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Comparative Statics

In the steady-state condition, capital, consumption, and output all grow at the same rate as the prevailing 

interest rate in the economy. Assuming a zero transaction cost world where the savings rate is equal to the 

interest rate, and substituting for s in equation (16) by the interest rate in the economy, which is equal to the 

consumption growth rate, the equilibrium agricultural land acreage in the economy becomes

Since all the right hand side variables are constant, 𝑿𝒕
∗ = 𝑿∗

From the steady state conditions above, the following comparative statistics can be inferred.
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Introduction

Forest contributes to national income and its protection (or destruction) is a factor in the nation’s overall 

economic development. The current pace of loss of tropical forest is closely related to past developmental 

processes and institutional and structural factors in the tropical economies (Walker (1993)). Therefore, the 

forest conversion process is an outcome of economic decision-making by farmers, the logging industry, 

state agencies, and others. This paper explores the underlying theoretical relationship between 

deforestation and several other variables, such as discount rate, land productivity, and population growth, 

using a dynamic equilibrium model. It then validates the finding from the theoretical model with 

simulation results.

Objectives

The objectives of this study are to examine the dynamics of the deforestation process in an economy and 

an analysis of the relationship between agricultural productivity growth and forest land cover changes. 

Methods

The utility function of the island people can be written as:

where,

𝑐𝑡 = consumption of output product from the farming sector, and

𝑧𝑡 = environmental service value of the forest resources.

For the sake of simplicity, assume that the harvesting cost of the forest equals the marketable.

income derived from the harvested timber; i.e., there is no other use of timber in this economy.

Thus, the forest is harvested only to clear land for agricultural production. Assume there is no other 

tangible income from the forest sector. This restriction will not adversely affect the optimum

allocation of resources Now assume that the representative individual lives forever, where the

preferences of the representative agent are represented by:

where 𝛽 = 1/(1+𝛿) is the individual’s subjective discount factor, 0 < 𝛽 < 1, and 𝜆 = individual’s

Pareto weight on the preference for ordinary consumption of goods and services, 0 < 𝜆 < 1. This

type of infinite generation function form of the model is selected to consider the intergenerational aspect of 

utilizing both the consumptive use as well as the environmental services use of the forest’s

resources

Aggregate Social Welfare Function: 

Agricultural Production Function:

Dynamics of Agricultural land:  𝑋𝑡 − 𝑋𝑡−1 = 𝑢𝑡 and total land available =1, so total forest land in time 

period t is 1 − 𝑋𝑡

Abstract

This paper investigates the factors influencing land use decisions and establishes conditions for the optimal allocation of agricultural and forest lands in an economy using a dynamic equilibrium model 

and simulation exercises. Steady state results that the optimal land use decision is influenced by the discount rate, land productivity, rates of return on capital and labor, and society's preferences for 

consumption. Through comparative static analysis, the study identifies the conditions under which the environmental Kuznets curve (EKC) for deforestation can emerge. The comparative statics results 

indicate that an EKC for deforestation will occur when land productivity and the preference for environmental services from forest land reach critical levels. Unlike previous studies that focused on 

population pressure and other structural factors, this study highlights the significance of agricultural and resource productivity growth in driving the emergence of the EKC deforestation relationship. 

The theoretical analysis is supported by simulation models, which indicate that changes in the preference weighting value significantly impact the level of deforestation in an economy. Overall, within 

the specified short-run parameter ranges, a substantial portion of land is allocated to agricultural production.
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Comparative Dynamics

The comparative dynamics uncovers the cumulative effect of the parameter value of capital, labor, and agricultural land, as well as changes in societal preferences for goods and services in the optimal function. The 

first partial of the optimal function recovers the cumulative discounted function, and the second partial recovers the path of the discounted function over a long period of time. While reviewing the history of the study 

of comparative statics and comparative dynamics, Samuelson (1965) and Silberberg (1974) are the founder of comparative statics, and Caputo (1990) and Oniki (1973) contribute different types of calculation to work 

on the comparative dynamics depending upon autonomous, non-autonomous, and time horizon of the optimal control problem. Later, Benchekroun (2008); Caputo and Ling (2017) and Ling (2022) applied the idea of 

comparative dynamics to study

in economics, agriculture, and game theory. The previous section of comparative statics focuses on the change of equilibrium land with respect to the changes in related parameters. However, those changes do not 

address the changes of the social planner with respect to the parameters in a long-term time-dependent situation. For the sake of a complete study of the dynamics of the

effect of deforestation on the economy, the comparative statics of the previous section is extended to analyze the comparative dynamics of the non-autonomous form of the objective function of the social planner 

using the idea of Caputo (1990).
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Conclusions

The comparative statics analysis of this study suggests us that the optimum land use in the

steady state condition of an economy is affected by the discount rate, land productivity, the rate

of return on capital, and society’s preferences over consumption of outputs from farming versus

outputs produced from forest land. The results from the comparative statistics analysis also

confirm the likelihood of an EKC for deforestation, as illustrated by several previous studies of

cross-country empirical analyses on the topic. In other words, the EKC deforestation relationship

emerges in an economy when the land productivity and the preference (i.e., income elasticity)

of the environmental services from forest land reach a critical level. The comparative statics

analysis provides an illustration of alternative conditions under which the EKC for deforestation

emerges, or is absent, in the economy, and the specific limitations of this process. The results from

inter-temporal dynamic modeling also validate the existence of the EKC deforestation relationship.

Unlike previous studies of the EKC for deforestation, this study tests for a Kuznet-type rela-

tionship for deforestation using the basic structure of the economy and adopting an inter-temporal

dynamic equilibrium framework of analysis. The use of inter-temporal dynamic equilibrium mod-

eling is particularly important here due to the fact that forest use is an investment decision within a

long-run decision-making process.

Furthermore, the comparative dynamics analysis of this study shows that the optimal path is

affected by parameters over the long term. The weight of capital (𝛼), labor (𝜛), and land used (𝛾)

show an EKC behavior. These parameters show a symmetry behavior with each other as well.


