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SUMMARY

This paper analyses the relationship between rural poverty and soil
degradation in the context of a shifting cultivating community. A
deterministic optimal control model demonstrates how a representative
household’s labour allocation affects the natural resource base on which
its livelihood largely depends. The comparative static examination of
relevant parameters and welfare effects of changes in the real wage rate
are discussed. The theoretical results obtained are calibrated with data
from the Yucatan, México.

JEL: Q12, Q23, D13, I3



NON TECHNICAL SUMMARY

The linkage between rural poverty, land degradation and deforestation in
Latin America and the Caribbean is well documented in the literature.
However, the relationships underlying this matrix are complex. Peasant
households make use of land and natural resources, their own labour,
formal and informal financial assets and purchased inputs including
hired labour, to generate flows of product and/or cash income. The level
and composition of that income determine whether households are above
a certain cut-off point that would define poverty. In addition, the
availability of some of these basic assets to peasant households,
influences their economic behaviour, their livelihood strategies and their
technological responses to environmental degradation. Thus, what is
often perceived as a direct link between poverty and environmental
degradation, proves under careful analysis to be a complex
interrelationship between a household ’s level of welfare and wealth and
its economic behaviour, such as the allocation of labour and other assets.
Given the widespread phenomenon of shifting cultivation (slash-and-
burn agriculture) in Latin America and other tropical regions, it is
surprising that so little attention has been paid to the potential linkages
between poverty and the natural resource base in fallow-based slash-and-
burn systems. There have been some recent attempts to model the
economic behaviour determining shifting cultivation systems. However,
the effect of peasant households” labour allocation decisions on rural
resource degradation has only been recently tackled. The focus of this
paper is on analysing socially optimal soil use as a semi-renewable
resource in shifting cultivation agro-ecosystems. To do so, a stylised
dynamic model of a representative shifting cultivator household
operating in communal fragile or marginal land-forest complex is
developed. The main interest is to draw attention at the economic
behaviour of poor households as regards the optimal rates of soil
exploitation: namely, the role of labour allocation decisions as a means of
diversifying income sources. By presenting a model of a representative
agricultural household, we aim at answering whether and to which
extent labour allocation/diversification in a peasant community context
affects the agricultural soil base as a production input. A salient feature of
the model comes from the introduction of a dynamic soil quality index
that is regarded a natural capital that is fundamental for household crop
production.

To date, some analyses (mostly from the agronomic science) have been
made to measure yield loss from soil degradation (mainly erosion) using



various specifications of production functions, however the studies which
estimate the returns from agricultural soil quality are few. In addition,
using primary data collected for a typical municipality from the Yucatan,
México, during 1998/99, the paper conducts long run simulations to
illustrate further the shifting cultivator 's economic motivations behind
labour allocation and land degradation. The paper is organised as
follows: following a brief introduction, we develop an agricultural
household model based on optimal control theory. Then, we discuss the
long run comparative statics and welfare effects of changes in key
parameters of the system in the next section. In addition, we illustrate the
results of the long run scenario applying the model to a representative
community of the Yucatan (Mexico). Finally, the last section discusses the
overall policy implications and conclusions of the analysis. In particular,
we interpret the following theoretical results from a policy perspective: (i)
agricultural labour and soil quality might be deemed as complementary
inputs that are allocated towards a conditionally stable long run
equilibrium; (ii) our neo-malthusian “population pressure hypothesis’ is a
redefinition of an ecological-economic carrying capacity. Similarly, for
the empirical results we discuss the implications of the following
findings: (i) the Environmental Kuznets Curve hypothesis does not
necessarily hold in traditional peasant economies where soil quality
becomes a critical input in crop production; (ii) the degree of
internalisation of the user cost is low in Yucatan, and further, this market
tailure prevails more among richer households than poorer households.
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1 Introduction

The linkage between rural poverty, land degradation and deforestation in Latin America and the
Caribbean is well documented (Barbier 2000, Deininger and Minten 1999, Echeverria 1998, de
Janvry et al. 1997, McKinley and Alarcén 1995). However, the relationships underlying this
matrix are complex. Peasant households make use of land and natural resources, their own labour,
formal and informal financial assets and purchased inputs including hired labour, to generate flows
of product and/or cash income. The level and composition of that income determine whether
households are above a certain cut-off point that would define poverty. In addition, the availability
of some of these basic assets to peasant households, influences their economic behaviour, their
livelihood strategies and their technological responses to environmental degradation. Thus, what
is often perceived as a direct link between poverty and environmental degradation, proves under
careful analysis to be a complex interrelationship between a household’s level of welfare and wealth
and its economic behaviour, such as the allocation of labour and other assets (Lipton 1997, Perrings
1989, Reardon and Vosti 1995).

One key agroecological system used by many poor rural households in tropical areas is the shifting
cultivation, or slash-and-burn, system. The diversity of shifting cultivation agriculture can be
found at many levels and ecosystems ranging from forests to grassland, savanna and mountain
environments. Sdnchez et al., (1996) estimates that there are between 300 and 500 million shifting
cultivators around the tropics. Further, about 30% of the arable soils of the world are thought to
be involved in some sort of shifting cultivation (Bandy, Garrity, and Sanchez 1993). This accounts
for a total of around 240 and 170 million hectares of closed and open forests respectively. In Latin
America, forest fallow areas due to shifting cultivation are equivalent to 16% of the remaining closed
forests (Brady 1996).

Given the widespread phenomenon of shifting cultivation in Latin America and other tropical
regions, it is surprising that so little attention has been paid to the potential linkages between
poverty and the natural resource base in fallow-based slash-and-burn systems. There have been
some recent attempts to model the economic behaviour determining shifting cultivation systems
(e.g., see Angelsen 1999, DvoraK 1992, Holden 1993, Lépez 1998 and Vosti and Witcover 1996) In
addition, the effect of peasant households’ labour allocation decisions on rural resource degradation
has only been recently tackled (e.g., see Bluffstone 1995, Bulte and Van Soest 1999 and Cooke
1998).

The aim of the following paper is to shed some additional light on the relationship between rural
poverty and natural resource exploitation in the context of a shifting cultivation system. We analyse

a representative peasant household’s labour allocation decision as a crucial ‘control’ factor directing



the state of land quality and by extension, the household’s long run livelihood strategy. The focus
is thus on ascertaining the socially optimal on-farm labour and land use decisions of the swidden
household. Using data collected for a typical municipality from the Yucatdn, México, the paper
conducts long run simulations to illustrate further the shifting cultivator’s economic motivations
behind labour allocation and land degradation. The main contribution of the paper is to provide
a formal analysis of how poverty affects the resource degradation decisions of shifting cultivator
households through their allocation of labour. A further concern is to devise a theoretical ecological-
economic carrying capacity index that can be measured with field data to know whether land in

shifting cultivation is to be degraded under rising population pressure.

The paper is organised as follows: The next section develops the basic model of a representative
shifting cultivator household. Section 3 discusses the long run comparative statics and welfare
effects of changes in key parameters of the system. Section 4 illustrates the results applying the
model to a representative community of the Yucatan. Finally, section 5 discusses the overall policy

implications and conclusions of the analysis.

2 A bioeconomic model of on-farm labour and land allocation by

a shifting cultivation household

The following model is based on the neoclassical ‘agricultural household’ modelling tradition (Singh,
Squire, and Strauss 1986), which assumes that the representative shifting cultivator household

L. Given our interest in the joint determination of the

makes a unified labour allocation decision
long run optimal labour and land use allocation, we take the ‘open economy’ case as the basic
framework of the analysis. That is, output and input prices are exogenously determined under
perfect functioning of the relevant markets, and by extension, on-farm family labour becomes inde-
pendent from the household’s demographic composition. It is also assumed even when households
cannot supply any output to the food market, that the non marketed output can be considered to

have a subsistence cash value to the peasant household.

The stylised utility function of the representative shifting cultivator household is assumed to be a
function of an aggregate quantity of staple consumption (m) above some minimum caloric require-
ment. The direct utility function is expressed as: U = U(m). It is assumed to be continuous, twice

differentiable, non-decreasing and concave, i.e., U'(m) > 0 and U”(m) < 0. Leisure time is not an

!The intrahousehold resource allocation decision is beyond the scope of this paper. As pointed by Binswanger and
Rosenzweig (1986) and Fortin and Lacroix (1997), intrahousehold allocations are crucial for a better understanding
of the long-term evolution of production relations, and have important implications in labour allocation within the
household.



argument in the utility function since it is further assumed that any leisure time is predetermined
at the beginning of each agricultural cycle?. It is assumed that utility is discounted at the rate,
r. The constraints faced by the household conform to the budget and ecological state of land for
agricultural purposes. The budget constraint is in turn based on the crop production technology.

This is captured by the following equations:

zi(t) = filg Li(t)/bi, (1 — g) L(1), Qi(t)] (1a)
Yz(t) = Pml(t) = PZZ(t> + w[ﬂ — Li(t)] + E; (1b)
where fj > O,f]’j < 0, and fjk = fkj > 0 for k 75 j

where ¢ represents the ith household, j is for the jth argument in the production function and
t stands for time. In equation (la) z is total crop output, which is a function of three variable
inputs: the area of new cleared land, g L/b, labour used in crop production on this land, (1 — g)L,
and soil quality, Q. New cleared land is in turn a function of (i) total labour allocated on-farm, L,
(ii) the proportion of that labour dedicated to clearing new forest land, g, and (iii) a measure of
labour intensity in forest land clearing, i.e., the amount of on-farm labour needed to clear a unit of
forest land, b. By extension, the second argument in the crop production function (1a), is ‘cropping
labour’, i.e., the proportion, 1 — g, of on-farm labour allocated to tasks other than forest clearing,

such as sowing and weeding.

The cross partial derivatives in the production function are assumed to be positive. This is quite
plausible in a shifting cultivation context where land area, cropping labour and soil quality are all
output enhancing inputs. For instance, the marginal product of an additional area-unit of cleared
forest would be higher if that land is of better quality (and vice versa due to Young’s theorem).
Similarly cropping labour is expected be more 'productive’ under higher soil quality. It can be
argued that fi2 > 0 (the subscripts 1 and 2 are for L;/a; and L;(1 — g;) respectively) because
the marginal product of an additional unit of land increases if more thorough cropping labour
(mostly hoe-weeding) is applied on it3. Equation (1b) describes the budget constraint and states
that disposable income, Y, consists of non-labour income, F, any surplus crop production valued
at the per unit crop output price, P, and the wage bill, w[T; — L;(t)]. The latter can be either

positive or negative depending on whether the household is a net supplier or purchaser of labour,

2See Bluffstone (1995) for a similar assumption concerning the direct utility function. The exclusion of leisure as
a choice variable has some justification, given that shifting cultivator households in the tropics are usually bound by
an strict climatic calendar in each crop cycle, thus taking leisure time practically as given for that whole agricultural
cycle.

30ne reason for declines in crop production in tropical shifting cultivation systems, is due to the effects of weed
and other grass invasions on the cultivated crop. The shifting farmer needs to control the luxuriant growth of weeds
under tropical conditions and hence hoe-weeding becomes a critical task in shifting cultivation. In fact, it is often
pointed out that besides high soil nutrient depletion rates, farmers do abandon the cultivated plot due to excessive
weed competition (Arnon 1981, Brady 1996).



respectively (i.e., if [T; — L(t);] > 0, the household supplies labour off-farm), where T' is household’s
predetermined endowment of labour supply (on-farm plus off-farm labour) and w is the market

wage rate.

2.1 The biophysical dynamics of shifting cultivation

The land cleared by shifting cultivators for production is generally fallow forested land. ’Slash-and-
burn’ clearing of fallow land to maintaining the soil quality, @, is necessary for cultivation. Thus
in traditional shifting cultivation agroecosystem the fundamental economic asset is the available
forest land. However as pointed by McGrath (1987), it is not the forest land per se that shifting
cultivators exploit, but the vegetation-soil complex that has developed on the land. This suggests
that any indicator of the soil quality, @, of land cleared for cultivation should reflect the state of
the key components determining the vegetation-soil complex. Hence we propose to represent ()
by a weighted linear soil quality index based on the macro-nutrient nitrogen content, x, and the

structural characteristics of the soil, s:

Qt) = px(t) + ¢ (20)

We represent z(t) by the nitrogen density of the forest-farm plot, i.e., z(t) = (N(t) — N)/(N — N),
where N and N are respectively, the minimum and maximum levels of natural nitrogen deposits,
N, in the agroecosystem. If we assume N = 0, then 0 < z(t) = % < 1. Finally, the index s
in equation (2a) describes the static structural characteristics of the soil (e.g., shallowness of the
soil, slope of land, percentage of rocky area in the farm plot) and p and ¢ are the relative weights

attached to z(t) and s in the soil quality index, @, respectively.

The agroecology literature Kleinman et al., (1995) assumes that nitrogen stock (N) contained in
the soil of recently cleared fallow land is a function of three related elements: the ‘weighted’ average
bush-tree biomass during forest fallow prior to clearing, the tree species composition of that biomass
and a biomass-soil nitrogen transformation rate*. It is convenient to represent this relationship for

the nitrogen stock contained in the soil of the cleared plot in the following way:

N(t) = vinn(t)] + o (2b)

4Tree biomass acts as a ‘soil builder’ adding nitrogen and organic matter to the soil. ‘Average’ biomass is the
aboveground phytomass in the forest land containing the oldest woody species that will be converted to cultivated
area in t., which as Lépez (1995) suggests, can be functionally related to the average biomass of all uncultivated
land. In addition, the bush-tree species composition also determines soil quality. For instance, leguminous species
fix more nitrogen in the soil relative to other species. Finally in shifting cultivation, the nitrogen contained in the
tree phytomass passes into the soil by natural fixation. The transformation rate can vary depending on different
environmental condition, e.g., changes in the microclimate. Here, it is assumed constant under a certain biophysical

micro-environment.



The average biomass for fallow land, 1 has a positive but decreasing impact on nitrogen content,
N. This effect is also scaled by the tree species composition of the biomass found in the plot
during fallow, and the nitrogen transformation rate, v. o is a static intercept term that reflects the

structure of the forest biomassSubstituting (2b) into (2a) we obtain:

Q) =An[nt)] +os+o (2¢)

where A = pv N. As s and o do not change over time, it follows that the rate of change in soil

quality is:

N ()) X
Q0 = AT (32)

The rate of change in soil quality of any plot cleared for cultivation is therefore proportional to
the rate of growth of the woody biomass, 7, on the land if it remained fallow. In other words, if
the farmer left the land to be fallow for an instant of time longer, any resulting growth in biomass
would also increase the soil quality of the land. Finally, following Lépez (1998), it can be argued
that the representative shifting cultivation household selects land to clear from a ’common pool’ of
fallow forested land maintained by the entire village. This implies that the average biomass on a
plot of land available for clearing by a shifting cultivator household is dependent on the remaining
area of fallow land available to the whole village, and if households in the village clear the highest
quality fallow land first, then average biomass on a plot of the remaining fallow land would decline
as more fallow land is cleared by the village. Thus as Lépez (1998) suggests, the rate of growth of

biomass on the average plot in fallow is determined by:

i(t) =7 - Tt IO/ (3b)

where n is the number of households in the village converting fallow land, and A represents the total
land area both fallowed and converted under the community’s control. The net change in average
biomass on fallow land is determined by the constant intrinsic growth of the secondary vegetation,
7, less the depreciation of the biomass stock, [> 1 (L;(t)/ai)/A]n(t), through conversion of forested
to cultivated land by peasant households.

Inverting equation (2¢) to obtain 7, combining the result with (3a) and (3b), and assuming that all

households in the village are identical, yields the following expression for the change in soil quality:

: (ec@)  @L

Q= Alve = 0@ L) (3¢)

a

where ® = n/A represents the intensity of land exploitation at the community level and L/a = gL /b
is the amount of land converted by the representative household. Equation (3c) indicates that the
soil quality of land utilised by a shifting cultivator, increases with the intrinsic growth of secondary
vegetation scaled by a density dependent exponential factor (which stands for the per unit of biomass

found on the land where it is fallow, v/n), less the proportion of village land that is cleared, ®L/a.



2.2 The household’s optimal allocation of labour and soil quality

The problem of the representative household is to choose how much of its labour to allocate to
on-farm activities, which through the crop production function, income and time constraint, and
changes in soil quality will maximise the welfare of the household over time. An infinite time horizon
(i.e., T — o0) problem in continuous time can be formally stated as (suppressing the subscripts for

the time notation (¢) and 7)5:
oo
J = max/ e "'U (m) dt (4)
L Jo
subject to la, (1b) and (3c). The current value Hamiltonian for the representative household is:

H= U(m)—i—,u)\(fye(MA_Q) _ L

) ()

a

where from the budget constraint (1b), m is simply defined as:

mzf[g,(l—g)L,Q] —i—%(T—L)—i—%

Assuming an interior solution, the maximum principle yields the following necessary conditions for

an optimal path, along with the transversality and boundary conditions:

U'(m)[fi +a(1 — g)fo — ca] = pd A (6a)

o U'(m) f3 _ 4 opeBFY) (6b)

H H

Q= [t - 2] (60)

Jim (T)Q(T) =0 (6d)

Q(0) = Qo (6Ge)
where ¢ = w/P, the real wage rate, and p is the current shadow value of soil quality, which is

positive. Condition (6a) indicates that the household uses on-farm labour until the gain in utility
by clearing additional forest land and utilising the remaining labour for ‘cropping’ equals the full
opportunity cost of on-farm labour allocation. The latter cost consists of the marginal real wage
cost plus the loss in valuable soil quality incurred by depreciating the communal natural capital

asset of soil quality through forest land conversion.

Equation (6b) is the ‘non-arbitrage condition’, or optimal allocation rule, for maintaining soil

quality. No gain in utility can be achieved by a change in soil quality when its current marginal

5An infinite planning horizon is as it is commonly done in the soil resource modelling literature where the main
focus in on the steady state (see Barbier 1990, Barrett 1991, Krautkraemer 1994 and Grepperud 1997). It is used to

avoid specifying a terminal value for the soil fertility level.



return equals its cost. The latter includes the discount rate, r, or the cost of holding on to soil as an
economic asset, plus the additional cost of waiting for biomass to grow to improve soil quality, /7.
The returns to holding on to soil involves any current appreciation in its value, %, plus the increase
in utility of additional soil quality through current crop production, % The state equation (6¢)
simply describes the evolution of soil quality, and finally, the transversality condition (6d) serves
to ensure that the household would optimally mine soil quality by the end of the time frame, since

the returns to soil quality would tend to zero as time approaches infinity.

The above conditions illustrate that the household is always allocating labour and soil among two
competing uses, both in the long run as well as along any possible optimal path towards a steady-
state equilibrium. With regard to labour, the choice is between on-farm and off-farm work. As for
soil quality, the choice is about making use of it immediately as an input in crop production, or
alternatively, delaying clearing and cultivation, allowing further biomass growth on fallow land and

thus, improving soil quality for future higher agricultural yields.

The long run steady state for the household occurs when the rate of change in the state, costate
and control variables are zero, i.e., Q = o= L = 0. We can therefore solve for the steady-
state equilibrium values of the three unknowns, @, L, within the three equation system (6a) —
(6¢), which through substitution, can be reduced to a two-equation system (@, L)5. For example,

depicting steady state values with an asterisk, the optimal long run shadow value of soil quality is:

« Ui f3
H :W (7)
r+oye

Substituting (7) into (6a) yields the resulting two-equation system depicting the long run equilib-

rium for the household:

0@, L) = yel™55) :‘P% (8a)

1+ a(l = g)fo — cal [ + 7“5 =@, (80)

U(Q", L")

The optimal trajectories converging to such an equilibrium can be determined qualitatively in (Q, L)

state-control space, based on the behaviour of the two stationary loci given by ¥(Q*, L*) = 0 and

5Tt can be demonstrated that including leisure both in the direct utility function and in the full-income constraint
does not alter the steady state results significantly, and that the solution retains the standard separability result from
agricultural household models. Note however, that separability would not hold in any trajectory to steady state,
which would preclude inferring any conclusion about the stability of any possible equilibrium. Along this factor, the
usual assumptions pertaining to the open economy case are still assumed to hold, i.e., (i) No difference exists in terms
of utility by either engaging in farm or non-farm labour, (ii) farm and hired labour in farm production are perfect

substitutes, and (iii) crop production is not ruled by any stochastic element.



O(Q*, L*) = 0 in the above system (8a)-(8b). Since the slope O(Q*, L*) = 0 is negative and that of
U (Q*, L*) = 0 is positive a single intersection point will be assured. The kind of dynamics that will
take place around the equilibrium is likely to render the steady state equilibrium as conditionally
stable saddle point. The necessary conditions for a unique equilibrium that is also a saddlepoint are

shown in the appendix to this paper. These conditions are summarised by the following proposition:

Proposition 1a. The necessary conditions for a unique equilibrium to exist is that the net marginal
productivity of on-farm labour allocated by the household shows diminishing returns, and that it must
exceed the relative capital gains from soil quality utilisation by that household net of any external

costs of lowering the marginal productivity of the soil on the common land.

Proposition 1b. Under shifting cultivating conditions, where virtually all labour is allocated to

clearing land (g9 — 1), then the unique equilibrium is likely to be a saddlepoint.

Figure 1 illustrates the optimal trajectories and saddle point equilibrium implied by proposition
one. The two possible saddle paths to the equilibrium (Q*, L*) are shown. If the extremely poor
household clears and cultivates land that initially has a high level of soil quality (Qo > Q*), then
in order to be on a stable path, the household should also allocate a large amount of its time to
on-farm labour, L. As most of this labour is for land clearing, the result will be declining soil
fertility (Q < 0). Thus, along this saddle path, both soil quality and labour allocated to on-farm
activities will fall, until the long run equilibrium is reached. Alternatively, if the poor household
initially has access to land with relatively low soil quality (Qo < @*), then to attain a stable path,
the household must allocate less of its time to on-farm activities. Less land conversion takes place,
and increased fallowing allows soil quality to recover (Q > 0). Consequently, along this saddle
path, the poor household is able to increase its allocation of labour for clearing and cultivation as

the soil quality of the land gradually improves, until the stable equilibrium (Q*, L*) is reached.

[Figure 1 about here.]

The implication of this analysis is that on-farm labour and soil quality are complementary inputs
in the dynamics of shifting cultivation systems operated by extremely poor households that must
allocate substantial labour inputs to land clearing. How much labour a household can devote to
on-farm activities is conditional on soil quality. For example, as Figure 1 shows, if the land available
to a poor household has low soil quality initially but the household allocates too much labour on-
farm, then eventually soil quality will deteriorate rapidly. The result is likely to be collapse and

abandonment of the shifting cultivation system.



This analysis also illustrates, at least implicitly, the importance of off-farm employment as a ‘safety
valve’ for poor shifting cultivators. As pointed out by Reardon and Vosti (1995), poor rural house-
holds in developing countries are generally not net buyers of labour, i.e., for these households
[T; — L(t);] > 0. As we have seen, if these households have access only to poor quality land initially,
then their optimal choice should be to allocate less of their available time to on-farm labour. This
in turn implies that they will devote more time to off-farm work. However, if there are insufficient
off-farm employment opportunities, then poor households may allocate too much labour to on-farm
activities. The outcome may once again be too much land clearing, declining soil quality, and

eventual ecological collapse of the shifting cultivation system.

3 Comparative static analysis

The long run allocation of labour and soil quality by the poor shifting cultivator will clearly be
affected by changes in the key parameters of the model. In the following section, we employ
comparative static analysis to examine some of these effects. They include standard market impacts,
such as changes in the real wage rate, as well as other exogenous shocks, such as changes in the
discount rate, r, and the scale of land use, ®. We apply Cramer’s rule to derive these steady-state
comparative static effects. The results depend on the sign of the determinant of the Jacobian of
the two-equation system depicting the long run equilibrium of the household, i.e., equations (8a)

and (8b). As shown in the appendix, this determinant is negative when Proposition 1 holds.

The effects of a change in the discount rate, r, for the household are unambiguous:

. _ — ) fo — calyel*5T)
dé _ —PlAitaQ 9|>f|2 calye >0 (9a)
dQ* _ D%[fi+a(l—g)fo —cd]
dr || =1 o

The result is consistent with standard resource depletion theory, and is summarised by the following

proposition:

Proposition 2. An increase in the discount rate will both increase the shifting cultivating house-

hold’s use of on-farm labour and lead to more mining of soil fertility.

Increased depletion of soil fertility arises through two effects. First, there is the well-known result

from resource depletion theory that a rise in the discount rate increases the opportunity cost



of ‘holding on’ to a natural resource asset, which in our model is the amount of soil fertility
available for exploitation through shifting cultivation. The second effect is more unique to our
model. As equilibrium condition (8a) defining the 0Q /0t = 0 isoquant suggests, provided that
g # 0 any decline in long-run soil fertility necessarily results from an increase in on-farm labour use.
From Proposition 1, we have identified a unique saddlepoint equilibrium for a shifting cultivating
household as a situation whereby the household allocates nearly all of its on-farm labour to land
clearing. That is, with ¢ — 1, then the amount of land converted by the representative household
is L/a = gL/b~ L/b, where b is simply the amount of labour needed to clear a unit of forestland.
It is therefore unlikely that the stable long-run equilibrium of the shifting cultivation household
will be characterised by an on-farm labour allocation whereby g # 0. If this is the case, then any
long-run increase in the household’s use of on-farm labour must unambiguously cause a decline in

the stock of soil fertility available for farming.

The long run effect of a change in real wage rate, w/P, has the expected effect on the use of on-farm
labour, given that transaction costs in the labour market are negligible. Again, our model would

also predict a corresponding unambiguous impact on long-run soil fertility:

ar* a(r—l—ver@ﬁs))ye(#) 0 10
w/P) 7] < (10a)
$s—Q
dQ* —(r+ye"T)A®
— 1
d(w/P) 7] >0 (10b)

Thus the following proposition holds

Proposition 3. A rise in the real wage causes the shifting cultivating household’s use of on-farm
labour to decrease. As this will result in a decline in the amount of common forestland area con-

verted to agriculture, and thus increased fallowing, then soil quality will improve.

The effects of a change in the real wage on the long run welfare of the shifting cultivating household
can also be determined. Differentiating equation (1b') and invoking the assumption that U’(-) > 0,

a change in w/P has the following impact on household utility:

au (T —L)
—— >0« c—= 11
dw/P > c L > ’é.L,C‘ A ( )
where ¢ = w/P is our short-hand expression for the real wage rate, A = f1 +a(1 —g)fo—ca > 0is
the net value marginal product of on-farm labour, and £, . is the elasticity of on-farm labour with

respect to the real wage. Note that it is fairly straightforward to demonstrate that A can serve as
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a proxy as the degree of poverty of the household, with A — 0 representing a situation of extreme
poverty.” This supposition helps clarify the welfare effects of a change in the real wage, for the gen-

eral case and extremely poor household, which are summarised in Propositions 4 and 5, respectively:

Proposition 4. If the household devotes all of its available labour to shifting cultivation, an in-
crease in the real wage has a negative impact on the household’s welfare, given that L > T and
A > 0. If the household engages in off-farm work, L < T, then the welfare effect would depend on
the relative magnitude of the real wage, the net value marginal product of on-farm labour and the

elasticity of on-farm labour with respect to the real wage.

Proposition 5. For an extremely poor shifting cultivating household, A — 0, the welfare impact
of a change in the real wage is unambiguously negative if the household devotes all its labour to

farming and is unambiguously positive if the household engages in off-farm work.

These propositions conform with available empirical evidence on the effects of off-farm labour
markets on the welfare of rural households in Mexico and developing countries generally (Bluffstone
1995; Brady 1996; Reardon and Vosti 1995; Taylor et al., 1999). Households that devote all their
available labour to farming do not benefit from a rise in the real wage as this represents an increase
in the opportunity cost of this labour. In contrast, extremely poor households that out of necessity
supplement their agricultural income with off-farm work will generally gain from any increase in
the real wage rates in labour markets. This latter welfare effect is necessarily unambiguous in our
model, where we associate extreme poverty with a negligible net value marginal product of on-farm

labour.

It is widely postulated that high population densities explain the breakdown of the ecological
sustainability of fallow systems. The reason is that when, every thing else is kept constant, higher
population densities creates an excessive exaction rate of soil fertility from the natural subsystem
due to the need of shortening the fallow period. This phenomenon is known as the ‘fallow crisis’

or more generally, the Population Pressure Hypothesis (PPH) (Grepperud 1996)%. The intensity

"Suppose that we have two households, ¢ and j. Both households are cultivating land with the same level of soil
quality, @, and thus the shadow value of an additional unit of soil fertility, p, is also the same for both households.
However, suppose that household i is relatively poorer then j in terms of income, m. It follows that U’(m;) > U(m;).
From (6a), and assuming that the parameters ® and A are the same for the two households, then a higher marginal
utility of income for the poorer household i also implies a lower net value marginal product for on-farm labour, i.e.,
A; < Aj. Thus, ceteris paribus, A can be viewed as a prozy index for the degree of relative poverty across households.
Extreme poverty would be the case were A — 0. This also accords with recent empirical evidence, which suggests that
poor households in rural environments in developing countries with only land and unskilled labour as their productive

assets often exhibit very low levels of labour productivity (Reardon and Vosti 1995)
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of land use or the degree of pressure upon the soil-vegetation complex in shifting cultivation is
related to population density and thus reflected by ® = n/A. We can gain further insight about
the PPH by examining the comparative static effect of a change in population density on the long

run equilibrium level of soil quality, Q*, available to the shifting cultivating household:

dQ* n\ *
1o <0<= Q< <Z>
= "TH/m | fut2a(—g)fi2+la(l - 9 fa2 (12a)

A f13+a(1—9)f23—2—ﬁ

The above condition is essentially a reformulation of the PPH characterised by Grepperud (1996) in
terms of a long run critical population density threshold, (%)* If population densities are already
very high, then increased population pressure on communal lands is likely to result in a decline in
long run soil fertility. Equation (12a) can also be further simplified. Recall from Proposition 1 that
a unique saddlepoint equilibrium may exist if the shifting cultivating household devotes nearly all
of its labour to clearing forestland, i.e., g — 1. If this is the case, then the total amount of labour
allocated to shifting cultivation becomes critical to signing (12a). This result can be summarised

in the following proposition:

Proposition 6. If a shifting cultivating household allocates virtually all its on-farm labour to
clearing land, i.e., g — 1, then an increase in population density will undermine the ecological sus-

tainability of the shifting cultivation system if the amount of on-farm labour used by the household

f3
fiz/a”

exceeds the marginal productivity of soil quality, i.e., L > X\

Proposition 6 is likely to hold when, due to population pressure, the shifting cultivating household
is forced to clear very marginal forestland, i.e., land that has very poor soil quality characteristics.
As population densities increase on a fixed area of communal forestland, it is inevitable that poorer
quality land will be brought into production, and the ecological sustainability of shifting cultivation
systems will be undermined. This phenomenon has been observed for many such systems in the
developing world (Ahuja 1998; Bandy et al., 1993; Brady 1996; DvoraK 1992; Lépez 1998; Mizrahi
et al., 1995; Vosti and Witcover 1996).

An increase in population density will also affect on-farm labour use by a shifting cultivating

8Grepperud (1996) points out that “(...) only when population is greater than the carrying capacity of land is a
more rapid degradation of land identified” and that “As long as population (...) is far below the supporting capacity of

the region, a growing population and increasing population-land ratios are not expected to cause a rise in soil erosion”.
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household:

dL*
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On-farm labour use will increase with rising population pressure provided that the net value
marginal product of this labour exceeds the marginal cost of exploiting the soil-vegetation complex
through converting and using communal forestland in shifting cultivation. The latter cost comprises
the net opportunity cost of soil as capital (A1), the user cost for the representative household (Asg)

and that for the rest of the community (As).

However, if the marginal cost of exploiting the soil-vegetation complex exceeds the net value
marginal product of on-farm labour in shifting cultivation, then an increase in population den-
sity will cause a fall in the use of on-farm labour by the shifting cultivating household. This result

can be stated as:

Proposition 7 An increase in population density will lead to a rise in on-farm labour use by the
shifting cultivating household provided that the met value marginal product of this labour is greater
than the marginal cost of shifting cultivation. If the latter cost exceeds A, then increasing population

pressure will lead to a fall in on-farm labour use by the household.

Together, Propositions 6 and 7 offer interesting insights into the PPH with respect to shifting
cultivating households. First, when population densities increase beyond a critical threshold on a
fixed area of communal forestland, poorer quality land will be brought into production, and the
ecological sustainability of shifting cultivation systems will be undermined. Second, the shifting
cultivating household will nevertheless continue to increase on-farm labour use, and thus clearing
additional communal forestland, provided that the net value marginal product of this labour is
greater than the marginal cost of further shifting cultivation. A critical component of this cost is
that the household takes into account the external cost imposed on the rest of the community of its
decision to convert and use communal forestland, As. However, as noted by Ahuja (1998) and Lépez
(1998), under a breakdown of common property rules governing use of this forestland, an individual
household would no longer take into account the full negative externality of forest conversion on all
the members of the community; i.e., A3 would need to be scaled by a factor i/N, where 1 <i < N.
Population pressure has been observed as a major factor in causing the breakdown in the common-
property rules in traditional shifting cultivation systems (Bandy et al., 1993; Brady 1996; Reardon

and Vosti 1995). Under such conditions, additional increases in population density are likely to
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encourage a shifting cultivating household to increase land clearing, thus further undermining the

sustainability of the shifting cultivation system.

There is also a distributional implication to these impacts. Recall that for extremely poor house-
holds A — 0. As population pressure increases, and possibly communal institutions break down,
condition (12b) suggests that it is more likely that poorer households will reduce their use of on-
farm labour. These households will therefore convert less communal forestland. In contrast, richer
households with a high net value marginal product of labour are likely to increase their conversion
of communal land, particularly if the breakdown of the community institutions and increased popu-
lation densities mean that As is negligible. The resulting distribution of remaining communal land
will increase the holdings of the rich at the expense of the poor. Throughout Latin America, there
are many examples in rural areas where richer households are better able than poorer household
to take advantage of open access conditions to secure greater access to land and other resources
(Barbier 2000).

4 A case study application from the Yucatan

To explore further the possible poverty, labour allocation and land degradation effects of shifting
cultivation, we conduct a simulation of our model based on empirical data obtained over1998-9 from
a municipality in the Yucatan State, Mexico. First, we use these data to simulate the steady-state
conditions of our model. We then derive and compare the optimal real wage-labour allocations by
households from different income groups as predicted by our steady-state conditions and compare
these with the actual labour allocations by these households in response to the real wage rates they
face. This allows us to determine the extent to which households from different income groups are
allocating too much labour to on-farm activities, including clearing more communal land. Second,
we also estimate the shadow value of soil quality, and observe how it varies across shifting cultivating
households with different income levels. This enables us to determine whether or not there is an
environmental Kuznets curve (EKC) relationship between soil quality and income levels. Finally,
we explore further the population pressure hypothesis (PPH) by numerically simulating the effects
of a change in population density on the steady-state values for soil quality and on-farm labour
use. This analysis reveals whether the shifting cultivating communities in our case study are still
ecologically sustainable, and therefore if future increases in population density will lead to declining

soil quality. We also disaggregate the analysis to examine the effects for different income groups.

4.1 Case study area: Hocaba Municipality, the Yucatan
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The Municipality of Hocaba (MH) is named after the municipal seat, the Hocaba ejido community.
MH also contains the Sahcaba ejido. The Hocaba ejido contains approximately 5,000 households
and occupies a total land area of 5,920 hectares (ha). The Sahcaba ejido comprises 1,500 households
and 1,381 ha of land. Both communities are well connected by road to the State capital, Mérida,

which is 55 kilometres (km) to the north.

There are several reasons why the Yucatan, and the Municipality of Hocaba in particular, is a good
case study site for application of our model. First, the Yucatan is considered to be within one of

three main focal areas of deforestation in Mexico (Deininger and Minten 1999).

Second, traditional shifting cultivation based on the traditional staple maize crop (referred to locally
as milpa) is the prevalent farming practice in the ejido communities of MH. In fact, throughout
the state of Yucatan, virtually all of the 180,000 ha of agricultural land are farmed using shifting
cultivation (Bautista and Jiménez-Osornio 1999). Third, the common property land ownership, or
ejido, system is the prevalent land tenure system in the Yucatdn. Ownership by ejidos accounts
for 56land area in the state (Thompson and Wilson 1994). As noted above, MH consists of two
ejido communities, Hocaba and Sahcaba. Fourth, rural poverty is widespread in the Yucatdan. An
estimated 41.6% of the rural population is considered to be below the official minimum income
poverty line (INEGI 1990, SEDESOL 1999). Fifth, in the MH case study site, many shifting
cultivating households depend on off-farm employment to supplement their income and as a survival
strategy. Finally, there is evidence that many milpa-based shifting cultivation systems in the
Yucatdan are close to ecological collapse, given current levels of population density in the state
(Mizrahi et al., 1995).

Shifting cultivating households from both the Hocaba and Sahcaba ejidos of MH were surveyed
over 1998-9. The field data suggest that around 65% of the surveyed households were unable to
supply any marketable surplus of the main crop, maize, due to the very low yields from shifting
cultivation. At best, milpa appears to be a secondary source of income for households in MH.
However, shifting cultivation is important to each household’s food security strategy and overall
economic livelihood, as well as having an important influence on the social and cultural fabric of
the local community. The survey also reveals that almost 20% of households are below the official
poverty line based on the minimum income threshold of 2,376 $ per capita annually (adjusted for
Rothbarth’s adult equivalency). As is typical of the rural poor throughout the developing world
(Dasgupta 1993), these households supplement their income through non-marketed and natural
resource-based extractive activities. For example, if the value of home garden products (e.g., fruits,
vegetables, wood and livestock products) were taken into account, then only 14.5% of households
would fall below the 2,376 $ poverty line (Ortiz 1999). Monetary income per capita appears to
be fairly evenly distributed across the MH households surveyed. The Gini coefficient for these
households is 0.31, which is the same as the Gini coefficient estimated across the rural poor in
Mexico (McKinley and Alarcén 1995).
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[Table 1 about here.]

Estimation of the relative share of the monetary income sources are shown in table 1 for different
subsamples according to whether they are above or below the three official Mexican poverty lines.
While the off-farm income share falls as total income decreases, on-farm shares increase”. Thus,
agriculture, and not just off-farm income, is key for the poor, whereas wage income, not just
agriculture, is key for the non-poor. Another relevant feature is that the non-labour income share,
mainly made up by kinship and government transfers, increases with rising poverty levels, and is

the second most important income source for all groups, except for the poorest households.

Concerning the agroecological context, the MH is under a warm and sub-humid climatic influence
with a dry season from October to May and an average annual precipitation of 978 mm (Mizrahi et
al. 1995). The implication is that the natural vegetation is mainly made up of a low and medium
tropical dry deciduous forest. The extensive traditional milpa has configured the landscape as a
complex mosaic of patches of fallow vegetation fields at different succession stages that are cleared
for cultivation. The data suggests that the average forest fallow is around 14 and 16 years in

Sahcaba and Hocaba ejidos, respectively.

4.2 Data and model calibration

A calibrated model has been developed in order to ascertain how population pressure is affecting
soil quality and labour allocation. The model calibration is also carried out to impute the optimum
scarcity value of soil quality and the shadow wage rate of shifting cultivators. To do this, a functional

form for the crop production and direct utility function have been postulated.

The data were collected through surveys in Sahcaba and Hocaba ejidos at the household level
(74 households, 15% of all peasant households), and agronomic field surveying techniques. The
agronomic data for each households milpa plots correspond to 7, ¢ and N in order to obtain the
constructed Q index through equations (2a)-(2c)'°. Household-plot specific biological maize yields
were also recorded applying a crop cutting field sampling method (Casley and Lury 1987). In
addition the households were distinguished by relative income. We use the three poverty lines (PL)
that are often employed in Mexico: The lowest poverty line of 2,376 $/year (258 US$) per capita
(PL1 henceforth), the adjusted poverty line of 2,976 $ (324 US$) (PL2) and the most conservative

9The average off-farm share (66%) is higher than that reported by De Janvry et al., (1997) for rural Mexico as
a whole (55%). The imputed share of crop production, coincides with that reported by Taylor et al., (1999) for the
state of Michoacan.

0For simplicity, the variable @ recovers the dynamic nature of soil quality and does not account for the structural

characteristic (i.e., p =1, ¢ = 0 in equation (2c)).
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one of 5,400 $ (587 US$) (or PL3, henceforth). The symbol “$” stands for Mexican pesos, unless
otherwise explicitly stated. The average values of the variables entering the model are shown in
table 2.11

[Table 2 about here.]

A Cobb-Douglas functional form with the same arguments as in equation (1a) has been estimated to
estimate crop production elasticities'?. Table 3 shows the descriptive statistic values of the input
and output values for all income subgroups. Table 4 presents the estimated parameters of the
crop production function allowing for an stochastic technical efficiency error. The results indicate
that new cleared forest-land area becomes the most important input in production, followed by
soil quality and then by cropping labour. While new cleared land area and cropping labour are
highly significant at most times, soil quality becomes significant for the whole sample at the 92%
confidence level and demonstrates that biomass plays an important role in production. It is also
worth noting the difference in elasticity estimates and significance levels between income groups
stratified according to the three poverty lines defined above. It seems that richer households exploit
land quality better than the poor and that the poor exploit the new cleared forest area better than
the rich. One plausible hypothesis is that the poor, who do not get enough off-farm income, have
more available labour time to allocate in clearing additional units of forest land (irrespective of its
quality). In contrast, the richer households allocate more labour off-farm and have less available

time to clear forest land, and therefore need to substitute land quality for quantity.

[Table 3 about here.]

[Table 4 about here.]

The soil quality and labour allocation isocline system [8a, 8b] can be solved numerically by param-
eterisation. One difficulty, however, lies on the highly non-linear nature of the system. Following
Lopez (1998), the empirical analysis is carried out under the assumption that the main biophysical
and economic characteristics of the agroecosystem correspond to the steady state. Calibration of
the long run equilibrium, has been carried out as follows: first, the optimum value for Q* is obtained
numerically recalling equation (2c¢). Then my This value is then substituted back into the labour

isocline using a Cobb-Douglas production function, obtaining a modified isocline:

HTable notations in the paper is as follows: PL1~, PL27, PL3~, PL1T, PL2" and PL3" stand for the six income
groups used throughout, i.e., I < 2,376 $, I < 2,9768,] < 5,400 $, I > 2,376 $, I > 2,976% and I > 5,400 $,
respectively. I stands for average income p. cap p. annum, adjusted for Rothbarth’s adult equivalency.

1274 observations are used although 24 households do not clear forest land in the ejido. A test on whether the CPF
is not structurally different between ejido and private property users cannot be rejected (P=0.88). In addition, all

other parameters outside the production function are based on ‘ejido’-based households only.
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[Table 5 about here.]

Irrespective of any which the three poverty lines are used, the poor are supplying significantly more
labour to shifting cultivation than richer households. Our interest lies in ascertaining whether there
is any evidence in the deviation from the socially optimum labour allocation behaviour between
the poor and the rich. If the steady state situation was not significatively different from the
current situation, any marked divergence between actual hours supplied on-farm (reported by the
household-survey) and the optimum hours supply (determined by calibrating the model) would
imply that peasants are not allocating labour according to optimal household behaviour. That is
to say, households would not be fully considering the user cost of their labour allocation decisions
and hence would not be internalising the negative externality on the rest of the community when
deciding upon labour allocation. Table 6 shows the degree of the private on-farm labour oversupply
by households at different income strata. Apparently, according to the PL1 poverty line, on average,
the households below (PL17) and above (PL1T) the extreme poverty line appear to deviate from
the optimal on-farm labour supply by 69%. This shows that the privately labour allocation decision
is highly suboptimal from a social point of view. Interestingly, when households are stratified as
regards the adjusted poverty line (PL2) and moderate poverty line (PL3), the data suggests that for
those households above the poverty line (PL2%, PL3™), the degree of divergence form the socially
optimum labour allocation in shifting cultivation is higher than for those below the poverty line
(PL27, PL37). This is depicted in figure 2. Thus, although the degree of internalisation of the

user cost is low in the area of study, this market failure prevails more among richer households.

[Table 6 about here.]

[Figure 2 about here.]

Households are clearly supplying an excess amount of labour on-farm, and hence clearing more
forest land than the socially optimal level. For example, given the average intensity of labour
invested in clearing land per surveyed household, (738 labour hours/ha) our calibration model
suggests that it would have been socially optimal not to clear 0.32 ha. of forest land. However,
on average each household clears 0.91 ha. Thus 35% forested land is being overused. Although
clearing more land brings about higher crop output, there is a negative impact on output due to
lowering the quality of agricultural soil, given shorter fallow periods. In fact, while actual forest

fallow periods in the municipality average 17 years, under an optimal allocation of labour and land
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area, the fallow period would be up to 50 years. Following an agroecological case study analysis by
Pascual (2000) (relating fallow years and the nitrogen stock in the soils of the area, an additional 33
years of fallowing would have increased the soil quality index. The actual average soil quality index
for the study area was 0.44. '3 From the soil quality elasticity estimate from the crop function (see
table 4), such an increase in soil quality would have implied an average increase in output across
all farms of 178 kg. However, due to farmers having to give up 35% of forestland for cultivation on
average, they would incur in an output loss of 525 kg. (425 kg plus 100 kg. from reducing L/a and
(1 — g)L, respectively. Hence, households would need to produce 347 kg (525 — 178) less of maize
to be optimal. This implies that optimal output level would be 288 kg.

Therefore, under perfectly functioning labour markets, peasants’ welfare is not being maximised.
While an output loss would follow from optimal behaviour, on-farm labour could be saved and
supplied to the off-farm market at the prevailing wage rate. If on-farm labour allocation equals the
socially optimal level, the average household would be supplying 400 more hours/year to the off-
farm sector and given the prevailing wage rate and current maize prices, would be able to consume
1,092 kg more of maize. Thus, the net real gain of reducing shifting cultivation labour (by clearing
less forest land and reducing ‘cropping’ labour) thus would be an increase in consumption of maize
of 745 kg. This is equivalent to an increase in average monetary income of US$ 121 per household,

i.e., US $ 25 per capita using Rothbarth’s adult equivalency method.

An approximation of the relationship between socially optimal shadow real wages (¢*) and income
levels is also reported in table 6'4. It can be seen that the shadow wage rates are higher for the
poorer households. This is true when the PL2 and PL3 poverty lines are considered, although the
evidence is more doubtful with respect to PL1 where the shadow wages for the poorest households
and those above PL1 are almost identical. Our evidence suggests that in theory the poor would
have a lower propensity to participate in the off-farm labour market given their higher shadow
wages (Huffman 1991).

It is generally postulated that poor peasants in Latin America suffer to a disproportionate degree
from land degradation (e.g., deforestation, soil erosion and fuelwood shortage) compared to richer
farm households (Barbier 2000). Usually, this assertion is based on the fact that poor people’s
reliance on the natural resource base is essential to secure their livelihood. Richer households are
generally associated with higher market participation, and a wider choice set of income sources.

However, labour ‘diversification’ between farm and off-farm, is increasingly being considered to be

13Recall that the soil quality index (Q) is the ratio of the average potentially mineralisable nitrogen in the soil
found in each farm to the maximum mineralizable nitrogen stock found in the soils of the study area. Pascual (2000)
found that for any increase in one year of fallow of the secondary vegetation, the potentially mineralizable nitrogen
stock increases by 0.25 mg/g. Given the actual 16.40 mg/g of mineralizable nitrogen in the soil, 33 additional years
of fallow would have enhanced the nitrogen stock by 8.25 mg/g.

! The shadow wage is that equilibrium wage rate under which the current labour allocation would be described as

optimal.
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an important characteristic of the poor (Reardon and Vosti 1995, de Janvry and Sadoulet 2001).
The present analysis helps to illustrate some of the relationships between poverty and resource
degradation by quantifying the cost of a decline in soil quality for households at different levels of

income.

In order to approximate the relationship between the optimal long run shadow value of defined
in equation (7), and income levels, a stylised functional form representing the preference ordering
of the representative household is needed. A standard way of thinking about such a preference
ordering is to assume that the poorer the household is, the sharper the curvature of the utility
function becomes. That is to say, an additional kg. of a utility-yielding staple food will increase
(for a poorer household) utility more than for a less poor household. We can incorporate this
approach in our analytical model, by assuming that utility function depends upon the per capita
food consumption, m, and that all per capita income, y is spent on an aggregate staple commodity,

15

where y/P = m™. It follows that a general logarithmic function, U(m) = In(y/P), yields the

desired preference ordering.

The marginal utility of income and the marginal product of soil quality (composed by a3, @ and

average total output, ) can now be substituted into equation (7), thus obtaining:

. Pas 2

1t M)] (7)

y* Q* [r +~elT 3
which is a measure in terms of kg. of maize. Equation (7') can be used to compare the optimal
current value of soil quality in the long run between the poor and the non poor relative to the three
poverty lines (PL1, PL2 and PL3)

The resulting values from parameterisation of equation (7’) are presented in table 7 (using the mean

values for all the necessary variables in table 2).
[Table 7 about here.]
[Figure 3 about here.]

For a representative household associated to the PL1™ and PL3" income groups we find that they
have a shadow value of soil of 3.73 and 3.33, respectively. It is harder to obtain such a measure
for an average household between these two income groups. Given that for PL1T the value is
1.53 and for PL3™ is 3.33, an average household falling into the two categories (PL1T and PL3™)

151t is implicitly assumed that all members of the household have equal access to the food resource. Per capita
income (y) is derived by dividing total disposable income of the household (Y) by the number of members in the
household corrected for Rothbarth’s adult equivalency.
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would have a value for soil quality between 1.53 and 3.33.'® This implies that we are dealing
with an inverted-U shape curve linking households’ ‘subjective’ perception of soil quality scarcity
and income levels. Therefore, the Environmental Kuznets Curve (EKC) hypothesis, commonly
interpreted as the inverted U-shaped curve between income levels and environmental degradation
is not found in our case. On the contrary, an anti-EKC pattern is obtained.!”. The reason for
refuting the EKC-type relationship is clear: on the one hand, as shown in table 4, the marginal
product of soil quality (f3) is higher for the least poor given the higher elasticity of soil quality and
total output, under ‘objective’ similar soil quality values'®. On the other hand, the poor face high
values of soil quality because the utility function is set up in a way to reflect a high curvature at
low income levels. In essence, the U-shape curve for the shadow value of soil quality is the product
of (i) low income levels make households to value an income generating asset (such as soil quality)
more, given the specified utility function, and (ii) richer households seem to be making a better
use of natural capital, thus facing a high marginal product of soil quality, which is also translated
into a higher valuation of this asset. One main reason for this phenomenon ought to be found in
the higher off-farm hours supply (in detriment of milpa labour supply) by richer households and a
lower proportion of time spent clearing forest biomass out of total milpa labour (see variables L and
g respectively in table 2). This would imply that richer households face a higher opportunity cost
of milpa-labour time and therefore prefer exploiting better quality land plots and hence substitute
land quality for quantity. This might well be the reason behind the higher valuation of soil quality
for the richest households.

We now turn to discuss the effects of a population density change in MH. The long run effect on soil
degradation and labour allocation under an increase in population density is numerically estimated
for Sahcaba, Hocaba and the whole MH through parameterisation of equations (12a) and (12b).
The numerical analysis indicates whether the communities have surpassed the ecological carrying
capacity, and therefore if under future population density increases, soil quality will diminish. By
parameterising the model, it can be proved that for households at all income levels except for

the richest group, there exists a stable local equilibrium in the steady state!. Also, table 8 (see

Note that while households within the two income groups at the extreme sides of the income axis (PL1~ and
PL3") do not overlap among them, there is some degree of overlapping in the rest of the income-poverty groups.
Thus, it is the trends in the middle income groups (between PL1~ and PL3") which reinforces the hypothesis of a
U-shape relationship between income levels and the shadow value of soil quality.

17See Stern et al., (1996) for a general discussion of the EKC and (Koop and Tole 1999) for a recent review of the
EKC hypothesis concerning deforestation, in which the authors reject the existence of an EKC relationship at the
country level.

8The Cobb-Douglas functional form implies a higher marginal product values for richer households, under similar
Q values, higher elasticities and higher output levels.

9Table 9 in the appendix shows that the necessary-and-sufficient condition for dynamic stability is met across all
income groups in the form of a saddle point, except for the richest (PL3") and households from Hocaba for whom

the equilibrium is described as an stable node.
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appendix) shows that the algebraic sign of the Jacobian determinant |.J| needed for application of
Cramer’s rule is positive across income and location subsamples, as well as for the municipality

(MH) as a whole.?°

Referring back to the PPH condition, calibration of equation (12a) suggests for the whole munic-
ipality, the effect of increasing population pressure is for a decline in soil quality. Parameterising
eq. (12a) we obtain that [Qprg > (n/A)pm] (with |Jasg| > 0). If the two communities are studied
separately, the data shows that in the Sahcaba ejido (SAH) an increase in population density would
negatively affect soil quality: [Qsag > (n/A)sam]| (with |Jsam| > 0). In the Hocaba ejido (HOC),
instead, [Qroc < (n/A)roc] (and |Jgoc| > 0), which suggests that higher population densities in
Hocaba would not necessarily undermine the ecological sustainability of the agroecosystem in the

longer run.

Further, average labour allocation to shifting cultivation would tend to increase in the whole mu-
nicipality. This effect is the same for Sahcaba and Hocaba and when the entire municipality is
considered, since calibration of equation (12b) suggests that [Agag — Asam] > 0 (|Jsan| > 0),
[Anoc—Aroc] > 0 (|Jroc| > 0) and [Ayrg —Anrg] > 0 (|Jg| > 0). The calibrated results suggest
that higher population densities are predicted to cause an increase in the on-farm labour supply by
shifting cultivating households, i.e., L* will increase. This in turn implies that a larger forestland
area will be converted to agriculture (directly due to more households practicing traditional shifting
cultivation and indirectly because on average each household would be clearing additional units of

forestland).

Although converted forestland is assumed to increase in the longer run due to higher population
pressure, the calibrated results suggest that on average, higher population density rates do not
necessarily mean increased depletion of soil fertility in the agroecosystem. This finding directly
contradicts the standard argument found in the agroecology literature: more shifting cultivating
households creates a shortage of forestland which produces a shortening of fallow periods and in-
evitable ‘fallow crisis’. However, our analysis suggests that this view needs to take into account an
important behavioural component at the household level, which is seldom included in the agroeco-
logical debate. This critical behaviour to do with the potential labour allocation strategies of the
shifting cultivating household. These households adapt to changing socio-economic conditions, in-
cluding increasing number of fellow shifting cultivating households, reallocating their available time
between farm and off-farm activities. For example if in response to greater population pressure on
the land shifting cultivating households choose to decrease their on-farm labour supply, it is likely

that the net effect on soil quality of increased population density will be ambiguous.

20This is due to (i) A being nonpositive across all defined subsamples, (ii) the production function for most
subsamples showing elasticities above unity, thus implying non diminishing marginal returns to some inputs, and (iii)
g being moderately far from unity, therefore describing a somewhat different technology from the one assumed in the

theoretical construct.
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The effects of income levels in the area of study on the optimum labour strategy by shifting
cultivating households is clear following parameterisation of equation (12b). All households except
for the wealthiest (PL3+), i.e., those above the 5,400 $ per capita poverty line, have the incentive
to increase their on-farm labour allocation when population density increases. This result is in line
with the finding from our model suggesting that the poor have higher shadow wage rates compared
to the rich, which prevent the former from reallocating their available time out of farm labour as

much as the rich actually do.

5 Conclusion

The main purpose of this paper has been to illustrate how labour allocation decisions by poor
farm households in a context of shifting cultivation agriculture are related to the dynamics of the
state of the natural resource base (i.e., soil/biomass complex). The paper has provided a dynamic
framework to analyse the connection between changes in soil quality levels and labour allocative

behaviour by poor peasant households in low productivity tropical regions.

An important finding from the model is that it is plausible that agricultural labour and soil quality
are inputs allocated complementarily towards a conditionally stable long run equilibrium. This has
direct consequences for policy making since the amount of labour a household can devote to shifting
cultivation activities is conditional on soil quality. The analysis predicts that if households have
access only to poor quality land initially, then their optimal strategy would be to substitute off-farm
labour time for on-farm labour allocation. Under insufficient off-farm employment opportunities
or high transaction costs in the labour market, then peasant households may allocate an excess
of labour to shifting cultivation. The effect being too much land clearing, which in turn implies

declining soil quality, and eventual ecological collapse of the shifting cultivation system.

It is widely postulated, that high rates of population growth do pose a threat on the environ-
ment. The steady state comparative results derived from the optimal control model has formally
addressed the neo-malthusian population pressure hypothesis pointed out by Grepperud (1996).
The model is able to specify whether peasants would dissave (in soil quality) in order to maintain
consumption under increasing population pressure. The key point is to know whether a critical
bio-economic threshold has been already surpassed or not. Such information can prove helpful for
rural development policies targeting peasants through labour allocation incentives and at the same
time aiming at conserving the natural resource base. Our point is that the ratio of the existing
peasant population to all available land as often used to predict the future productive state of
that land, might supply insufficient information if only biophysical elements are considered. Our

model suggests that the labour behavioural component together with peasants’ effective use of the
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technology should be taken into account to design sound rural development policies in rural areas

of developing countries where traditional shifting cultivation is maintained.

Several direct policy implications can be derived from the case study analysis of Yucatan, which is
a prototype of traditional rainfed agro-ecosystems in Mexico. Since the article 27 of the Mexican
constitution was changed in 1992, favouring a land market development through privatisation of
ex-ejido titled parcels, there still remains a high degree of uncertainty concerning its impacts on
the economic fabric and land use patterns in rainfed agro-ecosystems. It is likely that wealthier
households would take advantage of the land market liberalisation by purchasing more land from
distressed poor households in need of cash. Following the Brazilian Amazonian example, this newly
privatised land in turn is likely to be put into a more profitable use than shifting cultivation with
low labour requirements (e.g., cattle raising). This in turn, might imply less available forest-land
area for the rest, i.e., the majority of poor households, and hence higher population density in the
commons. How the new land market policy will affect households labour allocation will depend on
the technological as well as biophysical structure of the community under scrutiny. In addition,
on average, poorer communities would respond to a higher population density by allocating more
on-farm labour on average. This possibly implies an scenario where shifting cultivation becomes

‘locked up’ as an economic activity for the poor.

Further, market signals changes through the real wage rate appear to have an unambiguous effects
on soil quality and labour allocation. This effects ought to be taken into account for policy decision
making in an ever increasing integration between traditional cropping systems and the markets
in rural areas of the tropics. As for the case of Yucatdn, it appears that households would face
a backward bending supply curve.?! An increase in the off-farm market real wage is expected to
decrease off-farm labour participation by households in order to invest their available labour time
in shifting cultivation. This, we believe, can have deleterious effects on soil quality in the longer
run. and would affect households’ welfare due to changes in the real wage rates. This is so because
their welfare level has been shown to depend on poverty levels, the degree of labour diversification

between on and off-farm and the own price elasticity of agricultural labour demand.

The calibration of the bio-economic model also suggests that the Environmental Kuznets Curve
hypothesis does not necessarily hold in traditional peasant economies where soil quality becomes a
critical input in crop production. We suggest that in addition to the generally accepted idea that
the poor put high values on the natural capital because it becomes indispensable to secure their
livelihood, also the rich, in virtue of their high opportunity cost of shifting cultivation labour time,
tend to put high values on soil quality. This implies that targeting the moderately poor to increase
their income levels can have substantial benefits regarding agricultural soil quality conservation.

This can be done by designing incentives for the moderately poor to further engage in off-farm

21This is in virtue to the calibrated positive sign of the Jacobian determinant used to derive long run comparative

static analysis.
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activities thus increasing their income levels and as a consequence putting a higher shadow value
on the natural resource base. Therefore, further engagement in off-farm activities can prove to be
useful to break the vicious circle between moderate poverty and resource degradation in traditional
agricultural systems. In addition, the empirical finding that wealthier households oversupply farm
labour to a higher extent than the poorer households, supports the view that policies should also be
focused on wealthier households by giving them the incentives to reallocate their available labour
time toward the off-farm sector and out of agriculture. This in turn, might allow poorer households,
that are associated with a lower reliance in off-farm activities, to increase their agricultural yields

through an increase in soil quality given lower population pressure.

The insights of the model therefore are in accordance with the general view, that provision for
peasants of greater opportunities to participate in the off-farm labour market, might imply a ‘win-
win’ scenario; on the one hand, off-farm labour being a clear alternative to low-profit agriculture
on ‘low potential’ lands would provide additional cash, thereby increasing income levels, and in
addition it would directly prevent peasant communities from exerting excessive pressure on the
fragile soil/biomass resource. We see this as a potential way to break the vicious circle of poverty

and soil degradation.
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6 Appendix

6.1. The derivation of the optimal labour demand solution

The on-farm optimal labour allocation path and its steady state solution is derived by total differ-
entiation of the control equation (6a) with respect to time and substituting for Q = 0 and f which

is derived amalgamating equations (6a) and (6b):

)\(I) f3 — [T + 76(@)] [f1 —l— a(l — g) fQ — ca]
RO (1 4 a(1l = g) fa — ca? — [a (1 —9)? far + 2(1 — g) 12 + f11/a]

L= (A1)

where R(m) = %111 Given the assumption of strict concavity of U(m), we have postulated risk
aversion on the part of the representative household??. R (m) measures the global concavity of the
utility function and is naturally interpreted as the Arrow-Pratt index of absolute risk aversion. It

follows an implicit total on-farm labour demand function at the steady state, (@, L):

U(Q", L") =[fi +a(l —g)f2— cal [r —i—fye(#)] = ®Af3 (A2)

6.2. The signs of the slopes of the isoclines

The signs of the slopes of the isoclines are obtained by applying the implicit function rule to

equations (8a) and (8b) therefore obtaining:

dL a&

Q= o<’ 0(Q,L) =0 A3
dL. _ DB-AE-F ., W(Q,L)=0
dQ Gg-CB
For the labour isocline to be positive two sufficient conditions must hold:
0A
BD —
A > TJ; (A4.b)

*2Tn addition, it has been assumed that U’ (m) = 0, therefore imposing constant absolute risk aversion (CARA).
A next step would be to assume DARA (decreasing absolute risk aversion) and compare the results from both models
(with CARA and DARA).
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A= fitall—g)fo—ca>0

B = r+e(¢S;Q*) >0

C = fu/a+2(1-g)fiz+a(l—g)*fa
D = fis+a(l—g)fs3>0

& = e(d)S;Q*)-’y//\>0

F = dAfz3<0

g

<I>)\[f13/a + (1 — g)f23} >0

These joint sufficient conditions, can be interpreted focusing on both the net marginal returns to on-
farm labour in (A4.a), and the marginal productivities of agricultural labour in (A4.b). Condition
(A4.a) says that the ratio between (i) the net capital gains from soil quality utilisation (BD) minus
the external cost of lowering the soil’s marginal productivity in the commons (F) and (ii) the
foregone own appreciation of soil quality (£), should not outweigh the long run net marginal value
product of on-farm labour, A. Condition (A4.b) simply states that the private net marginal product

of on-farm labour should show diminishing returns.

Given that the soil isocline is downward sloping, and the labour isocline is upward sloping, a unique

intersection point between the two isoclines is assured.

6.3 Derivation of the jacobian determinant |.J| for the comparative static analysis

The jacobian determinant used to apply Crammer’s rule can be signed by conditions (A4.a - A4.b):

hi1 hio

aj= " D<o (A5)
ha1  hoo
=) )

where

d9(Q, L

hy = —%%—J:Q—CB
dw L

h12 = 7;%, ):DB—.Ag—j:
d0(0,1) @

e ]
400, I

h22 = 7;% ):—8
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6.4 Derivation of the directionals of the soil quality and on-farm labour isoclines

The two isocline curves in figure 1, intersecting at the long run equilibrium point, divide the phase
space into four isosectors, labelled T through IV. At any point, but the intertemporal equilibrium
of the system at (Q*, L*), either @ or L (or both) would be changing over time. The directions of

such changes are derived next:

The arrow phase directionals associated with % can be ascertained by differentiating equation (3c)

with respect to @, yielding;:

dQ

—=-£<0 A6
o (46)
implying that as Q increases, () undergoes a steady decrease. Hence moving continually from west
to east in the phase space, the sign of Q pases through the following three stages, +,0,—. The
directional arrows are drawn according to the derived signs, therefore with a direction from east
to west in isosectors I and II, and a direction from west to east in isosectors III and IV. These

arrows then, indicate the intertemporal movement of (). Analogously, we can derive the signs of
the U(Q, L) = 0 isocline:

ai, B+ @)K — |Gt (20— Sp ) | v
dL K2

where A and K stand for the numerator and denominator of the labour path in expression (Al)

(A7.a)

respectively. The sign of expression (A7.a) is indeterminate. However, under a fairly extensive
shifting cultivation technology (i.e., g — 1), it is likely that the labour isocline to be upward

sloping. This is true when the following two conditions hold:

Bl
% > 15 (A7.b)
and
R(m) > 271 (AT.c)
A '

where, due to ¢ — 1, A now becomes A’ ~ f; —ca >0

Equation (A7.b) says that the ratio between the cross marginal productivity of labour and soil
quality and labour productivity should outweigh the marginal cost of soil quality use. Equation
(AT7.c), suggests that the absolute risk aversion of the representative household should be high

enough.

These two conditions suffice for L to undergo the following three stages: —, 0, 4+ from south to north
(as L increases), therefore determining the direction of the arrows associated with the intertemporal

movement of L.
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6.5 The local stability of the steady state equilibrium
The local stability can be studied by considering an approximation of the dynamics near the steady

state (Q*, L*) by a first order Taylor expansion of the non-linear differential equation system given

by equations (8a) and (8b):

(2)- (o )0
C) 21 T22 Q-Q"

The arguments of the Jacobian matrix being:

dL

11 = E
dL

T12 = @
_dQ
€21 = d_L
dQ

€22 = @

which are associated with the following algebraic signs:

From the study of the directionals of the soil quality (@) and on-farm labour (L) isoclines, we
have that x99 < 0, from equation (A6) and x1; > 0, from equations (A7.a), (A7.b) and (A7.c). In

addition we have that:

@
To1 = Y <0 (AS)

and

[BD — A€ — FlC — [ (20 — L) | v

]CZ

T12 =

(A9.a)

which under our extensive shifting cultivation setting (i.e., g — 1), equation (A9.a) becomes (A9.b):

ol ICCjQ (A9.b)

ai  BD = A€ = FIK + [RA (op/ 4 RmAL) |
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where,

D'~ fiz>0

N' = 2@ f5 — [r+ve"5][f1 — cal
R

K =~ (am) [fi —cal® = fi1/a>0

If [BD' — A'E — F] and N are negative, then equation (A9.b) is also negative. Note that for N to
be negative it should apply that:

AD f3
B

which coupled with [BD' — A’E — F] that holds when condition (A4.b) applies, for the equilibrium to

be depicted as a saddlepoint it is sufficient that: the farm household’s net marginal value product

A <

(A9.c)

of labour (\A) is bound as expressed in condition (A9.d) below:

ADfs ., BD —F
- A9.
5 > A > 5 (A9.d)

Therefore, under a highly extensive shifting cultivation system (g — 1), and under sufficient condi-
tions (A7.b), (A7.c) and (A9.d), the determinant of arguments of the Jacobian matrix I' becomes

unambiguously negative:

11 T12
r= " <0 (A10)
21 22

= =)

from which it is suggested that a saddlepoint equilibrium is the case in our model.

6.6 Parameterisation of |J| and |T'|

[Table 8 about here.]

[Table 9 about here.]

7 Annex

[Table 10 about here.]
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Figures

UoLn=0

- Hon=0

T
Qo+ X0

Figure 1: The (Q, L) dimension phase diagram and the steady state equilibrium depicted as a saddle point
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Figure 2: Oversupply of on-farm labour for the poor and rich (according to three poverty lines)
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Tables

Table 1: Distribution of income shares (in%) across poverty groups based on 1998-99 data

Off-farm  On-farm’ Non-labour Crafting Backyard Cattle

animal sale sale

PL1™ 28.60 17.08 42.75 9.37 2.19 1.52
(31.13) (17.78) (31.86) (20.79) (3.70) (6.63)

PL2™ 38.67 15.45 36.57 7.74 1.99 1.26
(35.714) (16.62) (32.10) (19.15) (3.46) (6.03)

PL3™ 60.75 8.86 22.29 4.72 2.69 1.77
(33.09) (12.21) (26.63) (113.43) (6.97) (8.92)

PL1t 78.38 4.30 11.36 1.53 3.06 1.38
(18.26) (3.90) (13.83) (5.23) (719) (8.00)

PL2" 77.97 4.05 11.66 1.64 3.20 1.48
(18.70) (3.70) (14.14) (5.40) (7.42) (8.29)

PL3" 81.71 3.74 10.65 0.17 3.24 0.49
(13.73) (3.79) (10.67) (0.47) (5.25) (2.29)

Sahcaba 80.29 5.74 7.26 3.60 1.95 1.16
(22.01) (6.07) (11.43) (7.62) (4.28) (5.78)

Hocaba 60.23 8.20 24.54 3.36 3.27 1.53
(31.80) (12.35) (26.06 ) (13.05) (7.32) (8.44)

MH 66.25 7.55 19.25 3.46 2.91 1.45

(30.60) (10.87) (24.04) (11.68) (6.58) (7.75)
Average estimates based on field data (Standard deviations in parenthesis).
1 Calculations based on maize crop alone (other inter-cropped vegetables such as
beans and squash are not considered.
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Table 2: Distribution of mean parameter values, across poverty groups based on 1998/99 field data

Variable PL1™ PL2™ PL3™ HOC MH SAH PL1T PL27" PL3"

1 1337.64 1429.12 2940.44 3730.70 4328.59 4898.05 5486.39 5587.09 7933.17
P 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

z 514.67 520.34 544.80 534.44 580.20 669.62 603.40 608.76 659.84
L 779.62 715.43 647.81 528.00 637.78 852.34 587.54 600.72 615.20
b 562.97 530.63 451.11 421.69 440.90 478.45 397.67 398.08 417.93
g 0.66 0.66 0.62 0.64 0.60 0.52 0.58 0.57 0.54
Q 0.42 0.44 0.44 0.45 0.44 0.43 0.45 0.45 0.44

n 40.72 47.67 47.89 52.43 46.98 36.33 49.20 46.65 44.95
A 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
[ 0.06 0.06 0.06 0.05 0.06 0.08 0.06 0.06 0.06

~ 0.06 0.06 0.06 0.05 0.06 0.08 0.06 0.06 0.06
Calculations based on fieldwork data.

Table 3: Descriptive statistics for production function estimation

z L/a (1-g)L Q z L/a (1-g)L Q
MH
Mean 635.51 1.01 260.18  0.450
Std.Dev. 488.73  0.67 203.80 0.094
Min. 23.76  0.00 18.00 0.215
Max. 2421.73  3.00 880.00 0.631
N 74 74 74 74
Hocaba Sahcaba
Mean 571.98 1.01 198.44 0.459 Mean 760.01 1.01 381.19 0.434
Std.Dev. 425.06 0.72 167.15 0.086 Std.Dev. 583.77 0.58 217.75 0.107
Min. 23.76  0.00 18.00 0.215 Min. 142.58 0.00 79.10 0.234
Max. 2265.84  3.00 720.00 0.631 Max. 2421.73 2.12 880.00 0.615
N 49 49 49 49 N 25 25 25 25
PL1~ PL1T
Mean 514.67 1.10 252.71 0.423 Mean 671.55 0.98 262.41 0.459
Std.Dev. 330.99 0.73 194.89 0.094 Std.Dev. 523.75 0.66 208.01  0.093
Min. 23.76  0.20 36.00 0.215 Min. 34.95 0.00 18.00 0.234
Max. 1207.72  3.00 720.00 0.580 Max. 2421.73  3.00 880.00 0.631
N 17 17 17 17 N 57 57 57 57
PL2™ PL2"
Mean 520.34 1.04 237.52 0.435 Mean 681.14 1.00 269.16  0.456
Std.Dev. 351.46  0.68 195.08 0.095 Std.Dev. 529.46  0.67 208.28 0.093
Min. 23.76  0.20 18.00 0.215 Min. 34.95 0.00 28.00 0.234
Max. 1207.72  3.00 720.00 0.615 Max. 2421.73  3.00 880.00 0.631
N 21 21 21 21 N 53 53 53 53
PL3™ PL3*
Mean 597.74 1.05 249.72  0.447 Mean 724.77  0.92 284.91 0.458
Std.Dev. 470.18 0.67 201.04 0.091 Std.Dev. 530.60 0.69 212.85 0.101
Min. 23.76  0.00 18.00 0.215 Min. 139.78 0.00 72.00 0.278
Max. 2421.73  3.00 744.00 0.615 Max. 2265.84 2.52 880.00 0.631
N 52 52 52 52 N 22 22 22 22

z: total maize output (Kg.); L/a: New cleared forest land (ha.);
(1 —g)L: ‘cropping’ (non-clearing) labour (hours man/year); Q: Soil quality index (0,1).
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Table 4: Crop production function estimates

Sample InFE e %1 Qo as n

Whole sample?  5.33%*  0.98**  0.25""*  0.56" 74
(8.55) (3.55) (2.79) (1.73)

PL1™ T 4.88***  2.03** -0.14 0.30 17
(3.65) (2.98) (1.02) (1.22)

PL1T 4.49**  0.97"* 0.28***  0.45 57
(7.50) (2.73) (3.22) (1.39)

PL2™ 3.72** 1.89 ™ 0.22™* 0.20 21
(4.09) (3.06) (1.64) (0.47)

PL2% 4.77 0.98™ 0.23™**  0.47 53
(6.79) (2.71) (2.31) (1.41)

PL3™ 4.03*** 1.42%* 0.25 *** 0.26 52
(6.43) (3.47) (2.38) (0.81)

PL3*T 3415 0.33%**  0.27*  1.28%* 22
(2.29) (9.94) (7.74) (9.53)

Hocabal 1.23 0.29* 0.18 1.25* 25
(0.82) (1.67) (0.83) (1.83)

Sahcaba 5.17*** 1.41*** 0.13 0.56 49
(4.81) (3.31) (0.89) (1.16)

White’s asymptotic t-statistics in parentheses. *p < 10%; **p < 5%

p < 1%.

a1, az and ag are the elasticities of L/a, (1 — g)L and @ respectively;
In E: intercept.

t: An stochastic production function is used allowing for

random inefficiency effects. Inefficiency effects cannot be rejected

at 15% sig. level (mixed x?(2):2.67) for MH, and 2.5%

for PL1™ and PL3" with ixed x2(2) equal to 7.22 and 7.9 respectively.

Table 5: Observed average rural and urban wages (Mexican $/hour)

Type of job RURAL URBAN Average
In agriculture 5.14 n.a. 5.14
In building sector n.a. 6.88 6.88
Other non-farm jobs 5.11 7.74 6.67
Other non-farm (b) n.a. 4.02 4.02
Self employment 4.44 n.a. 4.44
Hired labourers’ average wage 3.17
Average off-farm household wage 6.12

(b): Mostly women cleaning houses in Mérida
n.a: no observed.

Table 6: Optimum and current on-farm labour supply across income groups

Variable PL1- PL1TY PL2- PL2™ PL3- PL3t™ HOC SAH MH
¢ 4.00 4.25 3.57 5.23 3.59 5.20 4.40 4.13 4.08
c* 1.22 1.23 1.52 1.17 1.39 0.42 0.35 1.18 1.08
L 779.62 587.54 715.43 600.72 647.81 615.20 528.00 852.34 637.78
L* 241.80 180.36 306.14 171.14 253.34 68.75  55.55  291.00 236.47
(L-L*)/L 0.69 0.69 0.57 0.72 0.61 0.89 0.89 0.66 0.63

Calculations of current ¢ and L are based on fieldwork data.
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Table 7: Optimum current soil quality values across poverty groups

PL1- PL1T PL2- PL2Y PL3~ PL3*" HOC SAH MH

w* o 3.73 1.53 2.32 1.59 1.45 3.33 5.63 2.39  1.63

PL1~, PL27, PL3~, PL17, PL2" and PL3T stand for the six income groups as in table 6
1<5,400 8, I >2,376 %, I >2,976% and I > 5,400 $, respectively.
HOC: Hocaba, SAH: Sahcaba, MH: whole municipality.

Table 8: Calibration of |J| across poverty groups and location

MH HOC SAH
hi1 0.029 -0.053 0.081
hia 269.338 236.070 439.102
hor  -8.454E-05 -8.286E-05 -9.012E-05
ho1 -0.056 -0.046 -0.076
|J] 0.021 0.022 0.033
PL1™ PL2" PL3™
h11 0.118 0.212 0.133
hia 271.326 180.545 177.458
hor  -7.273E-05 -7.743E-05 -8.604E-05
ha1 -0.066 -0.057 -0.055
|7] 0.012 0.002 0.008
PL1" PL2* PL3"
hi1 0.043 0.034 -0.065
hio 239.953 259.850 408.693
ha1  -9.039E-05 -8.895E-05 -8.045E-05
ha1 -0.052 -0.055 -0.057
|7] 0.019 0.021 0.037
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Table 9: Type of equilibrium by income and location groups

MH HOC SAH

11 16.462 -4.259 44.312
T12 120.236 -2.636 194.495
Z21 -1.232E-05 -1.207E-05 -1.313E-05
To21 -0.008 -0.007 -0.011
& -0.132 0.029 -0.486
Trace® 16.454 -4.266 44.301
RootTest® 271.262 18.084 1964.483

Equilibrium SADDLE STABLE SADDLE

POINT NODE POINT
PL1™ PL2™ PL3™

T11 10.708 45.164 119.392
T12 -9.459 93.747 1600.478
21 -1.060E-05 -1.128E-05 -1.254E-05
T21 -0.010 -0.008 -0.008
|T| -0.103 -0.373 -0.937
Trace 10.699 45.156 119.384
RootTest 114.877 2040.520 14256.338

Equilibrium SADDLE SADDLE SADDLE
POINT POINT POINT

PL1" PL2" PL3"
Z11 30.905 22.486 -7.157
Z12 290.352 152.063 -9.982
Z21 -1.317E-05 -1.296E-05 -1.172E-05
Zo21 -0.008 -0.008 -0.008
T -0.232 -0.179 0.060
Trace 30.898 22.478 -7.165
RootTest 955.594 505.955 51.103

Equilibrium SADDLE SADDLE STABLE
POINT POINT NODE

¢: Determinant of I at equilibrium values.
b: Trace of the I.
¢: Root Test for T.
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Table 10: Variable definitions

BEODE Pa>3axage e 3093 z3I N~ SR

SRS

Total available common property land for shifting cultivation.
Amount of time needed to clear a unit of forest land (hours/ha).
External income from exogenous transfers.

Ratio of labour time clearing forest to labour time cropping.
Income per capita.

Household labour in shifting cultivation (hours).

Staple consumption (kg). Is equal to I/P.

Nitrogen (mineralizable) stock in the soil.

Number of households clearing forest land for cultivation.
Nominal Price of maize (per Kg.).

Soil quality index (lies between 0 and 1).

Discount rate.

index of structural suitability of soil for agriculture.

Total disposable time for the household.

Transformation rate between biomass and nitrogen in the soil.
Off-farm wage rate.

Soil nitrogen index: ratio of nitrogen content (N) to nitrogen carrying capacity (V).

Household disposable income.
Output of maize (in Kg).
Above-ground phytomass (tons/ha).
Intrinsic growth rate of biomass.
pxv/N.

Proxy for poverty.

Current value Hamiltonian.

Current value costate.

Soil isocline.

Labour isocline.

population density: n/A.

Linear weights of x and s, respectively in Q.

Intercept Vector for the effects of forest structure (D1) and cropping cycle (D2) on N.

41



CLIM

CLIM
CLIM

SUST

CLIM
MGMT

SUST

CLIM
VOL

KNOW
CLIM
KNOW
KNOW
KNOW
ETA
ETA
CLIM

CLIM
VOL

CLIM

CLIM

CLIM

PRIV

ETA

ETA

KNOW

KNOW

SUST
KNOW

CLIM
CLIM

1.2000

2.2000
3.2000

4.2000

5.2000
6.2000

7.2000

8.2000
9.2000

10.2000
11.2000
12.2000
13.2000
14.2000
15.2000
16.2000
17.2000

18.2000
19.2000

20.2000

21.2000

22.2000

23.2000

24.2000

25.2000

26.2000

27.2000

28.2000
29.2000

30.2000
31.2000

NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI
Fondazione Eni Enrico Mattei Working Papers Series
Our working papers are available on the Internet at the following addresses:
Server WIWW: WWW.FEEMLIT

Anonymous FTP: FTP.FEEM.IT
To order any of these papers, please fill out the form at the end of the list.

Claudia KEMFERT: The Impacts of Emissions Trading on World Economies. Contemplation of baseline
emissions paths and a ceiling on emissions trading

Pascal FAVARD: Does Productive Capital Affect the Order of Resource Exploitation?

Robert T. DEACON (xxxix): The Political Economy of Environment-Development Relationships: A
Preliminary Framework

Piet RIETVELD and Roberto ROSON: Joint Costs in Network Services: the Two-way Problem in the Case
of Unbalanced Transport Markets

Robert S. PINDYCK (xxxix): Irreversibilities and the Timing of Environmental Policy

Domenico SINISCALCO, Stefania BORGHINI, Marcella FANTINI and Federica RANGHIERI (x1): The
Response of Companies to Information-Based Environmental Policies

Guy D. GARROD, Riccardo SCARPA and Ken G. WILLIS: Estimating the Benefits of Traffic Calming on
Through Routes: A Choice Experiment Approach

ZhongXiang ZHANG: Estimating the Size of the Potential Market for the Kyoto Flexibility Mechanisms
Jean-Christophe PEREAU and Tarik TAZDAIT (xli): Partial and Global Cooperation with Unilateral
Commitment in the Presence of Global Environmental Problems

Giacomo CALZOLARI and Giovanni IMMORDINO: Hormone Beefs, Chloridric Chicken and International
Trade: Can Scientific Uncertainty be an Informational Barrier to Trade?

Laura MARSILIANI and Thomas I. RENSTROM (xxxvi): Imperfect Competition, Labour Market
Distortions, and the Double Dividend Hypothesis

Patrizia BUSSOLI : An Empirical Analysis of Technological Convergence Process and R]Vs in Europe at
the Firm Level

Luigi BENFRATELLO and Alessandro SEMBENELLI: Research Joint Ventures and Firm Level
Performance

Nicholas S. VONORTAS: US Policy towards Research Joint Ventures

Y.H. FARZIN: The Effects of Emissions Standards on Industry in the Short Run and Long Run

Francis BLOCH and Stéphane ROTTIER (xli): Agenda Control in Coalition Formation

Giovanni IMMORDINO: Looking for a Guide to Protect the Environment: the Development of the
Precautionary Principle

Hans W. GOTTINGER: Negotiation and Optimality in an Economic Model of Global Climate Change
Paola MILIZIA and Marialuisa TAMBORRA: Juridical Framework of Voluntary Agreements in Italy and
Policy Relevance at the Local Level

Richard S.]. TOL, Wietze LISE and Bob van der ZWAAN (xli): Technology Diffusion and the Stability of
Climate Coalitions

Pietro TEATINI and Giuseppe GAMBOLATI (xlii): The Impact of Climate Change, Sea-Storm Events and
Land Subsidence in the Adriatic

Emiliano RAMIERI (xlii): An Overview of the Vulnerability of Venice to the Impacts of Climate Change
and Sea Level Rise

Bernardo BORTOLOTTI, Marcella FANTINI and Carlo SCARPA: Why do Governments Sell Privatised
Companies Abroad?

Carlo CARRARO and Gilbert E. METCALF: Behavioral and Distributional Effects of Environmental
Policy: Introduction

Santiago J. RUBIO and Juana AZNAR: Sustainable Growth and Environmental Policies

Francesca RECANATINI and Randi RYTERMAN: Disorganisation or Self-Organisation?

Giorgio BARBA NAVARETTI and David TARR: International Knowledge Flows and Economic
Performance. An Introductory Survey of the Evidence

Francesca CODA CANATI: Secondary Raw Materials Market Creation: Waste Stock Exchange

Giorgio BRUNELLO and Simona COMI: Education and Earnings Growth. Evidence from 11 European
Countries

Michael GRUBB: The Kyoto Protocol: an Economic Appraisal

Gérard MONDELLO and Mabel TIDBALL (xxxix): Environmental Liability and Technology Choice: A
Duopolistic Analysis




KNOW
VOL
SUST
CLIM
CLIM
CLIM
CLIM

CLIM
CLIM

SUST

PRIV
CLIM

CLIM

WAT
CLIM

PRIV
ETA
ETA
ETA
PRIV
PRIV
PRIV
KNOW
ETA
CLIM
VOL
ETA
SUST
CLIM

CLIM
KNOW

KNOW
WAT
WAT
KNOW

CLIM

CLIM

KNOW

CLIM
VOL

32.2000
33.2000
34.2000
35.2000
36.2000
37.2000
38.2000

39.2000
40.2000

41.2000

42.2000
43.2000

44.2000

45.2000
46.2000

47.2000
48.2000
49.2000
50.2000
51.2000
52.2000
53.2000
54.2000
55.2000
56.2000
57.2000
58.2000
59.2000
60.2000

61.2000
62.2000

63.2000
64.2000
65.2000
66.2000

67.2000

68.2000

69.2000

70.2000
71.2000

Alberto PETRUCCI and Edmund PHELPS: Capital Subsidies Versus Labour Subsidies: A Trade-Off
between Capital and Employment?

Petr SAUER, Antonin DVORAK and Petr FIALA: Negotiation between Authority and Polluters - Model
for Support of Decision Making in Environmental Policy: Principles and Experimental Case Test
Riccardo SCARPA, George W. HUTCHINSON and Sue M. CHILTON: Reliability of Benefit Value Transfers
from Contingent Valuation Data with Forest-Specific Attributes

Allen PERRY (xlii): Impact of Climate Change on Tourism in the Mediterranean: Adaptive Responses
Laura MARSILIANI and T.I. RENGSTROM (xxxvi): Inequality, Environmental Protection and Growth
Massimiliano MONTINI (xlii): Italian Policies and Measures to Respond to Climate Change

Horst STERR, Richard KLEIN and Stefan REESE (xlii): Climate Change and Coastal Zones. An Overview
of the State-of-the-Art on Regional and Local Vulnerability Assessment

Tullio SCOVAZZI (xlii): Ideas Behind the New or Updated Mediterranean Legal Instruments

Dimitrios GEORGAS (xlii): Assessment of Climatic Change Impacts on Coastal Zones in the
Mediterranean. UNEP’s Vulnerability Assessments Methodology and Evidence from Case Studies
Herath M. GUNATILAKE and Ujjayant CHAKRAVORTY: Forest Resource Extraction by Local
Communities: A Comparative Dynamic Analysis

Giancarlo SPAGNOLO: Optimal Leniency Programs

Paolo BUONANNO, Carlo CARRARO, Efrem CASTELNUOVO and Marzio GALEOTTI: Emission Trading
Restrictions with Endogenous Technological Change

Alan S. MANNE and Richard G. RICHELS: A Multi-Gas Approach to Climate Policy - with and without
GWPs

Ujjayant CHAKRAVORTY and Chieko UMETSU: Basinwide Water Management: A Spatial Model

Don FULLERTON, Inkee HONG and Gilbert E. METCALF (xl): A Tax on Output of the Polluting Industry
is not a Tax on Pollution: The Importance of Hitting the Target

Axel GAUTIER and Dimitri PAOLINI: Delegation and Information Revelation

Andreas PAPANDREOU.: Externality, Convexity and Institutions

Cesare DOSI and Michele MORETTO: The Timing of Adoption of Cleaner Technologies: Private Costs
and Public Incentives

Michele MORETTO and Roberto TAMBORINI: Liquidity: What can a “Hausbank” do that Other Lenders
Cannot Do?

Michele MORETTO and Paola VALBONESI: Option to Revoke and Regulation of Local Utilities

Giancarlo SPAGNOLO: Self-Defeating Antitrust Laws

William L. MEGGINSON and Maria K. BOUTCHKOVA: The Impact of Privatisation on Capital Market
Development and Individual Share Ownership

Giorgio BARBA NAVARETTI, Marzio GALEOTTI and Andrea MATTOZZI: Moving Skills from Hands to
Heads: Import of Technology and Export Performance

Elisabetta STRAZZERA, Riccardo SCARPA, Pinuccia CALIA, Guy GARROD and Ken WILLIS: Modelling
Zero Bids in Contingent Valuation Surveys

Paola CONCONI: Can Green Lobbies Replace a World Environmental Organisation?

Paola CONCONI and Carlo PERRONI (xli) : Issue Linkage and Issue Tie-in in Multilateral Negotiations
Fernando JARAMILLO, Hubert KEMPF and Fabien MOIZEAU (xli): Conspicuous Consumption, Social
Status and Clubs

Gianni CICIA and Riccardo SCARPA: Willingness to Pay for Rural Landscape Preservation: A Case Study
in Mediterranean Agriculture

Josef JANSSEN: Will Joint Implementation Survive International Emissions Trading? Distinguishing the
Kyoto Mechanisms

Carlo CARRARO: Costs, Structure and Equity of International Regimes for Climate Change Mitigation
Alberto BUCCI: On Scale Effects, Market Power and Growth when Human and Technological Capital are
Complements

Alberto BUCCI and H.C. SAGLAM: Growth Maximising Patent Lifetime

Michele MORETTO and Paolo ROSATO: The Value of Licences for Recreational Resources Use

Edi DEFRANCESCO and Paolo ROSATO: Recreation Management in Venice Lagoon

Carlo DELL’ARINGA and Claudio LUCIFORA: Inside the Black Box: Labour Market Institutions, Wage
Formation and Unemployment in Italy

Erkki KOSKELA, Markku OLLIKAINEN and Mikko PUHAKKA: Renewable Resources in an Overlapping
Generations Economy without Capital

A. Lans BOVENBERG and Lawrence H. GOULDER (xl): Neutralising the Adverse Industry Impacts of
CO2 Abatement Policies: What Does it Cost?

Ioanna KASTELLI: Science and Technology Policy in Greece. Policy Initiatives for R&D Cooperation
Katrin MILLOCK: Contracts for Clean Development — The Role of Technology Transfers

Alberto CAVALIERE and Fabio FRONTOSO SILVESTRI (xliii): Voluntary Agreements as Information
Sharing Devices: Competition and Welfare Effects




VOL

VOL

VOL

VOL

VOL

VOL
VOL

VOL
VOL

VOL
VOL
CLIM
KNOW
KNOW
ETA
CLIM
CLIM
SUST
SUST
SUST
SUST
SUST
SUST

SUST

SUST
SUST

CLIM

CLIM

KNOW
KNOW

WAT

WAT

KNOW
SUST

CLIM

CLIM

72.2000

73.2000

74.2000

75.2000

76.2000

77.2000
78.2000

79.2000
80.2000

81.2000
82.2000
83.2000
84.2000
85.2000
86.2000
87.2000
88.2000
89.2000
90.2000
91.2000
92.2000
93.2000
94.2000

95.2000

96.2000
97.2000

98.2000

99.2000

100.2000
101.2000

102.2000

103.2000

104.2000
105.2000

106.2000

107.2000

Na Li DAWSON and Kathleen SEGERSON (xliii): Voluntary Agreements with Industries: Participation
Incentives with Industry-wide Targets

Patricia M. BAILEY (xliii): The Application of Competition Law and Policy to Environmental
Agreements in an Oligopolistic Market

Joanna POYAGO-THEOTOKY (xliii): Voluntary Approaches and the Organisation of Environmental
R&D

Scott C. MATULICH, Murat SEVER and Fred INABA (xliii): Cooperative Bargaining to Internalise Open
Access Externalities: Implications of the American Fisheries Act

Allen  BLACKMAN and James BOYD (xliii): Tailored Regulation: Will Voluntary Site-Specific
Environmental Performance Standards Improve Welfare?

Vincenzo DENICOLO’ (xliii): A Signaling Model of Environmental Overcompliance

Markus A. LEHMANN (xliii): Voluntary Environmental Agreements and Competition Policy. The Case
of Germany’s Private System for Packaging Waste Recycling

Hans H.B. VEDDER (xliii): Voluntary Agreements and Competition Law

Thomas P. LYON and John W. MAXWELL (xliii): Self-Regulation, Taxation and Public Voluntary
Environmental Agreements

Paola MANZINI and Marco MARIOTTI (xliii): A Bargaining Model of Voluntary Environmental
Agreements

Alain NADAI and Benoit MOREL (xliii): Product Ecolabelling, Competition and the Environment

Simone BORGHESI: Income Inequality and the Environmental Kuznets Curve

Giorgio BRUNELLO and Massimo GIANNINI: Stratified or Comprehensive? The Economic Efficiency of
School Design

Giorgio BRUNELLO, Simona COMI and Claudio LUCIFORA: The College Wage Gap in 10 European
Countries: Evidence from Two Cohorts?

Michael FINUS: Game Theory and International Environmental Co-operation: A Survey with an
Application to the Kyoto-Protocol

Clare GOODESS, Jean PALUTIKOF and Maureen AGNEW (xlii): Climate Change Scenarios for the
Mediterranean: A Basis for Regional Impact Assessment

Ian COXHEAD: Tax Reform and the Environment in Developing Economies: Is a Double Dividend
Possible?

Peter BARTELMUS and André VESPER (xliv): Green Accounting and Material Flow Analysis.
Alternatives or Complements?

Mark DE HAAN and Steven ]. KEUNING (xliv): The NAMEA as Validation Instrument for
Environmental Macroeconomics

Jochen JESINGHAUS (xliv): On the Art of Aggregating Apples & Oranges

Jan KOLAR (xliv): Land Cover Accounting in the Czech Republic

Anil MARKANDYA, Alistair HUNT and Pamela MASON (xliv): Valuing Damages for Green Accounting
Purposes: The GARP II Approach

Anil MARKANDYA, Pamela MASON and Marialuisa TAMBORRA (xliv): Green National Accounting:
Synthesising and Extending the Welfare Based and Sustainability-standard Based Approaches

Martin O'CONNOR (xliv): Towards a Typology of “Environmentally-Adjusted” National Sustainability
Indicators: Key Concepts and Policy Application

Anton STEURER (xliv): Towards an Environmental Accounting Framework for the EU

Cesare COSTANTINO, Federico FALCITELLI and Angelica TUDINI (xliv): New Developments in
Environmental Accounting at Istat

Stefan BAYER and Claudia KEMFERT: Reaching National Kyoto-Targets in Germany by Maintaining a
Sustainable Development

ZhongXiang ZHANG: An Assessment of the EU Proposal for Ceilings on the Use of Kyoto Flexibility
Mechanisms

Maria Rosa BATTAGGION and Patrizia BUSSOLI: Italian Policy towards Cooperation in R&D

Giorgio BARBA NAVARETTI, Patrizin BUSSOLI, Georg VON GRAEVENITZ and David ULPH:
Information Sharing, Research Coordination and Membership of Research Joint Ventures

Cesare DOSI and William K. EASTER: Water Scarcity: Institutional Change, Water Markets and
Privatisation

Cesare DOSI and Naomi ZEITOUNI: Controlling Groundwater Pollution from Agricultural Nonpoint
Sources: An Overview of Policy Instruments

Alberto PETRUCCI: On Debt Neutrality in the Savers-Spenders Theory of Fiscal Policy

Roberto ROSON and Stefano SORIANI: Intermodality and the Changing Role of Nodes in Transport
Networks

Alain BOUSQUET and Pascal FAVARD: Does S. Kuznets’” Belief Question the Environmental Kuznets
Curves?

Ottavio JANNI: EU Biodiversity Conservation in Tropical Countries




VOL
VOL
VOL
SUST
SUST
CLIM
CLIM
CLIM
ETA
CLIM
MGMT
VOL

VOL
ETA

ETA
KNOW
ETA
CLIM
SUST
SUST

CLIM
VOL

ETA
ETA
ETA
PRIV
KNOW
ETA

PRIV

CLIM
ETA

KNOW
CLIM
ETA

MGMT
Coalition
Theory
Network
ETA

108.2000

109.2000

110.2000
1.2001
2.2001
3.2001
4.2001
5.2001
6.2001
7.2001
8.2001
9.2001

10.2001
11.2001

12.2001
13.2001
14.2001
15.2001
16.2001
17.2001

18.2001
19.2001

20.2001
21.2001
22.2001
23.2001
24.2001
25.2001

26.2001

27.2001
28.2001
29.2001
30.2001
31.2001
32.2001
33.2001

34.2001

Katrin MILLOCK and Francois SALANIE: Collective Environmental Agreements: An Analysis of the
Problems of Free-Riding and Collusion

Katrin MILLOCK: The Combined Use of Taxation and Voluntary Agreements for Energy Policy

Markus A. LEHMANN: The Impact of Voluntary Environmental Agreements on Firms’ Incentives for
Technology Adoption

Inge MAYERES and Stef PROOST: Should Diesel Cars in Europe be Discouraged?

Paola DORIA and Davide PETTENELLA: The Decision Making Process in Defining and Protecting
Critical Natural Capital

Alberto PENCH: Green Tax Reforms in a Computable General Equilibrium Model for Italy

Maurizio BUSSOLO and Dino PINELLI: Green Taxes: Environment, Employment and Growth

Marco STAMPINI: Tax Reforms and Environmental Policies for Italy

Walid OUESLATI: Environmental Fiscal Policy in an Endogenous Growth Model with Human Capital
Umberto CIORBA, Alessandro LANZA and Francesco PAULI: Kyoto Commitment and Emission Trading:
a European Union Perspective

Brian SLACK (xlv): Globalisation in Maritime Transportation: Competition, uncertainty and
implications for port development strategy

Giulin PESARO: Environmental Voluntary Agreements: A New Model of Co-operation Between
Public and Economic Actors

Cathrine HAGEM: Climate Policy, Asymmetric Information and Firm Survival

Sergio CURRARINI and Marco MARINI: A Sequential Approach to the Characteristic Function and the
Core in Games with Externalities

Gaetano BLOISE, Sergio CURRARINI and Nicholas KIKIDIS: Inflation and Welfare in an OLG Economy
with a Privately Provided Public Good

Paolo SURICO: Globalisation and Trade: A “New Economic Geography” Perspective

Valentina BOSETTI and Vincenzina MESSINA: Quasi Option Value and Irreversible Choices

Guy ENGELEN (xlii): Desertification and Land Degradation in Mediterranean Areas: from Science to
Integrated Policy Making

Julie Catherine SORS: Measuring Progress Towards Sustainable Development in Venice: A
Comparative Assessment of Methods and Approaches

Julie Catherine SORS: Public Participation in Local Agenda 21: A Review of Traditional and Innovative
Tools

Johan ALBRECHT and Niko GOBBIN: Schumpeter and the Rise of Modern Environmentalism

Rinaldo BRAU, Carlo CARRARO and Giulio GOLFETTO (xliii): Participation Incentives and the Design
of Voluntary Agreements

Paola ROTA: Dynamic Labour Demand with Lumpy and Kinked Adjustment Costs

Paola ROTA: Empirical Representation of Firms” Employment Decisions by an (S,s) Rule

Paola ROTA: What Do We Gain by Being Discrete? An Introduction to the Econometrics of Discrete
Decision Processes

Stefano BOSI, Guillaume GIRMANS and Michel GUILLARD: Optimal Privatisation Design and Financial
Markets

Giorgio BRUNELLO, Claudio LUPI, Patrizin ORDINE, and Maria Luisa PARISI: Beyond National
Institutions: Labour Taxes and Regional Unemployment in Italy

Klaus CONRAD: Locational Competition under Environmental Regulation when Input Prices and
Productivity Differ

Bernardo BORTOLOTTI, Juliet D'SOUZA, Marcella FANTINI and William L. MEGGINSON: Sources of
Performance Improvement in Privatised Firms: A Clinical Study of the Global Telecommunications
Industry

Frédéric BROCHIER and Emiliano RAMIERI: Climate Change Impacts on the Mediterranean Coastal
Zones

Nunzio CAPPUCCIO and Michele MORETTO: Comments on the Investment-Uncertainty Relationship
in a Real Option Model

Giorgio BRUNELLO: Absolute Risk Aversion and the Returns to Education

ZhongXiang ZHANG: Meeting the Kyoto Targets: The Importance of Developing Country Participation
Jonathan D. KAPLAN, Richard E. HOWITT and Y. Hossein FARZIN:_An Information-Theoretical
Analysis of Budget-Constrained Nonpoint Source Pollution Control

Roberta SALOMONE and Giulia GALLUCCIO: Environmental Issues and Financial Reporting Trends

Shlomo WEBER and Hans WIESMETH: From Autarky to Free Trade: The Impact on Environment

Margarita GENIUS and Elisabetta STRAZZERA: Model Selection and Tests for Non Nested Contingent
Valuation Models: An Assessment of Methods




NRM
KNOW

PRIV
CLIM

PRIV
KNOW
Coalition
Theory
Network
Coalition
Theory
Network
Coalition
Theory
Network
Coalition
Theory
Network
NRM
NRM
NRM

CLIM
CLIM

SUST
SUST

SUST
SUST

SUST
SUST
SUST
SUST
SUST
SUST
ETA
CLIM
PRIV
CLIM
CLIM
CLIM

CLIM

35.2001

36.2001

37.2001
38.2001

39.2001

40.2001

41.2001

42.2001

43.2001

44.2001

45.2001

46.2001

47.2001

48.2001
49.2001

50.2001
51.2001

52.2001
53.2001

54.2001

55.2001

56.2001

57.2001

58.2001

59.2001

60.2001

61.2001

62.2001

63.2001

64.2001

65.2001

66.2001

Carlo GIUPPONI: The Substitution of Hazardous Molecules in Production Processes: The Atrazine
Case Study in Italian Agriculture

Raffaele PACI and Francesco PIGLIARU: Technological Diffusion, Spatial Spillovers and Regional
Convergence in Europe

Bernardo BORTOLOTTI: Privatisation, Large Shareholders, and Sequential Auctions of Shares

Barbara BUCHNER: What Really Happened in The Hague? Report on the COP6, Part I, 13-25
November 2000, The Hague, The Netherlands

Giacomo CALZOLARI and Carlo SCARPA: Regulation at Home, Competition Abroad: A Theoretical
Framework

Giorgio BRUNELLO: On the Complementarity between Education and Training in Europe

Alain DESDOIGTS and Fabien MOIZEAU (xlvi): Multiple Politico-Economic Regimes, Inequality and
Growth

Parkash CHANDER and Henry TULKENS (xlvi): Limits to Climate Change

Michael FINUS and Bianca RUNDSHAGEN (xlvi): Endogenous Coalition Formation in Global Pollution
Control

Wietze LISE, Richard S.]. TOL and Bob van der ZWAAN (xlvi): Negotiating Climate Change as a Social
Situation

Mohamad R. KHAWLIE (xlvii): The Impacts of Climate Change on Water Resources of Lebanon-
Eastern Mediterranean

Mutasem EL-FADEL and E. BOU-ZEID (xlvii): Climate Change and Water Resources in the Middle
East: Vulnerability, Socio-Economic Impacts and Adaptation

Eva IGLESIAS, Alberto GARRIDO and Almudena GOMEZ (xlvii): An Economic Drought Management
Index to Evaluate Water Institutions” Performance Under Uncertainty and Climate Change

Wietze LISE and Richard S.]. TOL (xlvii): Impact of Climate on Tourist Demand

Francesco BOSELLO, Barbara BUCHNER, Carlo CARRARO and Davide RAGGI: Can Equity Enhance
Efficiency? Lessons from the Kyoto Protocol

Roberto ROSON (xlviii): Carbon Leakage in a Small Open Economy with Capital Mobility

Edwin WOERDMAN (xlviii): Developing a European Carbon Trading Market: Will Permit Allocation
Distort Competition and Lead to State Aid?

Richard N. COOPER (xlviii): The Kyoto Protocol: A Flawed Concept

Kari KANGAS (xlviii): Trade Liberalisation, Changing Forest Management and Roundwood Trade in
Europe

Xueqin ZHU and Ekko VAN IERLAND (xlviii): Effects of the Enlargement of EU on Trade and the
Environment

M. Ozgur KAYALICA and Sajal LAHIRI (xlviii): Strategic Environmental Policies in the Presence of
Foreign Direct Investment

Savas ALPAY (xlviii): Can Environmental Regulations be Compatible with Higher International
Competitiveness? Some New Theoretical Insights

Roldan MURADIAN, Martin O’CONNOR, Joan MARTINEZ-ALER (xlviii): Embodied Pollution in
Trade: Estimating the “Environmental Load Displacement” of Industrialised Countries

Matthew R. AUER and Rafael REUVENY (xlviii): Foreign Aid and Direct Investment: Key Players in the
Environmental Restoration of Central and Eastern Europe

Onno |. KUIK and Frans H. OOSTERHUIS (xlviii): Lessons from the Southern Enlargement of the EU
for the Environmental Dimensions of Eastern Enlargement, in particular for Poland

Carlo CARRARO, Alessandra POME and Domenico SINISCALCO (xlix): Science vs. Profit in Research:
Lessons from the Human Genome Project

Efrem CASTELNUOVO, Michele MORETTO and Sergio VERGALLI: Global Warming, Uncertainty and
Endogenous Technical Change: Implications for Kyoto

Gian Luigi ALBANO, Fabrizio GERMANO and Stefano LOVO: On Some Collusive and Signaling
Equilibria in Ascending Auctions for Multiple Objects

Elbert DIJKGRAAF and Herman R.]. VOLLEBERGH: A Note on Testing for Environmental Kuznets
Curves with Panel Data

Paolo BUONANNO, Carlo CARRARO and Marzio GALEOTTI: Endogenous Induced Technical Change
and the Costs of Kyoto

Guido CAZZAVILLAN and Ignazio MUSU (l): Transitional Dynamics and Uniqueness of the Balanced-
Growth Path in a Simple Model of Endogenous Growth with an Environmental Asset

Giovanni BAIOCCHI and Salvatore DI FALCO (1): Investigating the Shape of the EKC: A Nonparametric

Approach




CLIM

CLIM

NRM

NRM

CLIM
SUST

SUST

SUST

VOL

PRIV

PRIV

ETA

ETA

ETA
ETA

NRM

NRM

67.2001

68.2001

69.2001

70.2001

71.2001
72.2001

73.2001

74.2001

75.2001

76.2001

77.2001

78.2001

79.2001

80.2001
81.2001

82.2001

83.2001

Marzio GALEOTTI, Alessandro LANZA and Francesco PAULI (l): Desperately Seeking (Environmental)
Kuznets: A New Look at the Evidence

Alexey VIKHLYAEV (xlviii): The Use of Trade Measures for Environmental Purposes - Globally and in
the EU Context

Gary D. LIBECAP and Zeynep K. HANSEN (li): U.S. Land Policy, Property Rights, and the Dust Bowl of
the 1930s

Lee ]. ALSTON, Gary D. LIBECAP and Bernardo MUELLER (li): Land Reform Policies, The Sources of
Violent Conflict and Implications for Deforestation in the Brazilian Amazon

Claudia KEMFERT: Economy-Energy-Climate Interaction - The Model WIAGEM -

Paulo A.L.D. NUNES and Yohanes E. RIYANTO: Policy Instruments for Creating Markets for
Bodiversity: Certification and Ecolabeling

Paulo A.L.D. NUNES and Erik SCHOKKAERT (lii): Warm Glow and Embedding in Contingent
Valuation

Paulo A.L.D. NUNES, Jeroen C.J.M. van den BERGH and Peter NIJKAMP (lii): Ecological-Economic
Analysis and Valuation of Biodiversity

Johan EYCKMANS and Henry TULKENS (li): Simulating Coalitionally Stable Burden Sharing
Agreements for the Climate Change Problem

Axel GAUTIER and Florian HEIDER: What Do Internal Capital Markets Do? Redistribution vs.
Incentives

Bernardo BORTOLOTTI, Marcella FANTINI and Domenico SINISCALCO: Privatisation around the
World: New Evidence from Panel Data

Toke S. AIDT and Jayasri DUTTA (li): Transitional Politics. Emerging Incentive-based Instruments in
Environmental Regulation

Alberto PETRUCCI: Consumption Taxation and Endogenous Growth in a Model with New
Generations

Pierre LASSERRE and Antoine SOUBEYRAN (li): A Ricardian Model of the Tragedy of the Commons
Pierre COURTOIS, Jean Christophe PEREAU and Tarik TAZDAIT:_An Evolutionary Approach to the
Climate Change Negotiation Game

Christophe BONTEMPS, Stéphane COUTURE and Pascal FAVARD: Is the Irrigation Water Demand
Really Convex?

Unai PASCUAL and Edward BARBIER: A Model of Optimal Labour and Soil Use with Shifting
Cultivation




(xxxvi) This paper was presented at the Second EFIEA Policy Workshop on “Integrating
Climate Policies in the European Environment. Costs and Opportunities”, organised by the
Fondazione Eni Enrico Mattei on behalf of the European Forum on Integrated
Environmental Assessment, Milan, March 4-6, 1999

(xxxvii) This paper was presented at the Fourth Meeting of the Coalition Theory Network
organised by the Fondazione Eni Enrico Mattei, CORE of Louvain-la-Neuve and GREQAM
of Marseille, Aix-en-Provence, January 8-9, 1999

(xxxviii) This paper was presented at the International Conference on “Trade and
Competition in the WTO and Beyond” organised by the Fondazione Eni Enrico Mattei and
the Department of International Studies of the University of Padua, Venice, December 4-5,
1998

(xxxix) This paper was presented at the 3rd Toulouse Conference on Environment and
Resource Economics, organised by Fondazione Eni Enrico Mattei, IDEI and INRA and
sponsored by MATE on “Environment, Energy Uses and Climate Change”, Toulouse, June
14-16, 1999

(xI) This paper was presented at the conference on “Distributional and Behavioral Effects of
Environmental Policy” jointly organised by the National Bureau of Economic Research and
Fondazione Eni Enrico Mattei, Milan, June 11-12, 1999

(xli) This paper was presented at the Fifth Meeting of the Coalition Theory Network
organised by the Fondazione Eni Enrico Mattei and the CODE, Universitat Autonoma de
Barcelona, Barcelona January 21-22, 2000

(xlii) This paper was presented at the International Workshop on "Climate Change and
Mediterranean Coastal Systems: Regional Scenarios and Vulnerability Assessment"
organised by the Fondazione Eni Enrico Mattei in co-operation with the Istituto Veneto di
Scienze, Lettere ed Arti, Venice, December 9-10, 1999.

(xliii)This paper was presented at the International Workshop on “Voluntary Approaches,
Competition and Competitiveness” organised by the Fondazione Eni Enrico Mattei within
the research activities of the CAVA Network, Milan, May 25-26,2000.

(xliv) This paper was presented at the International Workshop on “Green National
Accounting in Europe: Comparison of Methods and Experiences” organised by the
Fondazione Eni Enrico Mattei within the Concerted Action of Environmental Valuation in
Europe (EVE), Milan, March 4-7, 2000

(xIv) This paper was presented at the International Workshop on “New Ports and Urban
and Regional Development. The Dynamics of Sustainability” organised by the Fondazione
Eni Enrico Mattei, Venice, May 5-6, 2000.

(xIvi) This paper was presented at the Sixth Meeting of the Coalition Theory Network
organised by the Fondazione Eni Enrico Mattei and the CORE, Université Catholique de
Louvain, Louvain-la-Neuve, Belgium, January 26-27, 2001

(xlvii) This paper was presented at the RICAMARE Workshop “Socioeconomic
Assessments of Climate Change in the Mediterranean: Impact, Adaptation and Mitigation
Co-benefits”, organised by the Fondazione Eni Enrico Mattei, Milan, February 9-10, 2001
(xlviii) This paper was presented at the International Workshop “Trade and the
Environment in the Perspective of the EU Enlargement ”, organised by the Fondazione Eni
Enrico Mattei, Milan, May 17-18, 2001

(xlix) This paper was presented at the International Conference “Knowledge as an
Economic Good”, organised by Fondazione Eni Enrico Mattei and The Beijer International
Institute of Environmental Economics, Palermo, April 20-21, 2001

() This paper was presented at the Workshop “Growth, Environmental Policies and +
Sustainability” organised by the Fondazione Eni Enrico Mattei, Venice, June 1, 2001

(li) This paper was presented at the Fourth Toulouse Conference on Environment and
Resource Economics on “Property Rights, Institutions and Management of Environmental
and Natural Resources”, organised by Fondazione Eni Enrico Mattei, IDEI and INRA and
sponsored by MATE, Toulouse, May 3-4, 2001

(lif) This paper was presented at the International Conference on “Economic Valuation of
Environmental Goods” organised by the Fondazione Eni Enrico Mattei in cooperation with
CORILA, Venice, May 11, 2001



2000 SERIES

MGMT  Corporate Sustainable Management (Editor: Andrea Marsanich)
CLIM Climate Change Modelling and Policy (Editor: Marzio Galeotti )
PRIV Privatisation, Antitrust, Regulation (Editor: Bernardo Bortolotti)
KNOW  Knowledge, Technology, Human Capital (Editor: Dino Pinelli)
WAT Water and Natural Resources Management (Editor: Carlo Giupponi)
SUST Sustainability Indicators and Impact Assessment (Editor: Marialuisa Tamborra)
VOL Task Force on Voluntary Agreements (Editor: Rinaldo Brau)
ETA Economic Theory and Applications (Editor: Carlo Carraro)
2001 SERIES

MGMT  Corporate Sustainable Management (Editor: Andrea Marsanich)
CLIM Climate Change Modelling and Policy (Editor: Marzio Galeotti )
PRIV Privatisation, Antitrust, Regulation (Editor: Bernardo Bortolotti)
KNOW  Knowledge, Technology, Human Capital (Editor: Dino Pinelli)
NRM Natural Resources Management (Editor: Carlo Giupponi)
SUST Sustainability Indicators and Environmental Evaluation

(Editor: Marialuisa Tamborra)
VOL Voluntary and International Agreements (Editor: Carlo Carraro)
ETA Economic Theory and Applications (Editor: Carlo Carraro)




SUBSCRIPTION TO “NOTE DI LAVORO”

Starting from January 1998 Fondazione Eni Enrico Mattei issues a Periodic E-mail “Note di Lavoro” Bulletin
listing the titles and the abstracts of its most recent Working Papers.

All the “Note di Lavoro” listed in the Bulletin are available on the Internet and are downloadable from Feem’s
web site “‘www.feem.it”.

If you wish to receive hard copies you may choose from the payment options listed in the following table
(minimum order: 10 papers)*.

*QOrders for individual papers should clearly indicate the “Nota di Lavoro” number and can therefore be issued
for published papers only.

All orders must be sent by fax to:

“Publications Office” - Fondazione Eni Enrico Mattei: Fax +39+2+52036946

PAYMENT OPTIONS
How many papers? What's the price? How to pay?
10 or more* US$ 4.00 each By Credit card or Bank transfer
ITL 7,000 each
Annual subscription US$ 250.00 By Credit card or Bank transfer
(approx. 100 papers/year) ITL 425,000

*Please fill out the Working Paper Subscription Form indicating your preferences
(Periodic E-mail “Note di Lavoro” Bulletin, Annual subscription, Order for individual papers - minimum 10*)!

WORKING PAPER SUBSCRIPTION FORM

Name:

Affiliation(if applicable):

Address:

Phone: Fax: E-mail:

| wish to: Amount due:
0 receive the Periodic E-mail Working Papers Bulletin

0 place a full annual subscription for 2001 (US$ 250.00/ITL 425,000)

0 order no......individual papers (minimum 10 papers at US$ 4.00/ITL 7,000 each)*

Total

| will pay by:

0 VISA O American Express  Card No. Expiration Date:

Signature:

Bank transfer in US$ (or Italian Lire in Italy) to Fondazione Eni Enrico Mattei - account no. 39341-56 -
SWIFT ARTHITM2 - ABI 03512 - CAB 01614 - Credito Artigiano - Corso Magenta 59, 20123 Milano, ltaly.
Copy of the bank transfer should be faxed along with the order.
Please return this duly completed form to:
“Publications Office” - Fondazione Eni Enrico Mattei - Corso Magenta, 63 - 20123 Milano, Italy



