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ABSTRACT

SUSTAINABLE AGRICULTURE AND DEFORESTATION
IN THE PERUVIAN AMAZON

By

David Russell Yanggen

Agriculture accounts for over 80% of deforestation in the Peruvian Amazon.
However, agriculture in the region is not monolithic in nature. Farmers produce different
products and use different production technologies. This thesis analyzes how different
agricultural technologies and outputs affect deforestation.

This thesis uses econometric modeling based on a profit function approach to
E VAL IRY

R

A an:;iyze the relationship between agriculture and deforestatioxf There are two levels to
this analysis. The first level analyzes the relationship between agricultural production
determinants (prices and fixed factors) and farmers’ choices concérning production
technologies and agricultural outputs. These econometric models use the methods of
ordinary least squares (OLS) and seemingly unrelated regression equations (SURE). The
second level analyzes how these input and output decisions affect deforestation. These
models are generally recursive in nature but use a two stage least squares approach to
correct for simultaneity when detected by the Hausman specification test.

This thesis found that in an environment where land is abundant relative to labor,
farmer adoption of technologies that enhance land productivity is dependent upon
whether or not these technologies increase returns to labor. The design and promotion of
improved technologies should therefore focus on combining enhanced land productivity

with increasing returns to labor. However, if increased returns to labor are primarily a






result of decreasing per hectare labor requirements, then freed up labor is likely to
increase deforestationﬁt is therefore necessary to find production practices that “absorb”
labor away from deforestation by increasing labor requirements per hectare while at the
same time increasing returns to labor.

This thesis also found that the use of capital inputs that increase land productivity
diminishes farmer clearing of primary fores(.;;he difficulty is that in most cases of
abundant land and scarce capital it is more economical for farmers to use extensive slash-
and-burn practices than to adopt these inpu.té%‘,?{esearch should therefore give priority to
using economic analysis to identify crop and capital input combinations that are both
affordable and profitable for farmers. In addition, capital in the form of credit was found
to have a significant impact (both positive and negative) on forest clearing. Credit should
therefore be tied to production practices that reduce deforestation.

This research also found that agricultural production practices can have different
impacts on different types of deforestation (total, primary and secondary forest clearing).
It is therefore critical for research to take a disaggregated approach to analyzing the
impacts of agricultural on deforestation.

A final finding of this research is a clear evolutionary trend in land use patterns.
Farmers start out clearing primary forest for annual crop production at the forest margins.

In older settlement areas farmers progressively reduce annual crop production and clear

degraded land in secondary forest areas for ranching.
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INTRODUCTION

1. Introduction

This dissertation research is part of the Alternatives to Slash and Burn (ASB)
initiative of the Consultative Group of International Agricultural Research (CGIAR)
centers. Components of this initiative have taken place in various countries of Latin
America, Africa, and Asia. The purpose of this research effort is to find economically and
environmentally sustainable alternatives to the ecologically destructive practice of slash-
and-burn agriculture in the world’s humid tropical rainforests. Research results from each
site are pooled together to identify general trends concerning the impact of agriculture on
deforestation. This particular research took place in the lowland Amazon rainforest of
Peru in the zone surrounding the city of Pucallpa. The International Center for Research
in Agroforestry (ICRAF) was the principal sponsor providing financial and logistical
support including office facilities at the Ecoregional Center in Pucallpa.
2. Overview of Dissertation

This thesis provides a case study analysis of the impact of agriculture on
deforestation in the tropical rainforest environment surrounding Pucallpa Peru.
Agriculture accounts for over 80% of deforestation in the Peruvian Amazon. The
predominant agricultural production practice there is slash-and-burn agriculture. This
involves felling and burning an area of rainforest. Ashes provide a brief flush of nutrients
for crops planted by farmers. But infertile tropical soils cause farmers to abandon parcels
after just 1-2 years of cultivation. They then repeat the cycle of slashing and burning a

new area of forest (often fallow areas of secondary forest regrowth) to cultivate a new
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parcel. This continual shifting of areas in cultivation into areas of forest is what makes
slash-and-burn agriculture so ecologically destructive.

However, agriculture in the zone of Pucallpa is not monolithic in nature. Farmers
produce different products and use different production technologies. This thesis analyzes
how different agricultural technologies and outputs affect deforestation.

Taking a step further back, it is also necessary to understand the determinants of
farmer decisions about different outputs and inputs. In order to do so, this research uses a
profit function approach. Profits are defined as follows:

(1) T =Ppq - WX

where p is a vector of prices for outputs, q is a vector of outputs produced by the farmer,
w is a vector of input prices, and x is a vector of inputs. This approach allows the
identification of the optimal levels of input use and output production defined as follows:
(2) q*=flp,w,2)

3) x*=flp,w,2)

where z is a vector of fixed input factors (e.g., soil type, tenure security, education, etc.).

In sum, there are two levels to this analysis. First there is the causal relationship
between production determinants (prices and fixed factors) and farmers’ choices of
production technologies used and agricultural outputs produced. Next, there is the causal
relationship between these input and output decisions and their impact on deforestation.
These relationships are outlined in the schema represented in figure 1.

As represented in this diagram, agricultural production decisions about input use
and output production are the immediate causes of deforestation. Decisions, for example,

to plant more annual crops or to use fertilizers (which may allow greater reuse of
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previously cleared land) are what directly lead a farmer to decide to clear (or not) more

forest area. Production determinants such as a change in prices or variations in soil

Figure 1: Causal relationships leading to deforestation.

quality do not directly cause deforestation. Rather, they lead to changes in production
decisions that in turn are the immediate causes of deforestation. These production
determinants are therefore indirect causes of deforestation. This conceptualization lays
the basis for a more coherent and rigorous analysis of the relationship between
agriculture and deforestation.

The principal methodological tool of this dissertation is econometric analysis. The
use of two sets of regression equations reflects the two levels of analysis described above.
In the first set of regressions models, production determinants (independent variables)
lead to farmer’s decisions concerning input use and output production (dependent
variables). The second set of regression models uses farmers’ input and output choices as
independent variables that lead to deforestation, the dependent variable. The structure of
this analysis permits a linkage from production determinants to production decisions

through to the final deforestation outcome.
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This dissertation, however, does not rely on regression analysis alone. Extensive
use of descriptive statistics (e.g., the evolution of land use patterns over time, the returns
to land and labor of various production activities, and the costs and benefits of production
technologies) gives further insights into the relationship between agriculture and
deforestation. And, of course, logical argumentation based on a knowledge of economic
theory and agricultural processes is also incorporated.

3. Thesis Structure

The thesis begins with this introduction. This introduction provides a brief
overview of the dissertation’s objectives, methodology, and content. Three essays in a
journal article format then follow. The three essays are entitled as follows: “A
Household-Level Analysis of the Impact of Agriculture on Deforestation in the Peruvian
Amazon”, “Kudzu-Improved Fallows in the Peruvian Amazon: A Case Study of the
Impact of Technological Change on Deforestation”, and “The Adoption of Improved
Pastures and their Impact on Deforestation in the Peruvian Amazon”. A concluding
section synthesizes the key findings and lessons learned from this research. An appendix
section includes material such as the survey instrument, supplementary information
concerning the regression analysis, and a map of the zone.

The first essay, “A Household-Level Analysis of the Impact of Agriculture on
Deforestation in the Peruvian Amazon”, is the overview piece of the dissertation. It
analyzes the determinants of input use and output production and, in turn, the impact of
these production decisions on deforestation. The five input/technologies looked at are
improved fallows, improved pastures, natural pastures, hired labor, and capital inputs.

These are the most common production inputs and technologies used in the zone. Outputs
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are grouped into the three major production categories found in the zone: annuals,
perennials and livestock.

This dissertation also divides deforestation into three categories: primary forest,
secondary forest, and total forest. Primary forests are areas that have never been felled
(although in many cases have been selectively logged), secondary forests are areas of
primary forest that have been cleared and have regenerated into forests, and total forest is
the combination of primary and secondary forest. Deforestation is defined as the hectares
of each type of forest felled by a farm household in 1998.

The second essay, “Kudzu-Improved Fallows in the Peruvian Amazon: A Case
Study of the Impact of Technological Change on Deforestation”, and the third essay,
“The Adoption of Improved Pastures and their Impact on Deforestation in the Peruvian
Amazon”, are both case studies of improved technologies that farmers have widely
adopted in the Pucallpa zone. National and international agricultural research centers
have had limited success in promoting the improved technologies they have developed
for the zone. The focus of these two essays is therefore on understanding i.) the factors
that have led to the successful adoption of these two technologies and ii.) the impact
these two technologies have had on deforestation. A better understanding of these two
questions can provide impprtant insights for the development of sustainable technologies
and the design of policies to promote these technologies.

4. Thesis Data

Virtually all the data used in this thesis is primary data collected by the author in

three household surveys. A general survey of the socio-economic characteristics and

production practices (including deforestation) of 220 households provide the data for the
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econometric analysis. Two mini-surveys concerning the use of kudzu-improved fallows
(n=24) and brachiaria-improved pastures (n=38) provide information on the costs and
benefits of these technologies. The general survey took place in the zone surrounding the
city of Pucallpa. This included a stratified sample of farm households based on .their
distance to Pucallpa and their type of infrastructure access. Farm households were
sampled along the main paved highway, along the three principal secondary gravel roads,
along numerous dirt feeder roads, and along the three principal rivers in the zone.
S. Summary

This research is part of a global initiative that seeks to identify sustainable

alternatives to the environmentally destructive practice of slash-and-burn
agriculture. This research analyzes the determinants of agricultural proc'iuction practices
in the Peruvian Amazon and, in turn, the impact of these production practices on
deforestation. In addition, it provides two case study analyses of the adoption of
improved technologies in the zone and their impact on deforestation. It is my hope that
these research results will provide information useful to researchers in their attempts to
design sustainable agricultural technologies as well as to policy makers in their efforts to

promote sustainable agricultural practices.

e
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A HOUSEHOLD-LEVEL ANALYSIS OF THE

IMPACT OF AGRICULTURE ON DEFORESTATION

IN THE PERUVIAN AMAZON
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1. Introduction

Worldwide tropical closed forest deforestation is taking place at an alarming rate.
One to two percent of the world’s total rainforest areas, totaling 10-20 million hectares, is
lost every year (Ehui, Hertel and Preckel, 1990). In Peru, 59 percent of the national
territory is covered by Amazon rainforest. 261,000 hectares a year are being deforested.
In 1985, 7.5 percent of the total rainforest area had been deforested. Deforestation is
estimated to reach 12.7 percent by the year 2000 (INRENA, 1995).

Deforestation of the Amazon, the world’s largest rainforest, has led to growing
concerns about possible environmental impacts. The Amazon is believed to mitigate
potential global warming by sequestering carbon from the atmosphere. Furthermore,
deforestation in this region, which has one of the world’s highest concentrations of
biodiversity, threatens the existence of many plant and animal species. Other
consequences of deforestation include increased flooding, erosion, and dam siltation.

Researchers estimate that shifting cultivators are responsible for between 45
percent (UNEP, 1992) and 60 percent (Myers, 1992) of deforestation in developing
countries. In Peru, research puts this figure even higher at 80 percent of total
deforestation (Razzetto, 1997). The primary reason farmers slash and burn forest is not
to clear land but rather to provide nutrients for crops. Most nutrients are contained in the
aboveground biomass and not in the soil (Hecht, 1992). Burning the forest vegetation
provides a brief flush of nutrient to crops. Within a few years, yield declines typically
force farmers to abandon a parcel and clear another area of forest (Sanchez, 1976).

While initial studies of the Amazon concluded that most soils would not permit

continuous cultivation (McNeil, 1967; Goodland and Irwin, 1975), later studies showed



sienian agT

Senchez. 19

e amzeC
JONCRVANY
- ey a3
T\.\.u;uu..\.

Anz2isea, |

fararagine.
LRSI




sedentary agriculture was feasible given appropriate soil amendments (Cochrane and
Sanchez, 1981). Nevertheless, the low level of adoption of technological alternatives to
slash-and-burn agriculture indicates this agronomic feasibility has not translated into
economic viability for most farmers.

Households make agricultural production decisions based on calculations of
private costs and benefits (Reardon and Vosti, 1992). And household agricultural
production decisions are the immediate causes of deforestation (Kaimowitz and
Angelson, 1998). However, not all production systems have the same impact on
deforestation. Farmers produce different outputs and use different production practices to
produce them. It is therefore important to understand what determines farmers’
production decisions and how these decisions affect deforestation.

An important body of literature has focused on the national- and regional-level
causes of deforestation (e.g., Barbier and Burgess, 1996; Southgate, Sierra, and Brown,
1991; Deacon, 1995, Rudal, 1989; Southgate, 1994). Others have analyzed the potential
profitability of more intensive and/or sustainable production practices over slash-and-
burn agriculture (e.g., Peters, Bentry, and Mendelsohn, 1989; De Almeida and Uhl, 1995;
Tonolia and Uhl, 1995; Matteos and Uhl, 1994). Still others have focused on general
household determinants of deforestation (Godoy et al. 1997; Pichon, 1997).

Existing research, however, does not draw the links between the determinants of
household input and output choices and, in turn, how these household production
decisions effect deforestation. Econometric analysis used in this article first models the
determinants of household-level output supply and input demand and then models the

impact of these production decisions on deforestation. This essay fills an important gap in



the literature by systematically examining the links between household-level production
determinants, production decisions, and deforestation.

The rest of this essay proceeds as follows. Section 2 gives an overview of the key
characteristics of the research zone. Section 2 includes a subsection describing the
evolution of on-farm land use patterns over time. Section 3 presents the modeling
approach. This section includes a theoretical discussion of input technology use and
output production based on a profit function approach. This theoretical discussion is
linked to an empirical econometric model that examines the determinants of production
decisions and how these decisions effect deforestation. Section four analyzes the
econometric model results. The final section presents the conclusions and policy
implications of this paper’s analysis.

2. Characteristics of the Pucallpa Research Zone
2.1 Overview

The research study zone is located in the central lowland rainforest area
surrounding Pucallpa, Peru. Pucallpa’s population of approximately 200,000 makes it the
second largest city in the Peruvian Amazon. Pucallpa’s economy is relatively dynamic. It
is the capital of the region of Ucayali, the largest producer of timber in the country. Oil
and gas exploitation have also expanded greatly in recent years. In addition, it currently
has the best road connection out of the jungle to the coast and capital city of Lima.

Rapid migration has made the Pucallpa zone the fasting growing area in the
jungle. This migration has resulted from the push factors of poverty and land scarcity in
other parts of the country (Riesco, 1993) and the pull factors of cheap land made

accessible by timber and gas feeder roads into the jungle, job opportunities, and until
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recently coca production (Labarta, 1998). Immigrants to the zone are typically poor in
capital resources for farm-level investment. Rural population density remains low, around
7 persons per km®.

Agriculture in the Amazon confronts a competitive disadvantage due to jungle
roads that are impassable during much of the rainy season and the need to traverse the
Andes Mountains to commercialize goods outside the region. Import substitution
industrialization policies over the past several decades have also been unfavorable to
agriculture in the Amazon and elsewhere in Peru. Liberalization since the early 1990’s
has partially rectified this urban industrial bias but has greatly reduced credit available to
farmers and has failed to provide the technical, infrastructural, and marketing support
needed to modernize agricultural production (Escobal, 1999; Palomino, 1993). Political
violence in the latter half of the 1980’s and early 1990’s further undermined agricultural
development in the Amazon region.

Low soil fertility combined with high levels of acidity and aluminum content
further limit agricultural development in the Amazon. Farmer use of capital inputs such
as fertilizers, pesticides, and plows is minimal. A median farm is 30 hectares of which
primary forest constitutes 31 percent, secondary forest fallows 30 percent, pasture 25
percent, annual crops 10 percent and perennials 4 percent.

Agricultural production in the Pucallpa zone by and large remains mired in slash-
and-burn agricultural production of semi-subsistence crops, principally maize, rice,
cassava, and plantains. In spite of low prices, virtually all farmers market a substantial
proportion of these crops to meet cash needs. Cash crop development, in particular

perennials such as rubber, cacao, black pepper, and achiote, has seen a series of booms
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and busts and remains of limited importance'. Livestock production is important and
growing slowly but is hindered by a lack of dairy processing facilities and high
transportation costs out of the region.

In sum, migrants coming to Pucallpa are extremely poor. They spontaneously
settle areas of abundant land recently opened up by gas, oil, and timber extraction.
Agriculture remains stagnant due to low prices, high marketing costs, and limited
government support. Capital input use is typically unaffordable for farmers. Farmers are
essentially left with their labor to cultivate abundant land.

2.2 Evolution of Farm Land Use Patterns

A comparison of farms based upon the amount of time they have been in
production helps trace the evolution of land use patterns over time. Graph 1 groups
farms? together into four categories based on the number of years in production. This

grouping gives insights into farmer production strategies over time.
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Graph 1: The Evolution of Land Use Patterns
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During the first ten years, the principal change in land use involves the conversion
of primary forest into secondary forest fallows. Farmers slash and burn primary forest
areas for annual crops, which after cultivating for 1-2 years, they then leave fallow to
regenerate into secondary forests. After ten years, the principal land use change involves
a continuing strong decline in primary forest cover and a sharp increase in pasture area.
This change, however, does not imply a direct conversion of primary forest into pasture.
The fertility obtained from slashing and burning primary forest gives the biggest
productivity boost to annual crops. Pastures, on the other hand, grow well on land
degraded by repeated cycles of annual cropping and fallowing. What in fact is taking
place is a continued conversion of primary forest into secondary forest in the context of
annual crop production and a conversion of secondary forest areas into pastures.

A second reason for this observed pattern is that migrant farmers initially lack the
needed capital resources to enter into cattle ranching. So, although farmers generally
consider cattle ranching the most profitable activity, they first focus on annual cropping
while acquiring sufficient capital for livestock. Nevertheless, many farmers are not able
to make the transition.

As farmers move progressively into livestock production, annual crop production
falls. By the last time period (>25 years), land dedicated to annual crops had declined
35% relative to its peak at ten years. The progressive degradation of farmland as well as
the increase in livestock production lead farmers to decrease annual cropping.

Perennial crop production, for its part, reaches a peak level of 6-7 percent of land
in the first time period (0-5 years) then stagnates and declines. Because these are long-

term investments and often high-value crops, it is reasonable to think they would increase
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over time. However, the history of booms and busts of perennial crops to date has limited
their importance as an alternative to shifting annual crop production.
3. Model
3.1 Theoretical Model

The theoretical model used in this essay describes the relationship between
agriculture and deforestation. The principal cause of deforestation is the growing demand
for crop and pasture land. However, not all agricultural products and production
technologies have the same impact on deforestation. Conceptually, the impact of
agriculture on deforestation can be described on three levels. The first level consists of
conditioning factors. These include natural resources (e.g., farm size, hectares of primary
and secondary forest, soils, etc.), family characteristics (e.g., education, origin, age, etc.)
prices (inputs and outputs) and policies (e.g., credit, extension, land tenure, etc.). These
factors determine the second level, which is farmer production behavior in terms of
output supply and input demand. These production behaviors, in turn, are the immediate
causes of deforestation, the third level of analysis.

More formally, the theoretical framework for understanding farmer behavior uses
a profit function approach. This approach assumes that farmers choose a combination of
variable inputs and outputs in order to maximize profit subject to a technology constraint
i.e. the production function of the farm. Profit maximization should be understood in the
broad sense of farmers using limited resources in as efficient a manner as possible to
meet their livelihood (including social) objectives. Furthermore, strict profit
maximization behavior is not a necessary prerequisite for specifying systems of output

supply and factor demand equations, as long as the behavior of the individual agents is
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sufficiently stable over time and can be aggregated over farmers (Sadoulet and DeJanvry,
1995).

The profit function for a farm is specified as follows:
(1) 7=pq - wx
where p is a vector of prices for outputs, g is a vector of outputs produced by the farmer,
w is a vector of input prices, and x is a vector of inputs.

Farmers' profit maximizing behavior is constrained by the production function
where quantity of outputs g is a function of variable inputs x and fixed inputs z used in
the production process:

(2) g =fx2)

The farmer chooses the optimal level of inputs x and outputs g in order to
maximize profits. The input demand and output supply functions can be written as
follows:

(3) x =x(p,w,z) and q =q(p,w,2)
These equations indicate that the optimal levels of inputs and outputs are a function of
output price, input price, and fixed factors.

Using the expressions in (3) the profit function can be written as follows:

(4) 7=pqa(p,w.z) - wx(p,w,2)

Using Shepard’s lemma, it is possible to derive the output supply and factor demand
functions by differentiating (4) with respect to output and input prices in the following
manner:

(5) ddp;(p,w.z) =q; drdwi(p,w,z) = -x;

15
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In sum, the profit-maximizing behavior of farmers determines output choice and
input use. These production decisions are, in turn, the immediate causes of deforestation.
This theoretical framework is used to specify the econometrié models in the following
section.

3.2 Econometric Models

A survey conducted in October of 1998 provides the data for the econometric
models used in this research. A team of enumerators led by this author interviewed 220
households concerning their agricultural production practices, the socio-economic
characteristics of their households, and the biophysical characteristics of their farms. The
survey used the distance from the main market town and the type of infrastructural
access’ available to farmers as the criteria for sample stratification.

The econometric models are structured as follows. Two sets of regression
equations have, respectively, input/technology use (x) and output production (q) as
dependent variables. These are modeled as a function of the independent variables of
price (p, w) and fixed factors (z). The regression specifications are outlined in table 1,
which also provides averages and standard deviations of the variables.

Outputs are aggregated into the three principal categories of agricultural
production activities: annuals®, perennials, and livestock. Given the dominance of slash
and burn agriculture, farmers use relatively few inputs or improved technologies. This
research analyzes five of the most common inputs/technologies found in the zone: kudzu-
improved fallows, brachiaria-improved pastures, natural pastures, capital inputs and hired

labor. Because the capital inputs farmers use are varied and overall use is low, I created a
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single capital input variable by summing the total monetary value of capital inputs used
by each household.

Price variation with cross-sectional data as used by this research is typically
minimal. One solution is to calculate farm-gate prices. In the case of outputs, I did this
for maize, the most frequently commercialized product, by subtracting transportation
costs (vehicle plus labor time opportunity cost) from the market price received. The
diversity of inputs and technologies and the variability of their costs of commercialization
made it more difficult to choose a representative product. The distance to the principal
market of Pucallpa therefore serves as a proxy for input costs.

The input use and output choice regression models use the technique of ordinary least
squares (OLS). However, because economic theory indicates that farmer input and output
decisions are simultaneous, a systems approach using seemingly unrelated regression
equations (SURE), was also tested. The SURE modeling approach gave results similar to
OLS?, but sharply reduced the number of available observations®. This essay therefore
uses the OLS results for this paper's analysis.

A third regression model examines the impact of agricultural output production
and input/technology use on deforestation. The relationship of outputs and inputs to
deforestation is hypothesized to be recursive: agricultural production results in
deforestation and not vice versa. Selective extraction of timber leaves the residual forest
largely intact. The clear-cutting type of deforestation examined by this research is an
outcome of agricultural production. I tested the unidirectional causality of agriculture
leading to deforestation using the Hausman specification test to detect simultaneity’. This

test confirmed the recursivity between agricultural production and deforestation with the
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Table 1: Input and Output Regression Specifications

, Variable Averages and Standard Deviations

DEPENDENT VARIABLES"
OUTPUTS (¢) INPUTS/TECHNOLOGY (x)
Average Std. Dev. Average Std. Dev.
Annuals 3.71 3.97 | Improved Fallows 2.07 3.80
Hectares of Annual Crops Hectares of fallows improved with kudzu
Perennials l 1.47 | 2.09 | Improved Pasture | 7.24 | 15.93
Hectares of Perennial Crops Hectares of pastures improved with brachiaria
Livestock | 6.93 | 27.40 | Natural Pasture 95 | 333
Head of Cattle Hectares of natural pasture
- - Capital Inputs® | 216.59 | 734.76
- - Total value of capital inputs used in 1998 (soles)
- - Hired Labor | 64.05 | 142.50
- - Number of person days of hired labor used in 1998
. INDEPENDENT VARIABLES"®
¢OF OUTPUTS (q) ¢ ¢OF INPUTS/TECHNOLOGY (x) ¢
PRICE (p) PRICE (w)
Average Std. Dev. Average Std. Dev.
Fm-Gate Price Maize .36 .056 Market Distance 60.97 27.76
Maize market price minus transpo costs (soles/kg)’ Distance in km farm to Pucallpa
FIXED FACTORS (z) FIXED FACTORS (2)
Average Std. Dev. Average Std. Dev.
Farm Size 37.40 31.37 | Farm Size 37.40 31.37
Hectares of land on farm Hectares of land on farm :
Secondary Forest | 11.56 | 16.05 | Secondary Forest | 11.56 | 16.05
Hectares of secondary forest on farm Hectares of secondary forest on farm
Primary Forest | 10.98 | 16.70 | Primary Forest | 10.98 | 16.70
Hectares of primary forest on farm Hectares of primary forest on farm
Years in Lot j 17.12]  11.80 | Years in Lot | 17.12 | 11.80
Years a farm has been in production Years a farm has been in production
Education® [ 33% | na. Education® | 33% | n.a.
Household head > primary education (dummy) Household head > primary education (dummy)
Family Labor | 2.72 | 1.34 | Family Labor | 2.72 | 1.34
Family members over 14 working on the farm Family members over 14 working on the farm
Off-farm Income’ | 1844.60 |  3074.50 | Off-farm Income® | 1844.60 | 3074.50
Off-farm income earned by farm household (soles) Off-farm income earned by farm household (soles)
Credit® [ 33% | na. Credit 33% | n.a.
Credit received in the past 5 years (dummy) Credit received in the past 5 years (dummy)
Land Tenure* | 84% | na. Land Tenure* | 84% | n.a.
Farmer perceives tenure as secure (dummy) Farmer perceives tenure as secure
Alluvial Soils® [ 28% |  na. Alluvial Soils® | 28% | n.a.
Alluvial soils dominate (dummy) Alluvial soils dominate (dummy)
Extension | 3.28 | 11.74 | Sandy Soils® [ 42% | na
Number of extension visits in the past year Sandy soils dominate (dummy)
Origin | 25% | na. Distance Social Services | 5.67 | 5.57
Household head not from jungle region (dummy) Dist. in_km farm to nearest: (school + health post)
[ Age | 48.16 | 14.08 - -
Age of household head - -

*All variables are measured on a farm household level for the year 1998

®One nuevo sol = $.32 in 1998

“Percentages not averages are presented for dummy variables
“Percentages are determined by sampling strategy (along rivers) and may not reflect regional average.
Percentage of highland (not river) soils. Farmers chose between clayey or sandy soil descriptive.
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exception of improved pastures in the total deforestation model. This result may make

sense in the context of pasture installation being an evolutionary process. Land deforested

for annual crops is later transformed into pastures. Deforestation may therefore lead to

land being put into pasture and as well as pasture installation resulting in deforestation.

A two stage least squares approach (2SLS) was used to correct for simultaneity in this

case.

The deforestation dependent variable is measured as the hectares of forest felled

in 19988 by a farm household. It is divided into three categories: total forest deforestation,

primary forest deforestation, and secondary forest deforestation. Primary forests are

areas that have never been felled’. Primary forests that have been felled and have

Table 2: Deforestation Regression Model Specifications

Total Deforestation Primary Forest Deforestation Secondary Forest Deforestation
Annuals Annuals Annuals
Perennials Perennials Perennials
Livestock Livestock Livestock
Improved Fallows Improved Fallows Improved Fallows

Improved Pastures

Improved Pastures

Improved Pastures

Natural Pastures

Natural Pastures

Natural Pastures

Capital Inputs Capital Inputs Capital Inputs
Hired Labor Hired Labor Hired Labor
Tenure Security Tenure Security Tenure Security
Family Labor Family Labor Family Labor
Alluvial Soils Alluvial Soils Alluvial Soils
Education Education Education
Total Forest - -

- Primary forest Primary forest

- Secondary forest Secondary forest

- Primary Forest Products Primary Forest Products
Table 3: Previously Undefined Variables

Average Std. Dev.

Total deforestation Primary plus secondary forest felled (ha's) 2.36 244
Primary Forest Deforestation Primary forest felled (ha's) 66 1.42
Secondary Forest Deforestation Secondary forest felled (ha's) 1.72 2.13
Total Forest Hectares of primary & second forest 22.55 23.15
Primary Forest Prod’s Value prim. forest prod’s harvested (soles’) 319.27 800.07

*One nuevo sol = $.32 in 1998
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regenerated are secondary forests. Total deforestation is the sum of both primary and
secondary forest deforestation.

The distinction between primary and secondary forest deforestation is often not
made. A common perception is that once primary forest has been cleared the forest is
gone forever. However, research by FAO (1996) estimated that in 1990 there existed 165
million hectares of secondary forest in Latin America. In the Pucallpa area, survey results
indicate that secondary forests (30%) virtually equal primary forests (31%) on farm
holdings. Secondary forests on farms are areas of fallow that recuperate the soil fertility
and are subsequently slashed and burned for renewed cropping.

Deforestation is modeled as a function of output choice, input/technology use, and
general conditioning factors. General conditioning factors are those that may directly
affect deforestation i.e. not only through their impact on input and output choices. These
include land tenure, family labor, soils, education, forest area, and forest products.

4. Results

The discussion of regression results proceeds as follows. First I examine the
determinants of output and input/technology variables and the impact these variables
have on deforestation. I then examine the general conditioning factors from the
deforestation models. This section ends with a cross-cutting analysis that summarizes the
key linkages between production determinants, farmer input and output behaviors, and
deforestation.

The following discussion considers variables significant up to the .15 level. The
use of this level reflects, in part, the tendency of cross-sectional data to give lower

significance levels. Furthermore, the choice of a significance level should reflect the
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costs of making an error (Manderscheid, 1965). For the analysis at hand (identifying
production and deforestation determinants), the consequences of a (type 1) error are not
especially serious'’. Exact significance levels are presented for the reader’s consideration.
The predictive power of these models (R?) is generally good for cross-sectional data. The
exceptions are the natural pasture and hired labor models which, nevertheless, provide
useful insights about individual exogenous variables. Table 4 presents the deforestation
model results and tables 5 and 6 respectively provide the results of the output and
input/technology models.
4.1  Output Supply Variables

Annuals-Annual crops (e.g., maize, rice, cassava, etc.) stands out as the only
variable positively correlated with all types of deforestation. They are indeed the only
category of outputs that uses shifting slash-and-burn agriculture. Output regression

Table 4: Deforestation Regression Results

Total Primary Forest Secondary Forest
Deforestation Deforestation Deforestation
R%.54 adj R’.50 R’.30 adj R*.23 R’.30 adj R*.23
Coef (t-stat) | Signif Coef (t-stat) | Signif Coef (t-stat) | Signif
Constant .18 .74 .74
Annuals 490 (7.59) |.00%** 323 (13.69) | .00**= 301 (3.42) [ .00***
Perennials -.102  (-1.65) |.10* -.040 (-0.53) | .60 -.008 (-0.10) | .92
Livestock .039 (0.54) |.59 .020 (0.21) | .83 197 (2.04) | .04
Improved Fallows .049 (0.83) | .41 -.129 (-1.80) | .07* 137 (1.91) | .06*
Improved Pastures -.023 (-0.32) |.75 -.006 (-0.06) | .95 -.154 (-1.53) ] .13+
Natural Pastures -.094 (-1.50) |.13* -.061 (0.75) | .45 -.163 (-2.00) | .05**
Capital Inputs -.153 (-2.18) |.03** -.125 (-1.41) | .16 181 (2.03) | .04+
Hired Labor 337 (5.73) |.00*** .011 (0.13) | .89 .019 (0.23) | .82
Family Labor .060 (1.01) .31 021 (0.27) | .79 202 (2.61) | .01%**
Education 129 (2.26) |.02** .003 (0.05) { .96 .070 (0.98) | .33
Tenure Security .097 (1.69) |.09* .025 (0.32) | .75 .030 (0.39) | .69
Alluvial Soils .028 (0.45) |.65 =193 (-2.61) | .01%*= 203 (2.75) | .01%**
Total Forest 108 (1.72) |.09* - - - -
Secondary Forest" - - -.098 (-141) | .16 .166 (2.38) | .02**
Primary Forest - - 254 (3.30) ] .00*** -.093 (-1.20) | .23
Prim Forest Prod's 168 (2.36) | .02** -.034 (-0.48) | .63

*Significant at the .01 level ** Slgmﬁcant at the .05 level *** Significant at the .15 level
(a) High secondary forest >5meters
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indicate that annuals tend to be found where there is more primary forest on relatively
younger farms. They are negatively correlated with the farm-gate price of

maize, the proxy for market access. These results confirm the evolutionary process of
recently arrived migrant farmers first planting annuals on newly opened land on the edge
of the forest frontier.

The negative correlation with off-farm income reflects the competition for labor
and that, due to low returns, off-farm income is not invested in annual crop production.
The positive correlation with family labor indicates both that labor is a constraining
factor of production and that more food is needed to feed larger families in a semi-
subsistence setting. The greater capacity to practice continuous cultivation of annuals on
fertile alluvial soils explains the positive correlation with this variable.

Perennials-Perennial crops such as lemons, mangos, and oil palm require
continuous cultivation of a parcel of land. Their labor-intenéive nature leads to a strong
correlation with family labor. Perennials “absorb” scarce labor away from shifting slash-
and-burn agriculture and into sedentary production. This leads to a decline in total
deforestation.

Off-farm income decreases perennial production reflecting once again the
opportunity cost of scarce labor as well as the relatively low returns to most perennials in
the zone. Their long-term nature leads to a positive correlation with household head age.
Also, household heads from outside the jungle have more perennials due to the tradition
of tree plantations in the coast and sierra (where natural forests have largely disappeared)
as opposed to the more extractivist tradition in the jungle. Unlike annuals, most

perennials do not grow well in areas of alluvial soils because of water logging from
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periodic inundations. And extension’s focus on traditional field crops explains its
negative correlation with perennials.

Livestock-The only statistically significant relationship between livestock and
deforestation is a positive correlation with secondary forest clearing. Livestock are found
on farms with less remaining primary forest. This relationship reflects the evolutionary
process whereby farmers first slash and burn primary forest for annual crop production
and later install pastures in areas of secondary forest. The extensive nature of livestock
leads to a positive correlation with farm size. So, over time, farmers’ desire to raise
livestock may indirectly lead to substantial clearing of primary forest.

The positive correlation with tenure security is due to the need to protect the long-
term investments such as pasture installation, fencing, and wells associated with livestock
production. Family labor’s positive correlation with herd size indicates that labor
remains a limiting factor of production despite ranching’s low labor requirements. The
negative correlation with a household head’s age results from older farmers having less
available family labor and being less physically able themselves to maintain large
herds''.

4.2  Input/Technology Demand Variables

Brachiaria-Improved Pastures-Farmer planting of grasses from the brachiaria
genus (principally Brachiaria decumbens) increases pasture carrying capacity by over 50
percent relative to natural pastures in the Pucallpa zone. Brachiaria’s vigorous growth,
which reduces weed competition, lowers pasture maintenance costs. Increased
productivity and lower costs explain why brachiaria now dominates, representing 78

percent of the total pasture area in the zone (Yanggen, 2000).
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As with livestock, brachiaria pastures’ only significant correlation is with
secondary forest clearing. However, the correlation is negative. In the Pucallpa zone, 54
percent of farms have pastures but no cattle. Surplus pasture capacity dampens the desire
of farmers to fell more secondary forest for pasture. Furthermore, brachiaria pasture is
negatively correlated with the presence of primary and secondary forest. Farmers first cut
down primary forest for annual cropping then progressively install pastures in areas of
secondary forest. But unlike shifting annual cropping, sedentary production on pastures
suppresses the regeneration of secondary forests. In sum, surplus pasture capacity and
pasture’s repression of secondary forest regeneration explain brachiaria pastures’
negative correlation with secondary forest clearing.

Farmers tend to install brachiaria-improved pastures nearer to Pucallpa and other
population centers with social services. This tendency reflects the greater push to
intensify production in areas with better access to markets and where land is scarce due to
population pressures. This intensification with brachiaria nonetheless takes place on
larger farms reflecting the land-using nature and low labor requirements of livestock. The
negative correlation with credit reflects the cost-saving nature of this technology.

Natural Pastures-Natural pastures are similar to brachiaria pastures in that
farmers tend to plant them on larger farms with less secondary forest. However, unlike
brachiaria pastures, they have no statistical association with intensification or credit
constraints. Also they are found on older farms, whereas this correlation is not significant
with brachiaria, which farmers install on relatively newer more dynamic farms.

Kudzu-Improved Fallows-Kudzu (Pueraria phaseloides) is a leguminous vine

that farmers plant or that spontaneously regenerates in areas that have recently come out
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of annual crop production. It aggressively spreads throughout areas of secondary forest
fallow vegetation, retarding the growth of trees and shrubs and smothering out
herbaceous weeds. Its fixation of nitrogen and weed suppression increase yields of crops
subsequently planted in the fallow area.

Kudzu-improved fallows are negatively correlated with primary forest
deforestation and positively correlated with secondary forest deforestation. Yanggen and
Reardon (In Press) have shown that when farmers plant kudzu in areas of secondary
forest fallows, this reduces the labor costs of land clearing and weeding and increases
yields'2. This reduction in the costs (labor) and increase in the benefits (yields) of using
secondary forest has a ceteris paribus effect of increasing the attractiveness of secondary
forest clearing relative to primary forest clearing.

Despite increasing productivity, kudzu-improved fallows do not follow a typical
scenario of intensification associated with land scarcity nearer to population centers
(Boserup, 1965, 1981; Pingali et al. 1987). Instead they are positively correlated to farm
size and farmers tend to adopt them at greater distances from Pucallpa and smaller market
towns where social services are located. They are, however, associated with older farms
and less primary forest, which reflect declines in land quality. Less primary forests
implies a depletion of aboveground soil nutrients, whereas farms in production longer
tend to suffer from below ground soil nutrient depletion. In sum, it is a land quality
constraint and not a land quantity constraint that explains much of the adoption of kudzu-
improved fallows.

A higher opportunity cost to educated farmers’ labor may explain why these

farmers adopt this labor-saving technology. Also the increased management of fallow
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with kudzu may require higher levels of knowledge. The negative correlation with credit
makes sense as this technology requires no capital investment and reduces labor
requirements. And finally, the positive correlation with sandy soils likely relates to the
agronomic conditions in which kudzu flourishes.

Capital Inputs-Capital input use is negatively correlated to total forest clearing
and primary forest clearing (.16 significance level) and positively correlated to secondary
forest clearing. Farmers mainly use land-saving capital inputs such as fertilizer,
improved seed, herbicides, and livestock health products in the zone. These inputs
increase the productivity of land and permit more sedentary production. Sedentary land
use eases pressures on total deforestation. These productivity-enhancing inputs also
permit a greater reuse of degraded secondary forest fallow areas, which reduces pressures
on primary forest clearing.

The positive correlation between capital input use and farm size indicates land
scarcity is not driving intensification with these products. More likely, larger farmers
have greater resources to purchase these inputs. The positive correlation with credit
reflects the importance of the capital constraint to purchased input use.

The positive correlation with family labor reflects the fact that these inputs are of
a land-saving and not a labor-saving nature. Also, farmers use fewer capital input$ in
fertile alluvial areas where there is less need for productivity-enhancing inputs. The
movement away from shifting fallow-based agriculture to more sedentary production
may explain why capital input use is negatively correlated with secondary forest fallows.
And finally, farmers’ use of these inputs on farms with more tenure security likely

reflects increased incentives to maintain land productivity.
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Hired Labor-Hired labor is positively correlated to total deforestation. This
demonstrates the key role of labor as a limiting factor of production. A greater
availability of hired labor permits more forest clearing for increased agricultural
production.

As in the case of capital inputs, hired labor is positively correlated to farm size
and credit. Larger farmers may have greater resources to hire labor as well as more
production activities that increase labor needs. The positive correlation with credit
reflects the importance of the capital constraint for purchased inputs.

The positive correlation with family labor may appear paradoxical. However,
larger families with more available labor tend to cultivate more total land. Labor is hired
during the key production bottlenecks periods of land clearing, planting, and harvesting.
Larger families that cultivate more land also need to hire more labor at these times.

43  General Conditioning Variables

Apart from input/technology and output variables, a number of exogenous
variables that may directly affect forest clearing also appear in the deforestation models.
These general conditioning factors include: family labor, education, tenure security,
alluvial soils, on-farm forest, and the value of harvested primary forest products.

Family labor is positively correlated to secondary forest clearing. This
relationship further confirms the importance of the labor constraint to production in the
zone. Education’s positive correlation to total forest clearing indicates that it enables
farmers to increase production at the extensive margin rather than to adopt more
sustainable production technologies. Deforestation does not reflect farmer ignorance, but

rather the current lack of profitable alternatives to slash-and-burn agriculture.
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Other research, notably in Brazil, has found that insecure tenure often pushes
farmers to clear forest because laws require this as proof of productive land use (Hecht,
1985; Binswanger, 1991). This situation is not the case in the research area where untitled
land is typically surveyed into lots soon after settlement and occupancy of a farm
generally ensures tenure security. Because land clearing is not a prerequisite for
solidifying tenure security in the case of Pucallpa, tenure insecurity does not lead to
increased deforestation. Rather tenure security encourages greater total deforestation.
Land clearing often represents a long-term investment in land and farmers are more likely
clear land where tenure security ensures they receive the benefits of this investment.

Alluvial soils are correlated with increased secondary forest clearing and
decreased primary forest clearing. These soils are more fertile and resilient that highland
soils. Farmers can reuse areas of secondary forest to a greater degree thus reducing
pressures to expand into primary forest areas.

Conservationists often propose the promotion of primary forest products as a
means to induce farmers to conserve primary forests. A study by Pinedo et al. (1992) in
the Peruvian Amazon found that the returns per hectare from primary forest products
were substantially lower than those from agricultural production. A study in the Pucallpa
zone (Smith et. al 1997) found that farmers use and sell more primary forest products in
recently opened areas and progressively less as population and market access increase.
These findings led to the hypothesis that the sale of these products may be used to help
finance the conversion of primary forest to agricultural uses and not increase the

conservation of primary forest during frontier development. The positive correlation
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between the value of primary forest products harvested and primary forest clearing
appears to confirm this hypothesis.

A last set of conditioning variables are the “control variables” of the hectares of
on-farm forested land. Greater availability of forest land should allow farmers to clear
more forest. As expected, each type of forest land is positively correlated with its
respective type of forest clearing.

4.4  Cross-Cutting Results

This subsection synthesizes several broad themes from the regression analysis.
This synthesis more explicitly links together production determinants with deforestation.
The themes focused on are: the evolutionary nature of land use patterns, the role of labor,
the role of capital, secondary vs. primary forest clearing, and patterns of intensification.

The regression results support the analysis of land use evolution in section 2.2.
The results show that annual crop production is most strongly associated with early
frontier development leading to deforestation at the forest margin. Livestock tends to
come later after primary forest has been cleared and leads to clearing of less productive
secondary forest fallow land. A lack of evolutionary indicators for perennials, on the
other hand, reflects their stagnation over time.

The regression results confirm the key role of labor as a constraining production
factor. Farmers with more family labor have greater production for all the principal
output categories: annuals, perennials, and livestock. And hired labor and family labor
respectively lead to greater amounts of total and secondary forest clearing. Furthermore,
off-farm employment’s competition with agriculture for labor decreases annual and

perennial crop production. This competition for labor can reduce pressure to clear forest.
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These models also capture the importance of the capital constraint as reflected by
the significance of the credit variable in the input/technology regressions. Credit is
positively correlated with those inputs requiring a financial expenditure: capital inputs
and hired labor. And the negative correlation of credit with the technologies that save on
labor and capital, kudzu-improved fallows and brachiaria-improved pastures, may reflect
attempts by farmers to overcome capital constraints. While the impacts of these particular
inputs and technologies on deforestation are not uniform, it is nonetheless clear that the
access or lack of access to credit plays a key role in determining the farmer production
practices that influence deforestation patterns.

Kudzu improved fallows, capital inputs, and alluvial soils increase secondary
forest clearing but decrease primary forest clearing. Increases in land productivity
associated with these variables counteract or mitigate declines in soil fertility that result
from the previous cultivation of a parcel of land. This productivity enhancement enables
farmers to reuse secondary forest fallows, which decreases the need to clear primary
forest.

Intensification does not follow a typical pattern of farmers increasing variable
labor and capital inputs due to land area constraints. Kudzu-improved fallows and
brachiaria-improved pastures increase land productivity but decrease labor needs and
have essentially no capital requirements. Furthermore, these improved fallow and pasture
technologies are associated with larger farm size. By easing these constraining production
factors, farmers appear to be able to increase the land area they put into production
(Yanggen 2000, Yanggen and Reardon, In Press). Intensification of land use does not

result for a scarcity of land nor does it reduce the amount of forest land cleared for
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agricultural production. Declines in land quality in some cases, however, may reduce the
effective carrying capacity of the land and push farmers to adopt these practices.

The case of land productivity enhancing capital inputs is different because they
require farmers to increase capital expenditures and are associated with greater labor use.
Their positive correlation with credit indicates that overcoming capital constraints may be
more important than land area constraints in bringing about intensification. Larger farm
size may also in some cases be associated with wealthier farmers. This result again would
indicate that access to capital and not land area constraints leads to intensification.

6. Conclusions and Policy Recommendations

The production of annual crops using shifting slash-and-burn agriculture is the
motor of deforestation in the Pucallpa research zone. And greater labor availability
increases the extensive production practices that cause deforestation. A unifying theme
for policy is how to reduce the labor availability for extensive annual crop production.

Off-farm income opportunities can siphon labor away from annual cropping and
other agricultural activities that lead to forest clearing. Development of the non-
agricultural sector is therefore key to taking pressures off the natural resource base. This
implies the need for a broad-based development strategy including other sectors such as
tourism, industry, and services.

Research and policy needs to help promote more sedentary annual cropping
practices. The use of productivity-enhancing inputs reduces deforestation and encourages
more intensive use of land. However, given low output prices and poor marketing
infrastructure, it is not clear that most uses of these inputs are either affordable or

profitable for farmers. Experiment station research that focuses on increasing yields may
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be of little relevance to farmers. Research needs to focus on combinations of inputs such
as improved seeds, fertilizer, and pesticides that are profitable for farmers. This type of
research should be conducted on-farm so that it reflects the conditions under which
farmers operate.

Fertile alluvial soils permit more sedentary production of annual crops without the
use of capital inputs. These soils are negatively correlated with primary forest clearing.
Farmers, however, often prefer to settle along road infrastructure because access to
markets is both quicker and cheaper than with river transportation. Most roads are built
for timber, oil, or gas extraction without regards to the agricultural potential of the land.
Studies should be undertaken to investigate the economic viability of improving road
access to areas of alluvial soils along rivers.

Perennial crop production decreases deforestation by absorbing scarce labor into
sedentary production. Their production has languished due to volatile markets and the
high commercialization costs. The transformation of agricultural raw materials into
products such as oils, preserves, and flour can dramatically lower the transportation costs
relative to output value and refined products tend to suffer less market turbulence than
raw materials. Policies that focus on promoting agricultural industries based in the jungle
can help promote sustainable perennial crop production.

It is important, however, that perennial crop production involve small holder
farmers. Large-scale mechanized plantation agriculture, as is typical of perennials in
many areas of the world, is likely to increase deforestation and concentrate wealth in the

hands of a limited number of individuals. Individual farmers, however, typically lack the
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capital and collective organizational capability to identify promising crops and set up
systems for input distribution, output transformation, and commercialization.

Government, private industry, and farmer organizations need to work together to
promote perennial production so that economies of scale necessary for efficient input
distribution and product transformation are achieved while at the same time involving as
many farmers as possible. This approach will allow a greater distribution of wealth and
absorb more farmer labor away from shifting slash-and-burn annual crop production.

Interviews with farmers in the research zone indicate their primary future
production objective is to expand livestock production (Labarta, 1998). So while
livestock may not be directly correlated with primary forest clearing, it does appear to
increase deforestation as part of a long-term strategy of moving from annual cropping to
ranching. Informal observations in the zone indicate that a small number of very large
ranchers do clear extensive tracts of primary forest for livestock production. This clearing
sacrifices large areas of rainforest without reducing the poverty of most farmers. Efforts
by policymakers should therefore focus both on restricting the size of cattle ranches and
as well as limiting production to older settlement areas where degraded land is less
productive for annual crops but suitable for pastures. Given superior market access, these
areas are also the most propitious for more intensive forms of cattle raising using
improved pastures and combined meat and dairy production.

Kudzu-improved fallows and brachiaria-improved pastures both increase land
productivity as well as reduce labor requirements. These technologies bring about an
apparently paradoxical situation of intensification associated with increased land clearing.

However, basic economic theory indicates that farmers maximize the returns to
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constraining production factors. These technologies, by improving land productivity
while reducing labor costs, increase the returns to the scarce labor factor. Increased land
productivity is therefore a “byproduct” of farmers’ attempts to increase returns to labor.

The challenge is to promote production that increases returns to labor without
encouraging extensive production. Labor intensive production of high value perennial
crops can do this by absorbing labor into sedentary production while still providing high
returns to labor. Agroforestry techniques that incorporate trees with high value products
into pastures and fallows may therefore increase both land productivity and returns to
labor while absorbing labor away from forest clearing.

This research has demonstrated the key role that credit can play in determining
production practices. In the late eighties, easy access to subsidized credit led to increased
slash-and-burn agricultural production and therefore accelerated deforestation in the
Pucallpa zone (Yanggen, 1999). A focused policy is therefore needed that links credit
with more sedentary agricultural practices such as use of productivity-enhancing inputs
and small holder perennial crop production. A more focused credit policy can both help
reduce deforestation as well as limit the fiscal burden of subsidized credit.

This section has proposed a series of strategies to encourage more intensive
agriculture. However, if these new practices or crops are sufficiently profitable, farmers
may invest in labor-saving capital equipment or simply hire more labor. The cheap
accessibility of land remains a potent incentive to expand land area under production.
Intensive cultivation does not preclude land area expansion. There is a need to

complement the promotion of intensive cropping systems with policies that restrict access
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to land. Options such as reductions in new road construction, a progressive tax on farm
size, and percentage limits on on-farm primary forest clearing merit consideration.

This strategy can be undertaken using a carrot and stick approach. Carrot
incentives are offered to induce farmers to adopt more intensive cropping systems and
sticks impeding access to land push farmers to adopt more intensive systems. Land access
restrictions alone are unlikely to be effective if they are not accompanied by viable
intensive production alternatives that enable farmers to make a living using less land.
Likewise, the promotion of intensive cropping systems may not limit expansion into the
forest areas if land continues to be the cheapest production factor.

The focus of this essay has been on reducing deforestation at the household level.
But clearly continued migration into the jungle will accelerate forest clearing. The
adoption of intensive cropping practices can only mitigate increased deforestation
resulting from demographic pressures. 'I;he root cause of migration into the jungle is
poverty in other areas of the country. Economic development in poverty-stricken areas of
the country needs to take place in order to reduce migration to the jungle. In this sense, an

important part of the solution to deforestation lies outside the jungle itself.
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! New perennial cash crops such as oil palm, palm heart, piyuayo, and camu-camu are being promoted and

may be more successful than past experiences.

2 Farms from the research’s general survey of 220 households.

? Infrastructural access included locations on the paved highway Frederico Basadre, secondary gravel
roads, tertiary dirt roads, and rivers.

* Annuals includes “semi-annual” crops notably plantains and cassava which may last more than a year.

5 With the exception of the capital input use model, there were only a total of four sign changes (none of
variables significant at the .15 level or lower). Further (again with the exception of capital inputs), variables
significant at the .05 level or lower in the OL S models remained significant at the .15 level or better in the
SURE systems approach. The standard errors generated by the two techniques were remarkably similar,
although the SURE standard errors were generally slightly higher. In the case of capital inputs a review of a
simple correlation matrix between inputs and outputs indicated that capital inputs have the highest level of
correlation with other inputs and outputs. This may explain the changes shifting from OLS to SURE.

¢ With the SURE technique, all missing variables from any equation in the system result in an observation
being deleted. Combining all the missing observations in this way resulted in only 40 of the initial 220
observations being available.

71 performed the Hausman test in order to check for simultaneity in the deforestation regression models
between the deforestation dependent variables and the input/technology and output independent variables.
In order to do so I first estimated the reduced form equations for all the input/technology and output
variables. I then took the estimated residual from each reduced form equation and plugged it into each of
the deforestation regression models as a right-hand-side variable. I then performed a t-test on the
coefficient of the estimated residual from the reduced form equation. I used a .10 cut-off as a criteria to
judge for significance.

Rainfall comes in a bimodal pattern and there are two cropping seasons. Farmers fell forest and let the
felled vegetation dry before burning and then planting crops. The first cropping season lasts roughly from
mid February to mid May and is generally preceded by a relatively dry period in January. The second
cropping season lasts roughly from mid September to the end of December and is preceded by a relatively
dry period from June to early September. Deforestation was measured as the sum of the two forest clearing

iods in January and July-August of 1998. This survey was conducted in October of 1998.

A substantial proportion of primary forest on farm land has been selectively logged. Often this was done
by the timber companies that opened the initial feeder roads into the jungle where farmers subsequently
settled or by the farmers themselves. These areas retain most of their vegetative cover and biodiversity and
are typically indistinguishable from undisturbed primary forest to the untrained eye. They are sometimes
referred to as areas of “residual” primary forest.

1% The consequences of making a type 1 error, rejecting the null hypothesis which is in fact true (that a
variable is not significantly different from zero in this case) may be devastating, for example, when
analyzing the impact of a medicine on human health. Understanding the effect a variable has on
deforestation or production decisions 85% or more of the time is reasonable for most policy decisions.

' Farm household are dominated by small nuclear families. Farmers' adult children, if they remain in
agriculture, tend to start their own farms. This is due i.) to the availability of new land and ii.) to the
relativity low production risks of land-abundant humid tropical agriculture that reduce the insurance role
Provided by extended family production networks (Binswanger and MclIntire, 1987)

? Kudzu-improved fallows accelerate the process of soil fertility regeneration. This allows a shortening of
the fallow period. Kudzu also acts as an aggressive cover crop climbing over shrubs and trees retarding
their growth. Shorter fallow periods and retarded vegetative growth lessens land clearing costs. Similarly,
kudzu reduces weeding costs by smothering herbaceous weeds. Yields increase due to nitrogen fixation, the
provision of other nutrients, and weed reduction.

41



R LT

KUDZU-IMPROVED FALLOWS IN THE

PERUVIAN AMAZON

A CASE STUDY OF THE IMPACT OF

TECHNOLOGICAL CHANGE ON DEFORESTATION

ESSAY NUMBER 2

42



1. Introduction

Some 200-300 million people practice fallow-based slash-and-burn agriculture on
roughly 30 percent of the world’s exploitable soils (Crutzen and Andrae, 1990; Sanchez,
1976). The purpose of a fallow is to allow land to recuperate its productive capacity after
cropping. Forest fallow vegetation extracts nutrients from the air and from deep in the
soil beyond the reach of crops. These nutrients are returned to the topsoil through leaf
litter and when farmers burn fallow vegetation (Sanchez, 1976; Nair, 1993). Fallow
vegetation also shades out herbaceous weeds, a major source of productivity decline (de

Rouw, 1995).

In regions where low population densities and abundant land permit adequately
long fallow periods, slash-and-burn agriculture is a sound way to manage land (Nair,
1993; Kleinman et al. 1995). However, increasing population pressures, shorter fallow
periods, and the removal of primary forest cover tend to cause declines in agricultural
productivity (Nair, 1993; Thiele, 1993). Farmers can slow down or reverse this decline
by seeding or encouraging the natural regeneration of plant species that help land to
recuperate more rapidly such as leguminous nitrogen fixers (Kang and Wilson, 1987).

This is known as improved fallowing.

Most research on alternatives to traditional slash-and-burn fallows has focused on
the agronomics of accelerating soil fertility recuperation during the fallow period.
Empirical research analyzing the economic rationality of farmer management of fallow-
based slash-and-burn agriculture is lacking (Dvorak, 1992). This essay helps fill that gap
by comparing the costs and benefits of traditional and improved fallowing practices and

assessing how improved fallow adoption affects deforestation. Specifically, it analyses
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the impact of kudzu-improved fallows on deforestation in the lowland tropical rainforest

areas surrounding the city of Pucallpa, Peru.

The data for this research comes from a survey in 1998 of 220 farm households that
focused on input use, output production, and forest clearing and a smaller survey of 24
households that looked at farmer use and management of kudzu-improved fallows,
traditional forest fallows, and primary forest. Section 2 of this chapter describes the
Pucallpa study zone and the kudzu-improved fallows found there. Section 3 uses survey
data to compare kudzu-improved fallows with traditional slash-and-burn practices in
terms of land use, labor use, and yields. This leads to hypotheses about how kudzu-
improved fallows affect deforestation discussed in section 4. Section 5 contains a
theoretical model and three econometric models of how farmer decisions concerning
output production and input/technology use affect deforestation. Section 6 presents the
regression analysis results and interprets them. This essay concludes with a summary of
results and policy recommendations.

2. The Pucallpa Research Zone and Kudzu-Improved Fallows

This research analyzes the impact of kudzu-improved fallows on deforestation in
the lowland tropical rainforest areas surrounding the city of Pucallpa, Peru. This section
presents the key characteristics of the Pucallpa research zone as well as those of kudzu
fallows.
2.1  Characterization of the Pucallpa Peru Study Zone

Pucallpa is located 85 kilometers from the Brazilian border in the middle of the
lowland rainforest (<500 m.a.s.l.). A paved road that crosses over the Andes Mountains

connects it to the capital, Lima. With a population of approximately 200,000, it is the
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second largest and the fastest growing city in the Peruvian Amazon. Low per capita
income, land scarcity, and civil unrest in other regions of the country have been the
principal push factors causing rapid migration into the zone. Infrastructural development,
cheap abundant land, job opportunities, and until recently coca production have been the
major pull factors (Labarta, 1998; Riesco, 1993).

Pucallpa’s economy revolves primarily around timber, gas and oil extraction,
ranching, and annual crops. The principal semi-subsistence crops in the zone are maize,
rice, cassava, plantains, and beans. Cash crops such as oil palm, palm heart, pineapple,
peach palm, cotton, and camu-camu are being promoted in the zone but remain of limited

importance.

In the early 1990’s, the Peruvian government substantially reduced its support for
the agricultural sector. In the Amazon, this included the virtual elimination of subsidized
farm credit and guaranteed floor prices for major crops such as rice and maize. Budget
cuts and a recent history of political violence have limited extension services in the zone,
but those services are now slowly improving. Apart from areas along the main highway,
poor infrastructure results in high marketing costs, while prices for the principal semi-
subsistence crops are low. To obtain secure land tenure, farmers generally do not need to

clear forest. Occupation of unclaimed land typically suffices.

Low soil fertility and high levels of acidity and aluminum content impede crop
growth in the zone. The above ground biomass contains most nutrients (Hecht, 1992).
Farmers use few capital inputs such as fertilizers, pesticides, and plows. The dominant
production practice is slash-and burn agriculture. Most farmers clear forest areas every

year. They typically cultivate a parcel for six months to two years before leaving it in
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fallow. Average rainfall of around 2000 mm comes in a bimodal pattern, which permits

two cropping seasons per year.

Median farm size is 30 hectares of which primary forest accounts for 31 percent,
forest fallows 30 percent, pasture 25 percent, annual crops 10 percent and perennials 4
percent. Rural population density is low at 7 persons per km?. Farmland is abundant and
cheap but of low quality for agricultural production. Farmers’ capital and labor resources

are limiting factors of production relative to plentiful land.

2.2  Description of Kudzu-Improved Fallows

Survey results indicate that a majority (52%) of farmers has adopted fallows
improved with kudzu (Pueraria phaseloides) in the study zone. This stands in contrast to
the limited adoption of other improved production practices. I chose kudzu failows asa

case study in order to understand why farmers have adopted them on a wide scale while
not adopting other improved practices and the effect this technological change has had on
deforestation.

Kudzu is a leguminous vine that farmers plant or that spontaneously regenerates
in areas coming out of annual crop production. It spreads rapidly throughout the fallow
area covering the ground and climbing up bushes and trees. Eventually, farmers once
again slash and burn fallow areas and plant annual crops there.

Research on kudzu in the Peruvian Amazon indicates that it not only fixes
nitrogen but also increases soil available phosphorus, potassium, magnesium and calcium
(Wade and Sanchez, 1983). Furthermore, kudzu’s aggressive growth impedes the
regeneration of secondary forest and the spread of weeds in fallow areas. This

acceleration of soil fertility recuperation and weed reduction allows a shortening of the
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fallow period. The reduction in secondary forest regeneration and weed presence also
lowers land clearing and weeding labor costs. And finally, kudzu fallows require no
capital investment.

Farmers first began using kudzu about 50 years ago as a cover crop underneath
rubber plantation trees. When rubber production declined, national and international
research centers actively promoted kudzu as an improved pasture. However, grazing and
trampling by livestock rapidly eliminate kudzu, it dries up during the low rainfall months
between June and September, and Brachiaria decumbens, the dominant improved
pasture, tends to out-compete and displace it.

Farmers themselves have been the principal force in adapting kudzu for use in
improved fallows, its current dominant use. Kudzu’s informal diffusion led some
researchers to question whether farmers were truly “adopting” kudzu-improved fallows
or whether it was simply spreading spontaneously. Survey results, however, indicate that
farmers actively manage kudzu in fallow areas. Further doubts have related to the
negative experience in the southern United States where kudzu has disrupted the
ecological balance. In fact, kudzu does not invade primary forest and only temporarily
slows secondary forest regeneration, although it does occasionally invade annual and
perennial crop parcels. Nevertheless, 94 percent of farmers expressed an overall positive
opinion of kudzu due to its improvement of soils, control of weeds, and its use as fodder.

3. Comparative Economic Analysis: Kudzu-improved Fallows vs. Traditional
Slash-and-Burn Agriculture

This section compares the total land use, labor use, and yields of kudzu-improved
fallows with those of traditional fallows and primary forest used in extensive slash-and-

burn agriculture. Farmers in the zone distinguish between two different types of fallows:
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low fallows “purma baja” and high fallows “purma alta”. The former has secondary
forest vegetation below 5 meters high, whereas the latter has vegetation above this height.
Farmers also have the option of slashing and burning primary forest areas to grow crops.
A key distinction made by this research concerns the choice of farmers whether to clear
secondary forests (high and low fallowlareas) or primary forests.

Farmers classify kudzu-improved fallows as low fallows. Trees and shrubs grow
in these areas but kudzu vines climb over them and slow their regeneration. The
shortened fallow period farmers use when working with kudzu-improved fallows further
reduces secondary forest regrowth. Therefore the tress in these fallows may not
regenerate enough to be considered full-fledged secondary forest by some classifications.
However, they grow in areas that would otherwise become secondary forest and perform
many of the same functions as secondary forest with regards to regenerating fertility and
controlling weeds. Therefore, for the purpose of this research, I consider kudzu-improved
fallow areas to be incipient secondary forest.

3.1 Total Land Use

Since shifting slash-and-burn agricultural systems require farmers to place a
parcel of land in fallow, they must clear and cultivate other land until the fallow area is
ready to be cultivated once again. I use the term “total land use” to refer to the entire area
cleared and cultivated before the farmer can return to his or her initial parcel and
reinitiate the rotational cycle.

One can calculate the total amount of land needed to maintain a given area of
annual crops in production based on the average fallow period and average time farmers

cultivate a parcel before leaving it fallow. The less time that land must be left in fallow to

48






restore its soil fertility, the earlier farmers can return there. Therefore, they need less total
land to produce crops. Similarly, the longer a farmer can cultivate a parcel before
abandoning it, the more time fallow areas have to recuperate. This also reduces total land
needs.

Farmers leave land in high and low forest fallows an average of 6.3 and 2.5 years
respectively. For kudzu-improved fallows, the average is only 1.7 years. The average
time farmers cultivate their fields before leaving them in fallow is 1 year for kudzu
fallows and 1.3 and 0.9 years for high and low forest fallows (see table 1).

Based on these figures, one can calculate the total amount of land a farmer would
need to maintain three hectares' in production using each type of fallow. The principal
simplifying assumptions are that yields are maintained and that only one type of fallow is
used in each scenario. The following formula calculates total land use:

TL =HP + [(FY/YC) * HP]
TL =Total Land Use HP = Hectares Planted FY = Fallow Years YC = Years Cultivated

The first HP is the original amount of land in production, in this example, the first
3 hectares. The part in brackets is the average needed fallow years divided by the average
years of cultivation multiplied by the hectares planted. This gives the amount of
additional land needed for cultivation until the initial land has recuperated its fertility and
is once again ready to be cultivated. The sum of these two gives the total amount of land
needed in each type of fallow production system.

The principal result of this calculation is that kudzu fallows substantially reduce

the amount of land needed to support annual crop production compared to high and low
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forest fallows. In this simplified model, kudzu fallows reduce land clearing needs by 116
percent over high forest fallows and 40 percent over low forest fallows (table 1).
Reducing the total amount of land use in a shifting agricultural production system
represents an intensification of land use. As long as farmers cultivate the same area of

annuals, this will reduce their forest clearing needs.

Table 1: Comparative Analysis of Total Land Use for Differing Fallow Systems

Kudzu-Improved High Secondary Low Secondary
Fallows Forest Fallow Forest Fallow
Average Years
of Fallow 1.7 6.3 2.5
Average Years
Of Cultivation 1.0 1.3 0.9
Total Land Clearing:
3ha Annual Crop System 8.1 17.5 113
Comparative Land Use
(Kudzu Fallow = Base 100%) 100% 216% 140%

An important question is the sustainability of these simplified systems. A study by
CIFOR in the Pucallpa zone (Smith et al., 1998), found that fallow vegetation takes
longer to regenerate after each cropping cycle. A low forest fallow system is likely to
cause rapid land degradation. A high forest fallow system can be sustainable for a longer
period. The sustainability of kudzu fallows appears relatively promising. Of the 24
farmers interviewed in the improved fallow survey, none reported a decline in
productivity over time. However, the majority had been using kudzu fallows for less than
10 years, while four farmers had been using kudzu for ten years, and one each for 12, 21,
and 30 years. Thus at least the medium-term sustainability of kudzu-improved fallows
appears likely.

3.2 Labor Use

Primary forest and secondary forest fallows require substantial labor inputs for

slash-and-burn land clearing. Since kudzu permits shorter fallow periods and suppresses
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secondary forest regeneration, it reduces the amount of trees and shrubs in the improved
fallow. This reduces land clearing labor needs (table 2). Further, about half the time
kudzu fallows regenerate naturally and for the other half farmers broadcast the seed, so

seeding requires either no labor or minimal labor.

Table 2: Comparative Use of Labor for Land Clearing (labor days/ha)

Average Comparative Use
Use (Kudzu Fallow = base 100%)
Primary Forest 26.5 323%
High Forest Fallow 21.8 266%
Low Forest Fallow 13.0 159%
Kudzu Fallow 8.2° 100%

Kudzu also reduces the amount of labor required for weeding. In general, the
more light that penetrates the forest canopy, the greater the presence of herbaceous
weeds. Since little light penetrates the primary forest canopy, these areas have the fewest
weeds, while those cleared from traditional forest fallows have significantly more.
Kudzu, however, is an aggressive cover crop that smothers herbaceous weeds that invade

fallow areas. Areas cleared from kudzu fallows require less weeding labor than other

forest fallows (table 3).
Table 3: Comparative Use of Labor for Weeding (labor days/hectare)
. Rice (t/ha) Comparison Maize (t/ha) Comparative Use
Primary Forest 3.6 37% 3.1 24%
| High Forest Fallows 39.7 409% 20.2 159%
Low Forest Fallows 31.6 326% 23.2 181%
Kudzu Fallows 9.7 100% 12.8 100%

Labor is a limiting factor of production relative to available land. On average,
farmers cultivate annual crops on only 14 percent of land available on their farms
(cropland, fallows, and primary forest). Forest clearing and weeding are two critical labor

bottlenecks in the agricultural calendar in slash-and-burn fallow systems (Thiele, 1993).
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By reducing labor needs at these key moments, farmers can put more land into
production. This could potentially increase deforestation.
3.3  Yields

In slash-and-burn agricultural systems, yields increase when the amount of
biomass burned is higher and hence the quantity of nutrients made available for crop
uptake increases. Primary forest has the most biomass. But many of the trees are too large
to burn well so their nutrients are not released and tree trunks take up field space.
Therefore, according to farmer interviews, high forest fallows often provide the highest
nutrient flush from burning while low fallows typically provide the lowest. Weeds are the
second principal factor affecting yields. Primary forest has the least weed presence
followed by kudzu then by other forest fallows.

Kudzu fixes nitrogen and provides other nutrients that accelerate the regeneration
of soil fertility. And kudzu’s function as a cover crop is effective at reducing weed
competition. The net result of these two factors is a substantial yield increase over both

traditional forest fallows and primary forest (table 4).

Table 4: Comparative Yields (Kudzu Fallow = base 100%)

Rice (t/ha) | Comparison | Maize (t/ha) | Comparison
Primary forest 1.6 76% 13 76%
| High Forest Fallow 1.9 90% 1.5 88%
Low Forest Fallow 1.0 48% 14 82%
Kudzu-Improved Fallow 2.1 100% 1.7 100%
4. Hypotheses Concerning Kudzu Fallows and Deforestation

The hypotheses concerning the impact of kudzu fallows on deforestation are
based upon the analysis of their key characteristics in section 3. To review, these

characteristics are shortened fallows, reduced labor cost, and increased yields. The first

two hypothesized impacts are as follows:
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Hypothesis 1: Thanks to its shorter fallow period, kudzu fallows decrease deforestation
by reducing the total land needed in a shifting slash-and-burn production system.

Hypothesis 2: Kudzu-improved fallows easing of labor constraints increases
deforestation by allowing farmers to put more land into crop production.

These two hypotheses predict that kudzu-improved fallows have two contradictory
effects on deforestation. A priori therefore the net impact on total deforestation is
uncertain.

I have defined fallows in general as secondary forest areas and kudzu fallows as a
type of (emerging) secondary forest. The adoption of kudzu-improved fallows decreases
the costs (land clearing and weeding) and increases the benefits (yields) of clearing
secondary forest relative to clearing primary forest. This leads to hypothesis 3:
Hypothesis 3: Changes in the relative costs and benefits of secondary versus primary
Jorest clearing due to kudzu fallows increase secondary forest clearing and decrease
primary forest clearing.

In sum, the labor cost and fallow length impacts of kudzu fallows operate in
different directions on total forest clearing giving an ambiguous net outcome. However,
kudzu fallows change relative costs and benefits in a way that encourages secondary
forest clearing and discourages primary forest clearing.

S. Theoretical and Empirical Models
5.1  Theoretical model

This theoretical section provides a conceptual framework for understanding the
relationship between agriculture and deforestation. Deforestation is not a primary activity
of farmers. This would be the case if farmer deforested in the process of harvesting

timber or other forest products. Farmers do selectively extract and sell high-value
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hardwood and other species from primary forest areas of their land holdings. However,
because the timber harvesting is selective, the “residual” primary forest remains intact
with a relatively small proportion of the biodiversity having been removed.

Farmers practice slash-and-burn agriculture in order to convert vegetative biomass
into ashes that provide nutrients accessible for crop uptake. This results in a clear cutting
type of deforestation. Deforestation is therefore an outcome of agricultural activities, a
means to the end of agricultural production. In order to understand the deforestation
outcome, it is therefore necessary to understand how farmers make agricultural
production decisions.

The theoretical framework for understanding farmer agricultural production
decisions uses a profit function approach. This approach assumes that farmers choose a
combination of variable inputs and outputs in order to maximize profit subject to a
technology constraint i.e. the production function of the farm. Farmer decisions about
what to produce (outputs) and how to produce it (inputs/technologies) determine the
impact of agriculture on deforestation. This is the basis for the econometric regression
modeling in the following section.

Profit maximization should be understood in the broad sense of farmers using
limited resources in as efficient a manner as possible to meet their livelihood (including
social) objectives. Furthermore, strict profit maximization behavior is not a necessary
prerequisite for specifying systems of outputs supply and factor demand equations, as
long as the behavior of the individual agents is sufficiently stable over time and can be
aggregated over farmers (Sadoulet and De Janvry, 1995).

The profit function for a farm is specified as follows:

54



(1) ==pq - wx

where p is a vector of prices for outputs, g is a vector of outputs produced by the farmer,
w is a vector of input prices, and x is a vector of inputs.

Farmers maximize profits subject to the production function which represents how
farmers use fixed inputs (z) and variable inputs (x) to produce outputs (q):

2)q=1(x2)

Variable inputs are those factors a farmer can change in the short run (e.g., fertilizer,
seed, labor, etc.). Fixed factors are those that can’t be adjusted in the short run. Fixed
factors include private factors (e.g., land, education, family labor, etc.) public factors
(e.g., infrastructure, credit, extension, etc.) and exogenous factors (e.g., soils and market
distance).

The farmer maximizes profits by choosing the optimal level of inputs x and
outputs g. The input demand and output supply functions can be represented as follows:

(3) x = x(p,w,z) and q = q(p,w,z)
This indicates that the optimal levels of inputs and outputs are a function of output price,
input price, and fixed factors. Combining equations (1) and (3), the profit function can be
rewritten in the following manner:
4) = = pq(p,w,z) — Wx(p,W,z)
Using Shepard’s Lemma, differentiation of equation (4) with respect to output and

input prices in the following manner derives the output supply and input demand

functions:

(5) dn/dp; (p,w»z) = q; dn/dwi(p,w,z) = -X,
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The principal cause of deforestation is growing demand for crop and pasture land.
However, not all agricultural products and agricultural production technologies have the
same impact on deforestation. It is therefore necessary to understand the determinants of
agricultural production and how agricultural production affects deforestation. The
econometric modeling that follows analyzes the determinants of kudzu-improved fallow
adoption and its impact on deforestation.

5.2 Econometric model

Based on the theoretical model above, this research uses two sets of econometric
models. The first set analyzes the determinants of output production and input/technology
use. The second set analyzes the impact of output production and input/technology use on
deforestation. Outputs are divided into three principal categories: annual crops, perennial
crops, and livestock. Inputs and production technology include improved fallows,
improved pastures, natural pastures, capital inputs and hired labor. Deforestation is
measured as the hectares of forest felled by a farm household in 1998. Three deforestation
variables are examined: total forest (primary plus secondary forest), primary forest, and
secondary forest deforestation.

The econometric modeling for the input and output regressions uses the ordinary
least square method (OLS). A system approach using SURE gave similar results’ but
sharply reduced the number of available observations*. The deforestation regressions use
recursive modeling due to the unidirectional causality running from agricultural
production to deforestation hypothesized in the preceding theoretical section. The
Hausman specification test generally verified this hypothesis®. The technique of two-stage

least squares corrected for simultaneity when necessary.
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The econometric models are specified as follows. Exact definitions of the

variables are found in appendix 1.

OUTPUT;; = f (farm size;, secondary forest; primary forest;, alluvial soils; years in lot;,
education;, age;, family labor;, origin;, off-farm income;, credit;, extension;, farm-gate price

maize;, land tenure;)

j = annuals, perennials, and livestock
i = 1,..., N observations

INPUT;; = f (farm size;, secondary forest; primary forest; alluvial soils; sandy soils;, years
in lot;, education;, family labor;, off-farm income;, distance social services;, credit, market

distance;, land tenure;)

j = kudzu fallows, improved pastures, natural pastures, capital inputs and hired labor
i = 1,..., N observations

DEFOR;; = f (annual;, perennial;, livestock;, kudzu fallows;, improved pasture;, natural
pasture;, capital input use;, hired labor;, family labor;, land tenure;, education;, forest;,
alluvial soils;, forest product income;

Jj = total, primary, and secondary forest deforestation in 1998.
i = 1,..., N observations

6. Model Results and Interpretation

The results presented here focus on the adoption of kudzu-improved fallows and
the deforestation hypotheses presented in section 4. The four regression model results
presented in table 5 are for kudzu fallow adoption, total deforestation, primary forest
deforestation, and secondary forest deforestation. Due to the cross sectional nature of the
data and the diversity of the agricultural systems, I consider variables as significant up to
the .15 level. I also provide the exact significance levels for the reader’s consideration.
6.1 Kudzu-Improved Fallow Adoption

Kudzu fallow adoption is positively and significantly correlated to farm size,
distance to social infrastructure (schools and health posts located in population centers)

and distance to markets. Adoption therefore does not appear to be due to a closing land
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frontier. The traditional scenario of intensification due to land scarcity, increasing
population, and proximity to population centers (Boserup, 1965, 1981; Pingali et al.
1987) does not appear to explain the adoption of this land productivity enhancing
technology.

On the other hand, farms with parcels that have been in production longer and
with less primary forest have a significantly higher probability of adopting kudzu fallows.
Both of these variables are indicative of decreasing land quality. The longer a farm has
been in production, the greater the soil nutrient depletion (fallows take longer to
regenerate). And the less remaining primary forest, the greater the depletion of above
ground nutrient stocks contained in the vegetative biomass.

In the land abundant environment around Pucallpa one can not yet talk of a closing land
frontier in quantitative terms. Farmers typically cultivate only a small proportion of their
farms and/or have access to nearby land. However, given that farmers are subjecting the
region’s fragile tropical soils to slash-and-burn agriculture with declining fallow periods,
land quality increasingly constrains production. Much of the adoption of kuzu-improved
fallows can be related to a closing of the land “quality” frontier.

Three other significant variables of note are the positive correlation of kudzu
fallows with education and sandy soils and the negative correlation with credit.
Education’s positive correlation indicates that understanding the process of nitrogen
fixation and the management of kudzu in an improved fallow system requires a relatively
higher level of knowledge. This is particularly true given that kudzu fallows have tended

to spread informally by farmers without much support from extension services.
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Furthermore, higher educational levels may give a greater opportunity cost to labor. More
educated farmers may adopt labor-saving kudzu fallows in order to free themselves up to
benefit from increased opportunities to work off farm.

The negative correlation with credit makes sense in that kudzu-improved fallows
enhance productivity without using capital and decrease labor requirements. Thus, they
offer an attractive alternative for increasing yields for farmers without access to credit.
The positive correlation with sandy soils probably relates to the agronomic conditions in
which kudzu flourishes.

The overall significance of the model is reasonably good (R* .39 Adj R?. 26) for
this type of cross-sectional adoption analysis. This is particularly true given the
multipurpose nature of kudzu in the zone. Farmers use kudzu to improve fallows, as
pasture/fodder and as a perennial cover crop. The research survey may not always have
clearly distinguished between these tﬁree uses and that may have reduced the model’s
predictive power.

6.2 The Impact of Kudzu-Improved Fallows on Deforestation

To analyze the impact of kudzu fallow on deforestation rates, I examine the sign
and significance of the kudzu fallow variable in the deforestation regression models. The
deforestation models contain numerous interesting results and significant variables.
However, for the focus of this essay, I limit the analysis to the kudzu fallow variables and
others pertinent to the analysis of the impact of kudzu fallows on deforestation. First, I
briefly review the three hypotheses concerning kudzu fallows.

i.) Decreased fallow periods reduce deforestation.
ii.) Easing labor constraints increases deforestation
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iii.) Changing the relative costs and benefits of land clearing in favor of secondary
forest leads to declining primary forest clearing and increasing secondary forest

clearing.

The three deforestation regression models examine total, primary, and secondary
forest deforestation. This permits an examination of the impact of kudzu fallows on each
type of deforestation. While it is not possible to empirically separate out the two opposite
effects posited in the first two hypotheses using regression analysis, the total
deforestation regression model allows an estimation of which effect may be stronger. The
primary and secondary forest deforestation models allow a direct analysis of the third
hypothesis.

The sign of kudzu-improved fallows in the total deforestation model is positive
through not significant. This may indicate that kudzu fallows’ easing of labor production
constraints increases deforestation more than shortened fallow periods decrease
deforestation. The importance of the labor constraint (and hence its easing) is indicated
by the positive and highly significant correlation of hired labor in the total deforestation
model and family labor in the secondary forest deforestation model. These indicate that
increased availability of labor has a strong positive effect on deforestation. Easing the
labor constraint via the adoption of a labor-saving technology should therefore have the
same impact.

When total deforestation is broken down into secondary and primary forest
deforestation, the kudzu fallow variable becomes significant. Kudzu-improved fallows
are negatively correlated with primary forest deforestation and positively correlated with

secondary forest deforestation. This supports hypothesis 3. The changes in the relative
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costs and benefits of land clearing associated with kudzu fallows lead farmers to reduce
primary forest clearing and increase secondary forest clearing.
7. Conclusions and Implications for Policy and Technology Development

This research has analyzed one particular technology (kudzu-improved fallows) in
one specific setting (the lowland Amazon surrounding Pucallpa, Peru). Perhaps the most
basic conclusion drawn from this analysis is that the impact of technological change on
deforestation depends fundamentally on the profile of the new technology and the
biophysical and socio-economic characteristics of the zone where if is introduced.

It would be wrong to assume that the introduction of any and all improved fallows
in the Pucallpa zone would increase total deforestation. For example, another type of
improved fallow may have greater labor requirements and not free up this limiting
production factor. Or, if kudzu-improved fallows were introduced in a socio-economic
environment where labor was not a constraining production factor, deforestation again
might not increase. There is therefore a need for both site-specific and technology-
specific analysis to understand the impact of a technology on deforestation.

This research has also shown that agricultural technology and land clearing
patterns may interact in a complex fashion. Kudzu fallows simultaneously ease the
limiting labor production factor (increasing deforestation) and shorten needed fallow
times (decreasing deforestation). In addition, they have opposite effects on the clearing of
primary and secondary forests. Researchers need to recognize that new technologies may
simultaneously affect deforestation in several distinct ways and may need to undertake a

more disaggregated analysis of these effects.
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Kudzu improved-fallow adoption has been successful precisely because it fits
with the relative factor scarcity of the zone and provides a superior alternative to slash-
and-burn agriculture (by reducing labor while increasing yields). Many other improved
production technologies focus on reducing deforestation via soil conservation and/or
increasing productivity. While this approach is not wrong per se, it may blind researchers
to the fundamental fact that labor and capital, and not land, are typically the main
production constraints in agricultural frontier contexts. Under such circumstances,
attempts to get farmers to conserve land with technologies that require greater use of
capital and/or labor are likely to fail. The general lesson is that soil conservation is not a
primary objective of farmers in a land abundant environment. Soil fertility enhancing
technologies will only be attractive to farmers when their costs and benefits are superior
to the current practice of extensive slash-and-burn agriculture.

A key factor in this analysis has been labor availability. Labor is a limiting
production factor in the Pucallpa zone. Basic economic theory tell us that farmers attempt
to maximize returns to scarce production factors. Kudzu-improved fallows have been
successful precisely because they increase labor productivity. Herein lies a paradox:
the reduced labor requirements that encourage adoption of this land conserving
production technique also free up labor so that overall deforestation increases. One
possible solution might be to introduce high value crops such as certain perennial and
horticultural crops that demand a lot of labor but still increase the return to scarce labor
resources.

In general, improved fallows appear to be a technology with important potential

for reducing deforestation. In the simple model, kudzu-improved-fallows decreased total
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land clearing needs by 116 percent and 40 percent compared to high and low forest
fallows respectively. The challenge of future research is to find creative ways to harness
this potential and minimize the negative impacts.

Designing improved fallows that use more labor while increasing returns to labor
might also help resolve the “labor paradox”. Improved fallows that produce a useful
product at the same time they fix nitrogen and provide other nutrients for the soil may
achieve these dual goals. Agroforestry fallows systems merit consideration in this
respect.

For example, farmers can plant fast growing leguminous trees in association with
annual crops. For the first year and a half they weed the trees together with the annual
crops. This reduces the key labor weeding constraint associated with the installation of
tree plantations. By the time the farmer abandons annual cropping, the trees are
developed enough to survive in the fallow without weeding. These trees help recuperate
land productivity while providing useful products that absorb farmer labor. For these
systems to succeed, the initial labor and capital costs should be minimized (e.g., by using
bare root bed tree nurseries, direct seeding, planting in association, etc.) and the
secondary tree products must have a high value for home consumption or commercial
sale. Research should focus on finding creative ways to reduce the costs of improved
fallows and on identifying tree species that combine soil amelioration with the provision
of valuable secondary products.

In the specific case of kudzu-improved-fallows, they increase secondary forest
clearing but reduce primary forest clearing. Although higher secondary forest clearing is

not a desired outcome, the reduction of primary forest clearing is clearly a positive



environmental impact, since these forests typically provide the greatest amount of
environmental services. And even though secondary forest clearing increases, the easing
of the labor constraint allows total production to rise and that helps reduce poverty.

This research, to some extent is a case study of trade-offs often necessary between
different goals. In this case, primary forest deforestation and poverty decreased but
secondary forest increased. An economist cannot scientifically evaluate the worthiness of
these particular trade-offs. This analysis can, however, help policy makers understand the
nature of the trade-offs in order to make better informed decisions. Moreover, this type of
analysis can aid in analyzing strategies for changing trade-offs to achieve outcomes
desired by policy makers.

A final set of conclusions and policy recommendations deals with where kudzu
and other improved fallows are most likely to be successful and how this relates to
deforestation. Kudzu-improved fallows are not associated with the typical intensification
scenario of land scarcity nearer to urban centers. Kudzu-improved fallow adoption
increases on farms that have been in production longer and on those with less primary
forest. It is the land quality constraint and not the land quantity constraint that leads
farmers to adopt kudzu fallows. This knowledge can help extension services save their
limited resources by targeting farms for introduction of kudzu and other improved
fallows where they are most likely to be successful.

In addition, a CIFOR study (Smith et al., 1998) in the Pucallpa zone and another
by Schelhas (1996) in Costa Rica found that farmers in older more developed frontier
zones with less primary forest put a higher value on preserving it. The products and

services provided by the remaining primary forest acquire a higher scarcity value.
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Improved fallows are likely to be particularly well received in these zones not only
because of declining soil fertility, but also because of a stronger desire to preserve
remaining primary forest. Thus, farmers in older settlement areas may be particularly

receptive to adopting improved fallows in order to conserve the remaining primary forest.
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Years in Lot

Sandy Soils
Alluvial Soils
Farm size
Secondary Forest
Primary Forest
Forest

Family Labor
Education

Forest Prod. Income
Off-farm Income

Age

Annual
Perennial
Livestock
Kudzu Fallows

Nature Pasture
Improved Pasture

Capital Input Use
Hired Labor
Land Tenure
Market Distance
Dist Social Serv’s
Credit

Extension

Fm-Gate Pr Maize

APPENDIX 1: VARIABLE DESCRIPTION

Number of years a farm has been in production (past & current
owners)

Dummy variable, sandy soils dominant on farm

Dummy variable, farm located in alluvial soil zone

Total hectares of a household’s land holdings

Hectares of secondary forest fallow on a household’s land holdings
Hectares of primary forest on a household’s land holdings
Hectares of total forest on a household’s land holdings

Number of family members 14> years old working on the farm
Dummy variable, household head has secondary education or
higher

Value (in soles) of products harvested from the primary forest in
the previous year

Value (in soles) of off-farm income earned by a household in the
past year.

The age of a household head

Hectares of annual crops on a household’s land holdings

Hectares of perennial crops on a household’s land holdings

Head of cattle owned by a household

Hectares of kudzu-improved fallows on a household’s

land holdings

Hectares of natural pasture on a household’s land holdings
Hectares of pasture improved with Brachiaria on a household’s
land holdings

Value (in soles) of capital inputs used in the past year by a
household

Days of paid labor used on farm (includes labor exchange “minga™)
Dummy variable, household head perceives tenure as insecure
Household’s distance in kilometers to the principal market
Pucallpa

Household’s distance in kilometers to nearest (school + health post)
Dummy variable, household received credit in the last five years
The number of extension visits a household received in the past
year

The price for maize received by a household minus transportation
and labor marketing cost
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! This is the average amount of annual crops cultivated by a farm household in the study area

? This includes labor for collecting kudzu seeds and seeding a kudzu fallow.

3 With the exception of the capital input use model, there were only a total of four sign changes (none of
variables significant at the .15 level or lower). Further (again with the exception of capital inputs), variables
significant at the .05 level or lower in the OL S models remained significant at the .15 level or better in the
SURE systems approach. The standard errors generated by the two techniques were remarkably similar,
although the SURE standard errors were generally slightly higher. In the case of capital inputs a review of a
simple correlation matrix between inputs and outputs indicated that capital inputs have the highest level of
correlation with other inputs and outputs. This may explain the changes shifting from OLS to SURE.

* With the SURE technique, all missing variables from any equation in the system result in an observation
being deleted. Combining all the missing observations in this way resulted in only 40 of the initial 220
observations being available.

3 I performed the Hausman test in order to check for simultaneity in the deforestation regression models
between the deforestation dependent variables and the input/technology and output independent variables.
In order to do so I first estimated the reduced form equations for all the input/technology and output
variables. I then took the estimated residual from each reduced form equation and plugged it into each of
the deforestation regression models as a right-hand-side variable. I then performed a t-test on the
coefficient of the estimated residual from the reduced form equation. I used a .10 cut-off as a criteria to

judge for significance.
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1. Introduction
1.1  Environmental and Economic Impacts of Livestock

Most rainforest cleared in the tropics of Latin America eventually ends up as
pasture (FAO, 1993; Houghton et al., 1991). The environmental impact of this
transformation is stark. The conversion of one hectare from rainforest to pasture results in
the reduction of hundreds of tons of biomass containing thousands of species over 40
meters of vertical space into a field containing a few native and exotic species compacted
one to two meters high. Some 170 tons of carbon per hectare are released into the
atmosphere potentially aggravating global warming (Mattos and Uhl, 1994).

The social and economic benefits derived from tropical forest clearing for
ranching appear limited. According to Ledec (1992), per land area deforested, cattle
raising produces much smaller benefits than other production systems-whether these
benefits are measured as foreign exchange, financial revenues, employment, calories, or
animal protein. His data indicate that a dollar's worth of beef requires the deforestation of
between 37 and 119 times more land than a dollar's worth of coffee, 15-24 times more
land than sugar, 34-43 times more land than cotton, and about 145 times more land than
bananas.

Nevertheless, cattle raising in tropical Latin America offers advantages that make
it attractive to small and large farmers alike. Cattle is a relatively low risk econémic
activity compared to other land uses both in terms of production and market price
(Feamnside, 1990; Seré and Jarvis, 1992, Schelhas, 1996). In addition, cattle have more
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