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Summary

This report deals with the problem of soil erosion in Nicaragua and its economic implications.

Soil loss is proceeding at a rapid rate. In some regions more than 2 cm of topsoil is lost every

year. Erosion has both on-site and off-site effects, but in this report we discuss only the on-

site effects. The major on-site effect of erosion is a decline in soil productivity. The present

situation in Nicaragua is unfavourable for soil conservation efforts. Insecure land tenure,

conflict about ownership of land together with credit market failure indicate that a

considerable part of current soil loss may undermine future income generation.

We have analysed the macroeconomic effects of the current erosion induced reduction in

agricultural productivity by means of a general equilibrium model for the Nicaraguan

economy. We find that after a period of 10 years, gross domestic product (GDP) and private

consumption are reduced by 14.5 and 13.7 percent respectively compared to a baseline

scenario without productivity loss. Investment is reduced by almost 24 percent. Production

in the agricultural sectors is reduced due to both direct and indirect effects through interaction

with the rest of the economy. Sesame, beans and maize experience the largest reductions in

production. Production in non-agricultural sectors is also reduced because rising  food prices

and wage level increases the general domestic cost level. Demand for labour in the formal

sector decreases by 25 percent.

At the outset, the basis for making an integrated economy-environment analysis is weak. This

is valid in most countries, as the statistics on the environment first has to be established. In

Nicaragua, also the modelling of the national economy is in its beginning. However, the early

creation of a framework for an integrated analysis provides several methodological and

political advantages. First, a model framework might discipline the collection of the

environmental statistics, focusing from the beginning on information that is relevant for policy

decisions. Second, the results of the analyses might initiate a dialogue between the parts of

the administration dealing with economic affairs and with the environment respectively.

Normally, this dialogue is difficult to establish before the link between the two policy areas

is quantified. Like many other developing countries, Nicaragua is today facing an economic

crisis that makes a dialogue on long term environmental problems difficult to sustain.



However, an integrated analyses might contribute by illustrating that environmental protection

can increase traditionally measured economic growth, as may be the case in Nicaragua where

the natural production capital is degrading rapidly.

1. Introduction

Agriculture has an important position in the economy of Nicaragua. 25-30 percent of the gross

domestic product is generated in this sector, occupying around half the working population.

Export crops provide roughly 70 percent of foreign exchange (INEC, 1991). The strategy for

development of the agricultural sector is important, because the country has rich soil resources

and the present technology is inefficient, leaving a considerable potential for growth.

Unfortunately, the fertile soils of Nicaragua are threatened by erosion. Erosion is loss of soil

by flooding or wind (further discussed in part 2.1). The rate of erosion depends on several

natural conditions like soil type, climate/rainfall and topography. However, the prevailing

social and economic conditions are also important for determining the degree of erosion.

Nicaragua has large plains with fertile, volcanic agricultural land on the north-western Pacific

coast. In the 1950's and 60's, during a period of rapid expansion of export crop production,

in particular of cotton and livestock production, small-scale farmers were expelled from the

lowlands to hilly areas for subsistence cultivation of mainly maize and beans. Two aspects

make this event critical for soil degradation. The peasants continued to apply their traditional

lowland technology to steep terrains where they primarily grow basic grains like maize and

beans. Annual crops like maise and beans expose the soil to erosion to a higher degree than

forest and perennial crops. This accelerated the process of soil degradation in Nicaragua. Also,

population growth increased the pressure on these vulnerable parts of the land. According to

Blaikie (1985), many developing countries have experienced similar migration due to the

same causes and with the same consequences in terms of soil degradation.

In Nicaragua, soil degradation has been studied on a national level (Marin, 1991). 33 percent

of the agricultural land is moderately to seriously degraded by hydrological erosion. On hilly



hinterlands in central Nicaragua where maize and beans are cultivated, continued use of

prevailing technology might ruin land productivity within 2-3 decades.

As in most cases concerning soil quality and management, the information on erosion is

developed and presented on maps. This is convenient when consid[ering soil conservation

measures directed at a local fuming level. But, a problem with maps is that they are difficult

to use when decisions concerning general economic policy and laws are to be taken. These

decisions do have an impact on erosion, but to what extent? Due to the lack of information

about the links between economic policy in general and the degradation of soil resources, the

erosion problem is usually neglected within the context of economic policy decision making.

This paper describes an attempt to include the interrelation between soil erosion and economic

activity as described in an applied general equilibrium (AGE) model for Nicaragua. In this

model, 12 agricultural activities are specified. Land use is currently degrading the soil and

economic forecasting will overestimate future growth if no adjustments are made for declining

productivity. Annual productivity loss by sector (crop) is assessed and more realistic growth

perspectives are generated.

Also, the scale of erosion measured as soil loss in tons is estimated within the model

framework. Land use represented by output of different crops is broken down on regional

levels to account for variations in soil characteristics, topography and climate. The soil loss

is estimated as a linear function of land use by region.

The AGE model was developed at Instituto Centroamericano de Administraci6n de Empresas

(INCAE). A version incorporating soil erosion was developed in cooperation between INCAE

and the Central Bureau of Statistics of Norway (CBS), funded by The Norwegian Agency for

Foreign Cooperation and Development (NORAD).

The report is organized as follows: Section 2 contains a brief introduction to soil erosion and

some reasons why soil conservation measures usually are not implemented. Section 3 focuses

on some important reasons for linking environmental aspects to macroeconomic policy,

while section 4 comments on a few studies dealing with the cost of soil erosion on a national
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level. Then follows a description of the erosion problem in Nicaragua (section 5). The

environmental submodel for soil loss is described in section 6. The general equilibrium

modelling framework is presented in section 7. Finally in section 8 we describe the

simulations of the macroeconomic effects of a reduction in productivity due to erosion.

2. Soil erosion

Soil erosion can be defined as detachment and removal of soil by wind and moving water.

In this process, the structure of the soil is normally deteriorated. It is common to distinguish

between on-site and off-site effects of erosion. On-site effects refer to the effects where soil

is removed. Off-site effects involves the impact of soil depositions such as clogging of

waterways, pollution, and siltation and increased flooding of lower land. This work is limited

to analyses of the on-site effects of water erosion.

2.1 Natural conditions determining the rate of erosion.

Water erosion occurs when rainfall exceeds the soil's capacity to let water infiltrate the

ground, forcing the water to run off on the surface. Surface flooding is therefore crucial for

the magnitude of soil erosion. Under continuous vegetation the soil's capacity to absorb water

is high. The high content of organic matter and roots create a structure of macropores for the

water to infiltrate. In addition, litter, roots and stems impede the water speed, facilitating

infiltration. Vegetation covering the soil reduces the kinetic energy of the raindrops before

hitting the soil, thereby protecting the soil structure. Forest is the most efficient soil cover.

Clearing forests initiates rapid erosion. In addition to rainfall, other natural factors affect the

erosion rate. Steep land accelerate the surface flooding, and soil consisting of fine particles

(loam, silt) are more easily eroded than coarse soil. Thus, for a particular vegetation cover,

the erosion rates vary according to climate, topography and type of soil.

Soil erosion is a process that is inherent in nature, but the rate of erosion has been drastically

increased by intensified agricultural activity. Under undisturbed vegetation there is normally

a balance between soil erosion and the soil formation processes. Cultivation of the land

usually interrupts this balance, because the vegetation cover is reduced. Consequently, erosion
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will often increase beyond the soil formation rate under cultivation (accelerated erosion).

According to Lal (1987), the current rate of global erosion is roughly 10 times higher than

the natural rate.

The amount of soil and characteristics of the soil profile decides how fast soil loss affects the

productivity of land. Lal (1987) gives an overview of variables determining erosion and

erosion induced productivity losses.

2.2 Soil loss and productivity loss

The on-site economic impacts of soil loss is due to yield reductions. There are several factors

that can make soil productivity fall. In the following, we briefly mention some dominant

hypothesis, based on Lal (1987).

The soil provides the growth medium for the plants. As soil and nutrients are removed, the

rooting depth for the plants is reduced. The consequence of this is more severe on shallow

soils which are predominant on sloping land, than on deep soils.

Drought stress is particularly serious in eroded uplands. Water holding capacity is reduced

by the selective depletion of organic matter and fine particulated clay contents. In the U.S.,

The National Soil Erosion - Soil Productivity Research Committee (1981) concluded that the

main reason for productivity loss by erosion is loss of plant-available soil water. As the

topsoil is lost, the subsoil is exposed. This soil normally has poorer structure and is more

compact. Water infiltration capacity is reduced, which in turn may lead to increased surface

runoff and accelerated erosion. Consequently, erosion increases the frequency, duration and

intensity of drought.

The rate of soil loss, characteristics of the soil profile, climate and crop grown decide how

much soil erosion lowers the productivity of land. There are different views as to whether the

cause of productivity loss is primarily due to the reduction in plant-available water, to reduced

or unstable supply of nutrients due to a decreased water storage capacity, or nutrients loss as

such. It is important to note that several phenomena prevalent in the tropics make soil
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degradation a more serious concern there than in temperate regions. The typical rainfall in

tropical regions is more concentrated in time and heavier than in temperate regions. Also, the

tropical soils are usually more fragile, containing less organic matter. Seasonal abundance of

water easily generate floods, and the water storage capacity is a limiting factor in dry periods.

2.3 Barriers to erosion control

Through runoff of soil and water, the farmer looses productivity of his land. In addition, the

erosion can have negative impact on the productivity on farming in lower areas due to

increased seasonal surface flooding. Erosion also has negative off-site effects due to soil

deposits in waterways. It is easy to see that an individual farmer has no incentive to care

about the off-site erosion costs, but why is he not engaged in soil conservation to prevent

degradation of his own land and income potential? There are several reasons that may explain

such a behaviour. Below we mention some barriers to long term investments in soil

conservation which are likely to affect the Nicaraguan peasants - in particular the poor - in

their soil management practise.

- Soil degradation is a cumulative process, implying relatively small year to year changes.

These are hard to detect when crop yields in any case vary considerably due to management,

plagues, precipitation and other factors. Increasing drought problems may be blamed on less

rainfall instead of increasing loss of water through surface runoff and associated reduction of

water storage capacity.

- Technological improvements may hide the impact of soil degradation. In Nicaragua,

fertilizer and pesticides were strongly subsidized during the 1980's. The increase of inputs

may have boosted yields and possibly masked the impact of erosion.

- Even if farmers were aware of the degradation and knew how to prevent it, it might be

regarded as too costly for the farmer to change technology. The costs are immediate, while

the benefits will be spread out over a long time horizon. The discount rate may in particular
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be high for poor farmers. In their case, a delay in consumption to invest in soil conservation

means less food, at times even starvation.

- Even farmers that are motivated and able to invest in soil conservation may hesitate due to

insecure property conditions. Several factors have made property conditions insecure in

Nicaragua. In recent past, peasants were forced to leave the land that were occupied by big

landowners for export production. During the contra war, hundred thousands of people fled

from battle areas. Today, the ownership of land is in many places insecure due to unsettled

political struggle over the fights to former confiscated land and to some extent also the land

distributed to the 120 000 families in the land reform during 19854989.

- An additional reason why property rights may be seen as insecure, is that the present

economic policy after 1990 has cut down on credit to small peasants usually short of liquidity,

reducing their potential to produce and generate income even when an income potential is

present. Thus, a likely outcome of the current credit shortage might for many peasants be to

abandon the land.

- The credit shortage in itself makes it harder to switch to less erosive crops even when this

is more profitable for the fanner. Annual crops (staple food) are more erosive than perennial

crops (coffee, fruit trees) under the prevailing cultivation practice. However, perennial crops

will not produce yields until after several years. Credit would make a shift more feasible.

Unfortunately, the least credit worthy peasants are in fact the small peasants cultivating the

most erosive crops in the least appropriate topographic areas.

3. Integrating macroeconomic and environmental policy

Nicaragua is facing an accelerated deforestation which if continued at the present rate could

, eliminate the forest resources within the next 30 years. Also, widespread application of

unsustainable techniques in agricultural production degrade the future resource base.

According to the Medium-term Development Strategy 1992-1996 for Nicaragua (Government

of Nicaragua, 1992) the driving forces behind the deforestation are 1) the lack of alternative

use of forest resources, 2) low productivity in the campesino agriculture, 3) land tenure
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instability and 4) the lack of employment opportunity in other sectors. In various ways, the

degradation or conservation of forests and soil is interwoven with the institutional framework

and general economic policy.

In section 2.3 we discussed how small farmers may perceive and respond to the erosion

problem and how institutional factors like insecure land tenure and distortions in the credit

market may undermine improvements in soil management. The relationship between prices

on agricultural products and land management is also important. Prices determine the income

from cultivation of different crops on a particular site. The farmers select crop and technology

based on information on prices. Perennial crops (coffee, fruit trees) are less erosive than

annual crops (maize, beans, root crops). Consequently, product prices and production costs

affect the rate of erosion. Furthermore, the prices that directly determine the income in

agricultural sectors depend on the whole price vector of the economy. The exchange rate is

an important price influencing the profitability of export crops. The alternative cost of labour

affects labour intensive crops more than others.

Also, any measure to deal with the erosion problem transforms the economic picture by

introducing new technologies and associated level of costs. A new equilibrium including

appropriate soil conservation technologies, will reflect the change in use of input factors,

including land, agrochemicals and labour. It turns out that any regulations or pricing policy,

tax policy or environmental policy has impact on the loss of soil and in turn on the growth

potential. These linkages are the main reason for integrating land erosion within a framework

of an economic model.

Deforestation is closely linked to the erosion problem, initiating rapid erosion in fragile areas

and increasing the surface flooding in lower areas. Migration to agricultural frontiers is a

phenomenon which is closely related to the general income level and the alternative

employment opportunities. Low wages encourage clearing of land. On the other hand,

available virgin land by itself is an employment alternative, moderating a fall in wages in the

formal sector when there is surplus of labour. Thus, large scale migration to the frontier

contributes to keep up the cost of labour in the rest of the economy. Deforestation clearly

interacts with the development of the national economy and should ideally be studied as a
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functional part of it. Due to lack of data, this study is unfortunately not covering the special

aspects of deforestation.

One of the advantages of using a macroeconomic model as a basis for this kind of analysis

is that it takes into account indirect effects and not only the direct effects. This implies that

the effect of policies directed at other sectors than the agricultural sector, but which influence

activity levels in the agricultural sectors, are included in the analysis. By stimulating

production in the manufacturing sectors, demand for agricultural products will also increase.

The mechanisms in the general equilibrium model will ensure that these effects are taken into

account.

The National strategy plan (Government of Nicaragua, 1992) explicitly says that the economic

policy should take into account the impact on the environment. However, so far there exists

no system of information relating national economic policy for Nicaragua to the environment

in quantitative terms.

At the outset, the basis for making integrated economy-environment analyses is weak. This

is valid in most countries, as the statistics on the environment first has to be established. In

Nicaragua, also the modelling of the national economy is in its beginning. However, the early

creation of a framework for an integrated analysis provides several methodological and

political advantages. First, a model framework might discipline the collection of the

environmental statistics, focusing from the beginning on information that is relevant for policy

decisions. Second, the results of the analyses might initiate a dialogue between the parts of

the administration dealing with economic affairs and with the environment respectively.

Normally, this dialogue is difficult to establish before the link between the two policy areas

is quantified. Economic crisis like that of Nicaragua today make a dialogue on rather long

term environmental problems difficult to sustain. However, an integrated analyses might

contribute by illustrating that environmental protection can increase traditionally measured

economic growth, as may be the case in Nicaragua where the natural production capital is

degrading rapidly.
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In this report we link soil loss and soil productivity to a model of economic activity and

underlying policy decisions. The purpose is to provide a basis for a more comprehensive

approach to studies of growth strategies for Nicaragua in the light of these feedbacks from

the environment to the economy.

4. Economic development and erosion

Erosion is enhanced by credit market failures and absence of a secure land tenure regime

characteristic of many less developed countries. Erosion may in turn undermine development

efforts. Typically, erosion represents an inherent negative technological change in the

production performed by the poorest part of the population who live on the most fragile land.

This may contribute to sustain widespread poverty, holding a considerable part of the

population below a life standard which is more favourable for generating progress. Erosion

is one of the factors nourishing poverty by limiting access to food, health service and

education which play a dynamic role in the development process. Any marginal cost can be

critical when pushing thresholds to more rapid growth further out in time. But how big is the

erosion problem, disregarding the critical level subsistence farmers operate on? The question

gets all kinds of answers. As Blaikie wrote in "The political economy of soil erosion",

There are some leading opinions which claim that soil erosion, although perhaps

widespread, is not important, and that "induced innovations" by farmers, governments

and private sector research and development institutions will cope. These opinions

seem so diametrically opposite to many others which claim that erosion is widespread

and serious that the problem arises over how to judge the issue. (Blailcie, 1985)

This study can only very indirectly contribute to close this perception gap. We focus at the

economic implications of soil erosion. Highlighting the values at stake might stimulate effort

in further - and perhaps more coordinated - soil studies.

Few attempts have been made at quantifying the cost of erosion at a national level. This is

partly due to lack of adequate data on erosion and the associated fall in productivity. Also the

difficulties of making such cost estimates are increased by the lack of communication between
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soil specialists focusing on differences in erosion between neighbour plots and economists in

need of data relevant to policy decisions at a national level. As background for the results for

Nicaragua provided later in this report, we refer below to some nation-wide or regional

studies of yield loss or soil erosion costs. The results can, however, not be directly compared

with each other or with the results we obtained in the case of Nicaragua, since soil,

cultivation technology and natural conditions may differ considerably. Also, the economic

assements apply different approaches.

4.1 Erosion cost assessments

In Costa Rica, an assessment of national soil depreciation was made as part of developing

natural resource accounts (World Resources Institute, 1991). The study estimated the soil loss

and the cost of replacing the equivalent amount of nutrients (nitrogen (N), phosphorus (P) and

potassium (K)). The soil loss estimates were built upon the universal soil loss equation

(USLE) (Wischmeier and Smith, 1978) adjusted to the soil characteristics (erodibility, slope)

(Våsquez, 1989) and rainfall (Vahrson, 1989) of Costa Rica. It turned out that the replacement

costs of annual soil loss amounted to between 6 and 13 percent of gross product in the

agricultural sector over the years from 1970 to 1989. Of the accumulated soil loss in this

period, 61 percent occurred on land with annual crops, 5 percent on land with perennial crops

and 34 percent on pasture. The distribution of land use on the above categories was roughly

15 percent, 10 percent and 75 percent respectively. As discussed in the report, the cost of

replacing the loss of nutrients does not reflect the true soil capital loss, defined as future

income reduction from diminished soil productivity.

Because maize is an important annual crop in Nicaragua, we refer to a study by Lyles (1975)

who surveyed the decline in maize yields due to soil erosion in différent states in the Corn

Belt of Midwestern U.S. Yield reductions ranged from 1.7 to 3.5 percent per centimeter of

topsoil loss. However, according to Lal (1987), these estimates are low compared to similar

information on the effects of soil erosion in the tropics.

Magrath and Arens (1989) assessed soil loss and productivity loss on Java. The productivity

loss was estimated for different crops and regions. For maize, soybeans and groundnuts, the



Figure 4.1. Productivity loss due to erosion.
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annual fall in productivity from loss of topsoil was estimated to be between 2 and 15 percent

over a range of 15 to 600 tons soil loss per hectare (roughly equivalent to 0.15 to 6 cm loss

of topsoil). The annual productivity loss for different regions weighted by area of different

cropping systems varied between 3.8 and 4.4 percent. Such rates of productivity loss probably

matters to the development of agriculturally based economies.

Impact of Technical Change on Cost of Erosion

Figure 4.1. from Magrath and Arens (1989) illustrates how technological improvement

increases the cost of erosion on cultivated land. Erosion repeatedly brings negative shifts in

the overall rising productivity of labour, capital and intermediates. As productivity of these

input factors increases, the gap between income with and without a given amount of soil will

also widen. Each year the value of soil capital is reduced by the discounted future income

gap. In Nicaragua right now, low income is earned while the soil is degrading rapidly. How

big the soil capital loss is, depends on the future capability to generate income from the soil.

To determine the cost of soil erosion it is necessary somehow to foresee future development.

We need a model to compare scenarios with and without soil erosion.
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4.2. Consistent erosion cost estimates.

Often, the cost of soil erosion is associated with reduction in crop yields related to the actual

land use when compared to an alternative situation where soil is undisturbed by erosion.

However, the zero erosion scenario is hardly feasible in technical terms, and not even

attractive in economic terms due to the cost of implementing it. Fox and Dickson (1988) point

at several erosion cost studies where the cost of cultivating the soil sustainably is not taken

into account.

The soil depreciation estimates for Costa Rica (World Resources Institute, 1991) refer to an

alternative scenario different from the zero erosion case, but in an inconsistent way. When

nutrient replacement costs were calculated, a hypothetical sustainable erosion level (equal to

regenerated soil under best management of various soil types) was first subtracted from the

estimated physical soil loss. However, the alternative cost of practising this soil management

was not considered. Thus it was not taken into account that an alternative agricultural practice

would reshape the whole economy, also the prices (on crops, fertilizer, labour) and land use

pattern by which the soil depreciation costs were estimated.

Devarajan and Weiner (1989) provide estimates of genuine erosion costs in Mali. They first

estimate the extent of yield reductions associated with the current rate of erosion. Next they

introduce a soil conservation demand curve, which may be interpreted to reflect perfect

foresight as to future income possibilities. Assuming a constant marginal cost of soil

conservation, the extent of excessive erosion is determined. It turns out that roughly 114 of

the land degradation and related yield reduction represents a depreciation of soil capital in the

sense that it undermines future income generation. Soil depreciation in Mali was estimated

to be 0.36 percent of GDP and 0.91 percent of agricultural GDP in 1988.

The study of Devarajan and Weiner is consistent in the sense that the costs of sustainable

cultivation are incorporated. However, in the two stage procedure used by Devarajan and

Weiner, the soil conservation demand curve as well as conservation cost curve is invariable

with respect to the general state of the economy and the agricultural activity. It is doubtful

that this de-linkage will hold for agriculturally based economies like most developing
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countries. In particular soil conservation supply may be heavily based on labour and fertilizers

and thus sensitive to their costs. To the extent that these costs determine the structure of the

agricultural sector, there is a feedback from soil conservation to agricultural production.

Large scale soil conservation will demand resources and affect relative prices and income

generation in the whole economy. Also, the equilibrium will shift due to the current soil

degradation (on 3/4 of the land in Mali) which is not excessive, but affects the productivity.

Thus the base year prices and activity levels are improper for estimating forgone income due

to erosion. To deal with this problem, we need a model describing the impact of degradation

on productivity, land use and prices.

In general, soil conservation is not costless. However, different crops expose soil to various

degrees. Soil conservation up to a certain point could be realized costless by switching to a

different cultivation pattern. The current land use is a result of market failure. If soil

depreciation costs were considered, more erosion-resistant crops would be grown. In

Devarajan and Weiner (1989) all land use is assumed to be homogenous as to soil loss and

productivity loss. Within this framework, soil capital benefits of restructuring the agricultural

production is left out. These are among the aspects we try to include in our study by linking

soil degradation to crop production in a multi-sector general equilibrium model.

5. Soil erosion in Nicaragua

5.1 General description of the country and the agricultural activity

Administratively, Nicaragua is divided into 6 regions and 3 special zones as illustrated on the

map in figure 5.1. The majority of the population and the economic activity is located in the

6 regions, although the three special zones contain most of the land area. Except for some

production of basic grains, the value of the agricultural production in the three special zones

is insignificant, and the degradation of the soils is connected to leakage of nutrients from soils

of low inherent fertility (vertisols) rather than to erosion. We have therefore chosen not to

include the 3 special zones in this work.
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Figure 5.1. Administrative map of Nicaragua.

Located 10-15 ° north of equator, the climate in Nicaragua is tropical to sub-tropical with even

temperatures the year round. Within the 6 administrative regions, precipitation ranges from

a little below 1 000 mm up to 2 000 mm per year, with a marked dry period from around

December to May. The year is divided into three growth periods; the "primera" from May to

August, the "postrera" from September to December, and the "apante" from January to April.

Because of water shortage, the "apante" is normally a rest period.

With respect to economic and technical development as well as to agroecologic

characteristics, it is natural to separate the 6 administrative regions into two parts; the Pacific

coast (comprising the administrative regions II, III, and IV) and the Central region

(comprising Region I, V, and VI). Except for coffee and beef, all the export agriculture

(cotton, sugar, sesame, and banana) is found along the Pacific coast. The Pacific coast is to

a large extent covered by young, fertile volcanic soils generally very susceptible to erosion.

The most technically advanced agriculture has developed in the cotton production, expanding

on the flat plains of León and Chinandega in region II from the 1950's and on to the 1970's.

In Region III, the fertile soils are located to more rugged and elevated terrains, making coffee

the most important product. Region IV is the agriculturally most diversified region.



18

In the Central region, agricultural activity is dominated by the production of coffee and basic

grains. In Region V, however, little coffee is grown, but it is among the largest of the 6

regions in livestock production. Except for the lower parts of region V, and some valleys in

region I and VI, the Central region is largely mountainous, providing a cooler climate and a

more rugged terrain than in rest of the country. The soils are generally fertile, but of older

origin and less erodible than the soils along the Pacific coast. The importance of the various

products is indicated in table 5.1, which shows average area harvested by region in the two

decades 1970-80 and 1980-90.

Table 5.1. Average area harvested annually. 1 000 hectares

Region 1

70's	 80's

Region II

70's	 80's

Region III

70's	 80's

Region IV

70's	 80's

Region V

70's	 80's

Region VI

70's	 80's 

Nicaragua

70's	 80's

Beans 14 19 1 4 2 2 9 12 5 17 21 24 52 78

Maize 22 21 33 21 7 4 20 15 29 52 56 58 168 171

Sorghum 7 4 12 19 11 12 8 15 5 5 7 4 50 58

Rice 1 2 2 8 3 1 7 9 5 9 3 4 21

Sesame .. .. 6 13 0 1 2 2 .. _ _ - 9 16

Coffee 19 15 1 1 18 9 30 13 3 4 63 40 133 81

Cotton . ,., .. 68 10 3 8
-

5 .. _ _ .. 130 76

Sugar 1 0 22 23 5 7 6 8 _ .. 2 1 36 39

Total 64 62 190 157 56 39 90 78 47 86 153 131 599 553

ource: Ministry ot Agncu!ture

The most significant change from the 1970's to the 1980's is the expansion of basic grains,

and the reduction in the harvested area of cotton and coffee, traditionally the two most

important export crops. Credit to small scale peasants, the main producers of basic grains,

were introduced in the 1980's and eased the expansion of area for basic grain production. The

harvesting of coffee suffered during the 1980's because of the war, while the reduction in

cotton primarily is caused by lower profits due to ecological problems of erosion, increasing

costs of plant protection and falling prices on the world market. In 1991, the area sown with

cotton was 115 of the area cultivated in 1977 (Banco Central 1991).

The cultivated area in the Central region increased, especially in Region V, while on the

Pacific coast the cultivated area shows a slight decline. But also in the Pacific coast, the area

with basic grains increased.
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During the 70's and 80's the use of chemical fertilizer increased, especially in the production

of basic grains. Table 5.2. shows the change in yields from the 1970's to the 1980's.

Table 5.2. Change in average yields from the 1970's to the 1980"s. Percent.

Region
II	 III	 IV	 V	 VI..._

Beans 6 0 9 8 -6 -6
Maize 121 79 110 76 -6 17
Sorghum 38 30 42 55 36 46
Rice 32	 -- -11 22 19 -9 0
Sesame -20 -27 -9 -18 •• ••
Coffee 65 3_ -15 47 -6 94
Cotton .• -5 4 0 .• ..
Sugar cane I	 25 -10 2 -3 8 45
ource: Mimstry ot Agnculture

Table 5.2 shows that maize and sorghum has experienced the largest increase in yields during

the period. The increase in yields for sorghum is more or less the same for all regions while

maize experienced a decline in yields in Region V and just a moderate increase in Region VI.

Yields for sesame have decreased during the period in all regions. For the other crops the

picture is a bit more mixed with yields going up in some regions and down in others.

5.2. Estimates of erosion and erosion induced decline in soil productivity

The Applied General Equilibrium model (AGE-model) for the Nicaraguan economy describes

the agricultural activity in 12 different sectors. Since both production and agroecological

conditions vary geographically, generating unequal rates of soil degradation, we have

organized and related the information on soil erosion both to production and region. The

erosion indexes and the indexes for erosion induced decline in soil productivity are specified

for the 6 administrative regions and 11 agricultural production activities (erosion data for the

activity "Other agricultural products" are not available. However, the area used for these crops

is insignificant.)

The primary data source for the erosion estimates is the erosion map of Nicaragua in the scale

of 1:522 000 published by the government of Nicaragua (Marfn, 1991). A more aggregate
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version of the erosion map is given in appendix 1. The cultivated land is classified according

to 6 erosion levels; light, moderate, strong, very strong, severe, and extreme. The erosion

classes are defined by how large a fraction of the original soil profile is lost (Marin, 1979).

The definitions are shown in table 5.3. Based on an average depth of the A horizon of 40 cm

and the B horizon of 50 cm, the corresponding soil loss depth in cm is also shown.

Table 5.3. Definitions of the erosion classes
Erosion class Fraction of horizon lost Soil loss depth

Light 0-25 % of horizon A 0-10 cm

Moderate
.

25-50 % of horizon A 10-20 cm

Strong 50-75 % of horizon A 20-30 cm

Very strong 75-100 % of horizon A 30-40 cm

Severe 0-50 % of horizon B 40-65 cm

Extreme 50-100 % of horizon B 65-90 cm

Below we describe the process of estimating annual soil erosion and rates of erosion induced

productivity loss. The distribution of land on erosion classes is shown i table 5.4. Basic

information behind this distribution is the erosion map (Marin, 1991) and a land use map

(INETER, 1983). The state of erosion by crop, area and region was assessed. However, on

the basis of various soil studies (Marin 1988, 1990, 1992) the erosion status by these land

categories was assessed more accurately within the erosion class intervals as specified in table

5.3. Instead of characterizing an erosion class by lower limit, upper limit or the average,

subjective evaluations are included by direct assessments of the state of erosion in an area.

Table 5.5 shows the resulting estimates of accumulated soil loss in tons/hectare in 1970,

1980, and 1990. This may seem somewhat elaborate, but is made in this manner to explicitly

show assessments and calculations stepwise.

The units were converted from % of profile to tons/hectare by assuming that 1 cm soil corresponds to
100 ton/hectare (a density factor of 1 ton/m3). In this way, table 5.1. could be applied to all of Nicaragua. In
reality, the soil density varies, but using a single conversion factor is justified by the fact that, roughly speaking,
the land with the deeper soils generally consist of soils lighter than 1 ton/m3 (light volcanic soils density 0,8 - 0,9
tons/m3), while in the areas containing shallower soils, the density is generally higher than 1 ton/m3.
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Table 5.4. Land use by region, crop and erosion class. Percent.

Region I Region IV

Light Moderate Strong V.strong Severe Extreme Light Moderate Strong V.strong Severe Extreme

Beans 25 35 20 20 40 30 30

Maize 25 35 20 20 30 40 30

Sorghum 20 40 40 30 40 20 10

Rice 50 30 20 75 25

Sesame 20 50 30 40 40 20

Coffee 25 40 35 30 30 30 10

Cotton 15 30 25 20 10

Sugar 40 40 20 80 10 10

Tobacco 70 30 50 30 20

Vegetables 90 10

Pasture 10 20 30 30 10 30 25 25 20

Region II Region V

Strong V.strong Light Moderate Strong V.strong Severe Extreme

30 50 40 10

30 40
30

40
40

10
20

40
30

1020 	 0 1!   20

30 30 

	

10 111 	 	 30 	
 	 30 

III1	 1111111
Region LII

20 10 10

RegionVI

Light Moderate Strong V.strong Severe Extreme Light Moderate Strong Vstrong Severe Extreme

Beans 35 35 30 • 20

Maize 40 40 20 i 5 40 20

30 30 25 30 30 20

Rice 90 10 80 10 10

Sesame 30 30 40

Coffee 15 40 25 15 5 20 30 25

Cotton 10 40 30 10 10

Sugar 70 30
	--

30 40 30

Tobacco 80 20

Vegetables 70 15 5

Pasture 6() 0 10 10 5 5 jJ5 	
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Table 5.5. State of erosion by erosion class, region and crop. 1970, 1980 and 1990.
Accumulated soil loss. Tons/hectare.

Production Region Erosion class
Accumulated soil loss

1990	 1980	 1970

Coffee I Light 500 300 200

Moderate 1200 700 400

Strong 2000 1200 700

Ill Moderate 1800 1000 600

Strong 2800 1500 800

Very Strong 4000 2000 1000

Severe 5500 3000 1500

IV Light 700 400 200

Moderate 1500 900 500

Strong 2500 1500 800

Very Strong 3500 2000 1000

V, VI Light 800 500 250

Moderate 1700 1000 600

Strong 2800 1600

Very Strong 3500 2000 1200

i1ioii I •mî1 1000 400 250

Strong 2500 1400 800

Very Strong 3500 2000 1300

Severe 5500 3000 2000

Iv Light 1000 400 250

Moderate I 700 900 500

Strong 3000 1600 1000

Very Strong 4000 2300 1500

Severe 6500 3500 2200

Moderate I 2()0 700 400

Banana II Light o_ 1II) 200

Moderate 1111 O 300

Rice, upland I, II Light 1000 500 300

Moderate 1500 800 400

Strong 2(XX) 1400 800

Rice, irrigated I - VI Light 500 300 150

Sorghum II, IV Light l()00 400 250

Moderate 1500 750 500

Strong 25(X) 1400 750

Very Strong 3500 2000 1250

Severe 5750

All other I - VI Light 1000 500 300

Moderate 2000 1000

Strong 3000 1600

Very Strong 4000 2300 1500

Severe 6500 »1Ii 2300

The state of erosion reported in table 5.5 was further aggregated over erosion classes to

characterize the state of erosion by crop and region, weighted according to land distribution
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(table 5.4). Table 5.5 shows that the erosion rates increased substantially from the 1970's

compared to the 80's. The reasons for this can be found in the following:

- Large areas of land were handed over to people with little experience in farming for the

purpose of subsistence production. With the common systems of production used in

Nicaragua, subsistence farming is very erosive. Large areas were clear cut, and tillage practice

often included ploughing.

- Around 15 000 tractors were distributed to farmers and cooperatives. Many of those who

received the tractors were ignorant to their proper use. Vulnerable soils were tilled at

improper times. The machines also brought on compaction of the soil, increasing surface

runoff and erosion.

- The ministry of agriculture (MIDINRA) and the state bank that provides agricultural credits

(Banco Nacional de Desarollo) encouraged the production of cotton on very erodible land.

- In Carazo in region IV, trees were removed in areas of extensive coffee production.

Table 5.6 shows the average annual soil loss over the period 1981-1990.

Table 5.6. Average annual erosion 1981-1990 by crop and region. Tons/hectare.

I Region I I Region II I Region III Region IV Region V Region VI

..	 Beans 110 110 135 92 123 125

Maize 104
_

102 122 97 153 125

Sorghum 106 85 122 85 146 107

Rice 43 43 28 40 20 40

Sesame •• 148 140 130 .. ••

Coffee 53 59 113 73 114 107

Cotton .. 106 147 132 •• ••

Sugar 96 36 36 ' .. 97

Tobacco	 ' 65 60 108 83 .• 50

Vegetables 55 .. •. .• .. 71

Pasture 148
.._

83 104 109 115 175
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Next, a relation between erosion class, and erosion induced productivity loss was assessed.

An important basis for this evaluation was the yield development by crop and region over the

last 25 years (appendix 2). Total yield decline by crop, and erosion class in 1990 compared

to uneroded soil was assessed as shown in table 5.7. When taking into account that

cultivation and associated soil degradation has taken place over different time periods (table

5.5.) the average annual productivity loss by crop and region between 1981 and 1990 was

estimated to be as shown in table 5.8 (table 5.8). (National average productivity loss indices

(by crop, aggregated over regions) are shown in table 8.1.)

Table 5.7. Erosion induced yield declineby region, crop and erosion class. Percent
productivity compared to uneroded soil. 1990.

Light Moderate Strong Very Severe Extreme

- Maize 100 80 56 34 17 7

Coffee 100 85 68 51 36 23

Coffee 100 90 77 61 46 32

Pasture 100 100 70 39 15 6

All other 100 85 68 48 29 14

The relation between erosion class and erosion induced productivity loss displayed in table

5.7 is based on qualified assessment. We do not know of Nicaraguan investigations on the

effects of erosion on yields. It should also be kept in mind, as mentioned in section 2.2, that

yield levels are influenced by a number of intervowen factors, and it is difficult to isolate the

effects of erosion.
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Table 5.8. Average annual decline in soil productivity 1981-1990 by region and
crop. Percent.

I Region I	 I Re0on II
1,9

I 	Region III	 I
3,0

Region IV	 I
1,6

Region V 	I
2,7

Region  VI 
2,7Beans 2,1

Maize 2,1 1,3 2,3 1,1 2,7 2,4

Sorghum 1,5 0,9 1,9 0,9 '	 2,2 1,5

Rice 0,7 0,7 0,1 0,3 •• 0,3

Sesame •• 2,2 2,4 2,1 •• ••

Coffee 0,4	 ‘ 0,9 1,3 0,9 1,8 1,4

Cotton 0. ,	 1,3 1,9 i	 1,8 •• ••

Sugar 0,6 0,1 0,1 0,3 •• 0,8

Tobacco 0,5 0,3 1,6	 ' 0,9 •• ••

Vegetables 0,2 •• .. 0,6

Pasture 3,0 0,6 1,2 1,9 1,5 3,0

Table 5.8 shows that beans, maize, sesame and pasture are the sectors that experiences the

largest productivity loss due to erosion. For beans and maize the productivity loss is

especially large in Region III, V and VI. For pasture the largest productivity loss is in Region

one and VI. Rice, sugar, vegetables and tobacco experience relatively small productivity

losses while sorghum, coffee and cotton is in an intermediate position.

To compare these results with results from other erosion studies it is convenient to also

estimate average productivity loss per cm soil loss which is shown in table 5.9. Density

factors of the soils by production and region are shown in appendix 3.
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Table 5.9. Average annual loss of soil productivity per cm loss of soil by region and

crop. 1981-1990. Percent.

Region I Region II 	I Region Region IV 	I Region V 	t Region VI

Beans 1,9 1,9 2,0 1,5 2,2 1,9

Maize 2,0 1,2 1,7	 - 1,7 1,9

Sorghum 1,4 1,5 1,4

Rice 1,7 •• 0,9

Sesame .• •• .•

Coffee 0,7 1,5 1,3

Cotton •• 1,1 1,1 1,4 •• ..

Sugar 0,8 •• 0,9

Tobacco 0,8 •• •.

Vegetables 0,3 •• 0,9

Pasture 2,0 1,5 1,7

In table 5.9 the productivity loss is related to the removal of soil measured in depth of soil

profile. The productivity loss per cm eroded soil varies between 0,3 and 2,0 percent. The

figures are lower for maize than for beans because a larger share of the maize production is

located in plain areas where soils are deeper. In Region II and IV, where soils are relatively

deep, the figures are lower than in the other regions. For instance the productivity loss per

cm eroded soil in sugar, rice, and vegetables seem unreasonably low.

Below we give a general description of the various crops, where they are grown and how

exposed they are to erosion.

Maize and beans

In the Central Region, except for in the valleys of Jalapa, la Vigia, Pantasma and a few other

small valleys, the erosive processes have affected the soils strongly to severely. This is mainly

because the cultivation takes place in steep terrains with inclinations up to 50%. The climatic

conditions in the central regions are very favourable for the production of maize and beans,

but the production capacity is already significantly reduced due to erosion. Maize in the

Pacific Region is generally cultivated in areas strongly or very strongly eroded by cotton, but

a high level of technology compensates for the effects of soil erosion. In the Pacific Region
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the most favourable conditions for the production of beans is found in Region IV. Beans are

mainly cultivated on land with degree of erosion between low and strong, affecting the yield

level correspondingly. However, the productivity is generally low in region IV more due to

the unsuitably hot climate than the level of erosion.

Rice

In the Central Region the bulk of the production is technified and takes place in Region I in

the valley of Jalapa. Here the effect of erosion is moderate. The expansion of rice production

into areas of steeper terrains is affecting the soil productivity in rice production due to strong

and severe erosion. In the Pacific Region rice grown under irrigation is located in heavy soils

on flat land, creating a minimal risk of erosion. However, dry rice on more hilly land with

moderate soil textures makes erosion affect the productivity to some extent.

Coffee

Coffee is primarily produced in the mountainous areas where the climatic conditions are very

favourable. The decline in soil productivity is generally much lower than in the production

of annual crops, in spite of the rough topography where the coffee is grown. Coffee is a

perennial crop and is usually grown under shade trees, thus giving the soil a protective plant

cover. The decline in yields after 1983 is probably due to plagues and diseases and lack of

labour because of the war in the years between 1983 and 1989.

Sorghum

In the Central Region sorghum is mostly cultivated in small valleys. Here, the problems of

drought probably enhanced by erosion is more important for the low productivity than the soil

loss per se. In the Pacific Region sorghum is cultivated in the dry zones, and the yields are

limited by dry climatic conditions and strongly to severely eroded soils.

Vegetables

Production of vegetables is mainly located to flat areas, thereby creating few problems of

erosion.
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Cotton

The disorderly expansion of cotton production during the 1970's had devastating effects on

the soils. Extensive areas of flat and rolling land with soils highly susceptible to erosion were

improperly managed with regards to adequate soil and water conservation. In region III and

Iv practically no conservation measures have been applied. Strong and severe erosion has

drastically affected yields and soil productivity. On the areas most damaged by erosion, a lot

of the cotton production was abandoned during the 1980's and partly replaced by other crops.

Sesame

Sesame is primarily grown by small and medium sized producers on soils strongly to severely

eroded by cotton. This has considerable effects on the present level of productivity.

Sugar cane

Along the Pacific coast, cultivation of sugar cane is generally located to flat areas under

irrigation. Thus, erosion rates are low.

Banana

Most of the banana is grown for export. Banana is grown on flat land, and the soil is well

protected by vegetation and supplies of organic material. Therefore, problems of erosion are

insignificant.

Pasture

The area used for pasture is about twice as large as the area suitable for cattle. The erosion

is high because of overgrazing and compaction. In Region II, the grassland is located on fiat

areas of heavy soils, which explains why erosion is lower here than in the other regions.

6. Integration of environmental variables in economic analyses.

Soil erosion is only one of several environmental problems calling for integration into

economic analysis and vice versa. Within the agricultural sphere, the use of chemical fertilizer

and pesticides are obvious candidates for integrated studies. Within this project, priority has

been given to the soil erosion problem. However, some efforts were also made to investigate



29

the potential for linking the use of agricultural chemicals to economic activity described by

a macroeconomic model. Some preliminare results from this work is given in appendix 4.

6.1. The soil erosion submodel

The soil erosion submodel uses output levels from 11 agricultural sectors as input for

calculating the amount of erosion. The output levels for the agricultural sectors are calculated

by an applied general equilibrium model for Nicaragua. In the erosion model, soil loss per

hectare is assumed to be constant by crop and region. A change in technology affects the area

cultivated for a given level of production. The regional cultivation pattern is assumed to be

constant.

In section 5, the average annual rates of soil loss by region and crop over the period 1981-90

were assessed. These provide coefficients for the model determining the yearly amount of soil

erosion (tons) by crop and region. It is assumed here that the loss of soil will occur at this

rate also for the decade to come. This means that widespread introduction of soil conservation

is not supposed to take place in the period. Although some efforts in soil conservation are

made, these are not likely to penetrate general agricultural technology for several years.

Reasons for this are the institutional and economic barriers to erosion control mentioned in

section 2. Consequently, assuming that what is grown where is the main determinant of

erosion rates the next 10 years or so may not be so off target. A description of the erosion

sub-model is presented below.
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List of variables:

Qi = Production in sector i
B i = Parameter for erosion-induced productivity loss

= Parameter for factor neutral technical change
= Capital in sector

a = Cost share of labour in the base year
L i = Labour in sector i
Qii = Production in sector i, region j

= Parameter for distributing total production in sector i to regional level
H Area of production of crop i, region j (ha)
• = Parameter for transforming production to area harvested (ha/mill Cordobas)
• = Erosion in sector i, region j (tons)
aii = Rate of erosion for crop i, region j (tons/ha)
Ei = Total erosion in sector i (tons)

Equation (1) is the Cobb-Douglas production function in the general equilibrium model for

Nicaragua. Output is being produced by capital and labour. Ai is an exogenous indicator of

factor neutral technological change for capital and labour. B i is the indicator of productivity

loss due to erosion. In equation (2), total production in sector i , Qi, is split into regional

production levels (Qii), in the same proportions as the regional distribution of production in

the base year 1990-91. Equation (3) transforms production into area harvested. The variable

for factor neutral technical change and the rate of productivity loss due to erosion enters the

equation in order to adjust for the effect of an increase or decrease in productivity. An

increase in A i or B i in equation (1) implies increased production, and the area necessary to
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cultivate a certain harvest is reduced. In equation (4) the amount of soil loss for crop  i in

region j is determined. Equation (5) just sums up the amount of erosion for one crop in all

regions.

7. The Applied General Equilibrium model for Nicaragua.

The cost of soil erosion is the present value of income foregone and should be subtracted

from the conventional income concept. When doing an exercise of estimating foregone

earnings due to soil erosion, one should be aware that observed prices are in general not

reflecting the social cost of resources in the presence of market failures. Market failures

related to allocation of credit and property are closely associated with the soil erosion problem

itself. The Nicaraguan economy like most economies has plenty of other distortions as well.

In this case estimated loss due to soil erosion based on market prices will generally deviate

from the true social cost. To measure welfare outside optimum, Minlees (1969) pointed at

the necessity use shadow prices, that is the prices that govern in optimum where all resources

are optimally managed. Aware of this shortcoming, however, we use observed prices in the

study of soil erosion in Nicaragua, as also is done in the cost estimates referred to in section

4.

The purpose of our study is somewhat limited compared to a complete soil erosion cost study.

Due to lack of data on soil conservation cost, the first step is to see how economic forecasts

for Nicaragua will overestimate future growth if no soil conservation is practised and no

adjustments are made for declining agricultural productivity in the years to come.

This section contains a brief description of the general equilibrium model for the Nicaraguan

economy. The model falls into the neo-classical tradition were it is assumed that consumers

maximize utility, producers maximize profit and flexible prices clear markets. Only the

labour market is not cleared. Here, the wages are indexed to inflation and not determined by

demand and supply. The parameters in the model are calibrated rather than estimated.

According to the model, it is the level of total savings which is the driving force as to

generating economic growth. Total savings are invested in production capital, thus to a large
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extent determining the future production potential. Foreign saving is assumed to be constant,

so that domestic saving is the essential variable for economic growth. Savings are proportional

to income in four social classes. Since saving rates differ between classes, the income

distribution is influencing the accumulation of production capital. The four social classes are

campesinos, workers, petty capitalists and capitalists.

Income consists of profit, wages and transfers from abroad. Profit is determined from a sector

as the price less indirect taxes and the unit cost multiplied by total production. Total profit

is distributed among the four social groups according to fixed coefficients. Total income for

workers is wage income + transfers from abroad. Peasants earn a constant share of profit in

the agricultural sectors while petty capitalists receive a constant share of profit in urban

sectors + transfers from abroad. Total income for capitalists is a fraction of total profit in

agricultural sectors + a fraction of profits in the urban sectors + transfers from abroad.

Savings equals total income less taxes and total expenditure.

The model has 26 producing sectors that each produces one commodity. The commodities are

produced by the input factors labour, capital and intermediates, theintermedates is in fixed

proportion to the production level, while there are substitution possibilities between labour

and capital. The relative prices between labour and capital determine the mix of those input

factors. Demand for labour is determined by equating the value of the marginal production

of labour to the wage rate. High wages make producers substitute capital for labour so that

demand for labour is decreasing in the real wage rate. The wage level is indexed to inflation,

i.e. the consumer price index for workers.

Total labour supply is growing by a constant rate based on population growth forecasts. The

relative relationship between income growth rates for peasants and urban workers decides

the direction and size of .migration of the labour force between urban and rural sector.

Unemployment is determined as labour supply in urban areas less employed in urban areas.

The labour market is not in equilibrium. For the labour market to be in equilibrium it would

be necessary for wages to adjust according to the value of the marginal product of labour

until supply equals demand.
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The capital stock in period t+1 is equal to the capital stock in period t less depreciation +

investment in period t. Total nominal investment equals the sum of investment by sector of

origin. Allocation of investment by destination is determined by fixed coefficients. The

sectoral pattern of investment by destination is translated into demand for investment goods

by sector of origin.

Domestic produced goods compete with foreign goods both on the world market and at home.

It is assumed that domestically produced commodities and imported goods of the same

category are non-perfect substitutes (the Armington assumption). The relative prices determine

the market shares.

World market prices (in dollars) are exogenous, and the exchange rate is fixed by the

government (held constant in this study). The price of imported goods is determined as the

world market price (in dollar) multiplied by the exchange rate and adjusted for tariffs on

imports. The price of exports is determined as the world market price multiplied by the

exchange rate and adjusted for an export subsidy. The higher the price of the domestically

produced commodity relative to the price of the imported commodity, the higher is the import

share. The lower the price on exports relative to the world market price, the higher is the

export.

Appendix 5 gives a description of the equations in the model and a list of variables.

8. Scenario analysis: Impact of soil erosion on economic growth.

In this section we describe the results from simulations on the AGE model for Nicaragua. We

focus on the macroeconomic effects of erosion due to productivity losses and estimated

amounts of erosion i.e. loss of soil in tons. The scenarios must not be interpreted as actual

forecasts of the likely development of the economy. Further work with the model is necessary

in order to establish more realistic scenarios. However, the kind of scenario analysis

performed here is useful in order to investigate the sensitivity of economic growth to erosion.

We will therefore emphasize the deviations between scenarios rather than the actual levels of

variables.
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In the baseline scenario GDP grows at an annual rate of 1 ,7 percent. As described in section

6.1, soil loss is assumed to be in constant proportions to area harvested by crop and region.

Area harvested is proportional to production adjusted for changes in productivity. Over the

period 1991-2000 Nicaragua will have lost a total of approximately 970 million tons of soil.

Erosion reduces the productivity of the soil, i.e. yields are reduced for a given level of inputs.

In this study we try to quantify the macroeconomic effects of erosion. We do this by

introducing a decreasing productivity parameter in the production functions for agricultural

products.

The estimates of productivity reductions by crop and region are given in table 5.8. In order

to use these results in the model, the regional data were aggregated to national levels by

weighing the regional productivity numbers by the region's share of total production of the

crop in the base year. Productivity loss by crop on a national level is given in table 8.1.
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Table 8.1. Erosion induced annual productivity loss in agricultural sectors. Percent

Coffee 1,26

Cotton 1,31

Bananas 0,0

Sesame 2,16

Sugar 0,13

Maize 2,41

Beans 2,52

Rice 0,33

Sorghum 1,35

Vegetables 0,13

Pasture 2,32

Sesame, maize and beans are the crops which incur the greatest productivity loss, while

bananas, sugar and rice suffer minor productivity losses. Coffee, cotton and sorghum are in

an intermediate position. Pasture incurs a productivity loss in line with sesame, maize and

beans.

The loss of productivity will of course reduce output in the agricultural sectors. Reduced

output in these sectors will however also affect other sectors in the economy. Since

production in the agricultural sectors are reduced, deliveries from other sectors are reduced,

shrinking the general production activity. All these effects are incorporated in the input-

output core of the model. Table 8.2 shows the main macroeconomic effects of reduced

productivity in agriculture due to erosion.

Table 8.2. Main macroeconomic variables. Deviation from baseline scenario after
ten years. Percent.

GDP -14,5

Imports .. -11,3

Exports -14,5

Private consumption -13,7 ..._.
Investment -23,7
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The table shows that production, imports, exports and consumption are reduced by 11-44

percent compared to the baseline scenario, while investment is reduced by almost 24 percent.

The reduction in investment is much larger than the reduction in the other variables and

requires some further explanation.

Total investment is determined by total savings which consists of savings by households,

government and foreign savings. Foreign savings is exogenous while savings by households

is determined as a constant share of household income. Government savings is determined by

equating total government revenue by total government expenditure. When production is

reduced, government income is reduced due to lower revenue from indirect taxes and income

taxes. Government expenditure on goods is, however, exogenous in the model, so government

savings must therefore be reduced in order to balance the budget revenue with government

expenditure. The reduction iii household and government saving together implies a reduction

in savings of almost 24 percent and consequently a corresponding reduction in investment.

A relative big income reduction fcr capitalist and small urban proprietos contributes to lower

household savings, as workers and and campesinos save less in comparison.

Table 8.3 shows the effects on output, labour and prices in the various sectors of the

economy.
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Table 8.3. Output, labour, wages and prices. Deviation from baseline after ten years.
Percent.

Output Labour Wages Prices

Coffee -18,5 -32,4 20,0 0,3
Cotton -21,2 -34,8 20,0 0,1
Bananas -4,7 -21,3 20,2 -0,2
Sesame -27,9 -40,0 20,2 0,7
Sugar -12,2 -21,6 19,9 5,0
Maize -22,2 -16,2 19,9 17,2
Beans -22,8 -6,7 19,9 19,1
Rice -8,1 -36,2 19,8 -1,6
Sorghum -18,5 -77,2 19,9 -31,9
Other agriculture -4,7 -25,5 20,0 -0,7
Cattle -21,0 7,5 20,0 16,8
Forestry -5,0 -31,4 20,0 -6,3
Fishery -6,4 -34,1 20,1 -0,2
Mining -5,2 -22,3 20,1 -0,4
Food and beverages -12,2 -30,7 20,0 1,0
Textiles -19,6 -36,7 20,0 0,1
Chemicals -12,7 -31,1 20,0 0,1
Oil production -12,0 -56,5 20,0 0,1
Other industries -11,7 -33,3 20,0 -0,4
Electricity -34,2 -37,7 20,0 5,4
Water -10,8 -20,1 20,0 6,8
Construction -21,2 -35,0 20,0 0,6
Services -16,9 -22,4 20,0 8,6
Transport and comm. -12,8 -27,7 20,0 -0,1
Education and health -4,0 -4,3 20,0 16,2
Trade -13,8 -27,1 20,0 1,6

Total -14,6 -25,0

Production

Falling soil productivity reduces production in the agricultural sectors directly and indirectly.

As table 8.3 shows, it is sesame, beans and maize that experience the largest reductions,

because it is these sectors that experience the largest productivity losses due to erosion.

Reduced production in the agricultural sectors does also affect production in non-agricultural

sectors. The reduction in production in agricultural sectors implies that these sectors need less

intermediate goods from other sectors, which in turn leads to reduced production in these

sectors. The reduction in production in non-agricultural sectors is largest for electricity.
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Demand for labour

Total demand for labour is reduced by 25 percent. Production shifts downwords in all sectors,

and lower activity shrinks labour demand. However, the labour demand is also affected by

the change in sales price, the cost of other input factors like capital intermediates, and of

course by the wage rate itself. Wages are indexed to the general price level which is rising,

thus wages also increase and make producers demand less labour. The wage rate increases

by approximately 20 percent in all sectors. Declining production and rising wages

consequently both tend to undermine unemployment opprtunities. On the other hand the price

effects are ambigous. For livestock production the rise in net price (sales price less unit cost)

is large enough to offset the negative impact of rising wages and falling production volume.

Hence, more labour are employed in this production.

Among the non-agricultural sectors it is the refinery sector that experiences the largest

reduction in employment. The main reason for this is a relatively large reduction in the net

price. Demand for labour in production of sorghum is reduced by 77 percent. The large

percentage reduction can however be explained by a very low initial use of labour. A small

change in absolute numbers can therefore lead to large percentage changes.

The drastic reduction in labour demand should be judged on background of the wage

formation relation of this model. The model assumes cèmplete compensation of rising living

costs for workers, independent of the unemployment level. In other words the real wage rate

is not assumed to adjust downwards to assure full employment. Over a period of several years

with high unemployment, it is doubtful that such a wage formation could sustain. It is more

realistic that the real wage will fall and dampen the rise in unemployment. In that case, the

negative impacts on economic growth will also be modified.

Prices

The prices in the model adjust in order to equate supply with demand. A reduction in

productivity will as a first order 'effect reduce supply and thereby increase prices. Due to

demand side effects the demand curve will also shift downwards and the effect on prices is



Income

Carnpesinos

Urban workers

-9,4

-12,9  

Urban small proprietors -16,8

Capitalists

Total

-15,7

-14,0  
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uncertain. Table 8.3 shows that some prices are reduced and some are increased. The increase

in prices is largest for maize, beans and pasture for the agriculture sectors and education and

health among the non-agriculture sectors. Sorghum experiences the largest reduction in

prices. The large increase in the price of maize and beans and a modest reduction in

production indicates that the demand for basic food grains is rather inelastic. As a

consequence a part of the cost of erosion is passed on to other social classes than campesinos.

In table 8.4 the effect on income for the four social classes is shown.

This result illustrates a theoretical aspect concerning the valuation of natural resource

depletion in an open economy noted by Asheim (1986). When natural resources are depleted,

prices increase and improve the terms of trade and favour future consumers in the resource

exporting country, partly compensating the reduction in resource capital assets. As a

consequence, to maintain a constant level of consumption over time, it is not necessary to

completely compensate the resource depletion by investment in other types of capital, as a

part will be compensated by the rising terms of trade. If we think of campesinos as a separate

trading economy, we notice their improved terms of trade with the rest of the economy.

Table 8.4. Effect on income distribution. Percent deviation from baseline after ten years.

Although the total income is reduced more for other classes than the campesinos, the impact

on income levels per capita might be more even due to the impact of migration. In the model,

rural-urban migration is determined by the last years relation between income growth in the

two parts of the economy. The erosion cost makes income grow less rapid in the urban sector

than in rural sector. Thus migration to the urban sector is dampened, leaving a bigger share

of the population dependant on the income generated by the rural economy.
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9. Conclusions

Most erosion studies focus on small local areas and do not try to assess the effects of erosion

on agents outside that area. To better assess the total economic implications we believe it is

necessary to have a national perspective on soil erosion. In this report we analyse the

macroeconomic effects of erosion induced reduction in agricultural productivity in Nicaragua.

We do this by using a multisectoral macroeconomic model for the Nicaraguan economy.

Through modelling of the interrelationship between sectors, we see how reduced productivity

in the agricultural sectors influences activity and prices in other sectors. We find that after

a period of ten years gross domestic product (GDP) and private consumption are reduced by

14 and 13 percent respectively compared to a baseline scenario without productivity loss.

Investment is reduced by almost 24 percent. Sesame, beans and maize experience the largest

reductions in production. Production in non-agricultural sectors is reduced because rising food

prices and wage level increases the general domestic cost level. Demand for labour in the

formal sector decreases by 25 percent.

At this stage, the focus has been on establishing the model framework, rather than creating

a realistic policy scenario. Hence, the results are only illustrative. When doing this study we

admittedly take many shortcuts in our estimates of soil loss and yield decline. Thus, the

numbers that we report are uncertain and should be interpreted with caution. However, we

still see the approach with linking environmental problems to macroeconomic models as

useful. It shows that soil degradation matters to the whole economy, also to non-agricultural

sectors. Hopefully the quantification of these impacts may serve as an eye-opener to decision

makers who usually see soil erosion as outside their field. It is also our hope that a formal

study at the macro level such as the present one can stimulate cooperation between soil

scientists and economists in order to produce better data and better modelling of the links

between soil erosion and economic development.
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Appendix 3. Soil density factors.

Region I Region II Region III Region IV 	J Region V Region VI
Beans 1,0 1,0 0,9 0,90 1,0 1,0

Maize 1,0 0,9 0,9 0,90 1,0 1,0

Sorghum 1,0 0,9 0,9 0,90 1,0 1,0

Rice 1,0 1,1 1,1 1,10 1,1 1,

Sesame •• 1,0 1,0 1,0 •• •.

Coffee 1,0 0,9 0,9 0,9 1,0 1,1

Cotton •. 0,9 0,9 1,0 •. •.

Sugar 1,0 1,0 1,0 1,0 •. 1,0

Tobacco 1 0,9 1,0 0,9 •• 1,1

Vegetables 1,0 .. .. .. •. 1,1

Pasture 1,0 1,1 1,0 1,1 1,1 1,0
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Appendix 4. Use of fertilizer and pesticides.

Fertilizer and pesticides are input factors in agricultural production. The use of these input
factors depends on their prices relative to other input factors. It is relevant in economic and
environmental terms to incorporate variables for agrochemicals in the production function
itself. However, the macroeconomic model available at present is not that specific in
describing the behaviour of agricultural producers. A more rough approximation could be to
link the input of agrochemicals to the level of production within each crop, based on constant
input coefficients for use of fertilizer and pesticides. If this was done for each agricultural
sector, the effects of structural change on use of fertilizer and pesticides would be
incorporated in the model.

After a period of heavy subsidies on agrochemicals in the 80's, prices in Nicaragua are again
roughly reflecting world market prices. Also other prices and the exchange rate are brought
in touch with the free market levels. Thus, after a few years under the new price regime, input
of agrochemicals are now likely to be stabilized at a level that is relevant for the years to
come. If a price rise should occur, the input coefficients must obviously be adjusted. If small
farmers' access to credit is improved, the use of agrochemicals may rise in certain
cultivations, e.g. maize and beans. This should be considered in policy studies. Table A.1
shows preliminary coefficients in a linear sub-model of agricultural inputs.

The data presented below are not statistical data and are not directly useful as coefficients.
However, they provide information which calibrated with other sources of information could
provide coefficients for submodels of agrochemicals. The data are taken from the annual
survey of production costs in different crops and technologies in Nicaragua (Costos agricolas
92/93, Banco Nacional de Desarollo) made by the state bank which is the main creditor of
agricultural loans. The survey is a basis for evaluating applications for loans.

Table A 4.1. Use of pesticides. Liters per ha.

Crop Insecticides Herbecides Fungicides Adherentes Biologicos

Cotton 14,5 4,8 1,8

Sesame 2,1 0,4

Soya 2,3 1,8	 ' 1,1

Sugarcane 21,1 2,5

Coffee 1,2 3,6 3,5 1,0	 *

Tobacco 14,9 3,7 111,1 1,8	 * 0,8

Maize 7,3 1,6 2,8 0,9	 *

Beans 7,2 1,1 1,9 4,1

* Rice 4,8 2,0 4,4 0,4	
.

Sorghum 1,2 0,9 3,8 .
Other 3,9 1,7 12,7 0,3 0,1



Alogoelon technificack Mix
Urea
Am.sulph.

Ajonjoli

Azucar
Cafe ren 1.

Cafe ren 2.

Cafe ren 3.

Cafe ren.4.

Cafe techn.

Cafe sen l

Cafe trad
Cafe mejor L

Cafe mejo. 2.

Cafe rnejor 3.

Cafe recupl

Cafe recup2

Cafe recup3.

Tabaco Americana

Tabaco burley

Mix
Urea

Urea
Mix
Urea
Foliar

mix
Urea
Foliar

Mix
urea
foilar

mix
urea
foliar

mix
urea
foilar

mix
urea
foilar

mix
urea
foliar

mix
urea
foilar

mix
urea
foliar

mix
urea
foliar

mix
urea
foliar

mix
urea
foliar

mix
nitr.de potas
urea
H.semilla de alg
mix

mix
nitr d. amonia
suit de potas

Kg/manzana
N	 P	 K

Cotton
Sesame
Sugarcani
Coffee
Tobacco
Make
Beans
Rice
Sorghum
Other

	61,1 	 17.2

	

55,4	 5,9 11,2

	

181,8	 83,6

	

113,9	 7,6 27,0

	

133,7	 18,4 80,7

	

79,1	 18,0

	

17,7	 18,5	 0,7

	

55,1	 5,4

	

58,7	 11,7

	

100,0	 25,0 8,0

Kg/hectare
N	 P

Cotton 42,8 12,0
Sesame 38,8 4,1	 7,8
Sugarcani 127,3 58,5
Coffee 79,7 5,3	 18,9
Tobacco 93,6 12,9 56,5
Maize 55,4 12,6
Beans 12A 12,9	 0,5
Rice 38,6 3,8
Sorghum 41,1 8,2
Other 70,0 17,5	 5,6
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Table A 4.2. Estimated use of fertilizer by crop and technology. Nitrogen (N), phosfor
(P) and potassium (K) 1992.

Kg/nu	 N
Kg/rnarizana

P	 K 	MB
Fraction
of area

90,9 15,5 17
68,175 31A
68,175 14,3

61,1 17 1
90.q 13,6 5,9 11
90,9 41,8

55,1 5,9 11 1
181,8 83,6
45,15 9,09 3,9

22,725 10,5
1,36 0,63

20,2 3,9 0,04
272,7 54,5 23

136,35 62,7
727 3,34

121 23 0,04
545,1 98,2 14 54
181,8 83,6
10,91 5,02

187 14 54 0.04
545,1 98,2 14 54
18113 83,6
11,82 5,44

187 14 54 0,04
545,1 98,2 14 54
272,7 125
11,82 544

229 14 54 022
22725 40,9 5,9 22
22725 105

0,18 0,08
33,5 1,3 5,1 023

022
363,6 65,4 7,8 45

22725 105
2,73 126

171 7,8 45 0,04
409,05 73,6 8,8 50
22725 105

10,91 5,02
183 8,8 50 0.04

545,1 98,2 12 67
181,8 83,6
2,73 126

183 12 67 0,04
272,7 49,1 7 27

136,35 62,7
5,71 2,63

114 7 27 0,03
272,7 49,1 7 27

136.35 62,7
5.71 2,63

114 7 27 0,03
545,4 98.2 14 54
272,7 125
11,82 544

229 14 54 0,03
22,725 2,73 2.3 22

204,525 26.6 77
90.9 41.8

1136,25
159,075 28.6 31

99.8 34 79 0.2
818.1 147 18 81

340,875 116
90.9 31

263 18 111 0.2
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Tabaco hab.sol 	 mix 	 90,9 164 18
urea 	 4545 20,9
nitr d. ptas 	 90,9 11,8 	 34
mix 	 204525 348 OA 2

	

52,8 	 18 36
Tabaco virg. sec aire mb( 	 477,225 85,9 10 47

nitr d.arnon 	 163,62 55,6
sulph.d. potas 	 113,625 	 38

142 10 85
Tabaco virg. hom de liE mix 	 545A 48,2 12 54

nitrato d.potas 	 99,99 	 13 	 38

	

111 	 12 	 91
Matz 	 mix 	 90» 16A 18

Urea 	 136,35 62,7

	

79,1 	 18
F -c4 tech.mach y riegc mix 	 90.9 164 18
Frijol semilla tech mact mix 	 136,35 232 21 3A
Arroz tech secano-ma( mix 	 4545 8,18 9

urea 	 136,35 62,7

	

70,9 	 9
AITOZ tech sec. bueyes urea 	 90.9 41,8
AITOZ tech bueyes sec urea 	 4545 20,9
Sorgo tech riego 	 mix 	 90,9 16,4 18

(lea 	 136,35 62,7

	

79,1 	 18
Sorgo tech mach 	 mb( 	 45A5 8,18 9

urea 	 90,9 41,8
9

Sorgo tech bueyes 	 mix
Urea

45,45
90,9

50
8,18
41,8
509

9

Cebolla mach. 	 mix 	 363,6 43,6 38 36
urea 	 181,8 83,6

Chittornci tech bueyes mb( 	 2723 32,7 35 22
urea 	 181,8 83,6

Lechuga tech.bueyes mb( 	 272,7 32,7 35 22
Urea 	 272,7 125

Repolio cons tech mat mb( 	 272,7 32,7 35 22
Ur ea 	 272,7 125

Tomate ind. tech mad mix 	 272,7 32,7 35 22
urea 	 136,35 62,7
sulph d arrion 	 4545 9,54
Sandoflor 	 6

Tomate d. mesa, buey( mb( 	 545A 81,8 35 67
Sandoflor 	 4A

Zanaoria tech mach riE mix 	 272,7 40.9 18 34
urea 	 181,8 83,6

No tech rnach para se mix 	 363,6 43,6 47 30
urea 	 227,25 105

Papa cons mach sec y mix 	 363,6 654 72
urea 	 181,8 83,6
Foliar 	 12 5,52

Papa semilla tech mac mix 	 363,6 66,4 72
urea 	 136,35 62,7
Foliar 	 26A 12,1

Girasol 	 Mix 	 90,9 10,9 12 7,5
Urea 	 45.45 20,9

Mani 	 Mix 	 90,9 10,9 12 7,5
Soya 	 Mix 	 90,9 10,9 12 7,5

49,0759 24,4 8,2 5



( 13)

( 14)

( 15)
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Appendix 5. The Applied General Equilibrium model for Nicaragua and list of variables.

The price block

PMi =pwmi *er* (1+ tm

PE* (i+ te) =pwei *er

PCi *XCi =PDi *XDi +PMi *Mi

Pi *Xi =PDi *XDi +PEi *Ei

Pi * (1- t	 E.i	 *PCi

PKi = Ei PCj*imatii

COSTr	 PCi*aij+Wi*LCi

E. PCi *CDik
IPCk = 	

Ei CDik

IPCTOT=  Ek 	 PCi*CDik

Ek Ei

IPCTOTt
INFLAC,= 	

IPCTOTt_l
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Production and factor demand

X =adi *Li ai * F 
d, 	 ( 16)

Wi *L =X.*PVi * a i 	( 17 )

Xe=a te* y e*Ee Pe + (i -- y e)*XDe Pe) P e

Ee(. PEe

XDe PDe

XCin =acm* 8,*Min -Pm + (1- 8, X.D.,; Pm) 6 z1

Itfm 	PDm * 8,	 ( 21 )
XDm Plkfm 1-

Ye

( 18)

( 19)

( 20 )

D.ri =E aii *Xj 	( 22 )
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Income and consumption

GANi= (Pi * (1- tvi ) ) -COST. *	 (23)

Ywk-Ei 	er * trxkwk 	(24)

	y cp=Er dgcr *GAN,	 (25)

Yp, =Eu dgsi*GAN,+er*trxkp,	 (26)

Ykp=Er (1 -dgcr ) *GANr+Eu ( 1-dsrsi Li) *GANu +er*trxkkp 	(27)

SUBGk=E CSUBik*PC.	 (28)

PCi *CDik=PCi *CSUBik+Qik* (EXPE1VDk -SUBGk)
	

(29)

	EXPENDk= (1- sk) * (1- td
	

(30)

SCk=Yk* (1 - tdk) -EXPENDk
	 (31)

Government

GR=Ei 	trni*er*pwmi*Mi+Ek tdk *Yk
	 (32)

GRE PC i *GDi +Ei * er *pwe i * E i * e +SGOB
	

(33)

	GDi =be tag j *GDTOT
	

(34)
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Investment and saving

KFi,t+1 =KF1,t *(1-depre) +D.Ki, 	(35)

Ei c.TNV= P ID.

STOT=Ek SCk+sgob+er*sfor

INV=STOT

Ei PK1 *DKi =I1VV

DKi =ksharei *DKTOT

ID=E , imatii*DKi
3

(37)

(38)

(39)

(40)

(41)

Equilibrium of demand and supply

XC =DI i +Ek CDik +G.Di +ID.	 (42)

Labour market

LS=LR+LU (44) 

Ycp, t 

LRt+1=LRO*[  cp, t-1

Ywk, t
(43)     

'wk, t-1
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LS t= 1s0* (1-1-g) t 	(45)

DES=LU-E, L,	 (46)

L1 =1,Ci *X.	 (47)

t-1 *.TPC„,k, Ni *indexi 	(48)

List of variables.

Endogenous variables:

SUBk 	= Basic consumption by social class
Pi 	= Output price
PD i 	= Domestic price of commodity
xi 	= Production of commodity
IPCk 	= Consumer price index for class k
IPCTOT	 = Consumer price index
INFLAC	 = Rate of inflation
Ei 	= Exports of commodity
PM i 	= Domestic price of competitive imports
PE.	 = Domestic price of exports
PC	 = Composite price of domestic and imported commodities
XC	 = Composite commodity of domestic and imported products
M i 	= Demand for imports
XD i 	= National production for the domestic market
PV	 = Value added per unit
PK	 = Price of capital
COST i 	= Unit cost
Wi 	= Wage rate
LC i 	= Labour coefficient
GAN	 = Total profit in sector
L i 	= Demand for labour
LS	 = Labour supply
LU	 = Urban labour demand
LR	 = Rural labour demand
DES	 = Total unemployment
DI i 	= Demand for intermediate commodities
CDik 	= Demand for commodity i by class k
EXPENDk = Expenditure on consumption by class k
Yk	 = Nominal income by class k
S Ck 	= Savings by class k
GR	 = Total income to the government
GD i 	= Government expenditure on commodity i
SGOB	 = Government saving
INV	 = Total nominal investment
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IDi 	= Investment by sector of origin
DKTOT	 = Total investment
S TOT	 = Total saving
DKi 	= Investment by sector of destination
KF.	 = Capital by sector

Exogenous variables and parameters:

er	 = Exchange rate
aii 	= Input-Output coefficient
adi 	= Shift parameter in Cobb-Douglas production function

= Cost share of labour
ati 	= Shift parameter in export equation

= Share parameter in export equation
rhoe 	= Transformation parameter in export equation
Pwmi	 = World price on competitive imports
ac i 	= Shift parameter in import equation
8i 	= Share parameter in import equation
rho.	 = Elasticity of substitution
betagi 	= Government expenditure coefficient
tmi 	= Tax on competitive goods imports
tmtoti 	= Total taxes on imports
tvtoti 	= Total taxes on value added
vai 	= Value added
tei 	= Tariff rate on exports
tv i 	= Tax on value added by exports
index i 	= Wage indexation rule
imatii 	= Conversion matrix from destination to origin in investment
ksharei 	= Share coefficient on total investment
dgsi	 = Distributional coefficient of profits for petty capitalists
dgc i 	= Distributional coefficient of profits for campesinos
dgw i 	= Distributional coefficient of wages
chic 	= Budget share of consumption by class
L'k	 = Marginal propensity to consume by class
tdk 	= Direct taxes on income
csubik 	= Basic consumption
sfor	 = Foreign savings
depre	 = Depreciation rate of capital

= Growth rate of labour force
trxick 	= Transfers from abroad by class k
gdtot	 = Total government expenditure on goods and services
gammal 	= Migration elasticity
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