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Abstract 

This paper examines the impact that household and village level 
characteristics have on environmental dependence and participation in 
resource extraction decisions. Contrary to previous studies that have used 
case studies or regional samples, I use a nationally representative sample 
of rural households. Econometric results show that participation in resource 
extraction follows an inverted U-shaped relationship with income and that 
environmental dependence decreases with income. Nevertheless, 
environmental income is very significant for the relatively rich households 
that do participate in extraction. Beyond income, results show that 
relatively wealthy households in rural Mexico are less likely to participate in 
resource extraction and have lower dependence than those with less wealth. 
There is also evidence that natural resources provide some sort of insurance 
for households that receive negative agricultural shocks. Finally, I also find 
evidence showing that natural resource management rules increase 
participation and environmental dependence while households in isolated 
villages are more dependent on environmental income. 

Resumen 

La pobreza en el mundo está concentrada en las zonas rurales, y los 
hogares rurales, sobre todo en los países en desarrollo, dependen del medio 
ambiente para obtener parte de su ingreso. Durante los últimos 15 años, la 
literatura ha demostrado la importancia del ingreso proveniente de fuentes 
ambientales para el bienestar de los hogares en zonas rurales. El énfasis 
hasta ahora ha sido en la relación entre el ingreso ambiental o la 
dependencia y el ingreso total; muy pocos estudios empíricos han explicado 
las diferencias que se presentan entre distintas comunidades y entre 
distintos grupos socioeconómicos. El presente trabajo contribuye a esta 
literatura al ahondar en las causas del comportamiento heterogéneo entre 
hogares mediante la inclusión de variables que capturan la riqueza del 
hogar y la ocurrencia de choques exógenos. Además, analiza las diferencias 
debidas a la heterogeneidad en términos de acceso a mercados y a la 
presencia de reglas de manejo de recursos ambientales a nivel localidad 
rural. El análisis también contribuye probando explícitamente la relación 
entre pobreza y dependencia, así como entre pobreza y participación en la 
extracción de recursos ambientales. Por último, este trabajo es uno de los 
pocos, sino es que el único, análisis de la dependencia de recursos 
ambientales que utiliza información de hogares rurales a nivel nacional. 
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Introduction 

Poverty in the world is concentrated in rural areas, and rural households, 
particularly in developing countries, depend on the environment for at least 
some of their income (Angelsen et al., 2011; Cavendish, 2000; World Bank, 
2002; WRI, 2005). Nevertheless, the relationship between environment and 
poverty is complex as environmental goods and services can play different 
roles in rural households’ livelihood strategies (WRI, 2005). In a detailed 
account of the links between poverty and forests, Angelsen and Wunder 
(2003) argue that forest resources can play different roles in a household’s 
livelihood strategy; they can act as ‘safety nets’ or ‘gap fillers’, but they 
might just as easily become poverty traps. Furthermore, households’ 
resource-use behavior can be quite diverse both within and across 
communities implying that while extraction from the environment can be the 
main source of income for some households others in the same village might 
not extract at all (Coomes and Barham, 1997; Fisher et al., 2005). In any case, 
environmental income can be of vital importance to people in rural areas 
even if its contribution to total income is relatively small (Sjaastad et al., 
2005). 

Jodha’s (1986) seminal paper was one of the first to measure the 
importance of natural resources as an income generating activity using 
household level data. His results show that the Gini coefficient increases by as 
much as 36% in dry regions of India when income from common property 
resources is not considered. 

During the last 15 years, many studies have followed this approach of 
estimating poverty and inequality with and without including income from 
environmental sources as a way to underscore the importance of this income 
source for the rural poor. Using a data set from Zimbabwe, Cavendish (1999) 
shows the relevance of including natural resources and environmental services 
when estimating poverty and inequality. By calculating these measures with 
and without considering the income derived from natural resources, he shows 
that rural poverty and inequality can be overstated using conventional 
household surveys. For India, Reddy and Chakravarty (1999) find that if 
income from forestry were set to zero (under the scenario of restricting 
access to common property areas), poverty would increase by as much as 28%; 
the reduction in inequality due to forest-related income was found to be 
negligible (-0.1%). Fisher (2004) shows that in southern Malawi forest income 
reduces income inequality. Mahapatra et al. (2005) use an Indian data set to 
estimate that sales of NTFPs can decrease income inequality. Babulo et al. 
(2009) show that poverty and inequality increase when forest income of rural 
households in Northern Ethiopia is not accounted for.  
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All these analyses were based on case studies or on samples representative 
at the regional level; López-Feldman et al. (2007) present one of the first 
efforts to estimate the impacts of natural resource income on poverty and 
inequality using a household data set that is representative for the rural 
population of a whole country (Mexico). They show that the number of poor 
individuals increases 4.2% and inequality increases 2.4% when natural resource 
income is not taken into consideration. A 10% increase in income from natural 
resources, other things being equal, reduces the Gini coefficient of total 
income inequality by 0.2% in rural Mexico and by 0.36% in the South-Southeast 
Region of the country.  

These studies have contributed to establish the importance of including 
income from environmental sources when measuring rural poverty, inequality 
or livelihoods, although this has yet to be widely assimilated in rural 
development circles and poverty alleviations strategies (Angelsen et al., 2011; 
Sunderlin et al., 2005).1 A related thread of the literature analyzes how this 
source of income as well as dependence on environmental resources, 
measured as the share of environmental income in overall income, vary with 
different socioeconomic characteristics (Narain et al., 2008b). The results of a 
meta-study of 51 case studies, by Vedeld et al. (2007), show weak evidence of 
a negative relationship between forest income and total income and no 
statistically significant relation between dependence and income. So far the 
majority of the studies has been based on simple tabulations that fail to 
convey the complexity of the relationship (Narain et al., 2008a). A few 
exceptions employ an econometric approach.  

One of these exceptions is Fisher (2004), who shows that asset-poor 
households in a region of Malawi are more dependent on natural resources 
than better off households. Similarly, Escobal and Aldana (2003) study a small 
sample of Brazil nut harvesters in Peru and conclude that the poor depend 
more heavily on natural resources than the wealthy. Contrary to the negative 
relationship that Cavendish (2000) finds for Zimbabwe, Narain et al. (2008a 
and 2008b) find that, for rural Indian households that participate in the 
collection of natural resources, dependence exhibits a U-shaped relationship 
with income. They also find that the poorest and the richest households are 
the least likely to collect. For households at the tails of the income 
distribution, dependence is either zero or relatively high. This is in line with 
other results showing that even when poor households exhibit greater 
dependence on natural resources the wealthy derive greater absolute values 
from the resources they exploit (Cavendish, 1998; Cavendish, 2000; Mamo et 
al., 2007). This could imply that rich households bear a greater responsibility 
for environmental degradation.  

                                                 
1 One of the first economists in Latin America, if not the first, to underscore the importance of considering the 
environment as a key element of any development policy was Urquidi (1985). 
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The literature emphasis so far has been on the relationship between 
environmental income or dependence and total income, and relatively little 
empirical research has explained inter-village variations as well as differences 
across socio-economic groups (Mamo et al., 2007). This paper sheds light on 
the reasons behind households’ heterogeneous behavior by incorporating 
variables that capture wealth as well as the occurrence of shocks 
(idiosyncratic and covariate). It also looks at differences due to village level 
heterogeneity in terms of access to markets and the existence of rules to 
access or manage environmental resources. Another contribution of this paper 
is that the relationship between poverty and dependence, as well as between 
poverty and participation is explicitly tested. Finally, the paper presents one 
of the few, if not the only, econometric analysis of environmental 
dependence that uses a national rural household survey.  

The remainder of the paper is organized as follows. The next section 
discusses the data set and shows the importance of environmental income in 
the livelihoods of rural Mexican households using poverty and inequality 
measures. Section 3 presents the empirical strategy and results of the 
estimation of the factors that shape both the decision to participate in 
resource extraction and the degree of environmental dependence. 
Conclusions and final remarks are presented in section 4.  

1. Data description and empirical evidence on the relevance of 
environmental income 

Data for this research are from rounds I and II of the Mexico National Rural 
Household Survey (Encuesta Nacional a Hogares Rurales de México, or 
ENHRUM). The survey consists of two parts, a village and a household 
questionnaire. The first part was applied to key informants and provides 
information on basic characteristics of the village (infrastructure, access to 
markets, etc.); the second one was applied to a random sample of 22 
households in each of 80 communities located in 14 states. INEGI, Mexico’s 
national information and census office, designed the sampling frame to 
provide a statistically reliable characterization of Mexico’s population living in 
rural areas, or communities with fewer than 2,500 inhabitants. For reasons of 
cost and tractability, individuals in hamlets or disperse populations with fewer 
than 500 inhabitants were not included in the survey. The result is a sample 
that is representative of more than 80% of the population that the Mexican 
government considers rural. The first round was applied in 2003 (the 
information collected is for 2002) to more than 1,700 households. Almost 
1,600 of these households were interviewed again in 2008.  

Both rounds of ENHRUM provide detailed data on assets, socio-
demographic characteristics, production, labor allocation and income (cash 
and in-kind) from all sources. Therefore, it is possible to quantify 
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environmental income (firewood, wild fruits, wild animals, wild plants, etc.) 
as well as total income at the household level.2 For the purposes of this paper 
total income is defined as the sum of value added from five sources: family 
production (crops, livestock, nonagricultural goods and services, and rent of 
land); environmental income; wage labor (agricultural and nonagricultural); 
migrant remittances (both internal and international); and public transfers.  

Value added from household production activities was estimated as the 
gross value of production minus purchased inputs.3 Production includes not 
only commercial production but also output consumed at home and given to 
other households as gifts. In order to obtain the gross value of commercial 
production, households were asked the price at which they sold their product. 
For output consumed at home or given as gifts, households were asked the 
price they would have received by selling the product. Firewood and other 
goods produced for home consumption were valued by asking what price they 
would have had to pay to purchase these goods. Salary and wage income were 
aggregated across all household members and jobs. Migrant remittances were 
aggregated across all remitters and government transfers were aggregated 
across all household members that received them. All the results in this paper 
refer to per capita income. 

Prior to the application of the second round of ENHRUM the household 
questionnaire was modified to better capture all the potential sources of 
environmental income, especially that derived from the use of medicinal 
plants. Questions about the occurrence of agricultural and non-agricultural 
shocks (both idiosyncratic and covariate) were also included.4 Questions about 
the existence of village level rules for the management of natural resources 
were included in the version of the village survey applied during the second 
round. Therefore, I decided to concentrate on the analysis of environmental 
income and environmental dependence using the second round of ENHRUM 
(the information collected is for 2007).  

The first column of Table 1 shows that environmental income represents 
6% of total income (if only the households that participate in resource 
extraction are considered this number increases to 12%). Wage income is the 
most important income source followed by family income. There is high 
inequality in the distribution of every one of the income sources; wage 

                                                 
2 I follow Sjaastad et al. (2005) definition of environmental income as income earned from wild or uncultivated 
natural resources. 
3 Consistent with the methodology suggested by Angelsen and Friis (2011), the cost of family labor was not 
deducted to obtain value added. For livestock I added sales but did not subtract purchases because it resulted in 
many households having negative income which was not convenient for the measurement of environmental 
dependence. 
4 The first round only included agricultural shocks and it was not feasible to distinguish between covariate and 
idiosyncratic shocks.  
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income is the least unequally distributed.5 Inequality of total income is also 
relatively high as shown by a Gini coefficient of 0.563.  
Following Cavendish (1999) and Reddy and Chakravarty (1999), among others, 
I estimate again inequality (and poverty as discussed below) without taking 
into account environmental income. The result is a Gini coefficient of 0.577, 
which implies a moderate increase in inequality when environmental income 
is left out of the equation. The marginal impact of a small change in every 
one of the income sources is illustrated in Column 4 of Table 1. The results 
are obtained following the methodology proposed by Lerman and Yitzhaki 
(1985). They show that the Gini coefficient for total income inequality, G , 
can be represented as: 
 

1

K

k k k
k

G S G R
=

= ∑  (1) 

 
Where kS  represents the share of component k  in total income, Gk  is the 
source Gini, corresponding to the distribution of income from source k  , and 

kR  is the Gini correlation between income from source k  and the distribution 
of total income.6 Given Equation (1), it can be shown (see Stark et al., 1986) 
that the percentage effect on the Gini coefficient (that is, the Gini elasticity) 
given a percentage change in income from source k  equal to ek is equal to: 
 

k k kk
k

G
S R Ge S

G G

∂
∂

= −  (2) 

 
Consistent to what is shown above, environmental income has a very 

moderate, although not statistically significant, equalizing effect in total 
income; a 10% increase in environmental income reduces inequality in 0.08%. 
The highest equalizing effect comes from wage income, while a 10% increase 
in family production income increases inequality in 1.5%. 

In order to calculate the impact of environmental income in poverty I use 
the three main variants of the poverty index proposed by Foster et al. (1984), 

                                                 
5 In Table 1, the income-source Gini coefficient for family production is higher than 1.0. This does not imply perfect 
income inequality, but rather reflects the presence of some negative income values. Income-source Gini coefficients 
greater than 1.0 have been reported elsewhere in the literature (e.g., Lerman and Yitzhaki, 1985). The Gini 
coefficient is a measure of dispersion, similar to a coefficient of variation; it is equal to the expected difference 
between two randomly drawn observations divided by the mean. One can view the mean as the expected difference 
between each observation and zero. If all observations are positive, zero is outside the range of observations, so the 
ratio is lower than one. However, if some observations are negative, zero is not outside the range of the group, and 
the ratio depends on the location of zero in the range. Wodon and Yitzhaki (2002) argue that the ability to handle 
negative incomes is an advantage of the Gini coefficient over other inequality measures. 
6 For more details on the interpretation of each one of the components see Lerman and Yitzhaki (1985) and López-
Feldman et al. (2007). 
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the FGT. Results in Table 2 show that 43% of the households in the sample are 
below the poverty line established by the Mexican government.7 If 
environmental income is not included the number of households below the 
poverty line increases to 46%. The other two measures of poverty also show 
statistically significant increases when environmental income is not 
considered. These results are smaller than other reported in the literature but 
one needs to bear in consideration that they apply to a random sample of the 
Mexican rural population and not to a sample chosen by its proximity or 
abundance of natural resources, like most of the results in the literature. In 
any case, these results show that environmental income is an important 
source of income for many rural households and without it many households 
could see their ability to satisfy basic needs compromised.  

 
TABLE 1. GINI DECOMPOSITION BY INCOME SOURCE 

 

INCOME SOURCE 

(1) 
SHARE IN TOTAL 

INCOME 
(SK) 

(2) 
INCOME SOURCE 

GINI 
(GK) 

(3) 
GINI 

CORRELATION 

WITH TOTAL 

INCOME 

RANKINGS (RK) 

(4) 
% CHANGE IN 

GINI FROM A 

10% CHANGE 

IN INCOME 

SOURCE 
FAMILY PRODUCTION 0.251 1.149 0.779 1.48*** 
ENVIRONMENT 0.062 0.880 0.559 -0.08 
WAGES 0.384 0.676 0.595 -1.10* 
REMITTANCES 0.191 0.900 0.690 0.20*** 
PUBLIC TRANSFERS 0.112 0.745 0.415 -0.51*** 
TOTAL INCOME  0.563   
* and *** denote significance at the 10% and 1% level, respectively using bootstrapped confidence 
intervals. 
Note: Gini decomposition and bootstrapping was done using the Stata command descogini, which is 
described in López-Feldman (2006). 

 
Once the relevance of environmental income for rural Mexican households 

has been established the next step, and the most relevant of this paper, is to 
empirically identify the effects of household and village characteristics on the 
decision to participate on natural resource extraction and on the level of 
environmental dependence. However, before going to the econometric 
estimation let’s look at how participation in resource extraction and 
environmental dependence (share of environmental income in a household’s 
total income) vary by total income quintiles.8 Figure 1 shows what resembles 

                                                 
7 The poverty line corresponds to the monthly per capita income necessary to purchase a basic basket of food in 
rural areas. The annual value used in this analysis is 6,312 Mexican pesos. The exchange rate at the time was 10.8 
pesos per dollar. 
8 The measure of dependence that uses “permanent” income instead of total income suggested by Narain et al. 
(2008a and 2008b) is an attractive alternative to the traditional measure used here but unfortunately I do not have 
information on the monetary value of most of the productive assets so it is not feasible to estimate “permanent” 
income as they do. 
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an inverted U-shape for participation in resource extraction. For households in 
the first income quintile the participation rate is 57% and it increases to 68% 
for those in the second quintile and then starts to go down until it reaches 
52% for the richest households in the sample. Dependence on environmental 
income, for households that participate in extraction, shows a tendency to 
decrease as total income increases, except at the fifth quintile where there is 
a small increase. For the poorest quintile of the rural population income from 
natural resources represents almost 25% of total income, while it represents 
only 8% for those in the fourth quintile, and 12% for the richest households. 
These tendencies suggest that in rural Mexico natural resource extraction is 
more common among the poor, although more than half of those that are 
relatively rich participate in extraction. On the other hand, it is clear that the 
poor depend more on the environment as a source of income. 
 

TABLE 2. FGT INDEX WITH AND WITHOUT ENVIRONMENTAL INCOME (EI) 
 

 FGT (0) 
HEADCOUNT 

FGT (1) 
POVERTY GAP 

FGT (2) 
POVERTY SEVERITY 

WITH EI 0.429 0.233 0.185 
WITHOUT EI 0.464*** 0.262*** 0.211*** 
*** denotes that the difference between the measure with and without environmental income is 
statistically significant at the 1% level using bootstrapped confidence intervals. 

2. Empirical strategy and econometric results 

The estimation strategy is based on the assumption of an underlying process 
of household utility maximization. As a result of this process, some households 
decide to allocate some of their members’ labor to natural resource 
extraction, while the optimal choice for other households is a corner solution 
in which nobody works in this activity. For the econometric analysis the latter 
implies that environmental income from resource extraction, and therefore 
environmental dependence, can take on a value of zero with positive 
probability and thus is censored.  

In the construction of the econometric model it is important to take into 
account that rural households in developing countries are frequently exposed 
to market failures or even to the absence of some markets; households might 
need to incur in high transaction costs if they want to participate in a given 
market or they might face constraints in the quantity (quality) of the good or 
service that they want to exchange (de Janvry and Sadoulet, 2006). Because 
village level characteristics (e.g., distance to urban center) can be correlated 
with transaction costs and with the existence of markets it is natural to 
include them in the econometric estimation. Household characteristics are 
also relevant determinants of households’ behavior when there are market 
distortions; for example, if there are no credit markets households need to 
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self finance all their production activities, therefore, the level of household 
wealth can be a determinant of their production decisions. Furthermore, as 
de Janvry et al. (1991) explain, in rural areas market failure instead of being 
commodity specific can be household specific in the sense that transaction 
costs (or other factors that affect access to markets) depend on household 
characteristics (e.g., household size and composition); it is possible to have 
households with and without access to a given market in the same village. 
Overall, it has been shown that when there are multiple market failures the 
production decisions of a given household depend on its preferences and 
endowments; therefore, the amount of land and other assets owned can have 
an effect on both production and consumption decisions (Bardhan and Udry, 
1999). Considering all these, households’ decision to participate in resource 
extraction is represented according to the following probit model: 
 

*

* '

1 0i i

i i i

P P

P uδ

⎡ ⎤= >⎣ ⎦
= + +x β  

(3) 

 
Where Pi  is an indicator variable that takes the value of one when the 
household i  participates in resource extraction. Pi

*  is a latent variable, xi  is a 
vector of household and village level characteristics, and ui  is an error term 
assumed to be normally distributed. 

To deal with the corner solution that leads to censoring when analyzing 
environmental dependence I follow Wooldridge (2002) and estimate a tobit 
model: 
 

( )*

* '

max 0,i i

i i i

ED ED

ED α ε

=

= + +x γ
 (4) 

 
Where iED  measures environmental dependence of household i . *

iED  is a 
latent variable, xi  is a vector of household and village level characteristics, 
and ε i  is a normally distributed error term. 

The first approach of the empirical strategy to analyze participation in 
resource extraction and the determinants of environmental income is to 
formally test the correlations revealed in Figure 1. To estimate the 
relationship between income and participation in resource extraction as an 
income generating activity in rural Mexico I begin by running a simple version 
of the probit model corresponding to Equation (3), where the only explanatory 
variables included are the natural logarithm of income and its square.9 With 

                                                 
9 Both variables are statistically significant at the 1% level. 
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the estimated coefficients I calculate the expected probability of 
participation as a function of income. Figure 2 shows the results of this 
exercise. A clear inverted U-shaped pattern emerges. Nevertheless, it is 
important to stress that the maximum expected probability of participation 
(68%) is reached at 1,665 pesos, well below the poverty line of 6,312 pesos. 
That is, the results show that probability of participation increases only at 
very low levels of income. At the average income of the top quintile, the 
probability of participation decreases to 47%. The correlations between total 
income and environmental dependence are tested using the results of a 
simple version of the tobit model corresponding to Equation (4).10 The second 
panel of Figure 2 shows that expected environmental dependence has a clear 
negative relationship with total income; poor households depend more on 
environmental income than relatively rich households.  

 
FIGURE 1. PARTICIPATION AND ENVIRONMENTAL DEPENDENCE BY INCOME QUINTILES 

 
 
Even though the results illustrated in Figure 2 are informative they provide 

an incomplete picture because no household or village level characteristics 
are being included in the analysis. Furthermore, they might be subject to an 
endogeneity problem due to the fact that the simultaneity in the production 

                                                 
10 The income-squared term was not statistically significant and was dropped from the estimation; the remaining 
linear term was significant at a 1% level. 
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decisions that lead to total and environmental income (and therefore to the 
observed outcomes of participation and environmental dependence) is being 
overlooked. In order to deal with these issues I first include a set of household 
and village variables in the econometric estimations and then, taking 
advantage of the panel nature of the data set, I replace the natural logarithm 
of contemporaneous income with the natural logarithm of lagged income. In 
this way I am able to test the role that household and village level 
characteristics have on the outcomes of interest (participation and 
environmental dependence) while controlling, at least partially, for 
simultaneity in the production decisions.  

 
FIGURE 2. EXPECTED PROBABILITY OF PARTICIPATION AND EXPECTED ENVIRONMENTAL 

DEPENDENCE AS A FUNCTION OF INCOME 

 
 
Before discussing the econometric results I present some basic descriptive 

statistics of the explanatory variables as well as the basic motivation to 
include them in the full econometric model (see Table 3). The second round 
of the ENHRUM survey collected information for 1543 of the households 
surveyed during the first round. Because of missing values or environmental 
dependence ratios out of the range [0,1], 143 households were dropped from 
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the sample.11 All the results presented in this paper, including the results that 
have been discussed so far, use the remaining sample (1400). On average the 
head of the household is 53 years old and has less than five years of formal 
education. Almost 90% of the households in the sample have a man as head. 

  
TABLE 3. VARIABLE DEFINITIONS AND DESCRIPTIVE STATISTICS 

 

VARIABLE NAME DESCRIPTION MEAN 
STANDARD 

DEVIATION 

EXPLANATORY VARIABLES 
AGE AGE OF HOUSEHOLD HEAD IN YEARS 53.53 15.16 
EDUCATION EDUCATION OF HOUSEHOLD HEAD IN YEARS 4.58 3.81 
GENDER GENDER OF HOUSEHOLD HEAD (1= MAN) 0.86 0.35 
LAND HECTARES OF LAND 5.20 27.99 
WEALTH INDEX OF HOUSEHOLD WEALTH USING 2002 

DATA 
0.55 0.23 

AG_ID_S AGRICULTURAL OR LIVESTOCK IDIOSYNCRATIC 

SHOCK (1= YES) 
0.10 0.29 

AG_CO_S AGRICULTURAL OR LIVESTOCK COVARIATE SHOCK 

(1= YES) 
0.30 0.46 

OTHER_S OTHER SHOCKS (1= YES) 0.27 0.45 
AV_DIST AVERAGE DISTANCE IN KILOMETERS FROM THE 

VILLAGE TO THE PLACES THAT HAVE MORE 

INTERACTIONS WITH THE LOCAL POPULATIONS 

35.61 32.99 

ALL_PAVED ALL THE ROADS THAT CONNECT THE VILLAGE 

WITH THE PLACES THAT HAVE MORE 

INTERACTIONS WITH THE LOCAL POPULATION 

ARE PAVED (1= YES) 

0.72 0.45 

 ENDOGENOUS VARIABLE   
DRULE THE VILLAGE HAD AT LEAST ONE RULE IN 

RELATION TO THE MANAGEMENT OF NATURAL 

RESOURCES (1= YES) 

0.14 0.35 

INSTRUMENTAL VARIABLE 
INEQUALITY VILLAGE LEVEL GINI COEFFICIENT OF THE 

DISTRIBUTION OF THE HOUSEHOLD WEALTH 

INDEX 

0.17 0.08 

N 1400 
 

The effect of these three variables on participation and dependence is a 
priori indeterminate. Arguably, if the head of the household has more 
education it can have access to income generating activities that are more 
remunerative than resource extraction. On the other hand, better-educated 
household heads might be in a better position to access markets for high-value 

                                                 
11 Of the households dropped from the sample 34 reported negative total income, 23 had total income equal to 
zero, 11 had environmental income higher than total income, and the remaining had missing values for one or more 
of the explanatory variables used in the econometric analysis. 
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natural resources. Age can be a proxy for experience and therefore can have 
similar effects to those of education; it is also possible that certain extraction 
activities are physically demanding and only people of certain age can 
participate. Households headed by a woman might be in disadvantage to 
participate in some income generating activities (e.g., women might not be 
allowed to work in agriculture) but they might also be restricted in their 
access to natural resources.  

Under a setting of incomplete markets, land and wealth can have an 
effect on the portfolio of productive activities available for a given household. 
For example, if there are no land markets a household can only farm its’ own 
land. Also, being landless (or not having certain assets) can become a 
constraint for investing in productive activities if access to credit is tied to 
having land (or other assets) as collateral. Asset ownership can also be a proxy 
for having the social connections that can be the key for getting access to 
credit as well as to other markets or networks (e.g., marketing cooperatives). 
As a proxy for wealth I constructed and index using variables that measure 
dwelling characteristics (number of rooms, availability of a separate room 
exclusive for cooking, quality of construction materials, and availability of 
electricity, bathroom and sewage) as well as dummy variables capturing 
ownership of durable goods (television set, refrigerator, car and agricultural 
equipment).12 In order to have a predetermined variable and reduce the 
concern of endogeneity, the index uses household information available from 
the 2002 household survey. The index ranges from zero to one and had a mean 
equal to 0.55 with a relatively high standard deviation.  

When insurance markets are inexistent or incomplete households rely on 
different strategies to cover themselves against idiosyncratic and covariate 
shocks. In this sense, it has been argued that environmental resources might 
provide households with a ‘natural insurance’ (Pattanayak and Sills, 2001; 
Takasaki et al., 2004). If this were the case there should be a positive 
correlation between the occurrence of a negative shock and participation 
(dependence) on resource extraction. To capture the presence of different 
shocks at the household level I include three dummy variables. The variable 
ag_id_s takes the value of one if the household received a negative shock 
related to agriculture or livestock production that was not common to all the 
households in the village (e.g., the household lost some tools or equipment 
used in the activity or they were stolen or the household suffered a localized 
fire). The variable ag_co_s takes the value of one if the household suffered a 
negative agricultural or livestock related shock that was also suffered by their 
neighbors (e.g., drought). The variable other_ s captures the occurence of 
other negative shocks either idiosyncratic or covariate (e.g., sickness of a 

                                                 
12 This index was created using principal components analysis and it captures the largest amount of information 
common to all the dwelling and durable goods variables. The methodology is explained in Filmer and Pritchett 
(2001). The Stata command pca was used to estimate the index. 
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household member or damage to the dwelling due to rain).13 Almost 10% of 
the households in the sample reported idiosyncratic shocks, 27% suffered 
covariate agricultural shocks, and almost 30% suffered other kind of negative 
shocks.  

The village level questionnaire included questions to elicit information 
about the villages or cities with which the surveyed village had most of their 
interactions. From this information I constructed two village level variables 
that proxy for access to markets and transaction costs. The average distance 
(in kilometers) from the village to the places that have more interaction with 
the local population is captured by the variable av_dist. The variable 
all_paved takes the value of one if all the roads that connect the village to 
those places are paved roads (including highways). Slightly more than 70% of 
the households in the sample live in villages that are connected to the outside 
only by paved roads. The average distance from the village to the main 
communities is 36 kilometers (the minimum is 2 and the maximum is 200). The 
endogenous and instrumental variables are discussed below along with an 
instrumental variables model.  

The results of the probit model for participation in resource extraction 
that includes all these explanatory variables are shown in Table 4. The first 
column presents the results of the model that uses contemporaneous income 
and the second the ones of the model with lagged income.14 The results of 
both are remarkably similar; all the variables have the same signs across 
models and the same variables are statistically significant in both models. 
Therefore, I concentrate on describing the results of the model with lagged 
income. Probability has an inverted U-shape relationship with lagged income 
but, similarly to what happens in Figure 2, the expected probability of 
participation starts to decrease at a very low level of income (less than 1,000 
pesos). Households with more wealth are less likely to participate in resource 
extraction. Households located in villages that are communicated with the 
exterior by paved roads are less likely to participate. The farther away the 
village is from other communities the more likely a household is to 
participate. Finally, households that received a negative agricultural shock 
(either idiosyncratic or covariate) are more likely to participate in extraction. 

Column 3 of Table 4 shows a model where lagged income is substituted by 
the poverty status that the household had in 2002. In this way I can explicitly 
test the relationship between poverty and participation in resource 
extraction. The results show that households that were considered poor in 
2002 are more likely to participate in extraction than non-poor households; 

                                                 
13 I separated the non-agricultural shocks in covariate and idiosyncratic but it made no difference for the 
econometric analysis. 
14 In the sample of 1400 households there are 43 that had environmental income equal to zero and total income 
negative for the year 2007, this is not a problem given the definition of environmental dependence but when the 
natural logarithm of contemporaneous income is used as an explanatory variable these observations are dropped. 
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the expected probability of participation of a poor household is 6.2 
percentage points higher than that of a non-poor. None of the other results 
change when poverty is used instead of income.  

A similar approach is followed to analyze environmental dependence. By 
looking at the first two columns of Table 5 the same pattern as that of Table 4 
can be seen; the signs and significance of the results are the same and the 
magnitudes are very similar. Therefore, as I did for participation, I only 
discuss results in Column 2. Environmental dependence decreases with total 
income and households with more wealth depend less on the environment. 
Dependence in the environment increases with the presence of agricultural 
shocks (both idiosyncratic and covariate). Households located in villages 
farther away from other villages are more dependent on the environment for 
their income. Column 3 shows the results of the model with poverty status 
instead of income. Poverty increases environmental dependence; the 
expected dependence of households that participate in extraction and are 
poor is 0.014 higher than for those that participate and are not poor.  

According to the results outlined above, what can be said about the 
determinants of participation and environmental dependence? It is clear that 
the poor are more likely to participate in extraction than the relatively rich 
and they are also more dependent on environmental income. Furthermore, 
the statistically significant results support the idea that resource extraction is 
a low-return activity mainly for households with few income generating 
opportunities. The results for the wealth index favor the hypothesis that when 
there are market failures wealthier households can access better 
opportunities. The results for distance and quality of the roads support the 
hypothesis that households in isolated villages have less productive 
alternatives and are more likely to take part in low return activities, like 
resource extraction, and to depend more on them as income generating 
activities. It is also more likely that these households will face market failures 
reinforcing the effect on both participation and dependence. Finally, there is 
evidence that environmental income plays a role as natural insurance for 
households that receive negative agricultural shocks.15 

The final step of the empirical analysis is to analyze the role that the 
existence of management rules at the village level has on both the probability 
of extraction and environmental dependence. To do so I include in the 
estimations a dummy variable (drule) that takes the value of one if, according 
to the information obtained from the village level questionnaire, in 2007 
there was at least one local rule in relation to the management of the 
                                                 
15 The non-statistical significant results could very well mean that there is no effect, however, it might also be the 
case that there are opposing effects. For example, in the case of land, it is possible that on one hand access to land 
encourages on-farm work, which might be complemented with income from natural resource extraction. On the 
other hand, landed agricultural households might be able to use their land as collateral and therefore have a higher 
opportunity cost and a lower probability of extraction. In any case, the model is not able to tease out which effect 
dominates. 
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resource. The data available does not provide enough information about the 
characteristics of the rules so I do not attempt to analyze their determinants 
but simply to include them in the analysis of participation and dependence. 
Nevertheless, it is very natural to argue that the causality could go the other 
way as participation and dependence might affect the probability that a given 
village has a rule. For example, one could think that if in a village many 
people participate in resource extraction and many of them obtain 
environmental incomes that are relatively high compared to their total 
income then they are more likely to coordinate and implement a management 
rule.16 Simply put, there is a potential endogeneity problem when the rule 
variable is included in the econometric analysis.  

I follow an instrumental variables approach to overcome this problem. The 
instrumental variable that I use is economic inequality as measured by a Gini 
coefficient calculated for each village from the household wealth index. 
Inequality goes from 0.056 in the village with the highest level of equality to 
0.463 in the village with more inequality. The intuition for using village level 
inequality as a good instrument for the existence of a management rule comes 
from the work of Baland and Platteau (1997, 1998 and 1999) who look at the 
role that wealth inequality has on management of local resources. They 
consider that the creation of rules generally requires effort both to mobilize 
the users concerned and to reach an agreement, and that different members 
of the community will bear different shares of the costs of this collective 
action. Given this, there are many ways in which inequality can affect the 
prospects for collective action; thus, the direction of this impact is ambiguous 
(Baland and Platteau, 1999). On one hand, the richest households might be 
willing to bear the costs of collective action, in which case inequality could 
facilitate collective action. On the other, greater inequality in wealth can be 
associated with diverging objectives and preferences, which could hinder 
collective action (Baland and Platteau, 1997).  

For the objectives of this paper what is relevant, more than the direction 
of the impact, is that there is both theoretical and empirical evidence 
supporting the claim that village level inequality has an effect on the creation 
of management rules. This implies that the instrumental variable proposed is 
theoretically relevant, besides being in fact statistically correlated to the 
probability of existence of a management rule in a given community.17 The 
other requisite of a good instrument, exogeneity, cannot be tested with the 
data available. I claim that the only impact that inequality in wealth 
distribution at the village level (measured with a lag of five years) has on both 
                                                 
16 The effect could go in the other direction, more dependent households have more problems to coordinate and 
the result is a lower probability of enacting a local management rule. For the sake of this paper the direction of the 
effect does not matter, the point simply is to emphasize the potential endogeneity of the rule. 
17 The first stage of the instrumental variables estimation shows a highly significant positive correlation between 
inequality and the existence of a management rule. There is no evidence of a weak instrument problem as the F-
statistic for the excluded instrument is 140.1. 



Alejandro López 

 C I D E   1 6  

participation and dependence is through the effect that it has on the creation 
of the management rule. 

I follow an instrumental variables strategy to estimate again the 
probability of participation as well as dependence using lagged income as 
explanatory variable but now with the rule variable included.18 Table 6 shows 
that for both models the results for the exogenous variables are very similar 
to what is reported in Column 2 of Tables 4 and 5.19 On the other hand, the 
endogenous variable shows that if a household is located in a village where 
there exists a management rule then it has a higher expected probability of 
participation and higher expected environmental dependence than a 
household in a village with no management rules. One possible interpretation 
of these results is that rules are in fact effective in the management of the 
resource and therefore more people benefit from it and, while doing so, a 
bigger share of their total income comes from this source. 

                                                 
18 Since the endogenous variable is binary the two-step traditional approach to account for endogeneity in probit 
and tobit models is not recommended. Therefore, I estimate linear models by two-stage least squares for both 
probability of participation and dependence. Wooldridge (2010) claims that in this case linear models properly 
estimated by instrumental variables are likely to be superior to two-step estimation of probit or tobit with 
instrumental variables. 
19 As a robustness check the models that include a poverty dummy instead of the income variables were also 
estimated using instrumental variables. The results are very similar to those presented in Table 6 and are omitted 
for the sake of concreteness. 
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TABLE 4. PROBIT RESULTS FOR PROBABILITY OF PARTICIPATION IN RESOURCE EXTRACTION 
 

 (1) (2) (3) 

NATURAL LOG OF 

INCOME (2007) 
 

0.8255*** 
  

 [0.2996]   
NATURAL LOG OF 

INCOME SQUARED 

(2007) 

 
-0.0485*** 

  

 [0.0172]   
NATURAL LOG OF 

INCOME (2002) 
  

0.4293* 
 

  [0.2330]  
NATURAL LOG OF 

INCOME SQUARED 

(2002) 

  
-0.0312** 

 

  [0.0137]  
POVERTY STATUS 

(2002) 
  0.1869** 

   [0.0795] 
AGE -0.0020 -0.0017 -0.0022 
 [0.0029] [0.0028] [0.0028] 
EDUCATION 0.0051 0.0057 0.0044 
 [0.0115] [0.0113] [0.0112] 
LAND -0.0011 -0.0004 -0.0010 
 [0.0013] [0.0014] [0.0013] 
GENDER 0.0947 0.0618 0.0636 
 [0.1074] [0.1062] [0.1057] 
WEALTH -1.8291*** -1.6847*** -1.7671*** 
 [0.1961] [0.1961] [0.1940] 
OTHER_S 0.0802 0.1093 0.0997 
 [0.0837] [0.0824] [0.0821] 
AG_ID_S 0.5317*** 0.4645*** 0.4457*** 
 [0.1327] [0.1284] [0.1275] 
AG_CO_S 0.6593*** 0.5717*** 0.5769*** 
 [0.0887] [0.0857] [0.0858] 
ALL_PAVED -0.1841** -0.2283*** -0.2181** 
 [0.0893] [0.0883] [0.0880] 
AV_DIST 0.0041*** 0.0042*** 0.0042*** 
 [0.0012] [0.0011] [0.0011] 
CONSTANT -2.3925* -0.3517 0.9710*** 
 [1.3384] [1.0181] [0.2381] 
PSEUDO R2 0.149 0.150 0.146 
N 1357 1400 1400 
*, ** and *** denote significance at the 10%, 5% and 1% level, respectively. 
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TABLE 5. TOBIT RESULTS FOR ENVIRONMENTAL DEPENDENCE 

 

 (1) (2) (3) 

NATURAL LOG OF INCOME 
(2007) 

 
-0.0251*** 

  

 [0.0063]   
NATURAL LOG OF INCOME 
(2002) 

  
-0.0154** 

 

  [0.0063]  
POVERTY STATUS (2002)   0.0373** 
   [0.0148] 
AGE -0.0003 -0.0003 -0.0003 
 [0.0005] [0.0005] [0.0005] 
EDUCATION 0.0006 0.0007 0.0005 
 [0.0022] [0.0022] [0.0022] 
LAND -0.0005 -0.0004 -0.0004 
 [0.0003] [0.0003] [0.0003] 
GENDER 0.0303 0.0310 0.0303 
 [0.0195] [0.0197] [0.0197] 
WEALTH -0.2746*** -0.2972*** -0.2980*** 
 [0.0337] [0.0347] [0.0344] 
OTHER_S 0.0083 0.0111 0.0110 
 [0.0148] [0.0150] [0.0149] 
AG_ID_S 0.0594*** 0.0521** 0.0509** 
 [0.0230] [0.0230] [0.0230] 
AG_CO_S 0.0482*** 0.0445*** 0.0434*** 
 [0.0150] [0.0151] [0.0152] 
ALL_PAVED -0.0205 -0.0242 -0.0236 
 [0.0154] [0.0156] [0.0156] 
AV_DIST 0.0012*** 0.0011*** 0.0011*** 
 [0.0002] [0.0002] [0.0002] 
CONSTANT 0.3180*** 0.2364*** 0.1051** 
 [0.0629] [0.0598] [0.0418] 
SIGMA 0.2221*** 0.2255*** 0.2251*** 
 [0.0057] [0.0058] [0.0058] 
PSEUDO R2 0.2927 0.2735 0.2709 
N 1357 1400 1400 
*, ** and *** denote significance at the 10%, 5% and 1% level, respectively. 
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TABLE 6. PARTICIPATION AND ENVIRONMENTAL DEPENDENCE WITH INSTRUMENTAL 

VARIABLES 
 

 (1) 

PARTICIPATION 

(2) 

DEPENDENCE 

DRULE 0.2972*** 0.1286*** 
 [0.1119] [0.0485] 
NATURAL LOG OF INCOME 
(2002) 

 
0.1809*** 

 
-0.0080* 

 [0.0680] [0.0041] 
NATURAL LOG OF INCOME 

SQUARED (2002) 
 

-0.0129*** 
 

 [0.0041]  
AGE -0.0008 -0.0003 
 [0.0010] [0.0004] 
EDUCATION -0.0005 -0.0007 
 [0.0041] [0.0014] 
LAND -0.0001 -0.0002** 
 [0.0004] [0.0001] 
GENDER 0.0175 0.0202 
 [0.0345] [0.0123] 
WEALTH -0.4866*** -0.1263*** 
 [0.0694] [0.0246] 
OTHER_S 0.0434 0.0016 
 [0.0273] [0.0102] 
AG_ID_S 0.1503*** 0.0093 
 [0.0425] [0.0165] 
AG_CO_S 0.1742*** -0.0015 
 [0.0284] [0.0097] 
ALL_PAVED -0.0498* -0.0117 
 [0.0282] [0.0108] 
AV_DIST 0.0006 0.0002 
 [0.0005] [0.0002] 
CONSTANT 0.1999 0.2014*** 
 [0.2944] [0.0425] 
N 1400 1400 
*, ** and *** denote significance at the 10%, 5% and 1% level, respectively. 
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Conclusions 

Previous studies of environmental dependence of rural households have used 
case studies or regional samples to analyze the role that environmental 
income plays in rural households’ livelihoods and to test the hypothesis that 
dependence decreases with income. In this paper I use a nationally 
representative sample to analyze those issues. My results show that in fact 
natural resource extraction is an important source of income for a large 
number of rural Mexican households. Participation in resource extraction is 
higher for the poor than for the relatively rich and the poor depend more on 
the environment as an income generating activity than the rich. Without it, 
many poor households’ ability to satisfy their basic needs would be 
jeopardized. Nevertheless, even though participation in resource extraction 
follows an inverted U-shaped relationship with income the participation rates 
of non-poor households are not negligible; 52% of the households in the 
highest income quintile participate in the activity. Environmental dependence 
decreases with income but it is still very significant for the rich households 
that do participate in extraction; on average environmental income represent 
12% of total income for households in the fifth income quintile. These results 
imply that it will be wrong to assume that only poor rural households are 
affected by resource declines (say due to adverse impacts of climate change 
or degradation). It is also possible that in many instances relatively rich rural 
households put more pressure on the environment than do the poor. 

Income is not the only factor that shapes participation and environmental 
dependence. When there are market distortions, as is the case in many rural 
areas in developing countries, other household characteristics are also 
relevant determinants of households’ behavior. Wealthier households in rural 
Mexico are less likely to participate in resource extraction and when they 
participate they have lower dependence than households with less wealth. 
This suggests that wealthier households are able to access other, more 
remunerative, income generating opportunities. There is also evidence that 
natural resources are providing a natural insurance for households that 
receive negative agricultural shocks.  

Village level characteristics also shape households’ extraction decisions in 
rural Mexico. Results for variables that proxy for access to markets and 
transaction costs (quality of the roads that connect the village with locally 
relevant places and distance to those places) support the hypothesis that 
households in isolated villages have less productive alternatives and are more 
likely to take part in low return activities like resource extraction and to 
depend more on them as income generating activities. I also find evidence 
showing that natural resource management rules increase participation and 
environmental dependence. Nevertheless, more research is needed to better 
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understand both the implications and the emergence of different kind of 
rules.  

The findings of this paper underscore the importance of taking into 
account natural resources when designing rural development policies. On one 
hand, it might be feasible to decrease the pressure over natural resources by 
correcting some market failures in rural areas (e.g., access to insurance). On 
the other, it is important to realize that reductions in the quality or 
availability of environmental resources (e.g., due to climate change, 
deforestation or creation of protected areas) can impact rural households’ 
income stream but also their capacity to bounce back after negative shocks. 
Therefore, although more research is necessary on the determinants of the 
differences in resource extraction behavior between non-poor and poor 
households, policy makers should not forget about relatively rich rural 
households when designing public policies aimed at achieving both 
environmental sustainability and development in rural areas. 
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