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ABSTRACT.  Economic and environmental linkages between two parallel agricultural systems—
one upstream and another downstream—are examined. Panel data collected in the Philippine 
province of Palawan are used to demonstrate how labor market linkages influence decisions 
impacting local forests and watersheds. Using these data as a point of departure, the paper assesses 
whether efficiency based criteria can be used to justify the redistribution of productivity gains 
between two agricultural sectors. To do this, a dynamic, two-sector model of an agricultural 
watershed is used to study the evolution and impact of an agricultural externality. Attention 
focuses on the interplay between externalities generated by the extensive upstream sector and labor 
productivity in an input intensive downstream sector. A key feature of the model is that labor 
productivity and labor demand downstream are influenced by externalities generated upstream. 
Production of the downstream externality, in turn, is influenced by wage employment opportunities 
downstream. Time paths of equilibrium wages are derived. The analysis shows how natural 
processes and economic interactions among socioeconomic groups influence the benefits of 
agricultural intensification. Interventions to minimize tradeoffs and achieve sustainable outcomes 
are explored.  
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1.  Introduction 
 
Erosion and sedimentation are among the most important agricultural externalities in the 

developing world (Anderson and Thampapillai 1990). Agricultural runoff reduces the quality of 

drinking water, sedimentation increases the risk of flash floods, and accumulation of silt in coastal 

habitats, reefs, and estuaries reduces the productivity of aquatic ecosystems (Munasinghe 1992; 

UNESCO 1982; OECD 1993).  Moreover, when silt accumulates in reservoirs, the productivity 

and expected life of hydroelectric and irrigation systems decline (Naiman 1995).  The latter is of 

special concern because water shortages constrain agricultural production in many areas (Cruz, 

Francisco, and Conway 1988; DuBois 1990; Myers 1988; Svendson and Rosegrant 1994).   

In recognition of the important linkages between upstream agricultural producers and 

downstream water users, watershed protection and management has emerged as a pressing policy 

concern, especially in densely populated regions of South and Southeast Asia (Doolette and 

Magrath 1990; APO 1995).  Many interventions to reduce erosion rates in ecologically fragile 

areas focus on improving and encouraging adoption of soil conservation technologies on low-

income hillside farms (APO 1995; Lal 1990).  Researchers have also argued that patterns of 

upland activity are strongly influenced by the interplay of wages, prices, and economic 

opportunities in the general economy, and that policy makers would be well served by paying 

close attention to economy-wide incentives that encourage agricultural production on fragile 

upland soils (e.g. Coxhead 1997; Coxhead and Jayasuriya 1994; Jayasuriya 2001).  A number of 

studies have demonstrated direct competition between farm employment opportunities and on-

farm agricultural activities (Cameron and Worswick forthcoming; Doolete and Magrath 1990).  

When off-farm opportunities expand, households often forgo activities with comparatively low 

returns (Fisher, Shively, and Buccola 2002). These are frequently activities of environmental 
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concern—such as forest clearing and agricultural expansion. For this reason, successful watershed 

protection may depend as much on the range of off-farm opportunities available to upland farmers 

as on innovations in upland farming methods.  

While intensification of agriculture outside forest zones can shift labor away from forest 

clearing (Shively 2001; Shively and Martinez 2001), the magnitude and persistence of such a labor 

“pull” depends on the extent to which upstream activities threaten lowland productivity gains and 

the degree to which upland and lowland sectors are linked through factor and product markets.  In 

the case of erosion externalities, land and labor allocation decisions made in the uplands influence 

erosion rates and, via sedimentation, the potential returns to labor used on downstream farms.  In 

many settings the connection between upland and lowland sectors—due to physical externalities 

and interlinked product and factor markets—means that variables such as wages, erosion rates, and 

upland and lowland incomes may be determined jointly, over time. 

How important are these linkages and feedbacks?  If externalities threaten the sustainability 

of agricultural intensification, what steps can be taken to minimize damages? How can policies 

achieve the triple goals of economic development, environmental protection, and poverty 

alleviation? These questions motivate this study.  The paper begins with an analysis of panel data 

from upland and lowland farms in the Philippine province of Palawan.  This empirical foundation 

is then used as the basis for development of a two-sector model of an agricultural watershed in 

which representative upland and lowland farms use land and labor to produce an undifferentiated 

agricultural good.  In the case of the upland farm, production is via an extensive, land-using 

practice that generates an erosion externality.  On the lowland farm, this externality adversely 

affects agricultural production. Simulation results reveal an important and seemingly paradoxical 

policy implication of the model, namely that, in a dynamic setting, efficiency criteria may support 
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interventions aimed at redistributing agricultural surplus from those who are affected by an 

externality to those responsible for generating the externality.  

 

2. Deforestation and irrigation development in Palawan 

The empirical motivation for this analysis comes from an ongoing longitudinal survey at four 

upland and lowland villages in southern Palawan, in the Philippines.  A series of four surveys have 

been conducted in these villages over the period 1994-2003.  Data from these surveys are 

summarized in Table 1.   The main feature of this area from the perspective of this paper is that, at 

the start of the survey, lowland farms in the area were rain-fed. In 1997, two small-scale irrigation 

systems were introduced to serve lowland farms.  The introduction of irrigation into the lowlands 

has been important for four reasons.  One, it has led to widespread intensification of the lowland 

farming system. As data in the upper panel of Table I indicate, rates of fertilizer and pesticide use 

have increased dramatically in the lowlands, in lock-step with uptake of fertilizer-responsive 

varieties of rice. Two, irrigation has produced jobs in the lowlands. The incidence of multiple 

cropping and (in some cases) the intensity of labor use have increased, and as a result local demand 

for labor has climbed from 18 days per hectare in 1995 to 54 days per hectare in 2002. Among 

upland households, 68% had a least one household member working on a lowland farm in 2002, 

and a substantial and growing number of upland households now consider wage employment on 

lowland farms as a viable alternative to upland cultivation. Three, income gains have accrued both 

to the lowland farms that directly benefited from irrigation and to upland households that supply 

labor to lowland farms. A byproduct of this has been reduced forest pressure (Shively and Pagiola 

forthcoming). And four, heightened attention has been placed on watershed integrity. The upland 

area continues to face degradation due to forest clearing and agricultural expansion, and reservoir 
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sedimentation and silting of irrigation canals have emerged as important problems and sources of 

tension in the area.  For example, while data in Table 1 indicate reductions in the rate and extent of 

forest clearing in the uplands in the post-irrigation period, hillside agriculture continues to be a 

feature of the landscape and siltation problems continue to mount.  Engineers from the 

Philippine’s National Irrigation Administration (NIA) have estimated that the annual cost of 

clearing canals with low levels of sedimentation is approximately one per cent of expected 

revenue per hectare.  But many farms in the sample are seriously affected, and siltation is already 

contributing to reduced water flow and depressed yields during the dry season (NIA 1993; NIA 

Pers. Comm.). In short, with the awareness that irrigation brings benefits to both lowland and 

upland households has come a growing recognition that those benefits depend on watershed 

integrity, and that the fate of the lowland and upland communities are tightly wedded.  

 

3.  A dynamic model of simple watershed economy 

Building on the stylized facts from the preceding section, the model developed below describes 

dynamic interactions between two representative farms over time. The upland farm uses labor to 

produce an agricultural externality and, as a byproduct, an externality. The lowland farm, which 

is also a potential employer of upland labor, is adversely affected by this externality. In structure, 

the model is broadly reflective of a complete, but simple, watershed economy characterized by 

both biophysical and economic feedbacks.   

The model consists of three blocks of time-indexed equations. These correspond to (i) the 

representative upland farm; (ii) the representative lowland farm; and (iii) the dynamic 

accumulation and feedback between sediment, lowland productivity, and wages. The logic of the 

model is as follows. Upland and lowland farms are linked through the labor market, which is 
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cleared by an endogenously determined wage.  The wage reflects the marginal value product of 

labor in lowland production and is negatively impacted by sedimentation. An increase in the 

amount of labor allocated to upland farming increases downstream sediment and thereby reduces 

labor productivity in the lowland sector. Losses in productivity depress the wage and this reduces 

incentives for the upland farm to allocate effort off-farm.  This perpetuates the externality 

problem. In contrast, an increase in lowland productivity boosts the wage and encourages the 

upland farm to reallocate labor from upland production (which is erosive) to lowland production 

(which is not).  Such a shift can be self-reinforcing. It reduces the rate at which the upland 

externality is produced, and thereby helps to maintain productivity in the lowland sector, raises 

the wage, and helps maintain incomes for upland and lowland farms.  Thus, the model can 

produce a bifurcated development trajectory. Along one path, externalities reinforce incentives to 

engage in externality-producing activities. These perpetuate poverty and place the watershed 

economy on a steep downward spiral of falling incomes and declining environmental quality. 

Along a second path, externality avoidance generates a self-reinforcing incentive that draws 

labor away from the externality-producing activity.  This slows the rate of decline in lowland 

productivity and helps to maintain incomes and environmental quality.  From this simple 

dynamic structure, two natural policy questions arise. The first is whether an economy on a path 

of rapid decline can be “moved” to a more sustainable path. The second is under what conditions 

the benefits of such a shift might outweigh the costs. 

 

3.1 The upland farm 

The first block of equations in the model corresponds to the representative upland farm.  The 

upland farm allocates in each period a fixed labor endowment UL  between production on the 
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upland farm ( U
tL ) and employment on the lowland farm ( L

tL ).  Employment on the lowland farm 

is paid a wage wt. Upland production results in output U
tQ , which is valued at the exogenous 

price pt. Aggregate upland income is defined as the sum of income from off-farm employment 

and the value of upland production.  Labor and land are the only inputs to upland production.  

The upland farm is assumed to maximize the present discounted value of income: 

U
t

Tt

t

t IMax ∑
=

=0

β  (1.1)

U
tt

L
tt

U
t QpLwI +=  (1.2)

 

subject to the technology of production and a constraint on available labor: 

[ ] UbU
t

UU
t LQ α=  (1.3)

L
t

U
t LLL += , (1.4)

 

where 0 ≤ bU ≤ 1 and αU > 0 are constants and β is a discount factor.1  This set up implies that, at 

any point in time, upland labor supplied to the lowland farm responds elastically to the wage rate 

wt, and that upland output expands in concert with labor devoted to upland production. The 

upland farm is a price taker in the factor and product markets.2 

The problem thus described differs from a typical income maximization problem in one 

subtle respect: the wage at any point in time is not truly exogenous to the household decision, but  

                                                 

1 For simplicity, and to isolate the importance of the dynamics of wages, employment, and erosion, it is 
assumed here that erosion has no impact on upland yields. 
2 Below, it is assumed that when the amount of labor used in upland production falls, cultivated area, 
output, and erosion fall also.  This is a simplifying assumption, but it is broadly consistent with the low-
input nature of production on upland farms.  Describing erosion generation in this way also highlights the 
role of labor (rather than land) as the constraint on agricultural activity in many frontier areas. 
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depends instead on previous labor allocation decisions and their indirect impacts on the wage via 

productivity effects of lowland sedimentation. 

 

3.2 The lowland farm 

The second block of equations in the model describes the representative lowland farm.  Land is 

fixed in quantity and output L
tQ depends on the amount of labor used.  Labor consists of a fixed 

lowland household supply LL~ , plus workers (if any) hired from the upland farm LL .  At each time 

step lowland output also depends on agricultural productivity, as influenced by damages from 

sediment δt. Damages enter production in the form of a scale-neutral loss in efficiency.  The 

objective for the lowland farm is to maximize the present discounted value of its income stream: 

L
t

Tt

t

t IMax ∑
=

=0

β  (2.1)

L
tt

L
tt

L
t LwQpI −=  

(2.2)

 

subject to the definition of output, the externality generated by upland production, and the wage: 

( ) LbL
tt

L
t

L
t LLQ +−= ~)1( αδ  (2.3)

( ) 1~)1(
−

+−= LbL
tt

L
tLtt LLbpw αδ , (2.4)

 

where  0 ≤ δ t ≤ 1, 0 ≤ bL ≤ 1, and Lα > 0.  The wage rate adjusts to clear the labor market.  In 

equilibrium the wage equals the value of the marginal product of labor used in lowland 

production. Equation (2.4) further indicates that the wage rate depends on sediment damages δt, 

if any.  By reducing the productivity of labor the externality reduces the wage. This feature 

drives dynamics in the model. 
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For the lowland farm, wages for family labor are retained as a payment to the fixed 

factor, land, and thus represent income.  Net income for the lowland farm therefore depends on 

the level of production, the exogenous price of output, and the total cost of hired labor, if any. 

 

3.3  Erosion and sedimentation 

Three remaining equations account for erosion and its accumulation as a stock externality over 

time.3  For simplicity, erosion at time t, Et , is modeled as directly proportional to the amount of 

labor used in upland production: 

U
tt eLE = . (3.1)

 

The sediment stock equals accumulated sediment plus new erosion: 

11 −− += ttt ESS . (3.2)
 

Damage occurs via reductions in water quality and flow, and enters the lowland yield function as 

a form of technical regress. The rate of this technical regress is an increasing function of the 

sediment stock, and results in a proportional reduction in output: 

)(11 tt Sδδ −=− ,   ∂δ/∂S > 0. (3.3)

 

Erosion and income dynamics embodied in the model can be uncovered via recursive 

substitution.  Substituting equations (3.1)-(3.3) into equation (2.3) leads to an expression for the 

current wage that involves both current and past levels of labor use:  

                                                 

3 In practice, sediment can be cleared from canals or reservoirs at a cost.  Incorporating the decision to 
clear sediment would require an additional choice variable for the lowland farm (whether to engage in 
sediment clearing) and could lead to cycles of sediment buildup and clearing. 



 9

[ ] ( ) Lt
bL

tt
LU

ttt bpLLeLSw L 1
11

~)(1
−

−− ++−= αδ . (3.4)

 

If one notes that the optimality conditions for the upland household’s problem requires: 
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then the current period wage can, somewhat clumsily, be expressed as a function of the previous 

period wage and the parameters of the model: 
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The solution of equation (3.6) for wt involves two roots; the positive root is economically 

relevant. The analytical solution for wt is cumbersome, but numerical solution is straightforward.  

The relationship between the externality and the wage is unambiguous: damages reduce the 

wage.  Furthermore, as the availability of lowland household labor declines, the wage rises.  But 

the impact of the externality is not constant.  It is instead a non-linear function of previous period 

wages and accumulated sediment, as well as prices and production parameters. As a result, 

dynamics for this simple watershed economy are defined by a pair of second order difference 

equations in w and S. Results from numerical simulations with the model are presented below. 

 

3.4 Parameterization of the model  

Data to implement the model come from the previously discussed surveys. Garcia, et al. (1995) 

describe the site.  Shively (2001) provides a detailed analysis of the data.  For purposes of 

parameterizing the model, data from 1995 and 1997 (pre-and immediately post-irrigation) are used. 



 10

These include data from downstream irrigated rice farms and upstream rainfed rice farms.  Sample 

values for all variables in the model and all initial values for model parameters are presented in 

Table 2.  The wage used to calibrate the base run of the model (65 pesos per day or $2.60 at the 

1996 exchange rate of 25 pesos per US$) is based on the median wage reported during the 1997 

survey.  Parameters for the agricultural production functions ( aL, aU, bL, bU ) have been derived 

from a pair of  simple log-linear production functions using parallel-level data collected from a 

subset of farms.4  These regression results are reported in Table 3. 

 

4.  Results 

Simulation results based on the model reported below focus on two issues: (1) measuring the 

impact of erosion damages on wage rates and incomes over time, as well as the differential 

impacts of erosion externalities on lowland and upland households; and (2) assessing the 

potential role of lowland interventions such as technical improvements and/or wage premia as a 

method to influence upland activity and outcomes.  In particular, the potential dynamic impacts 

of wage premia on lowland and upland incomes in the presence of erosion damages are assessed.  

The model was solved using the objective of maximization of the net present value of upland and 

lowland incomes over a 20-year time horizon. 

 Figure 1 displays time paths for sediment accumulation, wages, and incomes for a base 

run of the model. In simulating these trajectories it is necessary to consider the potential negative 

impact of sediment on lowland yield. In this base run, the negative impact of sediment on 

lowland yield is assumed to be low (a value of tδ = 0.01, in line with the 1% of revenue figure 

                                                 

4 For an expanded discussion of lowland production in the sample, and a more detailed econometric 
investigation of yields, see Shively and Zelek (forthcoming). 



 11

cited earlier).  For convenience, wages and incomes in Figure 1 are displayed as indices. These 

equal 100 in year 1 of the simulation. Sediment is also displayed as an index. The index starts at 

zero, corresponding to no accumulated sediment at the beginning of the planning horizon. The 

graph reflects the pattern that, over time, sediment accumulation reduces lowland agricultural 

productivity, and hence the wage. This fall in the wage reinforces the upland household’s 

preference for upland production.  This exacerbates erosion and sedimentation over time and 

contributes to further reductions in the lowland yield, the wage, and incomes.  In the presence of 

the externality, even at a relatively low level, the model predicts an immiserating trend for both 

the lowland and the upland farm: the externality reduces lowland yield; a yield reduction reduces 

the wage; a wage reduction encourages upland production; and upland production increases the 

stock of sediment, which further depresses lowland yield and the wage.  The externality 

generates an accelerated downward spiral and reinforces the underlying dynamics of the system. 

 The fact that lowland income declines at a more rapid pace than the wage reflects the fact 

that the externality reduces lowland yield, which reduces returns to both labor (including lowland 

household labor) and the fixed factor – land.  The upland farm, in contrast, can partially (or 

completely) insulate itself from the falling wage by shifting labor from off-farm employment to 

upland cultivation.  In the base run of the model, this shift reduces the upland household’s supply 

of labor by approximately 9 per cent over the 20-year horizon, from 34 man-days per year to 30 

man-days per year.  This shift, as noted above, is self-reinforcing because upland production 

generates the externality that reduces the wage. 

 Against the backdrop of these underlying dynamics of the system, the overall impact of a 

wage premium (or technical enhancement that raises the wage) can be assessed.  The premium 

investigated here is an arbitrary percentage increase in the wage rate above the marginal value 
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product of labor in lowland production.  To clarify the modification to the model, consider the 

income impacts resulting from a wage premium in the absence of any erosion externality.  The 

payment reduces returns to the fixed factor in lowland production and amounts to a simple 

redistribution of income from the lowland farm to the upland farm. The percentage impact of this 

redistribution will be greater on the upland farm than on the lowland farm.  This reflects the fact 

that the level of upland farm income is approximately one-fourth that of lowland farm income 

(see Table 1). 

In the context of the externality, the analysis of a wage premium changes considerably. 

When the rate of damage associated with sediment accumulation is low, a wage premium 

continues to serve as an income transfer from the lowland farm to the upland farm. This tends to 

be true for damage rates less than four percent of lowland yield.  At higher rates of damage, 

however, the model suggests that reallocating income from the lowland farm to the upland farm 

can lead to an overall increase in both upland and lowland incomes.  Furthermore, the potential 

importance of a reallocation rises in conjunction with the rate of damage.  This pattern can be 

illustrated with the help of Figure 2, which shows two time paths for lowland yields (on the x-

axis) and wages (on the y-axis). The lower line in the figure indicates the locus of lowland yields 

and wages in the presence of external damages (δ =0.10) and no wage premium. The upper line 

indicates the locus of lowland yields and wages with the same level of damages but a 10% wage 

premium.  The premium has two impacts. It shifts the locus of points up, and also shifts the locus 

of points to the right (as indicated by the small arrows in the chart). The former impact reflects 

the wage premium. The latter reflects the fact that at each time step in the simulation, lowland 

yields are slightly higher (because external damages are lower). The first shift boosts upland 

household income. The second shift boosts lowland household income.  
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Of course for the lowland household, the wage premium is a cost, and therefore must be 

weighed against any income gain arising from higher yields over time. Figure 3 illustrates the 

relationship between externality damages and income changes in the presence of a 10% wage 

premium.  The three lines in the figure correspond to upland income, lowland income, and 

combined income calculated over an undiscounted 20-year horizon. The x-axis in the graph 

measures the damages associated with sediment, which here range from 0.0 to 0.50.  The y-axis 

expresses income as a percentage of the income level that would have resulted from the same 

level of damage, but in the absence of a wage premium.  Values exceeding 100 in the graph 

indicate that income is higher (at that level of damage) than it would have been without the wage 

premium.  With no externality, the wage premium does not change the level of combined 

income, but merely redistributes income from the lowland farm to the upland farm.  The graph 

shows that, below damages of 4%, lowland income would be lower with a wage premium and 

upland income would be higher.  When damages exceed 4% of production, both upland and 

lowland farms benefit from a 10% wage premium.  The relative gains are larger for the upland 

farm than the lowland farm so long as the rate of damage is below 23%.  As the rate of damage 

increases, the benefits of a wage premium rise for the lowland farm and fall for the upland farm.   

From the lowland farm’s perspective, the gains from the wage premium peak at the point 

where sediment reduces yield by approximately 25%.  The key result is that via wages, the labor 

market provides a way to influence production of the externality.  Specifically, in this context a 

modest wage subsidy that reallocates income from the lowland to upland farm can, over time, 

generate a path leading to higher upland incomes and higher lowland incomes.  The analysis 

need not be expressed directly in terms of a wage premium: ceteris paribus, productivity gains 
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that lead to an appreciation in the agricultural wage will also tend to reinforce shifts away from 

externality-producing activities, and help reinforce the beneficial impacts of technical change.  

 

5.  Discussion, conclusions, and extensions 

This paper presented a model of economy-environment dynamics in the context of a tropical 

watershed.  The model was constructed to account for links between erosion, wages, and income-

generating activities over time. A key assumption made in the model was that wages are influenced 

by upland erosion rates through sedimentation damages and concomitant productivity losses on 

lowland farms. Dynamics in the model are determined by rates of upland erosion, sediment 

accumulation, and lowland yield damages. Although structurally simple, the model produces a 

range of wage, employment, and income dynamics, including bifurcated trajectories for upland 

and lowland income.  

Parameters for the model were based on observed patterns of upland-lowland agricultural 

production in a Philippine watershed. Simulation results showed how both upland and lowland 

incomes decline over time due to erosion damages.  The model demonstrates how, in the presence 

of feedback externalities, wage premia or technical improvements that raise payments to upland 

workers could produce income gains for both upland and lowland households. This is because 

higher wages draw labor out of production of the erosive activity and thereby increase 

productivity in the wage-paying sector. This effect increases in importance as the rate of external 

damage increases.  When the externality is minor, wage premia redistribute income from the 

lowland farm to the upland farm, but “buy” relatively little in the way of productivity gains.  In 

contrast, when externality damages are high, increasing the wage rate can be advantageous to 
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both the lowland and upland farm, since a slightly higher wage is offset by a relatively large 

productivity gain resulting from externality avoidance.  

An important implication of considering the connection between economic and 

environmental dynamics is that policies to redistribute productivity gains from lowland to upland 

farms appear to be supported on efficiency grounds. However, the model presented here views the 

watershed itself as closed, and therefore sets aside the important issue of how wage incentives 

within a watershed might influence rates of labor migration into the watershed.  Clearly, in the 

context of a labor-surplus economy with labor market adjustments to changing wages (à la Harris-

Todaro), wage premia could encourage new labor market entrants, thereby placing downward 

pressure on wages. This raises questions regarding the likely sustainability of higher wages. 

Nevertheless, results suggest that efforts to compensate upland residents for protecting critical 

watersheds may be justified, especially where damages are severe.  If correctly designed, 

redistributive mechanisms could benefit both upland and lowland farms.5  

Current omissions from the model suggest that future efforts might focus on incorporating 

watershed dynamics into a more fully specified general equilibrium model.  Another avenue for 

work would be to adapt the model presented here to other settings in which environmental 

externalities are determined endogenously over time. The framework presented here could be 

applied to other environmental outcomes that exhibit strong dynamic feedbacks between 

externality-producing and externality-consuming sectors of the economy.  One possible 

extension might be to the study of how poaching and forest degradation impact eco-tourism 

potential along tropical forest margins.

                                                 

5 Loehman and Randhir (1999) present some general ideas on design of such mechanisms. 
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Table 1. Characteristics of lowland and upland farms in the sample 
 

 Lowland farms Upland farms 
 1995 1997 1999 2002 1995 1997 1999 2002 
Farm size  
(hectares) 4.6 3.7 2.5 3.5 2.7 2.1 2.0 2.0 

Household size  
(members) 6.0 5.3 4.9 5.4 4.8 4.8 4.7 5.6 

Income per capitaa  
(pesos/person, 1996) 10,496 18,301 11,999 17,192 3,098 3,934 3,225 4,298 

Tenure security 
(% w/title) 95% 68% 84% 70% 73% 44% 58% 56% 

Carabao  
(number) 1.6 1.4 1.3 1.1 0.3 0.4 0.5 0.5 

Cropping intensity 
(crops/yr) 1.04 1.61 1.85 1.91 — — — — 

Fertilizer use  
(kgs/ha) 137 160 170 198 30 54 19 25 

Pesticide usec 
(litres/ha) 0.91 4.2 4.4 3.6 0.07 0.10 0.12 0.17 

Total labor use 
(days/ha) 17.6 41.2 40.7 54 — — — — 

Hired labor  
(days/ha) 5.6 28.2 31.9 37 — — — — 

Upland labor  
(days/ha) 3.0 6.3 8.2 27 — — — — 

Tractor use 
(%) 3% 28% 28% 31% — — — — 

Forest clearing 
(% of households) 

— — —         — 57% 16% 23%   26% 

Area of forest cleared 
(ha/yr, average) — — — — 0.38 0.16 0.19 0.17 

Number of farms 115b 111 103 134 121 104 99 199 
a Includes the imputed value of grain production retained for home consumption. In 2002 one US $ was worth approximately 50 pesos.  
b Statistics reflect production on rice farms only (n=37).  In 1995 the predominant crop on lowland fields was corn (n=78).                           
c Proportion of households in the case of the upland sample. 
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Table 2.  Values of variables and parameters used in the model 
 

Exogenous variables 

Variable Description Base value 

p Rice price (pesos/kg) 7.0 

AU Production function constant: upland  141 

AL Production function constant: lowland 3124 

BU Production function coefficient for labor: upland  0.478 

BL Production function coefficient for labor: lowland 0.084 

E Erosion coefficient (tons/ha) 100 

δ Erosion damage coefficient 0.01 

β Discount factor 0.90 

 
 

Endogenous variables 

Variable Description Sample value 

L  Upland labor endowment (days/ha/year) 80 

L~  Lowland labor endowment (days/ha/year) 50 

LS Upland labor supply to lowland farms (days/ha/year) 20 

w Wage (pesos/man day) 65 

IU Upland income (pesos/ha/year) 4,000 

IL Lowland income (pesos/ha/year) 12,000 

YU Upland rice yield (kg/ha) 1,000 

YL Lowland rice yield (kg/ha) 4,100 
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Table 3.  Production function results 
 
 Lowland Farms Upland Farms 

 
Variable 

Sample Mean
(std. dev.) 

Coefficient 
(std. err.) 

Sample Mean 
(std. dev.) 

Coefficient 
(std. err.) 

Constant 
 

_ 6.888 
(0.408) 

_ 4.949 
(0.781) 

Log of labor 
(days per hectare) 

39.2 
(16.5) 

0.084 
(0.064) 

41.23 
(21.05) 

0.479 
(0.215) 

Log of fertilizer 
(kgs per hectare) 

165.4 
(69.6) 

0.125 
(0.067) 

_ _ 

Log of pesticide 
(pesos per hectare) 

1446.6 
(797.6) 

0.037 
(0.022) 

_ _ 

Season 
(1 = rainy, 0 = dry) 

0.617 
(0.488) 

0.266 
(0.055) 

_ _ 

Farm size 
(hectares) 

3.57 
(2.77) 

-0.015 
(0.010) 

_ _ 

Number of observations 105 69 

R2 0.31 0.08 

Note:  dependent variable is natural log of yield (in kilograms per hectare) 
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Figure 1.   Incomes, sediment, and wages (base case, δ=0.01) 
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Figure 2.   Locus of lowland yields and wages (δ= 0.10)
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Figure 3.  Impact of externality in presence of wage premium 
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