tareas per year for the
traditional hillslope farming system in the Sierra. Forests are converted by traditional methods; for
cxample, over forty percent of the farmers (41.0%) practice slash-and-burn using a machete to clear
the land. A larger majority (57.6%) claim to use a combination of oxen and machetes. A few (1.4%)
have access to tractors and modern machinery for clearing the land of trees.

The principal farmers were asked to evaluate whether or not their individual rates of forest
coaversion had increased or decreased over the past tea years. The majority (45.8%) indicate that no
change has taken place in their pattern of farm level deforestation. A few farmers report slight
increases in their practices of forest conversion (11.5%) and even fewer (8.7%) report that
deforestation had substantially increased. Larger numbers of farmers indicate that their forest
coaversion behavior reflects slight and substantial decreases, (17.4%) and (16.5%) respectively, since
1977. Two conclusions may be drawn from these responses, cither farmers generally are under
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reporting the amount of new forest land cleared each year or farm level rates of deforestation
decreased rapidly from the carly to the late 1970s with declining forest cover itself.

Principal farmers were asked to estimate the average annual amount of arable and grazing
land lost from production as a result of environmental degradation. The purpose was to obtain a
simple ficld measure both defined by, and meaningful to, the person most affected by land degradation:

Such simple ficld measures will never be fully respectable amongst the more technologically

minded of the scientific fraternity, and quite valid criticisms can be made of the accuracy of

measurements so obtained. However, the very strength of ficld measurements lies in the

possibility of taking large numbers of them cheaply, with only semi-skilled technical assistance,
and giving results that are probably more meaningful and visually impressive to the farmer and
the extension worker than some super-sophisticated experimental facility at a distant research
station. There would appear to be a lot of scope for developmeat in this area of measurement
of land degradation because increasingly it is the user of the land who must be convinced that

degradation is a problem (Stocking 1987, 57).

The average farmer claims to be losing approximately two tareas (mean of 1.95 tareas) of land from
production each year as a consequence of deteriorating soil conditions. This equates to about three
perceat of the farmstead being lost from food production annually. When asked about specific reasons
for the changes in land use, over a third cited problems with poor soils (33.7%). Almost ten percent
offered that the land was no longer productive. Moreover, over two-thirds (69.3%) of the principal
farmers claimed that their neighbors are losing land from production for like reasons. Similar
observations were made in the carly 1980s, where:

With his rudimentary technology the small farmer is forced to extract as much as possible

from his land; this can easily lead to overutilization and soil degradation and as soils

deteriorate productivity decreases. The rudimentary technology the peasants use does not
necessarily lead to deterioration of the soil and/or other natural resources. The regions where
peasant technology is causing the greatest ecological damage are the steep slopes of the

Cordillera Central unsuitable for scasonal crops, particularly beans. Even if a pcasant is in a

position to take soil conservation measures, his individual effort is lost when the problems are

widespread and affect whole regions (Hartshorn and others 1981, 86).

Most farmers (85.4%) in the Plan Sierra study arca agree that, overall, the environmental
conditions for agriculture have deteriorated since 1977. The majority (48.2%) respond that the
conditions for agriculture have deteriorated considerably, while others (37.2%) support the contention
that conditions have deteriorated to some degree. Less than five percent (4.6%) indicate there has

been no change in the conditions for agriculture. Approximately ten percent belicved the conditions in
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1987 were more conducive to agriculture, with a very small percent (2.8%) belicving that conditions
had improved considerably. These more optimistic assessments, perhaps, reflect the successes of Plan
Sicrra so0il conservation programs.

Regarding specific reasons for the deteriorating conditions, almost two-thirds (61.7%) of the
principal farmers cite the incipient drought as the source of their ecological problems. Although
meteorological data do not support, as yet, that climatic conditions are significantly drier than tweaty or
thirty years ago, the physical absence of trees makes conditions appear drier. Most small farmers
gencrally are unaware of the role that trees play in the hydrologic cycle. Nevertheless, over twenty
percent (21.1%) realistically believe that the land is over worked, and almost ten perceat single out
rapid deforestation as the cause for the major soil loss and their erosion problems.

There appears to be a wide range of opinion among principal farmers regarding change in the
condition of the forest over the period from 1977 to 1987. One-third (33.3%) express the opinion that
the condition of the forest has deteriorated to a large degree; an additional (28.7%) offer that the
forests have deteriorated at least some. Less than tea percent believe there has been no change.
Slightly more than twenty percent (21.3%) indicate that the condition of the forest has improved
somewhat, and about cight percent (7.6%) argue that conditions have largely improved during the
decade in question. These more optimistic assessments most likely reflect the minor successes of
reforestation projects within the Plan Sicrra management arca and major efforts outside of the
management area, especially along the major highway between the cities of La Vega and Santo
Domingo.

Principal farmers were asked a number of specific questions pertaining to agricultural
intensification. In order to place intensification within the conceptual framework of the small-scale
agriculturalist of the Sicrra, the basic farm unit must first be identified:

The “parcela,” a slash-and-burn farm [field] formerly called a “conuco,” serves as the basic

agricultural production unit for most Dominican peasants. Varying widely but geaerally

approximating six "tareas,” this unit provides the basis for family subsistence and supplics an
additional cash income accrued from scasonal cash crop sales. The peasant farms his "parcela”

using simple hand tools and employing agricultural practices learned from his forefathers
(Antonini 1971, 3).
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The most obvious traditional measure of intensity reflects the frequency with which ficlds are allowed
to rest in fallow. Antonini found,

Land rotation is practiced throughout the northwest. The peasant gauges the tillage period by
physical site characteristics. Thus "parcelas” [individual ficld plots] located in the "haida" are
cultivated solely for one year and then placed in fallow for five to eight years. During this
latter period, the forest is allowed to regenerate. "Hoya" and "llanos” sites are often treated
similarly-—-cultivated for two to three years and then planted in guinea or pangola grass and
used as pasture for two to four years (Antonini 1971, 4).

Werge (1974) found the average small farmer maintains five or six "parcelas” in rotation each year, in
addition to a large amount of land in pasture, where:

The Dominican farmer has a wide variety but a small number of animals. Most are
unimproved breeds. Two distinct classes are noted: "patio,” yard animals; and the "potrero® or
pastured stock. On the average farm, yard animals include chickens, a few turkeys, ducks and
perhaps a sow and a pair of suckling pigs. The fowl are raised as scavengers within the
farmhouse yard and pigs are kept in nearby sites. A limited amount of corn, cassava and sweet
potatoes in addition to the kitchen refuse are used for animal feed. Cattle, horses and doakeys
are restricted to small pastures which may be seeded in guinca grass but often are
unimproved. These animals together with goats are also placed in abandoned and worked-out
"parcelas” and permitted to graze. The land rotation system associated with slash-and-burn

agriculture gives the Dominican farmer ample opportunity to shift grazing arcas just as he
staggers farm production from field to ficld (Antonini 1971, 7).

Furthermore, during the agricultural year the farmer exploits an equal amount of old land as new land
put into food production. As the fallow time for the individual ficld plots is alternated, they produce
enough to satisfy the various subsistence needs of the farm houschold. For example, the "parcelas”
from last year produce "yuca" and "yautia” while those that are several years old produce (guineos)
bananas and (platanos) cooking bananas. The ficld plots used most intensively are those closest to the
bouschold, producing potatoes. By working these parcelas and planting as many fruits as possible, the
small farmer minimizes the risk of crop failure (Werge 1974, 54-55). Finally, however, Antoaini
cautions:
The Dominican peasant faces the challenge of carning a livelihood burdened with archaic
farming practices that retard any type of large-scale increase in farm production. A rapidly
expanding population has increased pressure on the land, necessitating a changeover from
extensive slash-and-burn agriculture to more intensive cultivation. The preseat day tendeacy

to shift to growing cash crops and purchase staple food commodities has made the peasant

increasingly dependent on the complex price-market structure of such fluctuating demand
items as tobacco (Antonini 1971, 9).
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The large number of farmers in the Plan Sierra sample arca (40.6%) admitted their ficlds are
in a fallow state for periods less than one year; reflecting a high level of land use and labor intensity.
An additional number (28.7%) indicate that their ficlds are rotated in a fallow state for periods greater
than a year but less than two years. Almost tweaty-five percent indicate that a "bush fallow” system is
in place, where fields lic in fallow from two to four years. A few farmers claimed to have longer fallow
lengths of from five to scven years (4.4%) and cight to twelve years (2.5%), approaching the traditional
forest fallow system of extensive "slash and burn” agriculture, as described above. It appears that the
fallow lengths observed and described in the early 1970s, especially the rotation cycles practiced on
mountain slopes, were no longer maintained by Plan Sicrra farmers in the late 1980s. Perhaps, this
partially accounts for the relatively high rates of farm level land degradation.

However, most principal farmers (40.6%) believe that fallowing practices have not changed
over the decade since 1977. Almost equal numbers of farmers indicate that fallow lengths have either
increased or decreased. For example, roughly tweaty-five percent claim fallow lengths have increased;
almost sixteen (15.8%) percent say that fallow lengths increased a little and somewhat more than ten
percent (10.6%) say fallow lengths increased a lot. On the other hand, over thirty percent designate
that fallow cycles are decreasing; almost sixteen (15.8%) percent say fallow periods are decreasing a
little and fifteen percent (15.1%) say fallow periods are decreasing a lot.

The majority of the farmers in the Plan Sierra sample study area are not using most of the
modern food production technology that is available. For example, almost ninety-five percent (94.7%)
sampled indicate a dependence upon rainfall for their crops. The farmers who use irrigation
techniques gencrally pump water to the fields through pipes (2.5%) or use a variety of other strategies.
Almost thirty percent (29.8%) of the farmers sampled said they had used chemical fertilizers over the
preceding twelve moaths.

Most Dominican farmers, moreover, have not invested in major land improvemeats. Slightly
over ninety percent (90.4%) admit they do not attempt to level their land prior to cultivation. An even
higher percentage (91.1%) do not use terracing for erosion coatrol, however, a little more than half
(56.2%) plant trees in groups to function as soil anchors, thereby reducing erosion. Roughly
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tweaty-five percent of the farmers reveal they use some specially treated seed (20.4%) with a few
(6.6%) indicating their frequent use. A number of institutional factors may help to explain the
apparently slow rate of technological intensification:
The small farmer still relics on rudimentary agricultural technology. He uses basic tools and
little if any mechanization or fertilizer. In the Dominican Republic fertilizers are used
primarily by the cash crop export sector. At the same time several studies have shown a
positive and open attitude of small farmers to modern technology, including fertilizer, but they
do not use it because they can not afford it. Loaning institutions gencrally consider the small
farmers a risky credit subject; hence they have a hard time acquiring credit for production
(Hartshorn and others 1981, 85).
Resolution of Hypotheses 1A - 2B
-According to conventional population-cconomic theory, deforestation, in order to convert new
land into food production, is considered the primary social response to increasing population pressure
on carrying capacity. However, the precise nature of the relationship between population pressure and
deforestation generally is unknown or largely misunderstood. Moreover, competing theories in the
population litcrature alone propose alternate social respoases to pervasive population pressure,
irrespective of deforestation. This dissertation will contribute to population-economic and people-
environment theory by explaining the nature of this relationship within a case study from the
Dominican Republic. For example, as the Plan Sierra region of the Cordillera Central is commoaly
cited for both accelerated rates of deforestation and high levels of population pressure, it is logical to
predict a positive linear relationship between these variables. Regardless, null hypothesis (1A) takes
the following form:

Ho, there is no linear relationship between the variation in corresponding values of population
pressure and forest conversion. Hence, regression coefficient (b = 0.0) is equal to zero.

The alternative hypothesis counters:
H], there is a positive lincar relationship between the variation in corresponding values of
population pressure and forest conversion. Hence, deforestation depends directly upon
population pressure, therefore regression coefficient (b > 0.0) is greater than zero.

The significance or rejection level for the pair of hypotheses was predetermined at ninety-five percent

(95%).
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At the "political section" scale, the lowest sub-level below the “provincia® for which published
census data are gencrally available, a small series of statistics were compiled to define the nature of the
linear relationship between changes in population pressure and forest cover from 1960 to 1980.
Political "section” level population pressure is defined as the ratio of the number of farm houscholds
(based on a constant of 5.95 persons per houschold) to the maximum houschold carrying capacity,
calculated for the years 1960, 1971, 1981, and standardized as a percent (PR1960, PR1971, PR1980).
For example, the variable PR1960 defines section level variation in population pressure for the year
1960, measured as a perceatage of maximum houschold carrying capacity. Therefore, seveaty-five
percent population pressure indicates that a section has a density value equal to three-quarters its of
theoretical capacity. Next, a related set of variables measure the variation in population pressure over
the time frames 1960 to 1971 (CH6071), 1971 to 1981 (CH7181), and 1960 to 1981 (CH6081). For
example, the variable CH6081 defines section level variation in the percentage change in population
pressure density over the tweaty-one year time period from 1960 to 1981.

Likewise, standardized forest cover measures oa the political section level were arrayed for the
years 1960, 1971 and 1980 (FOC60, FOCT1, FOC80). Forest cover estimates for the years 1960 and
1980 were determined by planimetric methods based upon existing forest-land cover maps (Gielfus
1982), supplemented with photo interpretation. Forest cover statistics for the year 1971 also were
obtained from the agricultural census (Dominican Republic 1975). For each of the years, the
measured amount of forest cover was estimated in hectares and recorded as a percentage of the total
surface arca in each political section. In addition, a related set of variables measures the perceatage
change in forest cover for the following time frames: 1960 to 1971 (CVCH6071); 1971 to 1981
(CVCH7180); and 1960 to 1980 (CVCHG080).

Results of simple bivariate regression analysis establish a weak positive relationship between
population pressure and rates of deforestation on the political section scale (HYP. 1A Eq. 1, Table
5.1). An cquation that probes variation in the lincar relationship betweea the key variables over the
tweaty year time frame produces a significant (.0216) moderately weak positive relationship (r = 359)
between the predictor variable (CH6081) and the criterion variable measuring deforestation
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(CVCH6080). In this instance, the regression cocfficient (b = .48) is greater than zero with a
significant t-test value (t = 2.11). However, the adjusted r square value of (.100) indicates that oaly ten
percent of the variation in deforestation is explained by increases in population pressure on the
“political section” scale.

This disscrtation also contributes to existing population-cconomic theory by defining the
nature of the relationship between population pressure and deforestation at the farm houschold level.
According to Brookfield and Blaikie (1987), compreheasion of the social aspects of these processes and
their linkages with higher managemeat levels must be made at the individual farm (decision making)
scale as a result of broad based case studies. Therefore, average yearly farm level rates of
deforestation (TCLRD = number of forested tarcas cleared) are determined from the responses of
principal farmers, based on forest clearing practices since 1977. In order to compeasate for variation in
farm size, the yearly average number of tareas deforested is compared with the actual farm size and
standardized as a percent (PTCLRD = percent forested tarcas cleared). As noted carlier, all variables
werembjected.toa'univaﬁate'nnalysisinordcrtomthcdisuibuﬁon(nocmality)ofdatavalues.
Variables that exhibited a skewed distribution, based upon a probability plot, were transformed prior to
further statistical analysis. Typically, a base ten log transformation was executed to normalize the
variable, therefore (LPTCLRD = log of percent forested tareas cleared).

Building on the methodology established by Bernard, Campbell and Thom (1981; 1989), the
following new social measure is proposed, where farm level population pressure (FPPR87) is defined
as the ratio of the actual farm level physiological density to the houschold carrying capacity. Assuming
a minimum farm size of cighty tarcas, based on the traditional hillslope farming system in the Plan
Sierra region, and an average houschold size of six persons, the constant of (13.333) tareas is produced,
which defines the minimum subsistence arca per person. To determine the carrying capacity of the
houschold, the actual farm size is divided by the theoretical subsistence density per person. The farm
level population pressure ratio is calculated by dividing the actual household size in tareas by the
carrying capacity, as indicated in the following formula:

FPPRS87 = houschold /(farm size/13.333) @
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A base-ten log transformation was required to correct for (normalize) positive skewness in the derived
data values.

Simple bivariate regression analysis confirms a moderately strong positive relationship
(r = .721) between Base 10 log measures of farm level population pressure (LFPPR87) and the rate of
deforestation (LPTCLRD). The statistics for the entire farm sample, significant at the (.0001) level
indicate that the regression cocfficient (b = .604) is greater than zero with a high t-test value
(t = 18.766). Moreover, the coefficient of determination (r square = .520) reveals that approximately
fifty two perceat of the variation in the log value of forest conversion is explained by the log value of a
ncw farm level measure of population pressure (HYP. 1A Eq. 2, Table 5.1). In order to assess the
effect of farm size on the key variables, the entire houschold sample was partitioned into three groups.
Large farms are defined as those operations larger than 200 tareas up to 2000 tarcas while medium
sized farms range from greater than cighty tareas up to 200 tarcas. The smallest of these size
groupings, farms that range from a minimum of two up to eighty tareas, produces a significant
correlation coefficient of (r = .529) at the (.0001) level (HYP. 1A Eq. 3, Table 5.1). In this case, about
tweaty-cight percent of the variation in deforestation is explained by farm level population pressure,
with a fairly large sub-sample (n = 233). In addition, the regression cocfficient (b = .256) also is
greater than zero with a significant t-test value (t = 9.57). The regression coefficicats alonc suggest
that the strength of the positive relationship between population pressure and rates of deforestation
should increase with farm size. However, no meaningful results were realized for the medium and
large farm groupe at the required coafidence level. This may be attributed to the comparatively low
sub-sample sizes, at (n = 57) and (n = 31) respectively. Nevertheless, significant results provide
convincing evidence for a moderately strong positive relationship between population pressure and
deforestation, including rural houscholds containing less than the traditional minimum farm size of
cighty tarcas required for subsistence.

According to conveational population-economic theory, both forest cover and the amount of
fallow land vary in response to increases in population pressure. These changes were documented in
the farm houschold questionnaire in order to create a new variable measure, the deforestation-fallow
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ratio (TDEFALS7). This statistic is defincd as the ratio of the number of tareas cleared (TCLRD) to
the number of tareas in fallow (TFALLOW). Conceptually, a value close to zero indicates a traditional
forest fallow farming system, where there is a relatively small amount of forest land being cleared
compared to a large amount of land in long term fallow. A computed value of one indicates that an
equal amount of arca on the various farm parcels is being used for cach purpose. Values greater than
one signal that rapid deforestation is taking place and the amount of long term fallow land is rapidly
decreasing. This variable relates to the crop-fallow ratio as first proposed by Boserup (1965) but, by
definition, is more sensitive to changes in forest cover. This is an important measure conceptually
because it is not influenced by variation in farm size.

A positive relationship is predicted between farm level population pressure and the
deforestation-fallow ratio. Under social conditions of low population pressure one would expect to see
relatively small amounts of forested land being cleared and large amounts of land in fallow. As
population pressure increases, deforestation will accelerate and land area in fallow will decline.
Results of simple bivariate regression analysis (r = .546), confirm a moderately strong positive
relationship between these variables, significant at the (.0001) for the entire farm houschold sample
(HYP 1A Eq. 4, Table 5.1). In this instance, the regression cocfficient is greater than zero (b = .601)
with a significant t-test value (t = 7.90). This dissertation also provides meaningful evidence on the
individual farm level that increases in population pressure have the effect of decreasing the
deforestation-fallow ratio. Conscquently, based on the above results, the null hypothesis of *no
relationship® between population pressure and deforestation should be rejected and the alternative
hypothesis (H1) accepted at the (.05) level of significance.

Lincar regression analysis employing national level data for a select group of developing
countries already supports a strong positive relationship between population growth and deforestation
(Allen and Barnes 1985). This rescarch demonstrates that the lincar relationship also holds on the
farm houschold scale. On the "political section" level, however, results confirm a weak positive
relationship between changes in population pressure and rates of deforestation over a tweaty year time
frame. This may be the result of measuremeat error in determining cither population pressure or
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forest cover change at this scale. For example, the reliability of the forest cover statistics from the 1971
Dominican agricultural census are questionable (Larson 1986).

Perhaps a series of static forest cover estimates (examined over time as a surrogate measure of
deforestation) may also be significantly related with variation in population pressure. This related
rescarch question (1A*) requires the formulation of new hypotheses, as follows:

Ho, there is no lincar relationship between the variation in corresponding values of population
pressure and forest cover. Hence, the regression coefficient (b = 0.0) is equal to zero.

The alternative hypothesis counters:

H1, there is an inverse linear relationship between the variation in corresponding

values of population pressure and forest cover. Hence, changes in forest cover

depends inversely upon population pressure therefore the regression coefficient

(b < 0.0) is less than zero.
The key variables, as defined above, for the small series of data on the political section level are
employed. They include standardized forest cover measures for the years 1960, 1971, and 1980
(FOC60, FOC71, FOC80) and standardized measures of population pressure (PR1960, PR1971,
PR1981).

The results of simple bivariate regression analysis reveal a highly significant relationship for
cach of the years in question. Starting with the base year 1960, a negative regression cocfficient
(b = -.690) establishes that (b) is less than zero, with a significant t-test value (t = -.7.06). A
correlation cocfficient of (r = -.782) establishes a strong inverse relationship between population
pressure and forest cover; in this case high values of population pressure are spatially associated with
low forest cover values. The square of the correlation coefficient (r square = .612) indicates that sixty-
one (61%) percent of the variation in the criterion variable (forest cover) is explained by the variation
in the predictor variable (population pressure). From the equation (HYP 1A*1 Eq. 1, Table 5.1), we
find that for every onc percent increase in population pressure there is an associated decrease of over
onc-half of one percent forest cover. The intercept value (97.3) indicates the percentage of forest cover
we would expect to see, in 1960, if population pressure were zero (Johnston 1978, 28). Zero population
pressurc would indicate that the political section was an unpopulated froatier.
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A map of the standardized residuals from the regression equation (Figure 5.8) indicates that
forest cover was largely under-predicted in the highly populated Section of Sabana Iglesia (containing
the city of Sabana Iglesia) and in the centrally located Section of Yerba Buena, which contains the
village of San Jos de las Matas. Forest cover was considerably over-predicted in the castern Section of
Guama and western Section of Rodeo, where both political scctions were largely forested in 1960.
Minor over-predictions of forest cover were seen in the western Sections of Palmarejo and El Cacique,
and in the ceatrally located Section of Las Picdras. In general, the regression model over-estimates
forest cover in select political sections near nodes of concentrated village scttlements, like, San Jos€ de
las Matas and Sabana Iglesia. On the other hand, the regression model is under-cstimating forest
cover in scveral "sections” already identificd as the forested frontier. The Section of Guama is
especially noteworthy, still cighty percent forested and near to the evolving cast-west lincar settlement
pattern, it clearly was an important incipient froatier destination in 1960.

Similar results were obtained for the years 1971 and 1980, where in 1971, a strong inverse
relationship between population pressure and forest cover is indicated by a negative regression
cocfficicnt (b = -.480) again significant at the (.0001) level with a t-test value of (t = -5.48). In
addition, a correlation coefficient of (r = -.720) also reveals a moderately strong inverse relationship
(HYP. 1A*1 Eq. 2, Table 5.1). In this case, the square of the correlation cocfficient (r square = 518)
drops somewhat to the point where approximately fifty-two (52%) percent of the variation in the
criterion variable is explained by the predictor variable (population pressure). By<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>