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SUMMARY

This paper examines the link between rural poverty, property rights, and environmental resource management using survey data collected from a semi-arid region in Kenya. We test the hypothesis that well specified property rights and participation in environmental conservation are not important determinants of household poverty. We employ the statistical probit framework to explain participation in environmental conservation, and the ordinary least squares regression methods to explain poverty. Our results show that well specified property rights and increased participation in environmental conservation would increase per capita expenditure, and therefore lower the level of poverty. Important policy lessons for poverty reduction include privatization of common property resources and improvements in education both formal and informal, which would facilitate changes in perceptions concerning conservation and thus encourage environmental conservation.

Key words: Poverty, Property rights, Environmental Conservation
1
INTRODUCTION AND RESEARCH PROBLEMtc \l2 "1.2
Research Problem
At independence, the Kenyan government identified poverty, ignorance and disease as the major constraints to socio-economic development.  Although the commitment to growth and poverty reduction has remained unchanged over the years, the poverty situation in the country has worsened (Republic of Kenya, 2000). Previous studies indicate that poverty is most prevalent and severe in rural areas where the bulk of the population (85%) reside deriving its livelihood from agriculture and related activities. Household budget surveys suggest that the major cause for low incomes in rural areas has been stagnating agricultural production. This is consistent with Barbier’s (1997) argument that in developing countries, poor rural households often live in marginal agricultural areas where land productivity and thus household income is stagnant or declining.  Furthermore, the poorest groups in rural Kenya are concentrated on low-potential lands (defined as resource-poor or marginal agricultural lands) where inadequate or unreliable rainfall, adverse soil conditions, fertility and topography limit agricultural productivity and increase the risk of chronic land degradation. Given this scenario, resource management by poor rural households is a crucial issue in solving the development and poverty problems facing Kenya. 

Since the incidence of poverty and squalor is most severe in the rain-fed semi-arid regions, where the land is environmentally vulnerable/degraded, reversing the life of the poor demands for a regeneration of the environment in which they live, improved productivity of land and provision of drinking and irrigation water. Moreover, since the poor reside primarily in rural areas of developing countries and are dependent on the land for their livelihood, rural poverty and environmental degradation are closely related. Through their agricultural activities, poor people seek to husband the available soil, water and biotic resources so as to harvest a livelihood for themselves. Poor people in their struggle to survive are driven to doing environmental damage with long-term consequences.  Their herds overgraze, their shortening fallows on steep slopes and fragile soils induce erosion, their need for off-season incomes drives them to cut trees and sell firewood, they are forced to cultivate and degrade their land. On the other hand, environmental degradation depresses the poor‘s ability to generate income requiring them to divert an increasing share of their labor to routine household tasks such as fuelwood collection; and also by decreasing the productivity of those natural resources from which the poor wrest their livelihood (Mink, 1993).

The links between poverty and the environment are conditioned by the interaction of economic, social, demographic and even climatic factor. These include the existence structure and performance of markets (including institutions such as property rights); production and resource conservation technologies; relative input prices, output prices, wages, interest rates and community wealth. Other factors include physical assets, rural infrastructure and human capital (Reardon and Vosti, 1995; World Bank, 1997; Kabubo-Mariara, 2002). For instance limited access to physical assets limits a farmer’s ability to engage in improved land use practices such as terracing, planting of trees and resistant vegetation and blocking of soil erosion outlets, which could enhance the productivity of farmers. In other words, these factors act as a disincentive for environmental conservation and often result in a fundamental process of cumulative causation of poverty, environmental degradation and underdevelopment (Barbier, 1997). 

 These arguments not withstanding, studies on poverty in Kenya have ignored the links between the environment and poverty. Furthermore, existing policy result in marginal groups (poor) being pushed to fragile economic environments due to inability to access productive land and lack of technology to improve the productivity of their land. This calls for the need to understand and empirically investigate these links as well as to assess the impact of the conditioning factors. Our study aims at filling this research gap. The study addresses the following questions: What factors condition the link between environment and poverty? What factors determine poverty?

The rest of the paper is organized as follows: The next section presents a description of the study area and the data. Section three presents the methods of analysis, section four presents the results while section five concludes.

2
THE SETTING AND THE DATA

This paper is based on primary data collected from a cross section of 570 households in Kajiado district. The data was collected in three phases: one, data was collected for the long rains (March-May 1999), two for short rains (October- December 1999) and three for the long rains (March- May 2000). The data was collected using the National Sample Survey and Evaluation Program (NASSEP III) frame. A detailed questionnaire was used to collect the requisite data. STATA software was used to clean and analyze the primary data. 

The study area lies to the southern of the Rift Valley province of Kenya. The district covers an area of 21,105 square kilometers. The land spans between agro-ecological zones III (semi-humid climate–mixed agriculture, 1.2%), IV (arable semi-humid/semi-arid climate, 6.5%), V and VI (arid climate–ranching, pastoral land, 92.3%) (Maps 1 and 2). Government survey data indicates that the status of poverty in the district is worsening over time (Republic of Kenya, 2000). Given that agriculture and livestock production are the main sources of livelihood in the district, boosting agricultural productivity would be one step towards improving the status of poverty. This could be achieved through among other interventions, improving institutional frameworks that facilitate affordability and accessibility of agricultural services and inputs, and environmental conservation. Our paper seeks to address such policy concerns focusing specifically on the impact of environmental conservation and well-specified property rights on poverty reduction through increased productivity.

3.
METHOD OF ANALYSIS tc \l1 "3.
Theoretical Framework And Methodology
Analytical Framework

Different framework have been proposed and utilized to analyze the poverty-environment nexus. The main arguments found in the literature indicate that poverty leads to environmental degradation while other studies argue that environmental degradation leads to low productivity and therefore increases poverty. Ekbom and Bojö (1999) summarize the link between poverty and the environment in five major hypotheses: The first hypothesis states that poor people are the main victims of environmental degradation. The authors argue that the poor live in ecologically vulnerable areas and lack the resources to relocate from such areas and to adopt defensive measures against negative exposure and are therefore more vulnerable to loss of biological resources. On the other hand, extreme environmental pressure can force the poor to migrate. Migratory patterns are traditionally part of the coping mechanism for nomadic pastoralists and represent a well-established, risk-minimizing and functional relationship with a fragile but dynamic environment (Ekbom and Bojö, 1999).

The second hypothesis states that the poor are agents of environmental degradation, through shorter time horizons and higher risk-aversion and discount rates. The authors quote studies that describes how poor nomadic dryland herdsmen are often excluded from formal credit, capital and insurance markets and are forced to invest their capital in cattle, resulting in non-sustainable herd sizes and overgrazing. The third hypothesis states that higher incomes increase environmental pressure. Though poverty increases pressure on local natural resources, high-income earners tend to put relatively more stress on the national and global environment as evidenced by “Environmental Kuznets Curve”. The fourth hypothesis states that incomplete property rights reinforce the vicious poverty-environment circle. Ekbom and Bojö (1999) cite studies that support the hypothesis that tenure security is correlated with the quality of environmental management but also studies that call for self-governing systems to common pool resources. The last hypothesis states that population pressure exacerbates both poverty and environmental degradation. However, the authors note that population growth plays a crucial role in determining the quality and stock of natural capital, but in many instances, it is not the root cause of environmental degradation.
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In the light of theses hypothesis the general consensus in the literature is that a more complex set of variables govern the link between poverty and environmental degradation. It is difficult to separate the determinants of poverty from the agents of environmental degradation. For instance, lack of assets, low returns to and productivity of assets constitute the main cause of poverty and environmental degradation.  These assets include human assets, natural assets (such as land), physical assets (such as infrastructure), financial assets (such as savings and credit) and social assets (such as social safety networks) (World Bank, 2000). Other factors include property right regimes, household characteristics and agro-ecological zones. We specify these relationships in formal modeling in the next sub-section.

Empirical Implementation

This study adopts the conceptual framework developed by Reardon and Vosti (1995) to link poverty and the environment. Reardon and Vosti (1995) relate four blocks of variables that govern this link: categories of assets of the rural poor; household behavior pertinent to environment-poverty links (income generation, investment and land use); categories of natural resources (such as soils and water) and conditioning variables (such as market conditions). The asset categories of poverty affect household and village behavior, which in-turn affects the quality and quantity of natural resources as well as household/village assets. The conditioning variables influence the links between the types of poverty and behavior as well as the links between behavior and natural resources.   

Reardon and Vosti (1995) postulate that a household’s objective is to maximize food security and other livelihood objectives subject to access to a set of natural resources, human capital and on-farm and off-farm physical and financial capital as well as a set of external conditioning factors (prices, policies, technologies, institutions, community assets). The household therefore allocates its labour, land and capital to income-earning activities and investments, which have different environmental consequences. The activities and investments, plus the environmental consequences alter the household’s access to resources and capital, and thus affect the welfare of the household. 

Following this approach and Deininger and Minten (1999), we hypothesis that poverty is a function of environmental conservation practices (investment strategies) along side other control variables such as human capital and property rights. Environmental conservation is a dichotomous variable, which take a value of one if the household adopted any environmental conservation practice and zero otherwise. Households in our sample were found to have adopted four different environmental conservation practices.39% of all households were found to have adopted at least one practice. The main practice adopted was planting of drought resistant vegetation (18% of all households), blocking soil erosion outlets (9%), land terracing (6%) and planting trees (6%). We employ the statistical probit framework to explain participation in conservation (Y1), which takes the following functional form. 

Y1= f(property right regimes, quality of land, transfers, total labor used, technology, age, gender, marital status and level of education of the household head, perceived impact of environmental conservation on productivity and division in which household is located) ……...……………………………………………...…………………………...(1)

To specify the framework for analyzing the determinants of poverty, we first note that there are generally two approaches to the analysis of poverty determinants. In one approach, probabilities of being poor are estimated using logit or probit procedures. In the other approach, household welfare functions (proxied by household expenditure functions) are estimated using least squares methods (Ravallion, 1994). The two approaches yield similar results because factors that increase household expenditure, especially on food and assets reduce the probability of a household being poor and vice versa. The main problem with the first approach is the arbitrariness of the poverty line (Grootaert, 1994), and unnecessary loss of information in transforming household expenditure into a binary variable that indicates whether a household is poor or not. Deininger and Minten (1999) also argue that a “low” level of resource endowments need not coincide with the official poverty line, and individuals above the poverty line may still be unable to make minimum investments in natural resource improvements or the enhancement of the quantity and quality of the natural resource base and thus may be driven towards a process of environmental degradation.

Our study therefore uses the household expenditure per capita as the dependent variable. If we let Y2 to represent household per capita, the functional form of the estimated model takes the form:

Y2= f(property right regimes, quality of land, transfers, non-farm incomes, household size, age, marital status and level of education attained by household head, number of cattle owned, whether household migrates or not and division in which household is located)……………………………………………………………..….…..…....(2)

Estimation Issues

In estimating the impact of environmental conservation practices on poverty, it is important to note a number of issues that arise in this type of analysis. The main issue is the possibility of encountering the problem of endogeneity. The problem is that most variables that influence environmental conservation practices also determine poverty. On the other hand, it is possible to have feed back effects between environmental conservation practices and poverty. Under such cases, the standard procedure for estimation is two or three stage estimation. However, such methods require appropriate instrumentation so that the separate equations can be properly identified.

To illustrate the procedure, assume that a household decides to participate in environmental conservation and consider the following structural system of equations, where Y1 is dichotomous and Y2 is an observed variable:

Y1* = (1Y*2 + (1X1 + (1 …………………………………………………….……...  (3)

Y2* = (2Y*1 + (2X2+ (2  …………………………………………………….…….... (4)

Y2   = Y2*, Y1 = 1 if  Y1* > 0, Y1 = 0 otherwise  ..……………………………….…... (5)

Where Y1 and Y2 are as defined earlier. X1 and X2 are distinct vectors of exogenous variables. (1 and (2 are uncorrelated residuals in the environmental conservation and per capita expenditure functions. 

The standard procedure for estimating equations (3) and (4) is to derive the reduced forms of these structural equations as in Maddala (1983):

Y1* =  (1X + v1 …………………………………………………….………………(6)

Y2* = (2X + v2  …………………………………………………….……………….(7)
where X includes all the exogenous variables determining environmental conservation and per capita expenditure, and v1 and v2 are stochastic disturbance terms. The next step is to estimate the reduced form for per capita expenditure and the reduced form for environmental conservation using ordinary least squares (OLS) and probit methods. However, because the decision to conserve the environment is a dichotomous variable, we can only estimate (1/(1 where (12= var(v1).  Hence we can write

Y1** = Y1*/(1 = ((1/(1)X + v1/(1 = (1*X + v1* …………………………………….. (8)

The structural equations (3) and (4) can now be written as:






Y1** = ((1/(1)Y2  +  ((1/(1)X1 + (1/(1 ……………………………………………….(9)
Y2*  =  (2(1Y1**  +  (2X2+ (2 ………………………………………………………(10)

The two-stage procedure is to estimate (1* by probit maximum likelihood, estimate (2 by OLS, estimate equation (9) by probit maximum likelihood after substituting (2X for Y2 and estimate equation (10) by OLS after substituting (1*X for Y1** (Maddala 1983). 

However, given data limitations, a number of assumptions are in order. In the first place, we assume that adoption of environmental conservation will affect per capita expenditure but per capita expenditure has no direct impact on adoption of environmental conservation practices. We therefore estimate reduced forms for environmental conservation practices (equation 9) and then predict Y1** which we substitute into the structural equation for per capita expenditure (equation 10). To facilitate this estimation, we assume that perceptions as to the benefits accruing from conservation and technology have a direct impact on environmental conservation but not on per capita expenditure. For instance, a household will block soil erosion outlets if it believes that this practice will increase productivity, but this perception has no direct impact on per capita expenditure. On the other hand, we assume that livestock ownership and migration affect per capita expenditure directly but have no direct impact on environmental conservation.

Another estimation issue is the endogeneity of property rights. Available evidence indicates that farmers are more willing to invest in environmental conservation when they have security of land tenure. On the other hand investments in environmental conservation could enhance security of tenure, as an individual strengthens claim on a parcel of land once he has made significant land improving investments such as planting trees. In our sample, however, we assume that land rights may not be endogenous as the decision to privatize land is made at the group level and not at the individual level. We therefore assume that there are no feed back effects between property rights and any of the dependent variables and so we do not model property rights.

4.
RESULTS AND DISCUSSION

Introduction

This section presents the empirical results. The section starts with a presentation of probit results for environmental conservation where we seek to answer the question: What factors determine participation in environmental conservation? The final part presents the OLS regression results for poverty analysis. We seek to answer the question: what are the major determinants of poverty among households in our sample? We investigate the impact of environmental conservation, assets and property rights among other factors, with the aim of offering policy prescriptions for enhancing the welfare of households in semi-arid environments. All continuous variables are transformed into logarithmic form at the estimation stage in order for our data to satisfy the usual assumption of normality. Summary statistics of the main variables used in the analysis are presented in appendix Table A1. A correlation matrix for the same vector of variables indicated that the variables are uncorrelated. To save on space, the results are not presented but are available from the author upon request. 

Adoption of Environmental Conservation Practices

In this subsection, we present binary probit estimates for the determinants of participation in environmental conservation. The results are presented in Table 1. The chow test for the goodness of fit {LR chi2(17) = 371.65} indicate that our model fits the data better than the intercept only model. The results indicate that the coefficient for the land tenure system dummy (1= private, otherwise =0) is positive and significant. The results therefore imply that private ownership acts as an incentive for households to engage in environmental conservation, relative to common property ownership. This is consistent with our a priori expectation that private landowners are more likely to participate in environmental conservation as they are assured of retaining the long-term gains from investments in land improvements. The variable for the inverse of land quality appears to have a negative insignificant effect on participation in environmental conservation. Increasing the amount of land owned (hence worsening the quality of land) by 1 more acre would lower the probability of participating in environmental conservation by 0.01%. The explanation is that as expected, poor quality land will discourage environmental conservation due to the expected low productivity, relative to higher quality/more productive land. 

Availability of labour seems to encourage participation in environmental conservation. The coefficient for this variable is positive but insignificant, implying that households with greater access to labour are more likely to engage in participation in environmental conservation, presumably due to lower costs of production. On the other hand, availability of labour will enable a household to allocate labour between competing alternatives in production. Availability of transfers exerts a positive and significant impact on participation in environmental conservation. The implication here is that households that receive more transfers have a higher incentive to participate in environmental conservation than those that receive less. As expected a priori, higher investment in physical capital (fixed technology) favour participation in environmental conservation. This is portrayed by the significant positive impact of value of farm tools. Increasing such investment by 1% would increase the probability of participating in environmental conservation by 0.03%. This variable turns out to be a good instrument for identifying the environmental conservation equation.
Table 1:
Probit estimates for participation in environmental conservation± 

	Variable
	Coefficient
	Std. Error
	Marginal effects

	Property right dummy (1= private, 0= common)
	1.203***
	0.250
	0.338

	Log total land owned (acres)
	-0.030
	0.047
	-0.010

	Log total labour available
	0.020
	0.022
	0.007

	Log of transfers (Kshs)
	0.033***
	0.019
	0.011

	Log value of farm tools (Kshs)
	0.096***
	0.055
	0.032

	Log age of household head 
	17.272
	16.351
	5.81

	Log age squared 
	-4.691
	4.967
	-1.578

	Gender (1= male, 0 = female)
	-0.319
	0.229
	-0.117

	Primary school dummy (1= yes, 0 = no)
	0.440**
	0.220
	0.154

	Secondary school dummy (1= yes, 0 =no)
	0.621***
	0.274
	0.300

	Post-sec school dummy (1= yes, 0 = no)
	0.742**
	0.363
	0.281

	Perceived impact of conservation on output (1= positive, 0 =negative)
	3.198***
	0.274
	0.872

	Division (Reference is Loitoktok)
	
	
	

	Mashuru (1= yes, 0 = no)
	-0.876***
	0.328
	-0.228

	Ngong  (1= yes, 0 = no)
	-0.587***
	0.207
	-0.182

	Central (1= yes, 0 = no)
	-0.966***
	0.350
	-0.238

	Magadi (1= yes, 0 = no)
	0.658*
	0.388
	0.246

	Namanga (1= yes, 0 = no)
	-1.415***
	0.406
	-0.296

	Constant 
	-18.153
	13.415
	

	Number of observations
	570

	LR chi2(17) 
	371.65***

	Log likelihood
	-174.154


± Dependent variable = 1 if household adopted any environmental conservation practice,

   otherwise equal to zero.

***, **, * Significant at 1%, 5% and 10% respectively

Household characteristics are represented by household size, sex, marital status and the highest grade attained by family members. Household size, age and gender do not seem to be important determinants of participation in environmental conservation. All levels of education encourage environmental conservation. The coefficients for the educational dummies imply that the probability of investing in land improvements will increase with the level of education. 

Perceptions of the benefits of environmental conservation was captured by asking respondents what they felt was the impact of adopting environmental conservation practices on productivity (the responses were coded as 0= decreases productivity, 1= increases productivity). The results indicate that favourable perceptions exert a positive impact on the probability of participating in environmental conservation. Increasing the proportion of households with positive perceptions by 1% would increase the probability of participating in environmental conservation by 0.87%. For productivity growth to be achieved, it is therefore vital to educate producers in the district on the benefits of environmental conservation in order to bring about a change in attitude. We note that this variable also turns out to be a good instrument for identifying the environmental conservation equation, as it is significantly different from zero. Divisional dummies indicate that relative to Loitoktok division, the location of the household discourages environmental conservation except in Magadi division. 

Determinants of Poverty 
This section presents the OLS regression results for the determinants of poverty. We seek to test the hypothesis that well-specified property rights, environmental conservation, and assets ownership lead to higher productivity and incomes and therefore increase expenditures, pulling households out of poverty. The results are presented in Table 2. The F-statistic value for the goodness of fit of the model imply that our model fits the data better than the intercept only model and the variables are jointly significant in explaining per capita expenditure and also confirm the stability of the coefficients to changes in specifications. 

The results indicate that the inverse of land quality variable has a negative significant coefficient, implying that the poorer the quality of land, the poorer the household, holding other factors constant. Property rights exert a strong positive impact on expenditures, implying that households holding land under private property are less poor than their common property holding counterparts. This supports studies which argue that clear property rights act as incentives that enhance productivity and the well being of the poor (Norton, 1998; Barbier and López, 1998; Kabubo-Mariara, 2002). On the other hand, privatization of common property resources could be seen as a way of increasing assets owned by producers, as it would facilitate independent decisions on use of land and therefore increase productivity and enable a household to escape poverty.

Access to non-farm incomes and transfers also help households to escape from poverty. Increasing either the amount of transfers or non-farm incomes by 1% would increase per capita expenditure by about 3%. Transfers and non-farm incomes can affect the status of poverty in two different ways. One, through the direct impact of increased consumption and two, under a normal utility function, we would expect households to devote the extra incomes into output enhancing mechanisms to increase productivity, which would increase incomes and therefore reduce poverty (Kabubo-Mariara, 2002). These results are consistent with literature that argues that social assets (sources of transfers) and physical assets (source of non-farm incomes) enable households to escape poverty (World Bank, 2000). 

Household size has a negative significant coefficient implying that larger households are likely to be poorer than smaller households, holding all other factors constant. Age has a positive impact on per capita expenditure. However, age squared has a negative coefficient, which implies that there is a life-cycle effect of age on the status of poverty, with poverty declining with the age of the household head. All education dummies have the expected positive signs, confirming the hypothesis that as the level of education of the household head increases, the probability of a household being poor decreases. The results further show that the probability of being poor will decline at much higher levels of education. 

Table 2:
Ordinary least squares regression estimates for log per capita expenditure

	Variable
	Coefficient
	Robust Std-err
	T statistic

	Log total land owned (acres)
	-0.061***
	0.017
	-3.554

	Property right regime (1= private, 0= common)
	0.255***
	0.072
	3.524

	Log transfers (Kshs.)
	0.029***
	0.009
	3.352

	Log non-farm income (Kshs.)
	0.030***
	0.007
	4.266

	Log house hold size
	-1.418***
	0.142
	-10.021

	Marital status (1= married, 0= otherwise)
	0.035
	0.097
	0.360

	Log age of household head
	9.647
	6.866
	1.405

	Log age of household head squared
	-2.870
	2.026
	-1.416

	Primary school (1= yes, 0 = no)
	0.145*
	0.086
	1.688

	Secondary school (1= yes, 0 = no)
	0.272***
	0.112
	2.426

	Post secondary (1= yes, 0 = no)
	0.560***
	0.151
	3.707

	Log number of cattle owned
	0.376***
	0.053
	7.076

	Household migrates (1= yes, 0 = no)
	0.169*
	0.101
	1.672

	Y1* (predicted from results in table 1)
	0.171***
	0.060
	2.836

	Division (reference is Loitoktok)
	
	
	

	Mashuru (1= yes, 0 = no)
	0.320***
	0.105
	3.059

	Magadi  (1= yes, 0 = no)
	0.213
	0.164
	1.297

	Ngong (1= yes, 0 = no)
	0.075
	0.080
	0.945

	Central (1= yes, 0 = no) 
	0.004
	0.108
	-0.039

	Namanga (1= yes, 0 = no)
	-0.027
	0.127
	-0.211

	Constant (1= yes, 0 = no)
	-2.018
	5.788
	-0.349

	Number of observations
	570

	F (19, 550)
	14.85***

	R-Squared
	0.3239


***, **, * Significant at 1%, 5% and 10% respectively

As expected, cattle ownership is an important means of escaping poverty. Field observations showed that households with more livestock reported higher own consumption of livestock products than their counterparts with less livestock. The positive significant coefficient for livestock confirms findings in literature that argue that assets are important means of escaping poverty (Reardon and Vosti, 1998; World Bank, 2000; Mwabu et al., 2000). Households that migrate in search of pastures and water are less poor than their counterparts who do not migrate. We can therefore infer that migration is a possible mechanism of escaping poverty by households (Ekbom and Bojö, 1999).

The predicted probability of environmental conservation exerts a strong positive impact on per capita expenditure. The results imply that increasing the predicted probability by 1% increases per capita expenditure by 0.17%. Livestock ownership, migration and environmental conservation turn out to be good instruments for identifying the per capita expenditure equation as the coefficients are all significantly different from zero. Results for the divisional dummies indicate that households in Namanga division seem to be poorer than their counterparts in Loitoktok division. However, all other divisions report positive coefficients implying that households located in these divisions report higher per capita expenditure than their counterparts in Loitoktok division. Differences in land quality and weather conditions probably explain these differences in expenditure. Other than for Mashuru, all other regional dummies are insignificant. 

5.
CONCLUSIONS AND POLICY IMPLICATIONS
This paper examines the link between rural poverty and environmental resource management in Kenya. The results indicate that private property rights; availability of transfers; value of tools; marital status; educational attainment and positive perceptions concerning the impact of environmental conservation on productivity encourage participation in environmental conservation. The results further indicate that quality of land, property right regimes, non-farm incomes, transfers, household size, level of education, livestock ownership, migration with livestock and environmental conservation are important correlates of poverty. Important policy options for poverty reduction include privatization of common property resources and improvements in education both formal and informal, which would facilitate changes in perceptions concerning conservation and thus encourage environmental conservation. Any other policy option that would encourage environmental conservation would have a long term impact on poverty reduction through increased productivity
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APPENDIX

Table A1: Sample statistics for variables used in the analysis

	Variable
	Mean
	Std. Dev.
	Min.
	Max.

	Per capita expenditure (Kshs*.’000)
	0.44
	0.47
	0
	4.28

	Total land owned (acres)
	89.32
	140.11
	0
	800

	Total labour inputs (number)
	4.00
	4.00
	0.5
	11.00

	Property right regime (1= private, 0= common)
	0.69
	0.46
	0
	1

	Transfers (Kshs.’000)
	1.58
	7.51
	0
	100

	Non-farm income (Kshs.’000)
	10.57
	32.68
	0
	420

	Value of tools (Kshs.’000)
	5.10
	9.54
	0
	97.7

	Age of household head (years)
	35.12
	13.18
	22
	70

	Sex of household head (1= male, 0= female)
	0.86
	0.35
	0
	1

	Household size (number)
	6.83
	4.17
	1
	38

	Marital status of household head 

(1= married, 0= otherwise) 
	0.86
	0.35
	0
	1

	Primary school education (1= yes, 0 = no)
	0.31
	0.46
	0
	1

	Secondary school education (1= yes, 0 = no)
	0.13
	0.33
	0
	1

	Post sec. school education (1= yes, 0 = no)
	0.05
	0.23
	0
	1

	Number of cattle owned 
	20.84
	58.44
	0
	902

	Distance to source of water (Kms**)
	3.22
	4.37
	0
	20

	Household participates in environmental 

conservation (1= yes, 0 = no)
	0.39
	0.47
	0
	1

	Household migrates (1= yes, 0 = no)
	0.55
	0.50
	0
	1

	Perceived impact of conservation on output 

(1= increase, 0 =decrease)
	0.22
	0.41
	0
	1

	Division where household is located
	
	
	
	

	Loitoktok (1= yes, 0 = no)
	0.29
	0.46
	0
	1

	Mashuru (1= yes, 0 = no)
	0.12
	0.32
	0
	1

	Magadi (1= yes, 0 = no)
	0.10
	0.30
	0
	1

	Ngong  (1= yes, 0 = no)
	0.30
	0.46
	0
	1

	Central (1= yes, 0 = no)
	0.09
	0.29
	0
	1

	Namanga (1= yes, 0 = no)
	0.10
	0.30
	0
	1


*  Kshs = Kenyan shillings

 ** Kms = Kilometers
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