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ESTIMATING THE RETURNSTO
MANGROVE CONVERSION:
SUSTAINABLE M ANAGEMENT
OR SHORT TERM GAIN?

Sarah Gammage

ABSTRACT

The purpose of this project is to estimate the ‘total economic value of a mangrove ecosystem in part
of the Gulf of Fonseca, El Salvador, and to develop a cost-benefit framework to compare the
sudtainable management of the forest with dternative use scenarios. The current management Srategy
is compared to its sustainable counterpart, and to the partia conversion of the mangrove ecosystem to
semi-intendve aguaculture and sdt ponds. A variety of different vauation techniques are used to assess
the contribution of different products and services of the mangrove ecosystem. Among these
techniques, a ‘pseudo production function approach’ is used to calculate dose-response estimates of
the impact of mangrove loss on the productivity of marine and estuarine fisheries. The vaudtion exercise
yields the result that the sustainable management strategy enables more timber and fisheries benefitsto
be captured over ahorizon of 56 years than do the other management options. This supportsthe view
thet the alocation of usufruct rights and the sanctioned converson of mangrove forest to artificid shrimp
ponds reduces the net benefits available to society, and that such policy failures accelerate the loss of
biodiversity and compound existing market failures.

The research was highly participatory and involved the community in the measurement and articulation
of the vaue of the mangroves. As such, it is one of the first valuation exercises to incorporate a
community definition of sustainable management — one which reflects the reveded preference vauaions
of the community and which isin harmony with their management concerns.



1. | ntr oduction

This research outlines an attempt to estimate the ‘total economic vaue of a mangrove
ecosystem in part of the Gulf of Fonsecet, El Savador. The study employs a cost-benefit framework
to compare the sustainable management of the forest with dternative use scenarios.  The current
management strategy is compared to its sustainable counterpart, and to the partial conversion of the
mangrove ecosystemn to aguaculture and st ponds. A variety of different valuation techniques are used
to assess the contribution of different products and services of the mangrove ecosystem, and to estimate
the loss of fisheries benefits as the result of mangrove conversion.

Such an exerciseis of particular importancein Centrd America, where markets are lesswell integrated
and seldom function fredy, and where decisons governing natura resource use are often made without
the full knowledge of the opportunity cogtsincurred. It istherefore important to provide a framework
for environmental assessment when considering irreversible changesin the portfolio of naturd capitd.

This research explores the different commercia and community uses of the mangrove ecosystem,
making extensve use of arura household survey in addition to secondary data from government and
non-government sources.  The sustainable management option was developed in conjunction with
members of the mangrove community and policy makers from branches of the national government, and
draws heavily upon the results of a participatory rurd gppraisa.

The project complements work aready being undertaken to prepare an inventory of natura resources
in El Salvador and to raise the status of the environment on the policy agenda. It is particularly timely,
since El Sdvador is emerging from a period of political upheava and is renewing its focus on economic
development in the post-war era. Inevitably, there is consderable pressure to pursue a path of rapid
economic growth, possibly a sgnificant cost to the environment. Thereisavery red danger that natura
capita will be exploited to finance the current budget deficit, and to compensate for retarded growth
during the last decade. Projects of this nature provide a vauable framework for the economic and
socid planner to avoid unnecessary trade-offs between economic growth and environmental qudity, by
developing policiesto correct for market and policy falure in the forestry sector.

Section 1 of the paper sets out to describe the nature of the mangrove ecosystem and its
importance for the household, community and nationa economy. In order to motivate more rationa
decisions about mangrove converson, | develop a methodologica framework which is informed by
earlier work of Barbier (1992), Ruitenbeek (1991), Dixon and Hufschmidt (1990), Maer (1989) and
Johansson (1988), comparing the total net mangrove benefits to the direct costs of implementing the
sustainable management option.

Section 2 considers the vauation techniques applied and eaborates upon the production
function gpproach to provide a metric that will permit the valuation of extractive consumption benefits
such as fuewood, timber and fisheries.

2 TheGulf of Fonsecaisan international body of water with mixed artisanal and industrial fishing. Various

boats fish these waters including those that originate from El Salvador, Honduras, Nicaragua, Mexico, Guatemala
and Costa Rica.



Section 3 summarises the andysis and presents the Net Present Values deriving from the 3
different use scenarios. the current management Strategy; partid land converson; and sustainable
mangrove management. The results of the research dearly indicate that the sustainable management
option captures the greatest stream of benefits and should be upheld as the rationd management

strategy.

Section 4 discusses the policy recommendations consstent with these findings, and Appendices
1, 2 and 4 report the time series cross-section regression results, and address the data limitations and
methodologica congraints encountered.

1.1 TheProject Site
1.1.1 The Mangrove Ecosystemin El Salvador

Mangrove is arich humid ecosystem which is diverse in fauna and flora. Marine and estuarine fauna
such as crab, mussds, shlfish, shrimp and fish are essentid to coastline communities, providing not only
asource of income but avaluable source of protein. Mangrove dso provides timber and fuewood as
well as many other non-timber products and environmenta services. Mangrove wood commands a high
market vaue, being easly worked to make furniture and used dso for congtruction purposes.
Furthermore, it is an important source of fud and charcod for many coagtd populaions. The mangroves
secure wildlife and plant life upon which coastd and interior populations depend for proteins, skins, nuts
and medicines. The mangroves o provide environmenta services such as barrier protection, drainage
and filtration, stabilisng the coadtline and the surrounding agriculturd lands and furnishing them with
natural windbreaks, fresh water and conduits (Martinez 1991, Hamilton and Snedaker 1984).

Approximately 112,000 Salvadoran families depend directly on the 26,772 hectares of mangrove and
brackish forests for their livelihoods (MIPLAN 1992, Paredes et d 1991, Foer 1991). The mangroves
aso secure the breeding grounds for industrid and artisanal shrimp production, an activity which
contributes about 3.8% percent to export revenues (FOB) annudly. The export of shrimp done
generated approximately 231 million colones or US $27 million in 1993 (CENDEPESCA, Anuarios
Estadisticas 1974-1994, Banco Centra de Reserva 1994).

Nomindly, sate legidation protects dl mangrove and brackish forests. These ecosystems are state
property, managed by the Forestry and Fauna Service (FFS), and subject to adminigtration by the
Director Generd of Natura Resources (DGNR) in the Minigry of Agriculture. The FFS has the power
to authorise, control and regulate the access to and use of al forest products, both timber and non-
timber. They are charged with the rationd management of the mangrove systems, the alocation of
access rights and the overview and implementation of reforestation efforts. Despite this, however, the
DGNR haslittle authority to enforce regulaions, is sgnificantly under-resourced and has been subject
to subgtantial downsizing under the structura adjustment agreement signed by the Critiani government
in 1989.

Mangroves have ardatively long growth cycle of between 25 and 30 years. During their lifespan they
produce an average of 9 tonnes of leaf materia per tree per year. Leaf decompodtion is essentid to
the mangrove ecosystem (Martinez, 1991); shrimp feed off the leaf epidermis which later becomes
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fodder for many other estuarine organisms. The leaf materid begins to decompose further asiit is
attacked by a host of bacteria and fungi which convert it to detritus— a process which takes between
80 and 100 days. Eventudly, the leaf materid is converted to nutrients which promote the growth of
fitoplanktons. These form avitd link in the food chain, sugtaining fish, shrimp, crab, crustaceans and
oyster.

The mangrove system reguires condant filtration and sedimentation. Sediments are carried in suspension
from further upstream, and deposited in the estuary. The sediments consst of slicate clays which
dissolve in brackish water depositing various minor metals, iron, magnesum and cacium. Sits are
deposited in the estuary from various sources, including erosion upstream, periphera eroson of the
edtuarine borders and sand deposits from incoming tides. They dl contribute to the delicate balance of
chemicdsthat facilitate the process of leaf decompostion.

Different species of mangrove exhibit different and varigble rates of regeneration, depending on the
quaity and flow of water from tributaries, the extent of logging, the extent of contamination from
agricultural pesticides, and exposure to winds. In the first year of growth a mangrove tree might reach
2.5 metres. On reaching maturity it will be between 15 and 20 metres in height. Under careful
management in areas where propagation is being actively pursued, it is possble to ensure incrementa
growth of between 6 n? and 8 n? per hectare annualy (Marroquin 1992, CATIE/IUCN 1991).
Unmanaged growth rate estimates can be as low as 1nT per hectare per year (Martinez, 1991). The
growth rates depend acutely on the composition and age of the mangrove forests.

1.1.2 TheProject Ste: El Tamarindo, Gulf of Fonseca, El Salvador

The mangrovesin El Tamarindo were esimated to cover an extension of 487 hectares (January 1994)°.

They comprise three species of mangrove: Rhizophora; Avicennia Nitida; Conocarpus Erecta. This
system, whilst not notably extengive, is under continual and increasing pressure from exiraction and
provides a good example of the competing uses to which the mangroves have been put. To date the
mangroves of EI Tamarindo have experienced encroachment and degradation from: agricultura
converson; the rdocation and settlement of communities displaced by civil war; clearance and
excavaion for commercia aguaculture and sat production; and, commercid and individua extraction
for timber and fudwood. Unsustainable logging practices have led to deforestation ratesin the region
of 24 hectares per year over the period 1974 to 1989. The estimated total fuelwood extraction rates
in 1994 alone were 7041 nT, or an additional 17 hectares per year®. This has resulted in significant
trade-offs between other use vaues offered by the mangrove ecosystem, such as shoreline stabilisation,
barrier services, ground-water recharge, etc, that rely on the forest sand remaining intact.

Loca and regiona concern over rapid rates of deforestation prompted the government to introduce a
complete ban on mangrove logging throughout the country, which took effect from May 1992.

3 Theforestry services undertook areview of the extension, density and age profile of the mangrove system

in January 1994, as part of the research project.

4 The mangrove extension in 1994 was compared to earlier extensions measured by the Forestry Service.
These losses were also compared to those attributed to fuelwood and timber consumption derived from the
household survey results.



Surrounding communities are permitted to gather dry and broken wood for subsistence purposes, but
anecdotd evidence suggests that illegd logging continuesin dl mangrove areas and particularly in the
Gulf of Fonseca

1.1.3 Background Information on the Status of the Environment in El Salvador

El Sdvador isthe smdlest and most densely populated of the Centrd American republics. An average
of 246 persons live in each of its 21,040 square kilometres, compared to the surrounding republics of
Guatemaa, Honduras and Nicaragua, where on average only 49 personsinhabit each square kilometre,

El Sdvador isdso one of the most intendvely cultivated countriesin theisghmus. Thirty five percent of
the total land area is cultivated, with an additional 29 percent being given over to pasture (Leonard
1987). Cultivated land is largely devoted to export crops such as coffee, cotton and sugar, and
domestic crops such as maize, beans, rice and sorghum.

El Salvador has recently emerged from a 12 year civil war, during which time much of the nation’s
infrastructure was destroyed and many of the inhabitants were displaced. Whilst the prospects for
peace appear good, the palitical and economic congtraints faced by the country are significant. The
1993 budget deficit, which stood at 3.3 percent of GDP, is being financed principaly by foreign ad,
asaremog of the recongruction cogtsin relation to rebuilding public infrastructure (BCR 1993). Itis
likely that foregn assstance, as well as the subgtantid remittances from Savadoran workers living
abroad (10.6 percent of 1993 GDP), will fal in the next 5 years, grestly affecting the prosperity of the
country and exacerbating existing inequdlity.

El Sdvador is widdy cited as being the most environmentaly degraded and deforested country in
continental America. The northern tier has been cleared for agriculture and extensive catle ranches, and
the forests of the centrd highlands and those bordering the coastd plains have given way to coffee,
sugar cane and cotton plantations, as well as sporadic subsistence cultivation. Leonard (1987)
estimates that where neighbouring Guatemaa and Honduras have approximately 34 percent and 36
percent respectively of their origind forest cover intact, El Salvador has no more than 2 percent
remaining in tracts large enough to be consdered forest. The Centro de Recursos Naturaes
(CENREN), part of the Minidry of Agriculture, estimated in the |ate 1980s that approximately 200,000
hectares urgently needed to be reforested. Neverthdess, inthelast 15 years, only afraction of thet area
— about 12,000 hectares — has been successfully replanted by the government.

The relationship between poverty and environmenta degradation is a reciproca one. Poverty
contributes to the forces that shift subsstence populations onto margind lands, necesstating
unsustainable land-use in the face of high private discount rates. This, in turn, contributes to the
impoverishment of these populations and furthers the cycle of degradation. Population pressure and
problems of scale compound this succession of deforestation, ingppropriate land use, soil leaching and
eroson (Foy and Day 1989). Poverty, population expansion, and civil conflict in El Salvador have
concentrated pressure on an dready diminishing and fragile resource-base. Between 1971 and 1988
the amount of cultivated land in El Sdvador increased by only 7 percent, while the popul ation expanded
by 36 percent (Chapin 1990). A 1993 World Bank Poverty Assessment report categorised 56 percent
of the rurd households as being in poverty, with an additiona 14 percent in extreme poverty (World
Bank, 1993). Per capitaincomes for the lowest quartile of rura income earners have falen by 12



percent since the World Bank report was released (MIPLAN data, author’s calculations, ECLAC
1995).

Landlessness may aso be seen as afactor exacerbating rates of erosion and deforestation. A recent
study of rural poverty in El Salvador revealed that 81 percent of the rurd poor in the east, and 69
percent in the west of the country, neither rented nor owned land (CENITEC 1992). The landless
work as occasiona labourers on the many coffee plantations, sugar and cotton estates during part of
the year, while supplementing their income through the cultivation of subsstence crops on common
property and vacant plots whose ownership has yet to be re-established after the end of the civil war.
Since these farmers condder themsalves to be in ‘temporary’ occupation of the land, they take no
conservetion measures, practicing instead a dash-and-burn agriculture on rotating fields. As population
pressure increases, the falow periods are shortening, and internd migration is simulated. The relocation
of migrant populaions displaced by the civil war has exacerbated resource pressure dong the coast and
contributed to the widespread destruction of the mangroves.

The extensive use of pesticides and other agrochemicalsinputs has contaminated many rivers and weter
bodies. High levels of pesticide residues have been found in cattle mesat, milk, vegetables and marine
life. Chemicd run-off greetly threetens the estuaries and mangroves and the fish and shrimp production
they yidd. Pollution has been estimated to have reduced shrimp harvests by approximately 50 percent
between 1964 and 1974. These losses have, unfortunatdly, been masked by riang industrid shrimp
catches, where the intensve gpplication of capital and labour has increased yidds and further
undermined stocks. Yet the loss of estuarine larvae, due to high levels of nitrates and phosphates,
continues to thresten aguatic and marine fauna.

The cvil conflict has had an important influence on much of the recent environmenta degradation. There
have been direct effects where the military have bombed desgnated natural areas with white
phosphorous, and indirect effects where displaced peoples have been forced to relocate to the coast
or to the periphery of urban aress, therby accd erating deforestation and soil degradation (Barry, 1986).
At the same time, the conflict hasin some areas reduced the emission of pollutants and extensive use
of pesticides. In the face of declining cotton prices and guerrilla sabotage, the area under cotton
cultivation, for example, has decreased. Therising cost of imported chemical inputs, coupled with a
depreciating colon in the early 80s, greatly reduced the use of chemicd fertilizers, pesticides and
herbicides. Consequently, soil and water contamination through run-off has decreased sgnificantly in
many of the estuaries (Chapin 1990, Norton et al 1990, Leonard 1989). However, the onset of peace
and exchange rate sability may bring with it a return to cotton production and the more extensve
gpplication of chemicd inputs, which will conspire to further undermine vulnerable marine and estuarine
populations.

2. M ethodological Framework

2.1 A Cost Benefit Framework to Estimate the Total Economic Value of
Alternative Mangrove M anagement Strategies

The principad am of this study is to measure the economic contribution of the mangrove ecosystem to
the welfare of society asawhole. Cogt-benefit andyss provides a convenient framework to assessthe
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net benefit or vaue of that ecosystem and to compare the benefits that accrue to the different
management srategies. The identification and monetisation of these benefits also forms an important
fird step in a resource accounting exercise to include environmental depreciation in the nationd
accounts.

This study explores the tota economic vaue of the mangroves under three distinct management
drategies. partia converson to semi-intensve shrimp farming and salt production; the do-nothing
drategy, summarised by the current path of deforestation, land clearance and degradation; and the
sustainable management option. The objective of this Sudy istherefore twofold. Firdly, to capture and
assgn money vaues to as many of the production and environmentd benefits of the mangrove
ecosystem in the coastal regions of El Salvador, as possible. Secondly, to use these valuesto set up
the framework for the comparison of different uses of the mangrove ecosystem.

Following Barbier (1992), the tota net mangrove benefits (NBy) under sustainable management,
include as many of the net production and environmental benefits as may be captured in that scenario.
The tota net mangrove benefits must be compared to the direct costs, G, of implementing the
sugtainable forest management strategy (including any codts of relocating or compensating existing
users), plusthe net benefits foregone, NBa, of dternative uses of the mangrove ecosystem.

In acost benefit framework, this can be written as.
NBy > Cp + NB,

As benefits and costs occur over time, adiscount rate is used to convert them into net present vaue
equivalents. A fuller discusson of the role and choice of the discount rate is given in section Appendix
1, Section 1.8.

This inequdity provides a Smple outline of the sandard economic appraisa gpproach used in many
environmenta valuation studies to compare the cods and benefits from different environmenta
management options. Ruitenbeek (1991) gpplies asmilar goproach to assesses the trade- of fs between
different forestry options in a mangrove ecosysem in Indonesia.  This project uses the same
methodology to evauate the net benefits captured under sustainable mangrove forest management
(NBw), and compares these to the net benefits from both the existing management srategy (NB,), and
to those from the converson of the mangrove ecosystem to semi-intensive aguaculture (NBg).

2.2 ldentification of the Different Uses of the Mangrove Ecosystem

The vauation exercise involves anumber of seps. Thefirgt, and perhaps the most important gepisto
define the different uses of the mangrove ecosystem and to establish to whom these benefits accrue
under each of the management options.

Table 2.2, adapted from Hamilton and Snadeker, 1984, outlines the main uses of the mangrove
ecosystem, categorised into preservation, extractive, and clearance benefits. Preservation benefits
summarise dl those consumptive and non-consumptive uses of the mangrove forest whose capture
ensures that the forest stock remainsintact. Extractive benefits refer to those benefits that accrue from
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depleting the forest tock. Clearance benefits refer to the conversion of the mangrove ecosystem into
an dternative land use, such as shrimp farming or sdt production, and as such may be seen as a subset
of extractive benefits.

Presenting the information in this way clearly highlights the potential linkages and conflicts between
different management drategies in terms of: () commercid timber; (i) aguaculture and sdt pond
production; (iii) traditiona fuelwood and congtruction uses; and (iv) the benefits of erosion control and
climatic functions. These categories are not mutudly exclusve, asit is possble to regp many of the
extractive and dearance benefits under a sustainable management drategy in which the total forest sock
is not depleted.

Inthe andysisin Section 3.4, Table 3.4, the costs and benefits of the three different scenarios of forest
use are compared. The sustainable management envisaged is one where the community participates
actively in the control and dlocation of access rights to forest resources. This option is compared to the
partid converson of the mangrove ecosystem to semi-intensive aquaculture, and to the current ‘do
nothing’ strategy.

23  Valuation Methodologies and Data Sour ces

The second gep in the vauation exercise involves assgning monetary vaues to the different components
of the tota economic vaue of the mangrove resource, and to the rdative costs and benefits that accrue
under the three different management srategies that this project has identified. In many cases, the
different uses of the forest resource can be valued using economic or shadow prices (market prices
adjusted for economic digtortions). In other cases where markets do not exist, economic vaues have
to be imputed using one or more of the different environmenta va uation techniques outlined in section
3. For some uses, it was hot possible to impute economic vaues due to time, data and methodol ogical
condraints. The following sections outline the different methods that were used in assgning economic
vaue to the range of usesidentified in Table 3.2.

24  Extractive Consumption Benefits

Extractive consumption benefits are regped under dl three scenarios of management. The distinguishing
feature is, however, the horizon over which these benefits are captured.



Table2.2 | dentification of the Main Uses of a Mangrove Ecosystem

Extractive Consumption Benefits

Uses Products and Services

Fue Firewood for cooking, heating, making charcod, brick
kilns, smoking fish and sheet rubber.

Congtruction Timber for heavy condruction - scaffolds, ralroad
deepers, pit props.
Timber for household congtruction - beams, poles, struts,
fence pods, flooring, pandling. Boat building materids

Furniture Beds, chairs and tables.

Agriculture Grazing, fodder, green manure

Textile, leather and beverages

Synthetic fibres, dyes, tannins for leather preparation,
acohol, cooking ail, tearsubgtitutes, medicines from
bark, st

Preservation BenefitsUses

Feature Products and Services

Aquatic and marine fauna Finfish; Crustaceans - prawns, shrimp, crab; Molluscs -
oysters, mussals, cockles,

Other fauna bees - honey and wax; birds - food and feathers; reptiles
-skins, food; genetic materia

Entire System benefits Recregtion/Tourism; nutrient cycling; carbon fixing and

micro-climatic regulation; watershed protection; flood
control; shordline dabilisstion and storm protection;
sediment retention; ground water recharge

Clearance Benefits: Alternative Land Uses of the Mangrove For est

Uses Products and Services

Aquaculture Commercid shrimp and fish production

Sdt ponds Commercid sat production

Agriculture maize, sorghum, beans, sesame, rice, agave, sugarcane,

vegetables, cotton

Adapted from Hamilton and Snadeker, 1984




24.1 Consumption of Aquatic and Marine Fauna

The mangroves form part of a complex ecosystem in which leaf shedding and decompaosition provide
vauable biotic matter for avariety of anima and plant life which sustains both artisanal and industrid
fishing. The mangrove ecosystem provides an essentid spawning ground for many species of fish. The
abundance of molluscs and crustaceans provide arich diet for the wide range of fresh and st water
fish that are essentid to indudtriad and artisand fishing in the Gulf of Fonseca.

Since dataon indugtria production disaggregated by region do not exig, the industrid supply equations
were estimated using the relationship between inter-tidal vegetation in square kilometers and the
maximum sugtaingble yield (MSY) for shrimp production estimated by Pauly and Ingles (1986), which
is”:

logio (MSY) = 2.41 + 0.4875 logyo (vegetation) - 0.212 (degrees latitude)
RP=0.726

For the purpose of this anayss we may cdculate the MSY for shrimp populations, and gpportion this
between artisand and industria production using equation (9) from the mode presented in Appendix
4, Section 4.1. Inthisway, we may vaue some portion of the industrid production attributable to the
mangrove sysem in El Tamarindo and attribute a value to artisana shrimp and fish production. By
employing the Pauly and Ingles equations, we are congraining both the industrid and artisand producers
to fish at the maximum sustainable yield — an assumption which may be inappropriate’.

25  Clearance Benefits: Shrimp Farming, Salt Production and Agriculture

It isimportant to consder the net benefits of mangrove conservation relative to other potentia land uses.
The main dternative land uses and consequent threets to the mangrove ecosystem include conversion

to shrimp farming, sdt ponds and agriculturd production. In the Gulf of Fonseca over the past 15

years, 1122 hectares of mangrove forest belonging to distinct ecosystems have been converted to these

three uses (author’ s calculations).

251 Shrimp Farming

Shrimp ponds represent one of the principa dternatives to mangrove conservation.  Shrimp farming
generates Sgnificant US dollar revenues and is a highly profitable activity. The high vaue added from
aqueculture in artifica pondsis generated as aresult of using generdly low-cog, labour-intensive inputs.
Shrimp commeands a high price both in the domestic and internationd markets. The shrimp larvae grow

> Pauly and Ingles use data on 24 pairs of observations that relate the estimated maximum sustainable yield

(MSY) of penaeid shrimp to the corresponding area of intertidal vegetation for each observation.

®  Thereisevidence that selected marine fisheries along the Salvadoran coast are beingoverfished and that

the fish populations are being depleted at an unsustainable rate see Appendix 4, Section 4.1.2. However, the fact
that we can isolate and attribute additional marine fisheries losses to mangrove deforestation, implies that
constraining fishers to produce at the maximum sustainable yield will not ensure the optimal extraction of fisheries
resources without additional effortsto conserve the mangrove ecosystems.
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rapidly, gaining in value every few weeks. However, the profitability of this exercise must be evauated
in the light of the full cogts incurred. The externd costs of deforestation, drainage interruption, and
biodiversity lossimpact primarily upon the surrounding community and the marine fisheries and are not
felt by the shrimp producers themsdves. It isthis‘cogt shifting’ that misrepresents the true economic
returns to shrimp farming.

Net revenues from shrimp farming in El Tamarindo, over the period 1994 to 2050, were imputed from
the Salvadoran Foundation for Economic and Socid Deve opment (FUSADES) data on semi-intendve
shrimp farming in El Salvador (FUSADES, 1994, 1993, 1988). Data on rustic shrimp production in
sdt ponds during the rainy season, were collected from smilar operations in the north of the Gulf of
Fonseca, and compared with Ministry of Agriculture figures.

The shrimp market operates rdaively fregly and so no additiond adjustment was made to market prices
in the estimation of the opportunity cost of mangrove consarvation in terms of the economic benefits of
ghrimp farming.

2.5.2 Salt Production

SAt ponds yield revenues that are smdler in comparison with those of semi-intensve and intensive
shrimpfarming . However, st farming is generaly profitable, and that margin may be increased when
the sdt pond is used for low-intengty shrimp cultivation during the rainy season.

Data on the net returns to st production in El Tamarindo were imputed from data collected from
equivaent operationsin Los Jiotes, in the north of the Gulf of Fonseca, over the period 1992-1993.

The opportunity cogs of mangrove presarvation may be summarised by the dearance benfits foregone.
In this case, the clearance benefits foregone comprise sdt, shrimp and timber production, where that
production necessarily implies uncompensated mangrove deforestation. It is important to note that
whilgt conversion to shrimp and salt ponds generdly occurs on land previoudy populated by mangrove
gpecies, such land use is not incondgtent with the sustainable management of the mangroves if
compensating tracts of land are reforested to ensure that the stock remainsintact.

2.5.3 Agriculture and Livestock Production
According to arecent study by IUCN/DANIDA (1992),

“... the qudity of soils around the Gulf of Fonseca[La Unidn] are rather poor, and during the
dry season, water isacritica problem for the development of agricultura activities and for the
population in generd. The soilsare mainly argillous and stony, shalow or moderately deep,
having in most cases good to excessve drainage, depending on the dope, and eadly dried
during the dry season. According to the agro-ecologica classfication system, these soils are
gopropriate for permanent vegetation requiring little water, such as agave, other xerophytic
plants and natural dry forests.”

T salt ponds do however generate more revenue than rustic shrimp production, which is alow intensity

unmechanised form of aquaculture. See Appendix 1, Section 1.6.
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Whilgt the surrounding interior land is rdatively inhospitable and unproductive, land on the periphery of
the mangrovesis of sgnificantly higher qudity and morefertile. The main subsistence cropsin the region
are corn, sorghum and beans, many of which are grown on the coastal plains. Sesame, rice, agave,
sugarcane, vegetables and watermelon are dso grown on asmaller scale for cash income. Cotton was
once a popular crop in the region, but its contribution to the local economy has been substantialy
reduced in recent years, duein large part to the conflict, declining cotton prices and the rising cost of
chemicd inputs.

Over the period 1950 to 1982, there was considerable conversion of mangrove forests to agricultura
land. However, today thereislittle potentia for further agricultura encroachment, as the exidting forest
dand is based on sAty and partidly flooded soils that are more suitable for shrimp farming and st
production.

2.6  Assessment of Alternative Forest and Land Management Strategies

Thethird and find step in the economic goprasd isto edimate the total economic vaue of the mangrove
ecosystem (excluding option and quasi-option vaues), and to use the vaues outlined in this chapter to
compare dternative forest and land management strategies in the EI Tamarindo within a cost benefit
framework.

This study considers three different management options:

sugtainable forest management srategy
exiding forest management Strategy
mangrove converson to semi-intensive shrimp production

Firdly, the net benefits (total economic vaue) of the sustainable forest management srategy (NBy) are
estimated. These are then compared to the net benefits of the existing forest management strategy
(NB,), and to the net benefits of the mangrove converson strategy (NBg). Alternative Srategies A and
B can be thought of as the opportunity cost of susainable mangrove foret management in El
Tamarindo. Note that as costs and benefits occur over time, al values are calculated in net present
vaueterms.

A smple gpplication of the opportunity cost gpproach was used in this sudy, sarting from the premise
that any decision to develop, transform, utilise or degrade an environmental resource has associated
opportunity cods. In the case of virgin mangrove forests, the decison is whether to develop the primary
forest areafor timber, shrimp or st production. Consequently, the benefits can easily be measured in
terms of the net profits from each of these activities. Unfortunately, the costs of the development, in
terms of loss of primary forest, are more difficult to measure. The opportunity cost gpproach does not
attempt a direct vauation of these costs but rather asks the question: what would be the opportunity
cost of preserving the forest in its untouched state? The opportunity cost would be the devel opment
bendfitsforegone. In this case, the opportunity cost would be the net returns from timber, shrimp and/or
st production which would never be redised if the forest was preserved in itsvirgin state. The policy
maker must then make a subjective decison asto whether the foregone deve opment benefits are likdly
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to exceed the preservation benefits. Likewise, the foregone preservation benefits can be regarded as
the opportunity cost of the decison to develop.

Table 2.6. compares the costs and benefits of the three different management srategiesin a schematic
form. The first column shows the net benefits (totd economic value) of the sustainable forest
management strategy. The second column shows the net benefits of the existing forest management
drategy compared to the sustainable forestry management strategy. The third column shows the net
benefits of mangrove converson compared to the sustainable forestry management strategy.

2.6.1 Sustainable Forest Management Strategy

This scenario incorporates the community definition of sustainable management — one which reflectsthe
reveded preference vauations of the community, and isin harmony with their management concerns.
The sudtainable management strategy was developed in concert with the community, members of the
Forestry Service, and interested non-governmenta organisations active in the area, and draws heavily
upon the results of the household survey and the participatory rura appraisal.

The sugtainable mangrove forest management srategy is based on an extraction rate not exceeding the
sustainable yidld, calculated using average regeneration rates. Managed rates of 6 m® per hectare annum
were hypothesised, alowing for an annual extraction of 2924 n® of fuelwood and timber until 2024,
after which time complete restocking will have occurred, and managed rates of regrowth are assumed
to riseto 8 m® per anum (Funes and Villagran 1994, WRI 1991). These rates of regrowth, however,
do not imply that equivadent quantities may be taken from the forest, unless such volumes are availadle.
Themangrove gandsin El Tamarindo covered atota of 487 hectaresin 1994. The sustainable annud
extraction of fuewood and timber is equivaent to the loss of 7.15 hectares per annum, an areawhich
is reforested annudly.  An age digribution of the mangroves in El Tamarindo was congtructed to
caculate those volumes of available mature mangrove wood between 29 and 30 years of age.

(Appendix 3)

The study condders the current partition of community uses between fuelwood and timber. The
assumption is that dl timber needs are met, and that the remaining volumes of wood are used for
fuewood. A user compensation scheme is devised to compensate for reduced fuewood yidds, and dll
revenues are cadculated net of the operation of this scheme. The scheme envisaged is the provision of
soft loans to the community in order that they might purchase propane gas stoves and therefore reduce
thelr fuedwood consumption. The sustainable commercia timber component is evauated at existing
market prices net of input costs, whereas the value of sustainable subsistence use isimputed from the
shadow wage and input cost method outlined in Appendix 1, Section 1.3,

The implementation of the sustainable management srategy implies additiond set-up codts, such as
relocation and compensation costs. These are subtracted from the total net benefits to give the total
economic vaue of consarving the exigting mangrove ecosystem in El Tamarindo. In particular, many
timber extractors and fuelwood producers will no longer be able to support themsalves. These
individuas will need to be compensated for their economic loss.
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The sustainable management drategy implies a non-declining mangrove sock. Maintaining the
ecosystem intact, dlows for dl preservation benefits to be captured, including herba medicines and
pharmaceuticals, other forest products (honey, fruits, herbs, spices, hides and skins), protection of
aguatic and marine life, barrier protection, and the potentid for tourism development. These values
were aitributed where available.

2.6.2 Existing Forest Management Strategy

Current rates of extraction of timber for commercid and subsistence use have resulted in an average
annua deforestation rate of 24 hectares over the period 1974 to 1989. In terms of hectarage, this has
resulted in areduction in the mangrove forest sock by 359 hectares. The main causes of deforestation
can be traced back to unsustainable timber extraction, increasing fuewood demands on a declining
forest stock, and converson of mangroves to shrimp farming and sat production. The principa
economic benefits of the exiging management srategy are net commercid revenues from timber, rustic
shrimp and salt production and imputed values for subsistence use for construction and fuewood®. 1t
isimportant to note that current rates of usage imply sharp lossesin forest sock over time and a horizon
of depletion of only 26 years, with the consequent loss of al preservation benefits.

2.6.3 Conversion to Semi-Intensive Aquaculture

The conversion scenario projects the current trend in mangrove conversion for shrimp cultivation and
consders the economic and environmental cods of thisdternaive land use. Converting the mangrove
forest to aguaculture implies an immediate reduction in the extent of the mangroves. The net benefits
of forest clearance for shrimp production include the net revenues from clearance logging and the
projected production of cultivated shrimp, valued at current market prices. The net benefits of forest
clearance for shrimp production include the net revenues from forecast production vaued at current
market prices.

Among the many ecologica cogts of land converson are the interruption of naturd drainage patterns.

Sinization is dso accelerated by the destruction of the mangrove ecosystern which secures important
water purification services, both to the soil and underground water systems. No attempt is made to
atribute vaues to these cogts and only the net benefits from shrimp pond farming are congdered in this
smple opportunity-cost benefit andysis.

This scenario assumesthe partia converson of 240 hectares of the mangrove ecosystem to aquaculture,
in line with that potential assessed by CEFINSA (1992), an independent research group operating in
El Sdvador. The complete conversion of the mangrove ecosystemn to aguaculture obvioudy negeates
al the presarvation benefits accruing to the existing forest tand. However, partid converson dlows
for timber and fuelwood benefits to be regped over the lifetime of the remaining fores, in addition to
those benefits deriving from the operation of existing salt ponds.

8 Rustic salt and shrimp production describes low intensity shrimp cultivation practices with little or no

capital and machinery. During the wet season the excavated ponds are flooded with estuary water and used for
shrimp production. Shrimp larvae are captured in the wild and transferred to the hatchery pools where they await
maturation. During the dry season the excavated areas are given over to salt production, tarpaulins are spread over
the bottom of the pools and estuary water is left to evaporate producing salt, a process which takes up to three
weeks. The salt isthen cleaned, refined and bagged by hand.
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Table 2.6: The Costs and Benefits of Alternative M anagement Strategies

SUSTAINABLE FORESTRY
MANAGEMENT (TOTAL ECONOMIC
VALUE)

SUSTAINABLE FORESTRY MANAGEMENT COMPARED TO EXISTING
FORESTRY MANAGEMENT

SUSTAINABLE FORESTRY MANAGEMENT
COMPARED TO CONVERSION TO
SHRIMP/SALT PRODUCTION

NBy, - Cp >0

NBy - Co>NBA > 0

NBy - Co>NBg > 0

Net Benefits (NBy)

- net revenues from sustainable timber
management

imputed net value from sustainable
fuelwood collection

- net revenues from sustainabl e extraction of
marine and artisanal fisheriesresources?®

- total and constant preservation values:

- herbal medicines

- pharmaceuticals

- other non-timber forest products
- aquatic and marine fauna

- barrier protection services

- tourism

Net Benefits (NBa)

- net revenues from current commercial  timber extraction

- imputed net value from current subsistence timber andfuelwood use
- net revenues from sustainable extraction of marine and artisanal
fisheries resources?

- net revenues from current commercial  shrimp and salt production

- partial and diminishing preservation values:

- herbal medicines

- pharmaceuticals

- other non-timber forest products
- aquatic and marine fauna

- barrier protection services

Net Benefits (NBg)

- projected net revenues from partial conversion of
mangrove ecosystem to shrimp and salt
production

- net revenues from the commercialisation of timber
and fuelwood

- net revenues from sustainable extraction of
marine and artisanal fisheries resources?

- partial and rapidly diminishing preservation
values:

- herbal medicines

- pharmaceuticals

- other non-timber forest products
- aquatic and marine fauna

- barrier protection services

Direct Costs (Cp)

Costs of setting up sustainable
management strategy (including costs of
relocation and compensation to existing
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users)

& These revenues are different under each management scenario, as the lifespan and extent of the mangrove forest vary in each case
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3. ANALYSISOF RESULTS

The andys's compares the net present vaue (NPV) of the mangrove forest under three competing
scenarios. In order to value the mangrove forest in each of these scenarios, we explore the underlying
determinants of fudwood and timber consumption and atempt to value preservation bendfitsin the form
of timber, fudwood, fisheries and shrimp revenues. We aso forecast semi-intensive and rugtic shrimp
pond and sdlt flat revenues over time.

Fuelwood, timber and fisheries benefits accrue in dl three scenarios. 1t isthe lifetime of the forest and
the horizon of benefit capture that is unique to each management regime.  This underscores that the
benefits associated with different management decisions depend acutely on the life-gpan of the forest.

3.1 Description of the Data

Over the period 1974 to 1993 the main economic activities in the Gulf of Fonseca and the mangroves
of Bl Tamarindo wereartisand and indudrid fishing and shrimp trawling; sdt extraction; commerdid and
individua timber and fuelwood extraction; and more recently, aquaculture (IUCN/DANIDA 1992).

The analyss makes extensve use of primary data from a detailed household survey in the community
of El Tamarindo, LaUnidn. The survey included 109 households who were interviewed once in the
rainy season (July 1993) and once in the dry season (January 1994). The resulting pand contains 99
houses. The sudy employed both quantitative and quditative methods of data collection, usng avariety
of survey instruments, participatory rural gppraisal techniques and focus-group discusson fora to
establish different community uses of, and perceptions about, the vaue of the mangrove ecosystem.
Particular attention was given to gender differencesin resource use and time spent collecting forest and
estuarine products over the different seasons. A more detailed description of the survey methodol ogy
and the household questionnaire is given in Appendix 1. The community-specific data was
supplemented with secondary data on fisheries production, aguaculture practices and mangrove
extenson, from avariety of government and non-government sources.

3.1.1 Timber and Fuelwood Data

Vduaion of the mangrove forest for commercid timber useis basad on benefit valuation using actual
market prices and timber volumes. Dataon commercid mangrove timber prices, input costs, and
volumes extracted over the period 1985-1993 was collected from the Centro de Recursos Naturaes
(CENREN), the Environmenta Secretariat (SEMA), the Ministry of Agriculture (Madrilefia Boletin
Annua 1985-1993), USAID and the [UCN. This datawas supplemented by several waves of random
spot observation on timber prices, collected at the project site and in the department of La Unidn.

Mangrovetimber in El Tamarindo is primarily extracted by the loca community as a durable wood for
use in congtruction (houses, struts, beams, pillars). Vauation of this use was based on the household
urvey data that provided detalled information on the volume of mangrove wood used in the
congruction of houses in the community, and the annua average replacement rate.  From this
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information the annual average volume of mangrove wood used in loca congtruction was forecast over
the period 1994 to 2050. The wood volumes for condruction were converted to economic values using
local market prices for mangrove timber net of input costs.

Collection of fuedwood for cooking is the other magor community use of the mangrove forest in the Gulf
of Fonseca. Mangrove wood provides very high qudity charcod, having dmost 75 percent of the
cdorific content of fuel oil or petroleum products. The household survey dicited detailed information
on the average annud per capita consumption of fudwood by the community in El Tamarindo. The
vaue of fuewood was caculated usng loca market prices and a shadow wage and input cost
approach (see Appendix 1, Section 1.3) based on the time spent collecting fuelwood, vaued a the
shadow wage, and the costs of al inputs used to generate that fuelwood. Vaues derived from the
shadow wage and input cost approach were compared to those generated using mar keted goods as
environmental surrogates from the costs of purchasing aternative fuels such as propane gas, as an
energy subgtitute for fuewood. The two vaues derived from the marketable substitutes gpproach and
the input cost method provide comparative estimates of the economic vaue of fuelwood (see section
3.4.).

3.1.2 Non-Timber Forest Products Data

A wide variety of non-timber products also provide vauable inputs to the rurd household economy.

The household survey attempted to gather information on the collection of various forest products
(honey, fruits, spices, herbs, hides and skins) in terms of both the volumes generated, and the labour
effort gpplied. However, the overal profile of such resource consumption was sketchy, and little use
could be made of this data.

3.1.3 Fisheriesand Aquaculture Data

The fisheries data from the household survey were supplemented by regiond and nationd deta collected
by the Minigtry of Agriculture and published in their Annud Fisheries Statistics (1960-1994). The
Centro de Recursos Naturdes (CENREN) dso collects detalled monthly regiond dataon artisand fish
catchesand prices. Thisdatawas available for the years 1991, 1992 and 1994. A pseudo production
function approach was used to estimate the value of fisheries and shrimp production over the period
Studied.

The industrid costs of production were extrapolated from two producers — Maritima Exportadora,
SA., and San Marino, SA., who furnished limited time series data over severd years on capitd
investment, labor cogts, maintenance and equipment. The artisanal costs of production were gathered
in both waves of the household survey and complemented with additiona data from the 1990 Census
of Artisanal Fishers conducted by the Ministry of Agriculture. Aquaculture data on the costs and
benefits of cultivated shrimp production for the period 1989 to 1994 were gathered from various
sources at the Fundacion Salvadorefia para d Desarrollo Econdmico y Socid (FUSADES), Ministry
of Agriculture, and the World
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Conservation Union (IUCN). Wages and petroleum prices were attributed using Central Bank data
and data from the National Accounts from 1975-1994.

3.1.4 Rustic Salt and Shrimp Production Data

SAt production figures were collected from casud interviews and forma surveys of cooperative and
commerda sat ponds within the region and in neighbouring Honduras. These figures were compared
to others published by the Ministry of Agriculture and FUSADES and used to vaue sdt production at
current market prices.

3.1.5 Tourism

The survey reveded that touriam in the Gulf of Fonseca contributed little to theloca economy. Thiswas
largely due to poor access, lack of supporting infrastructure and the impact of the recent civil war on
the number of tourist visitors coming to El Salvador. Nonetheless, the area offers good coastal and
ecologicd attractions and may be suitable for development of small scae, low-impact eco-tourismin
the future. Conservation of the mangrove ecosystem would therefore secure the option of future
development for tourism. Lack of available data prevented the estimation of this option vaue, but it
should be considered aongside the monetised benefits of mangrove conservation and as a component
of future development possbilities.

What follows is a discusson of the assumptions common to each vauation exercise. In generd, the
benefits and costs are valued at market prices, however we provide a check on the robustness of the
vaues derived for fuelwood and timber benefits using other marketed goods as mangrove substitutes
in addition to an input cost or shadow wage vauation.

3.2 Changesin the Value of Output: Fuelwood, Timber and Fish
3.2.1 Fuelwood Consumption

Although the Salvadoran government indtituted a ban on logging mangrove treesin May 1992, dry and
broken twigs and branches may Hill be salvaged. Whilst logging for fudwood is nomindly illegd,
individuas found breaching the satute are seldom prosecuted, and hence the activity continues much
asbefore. Because of the lack of enforcement, respondents were quite open about their total fuelwood
consumption, dthough they were often more reticent about how they had obtained the fuelwood.

We predict community fuelwood consumption over time according to the following household
consumption equation, estimated by OL S using the household survey data.

I Y O T (1)°

° Note, thisis not ademand equation relating prices to quantities, but aconsumption equation. We are not

ableto estimate a fuelwood demand equation because we have very little price variation, and what price variation
existsin either market or shadow input costsis more likely reflective of measurement error. Accordingly, we cannot
explain changes in cross-section consumption by price variation. It is aso important to note, that we are looking
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Frt - household fuelwood consumption, Ibs

Yt - weekly household income
Ant - number of adult family members, over 15 years of age
Cht - dummy variable on whether the family has a cooker

Certain conditions affect fudwood consumption choices and may be summarised by income condraints
and the availability of out-of-household employment. If incomes rise or remunerated employment
opportunities abound, the household switches to purchased fudwood. If the household istemporarily
cash-condirained, or remunerated employment opportunities contract, the household switches to
gathering. Women and children perform the bulk of domestic gathering, but men may switch into this
activity as the opportunity costs of mae employment fal. Household members substitute into gathering
activities when externd conditions change.  Similarly, when faced with changes in employment or
temporary cash congraints, households with a cooker can aso choose to substitute between gathered
fudwood and propane gas for cooking. The number of adults in the household provides a variable that
captures the demand for fuelwood for cooking purposes, as the quantity of cooked food consumed
more closdy follows the number of adults in the household than the total number of both adults and
children. Thismay be because children consume subgtantialy less than adult portions and 15 percent
of households have children under the age of 6. Furthermore, a Sgnificant number of households have
one or two children who are still bresst-feeding and require little or no cooked solid foods.

F= 144.83+0.014Y + 1511A -8293C?%Y
(34.71) (0.006) (10.52) (29.02)

OLS

n=92

R-square = 0.1277

standard errors in parentheses

This equation will enable us to forecast consumption over the existence horizon of the forest. We
assume that: real income growth occurs a 0.25 percent per annum (a figure consstent with evidence
from the post-war period according to MIPLAN estimates 1994); totd fertility rates and total family
szeremain unchanged over this period and S0, therefore, that the proportion of adultsin each household
remains congtant™; and that each hectare of mangrove forest yields avolume of 409 nt of wood (Funes
and Villagran, 1994), holding the composition of the mangroves congtant over time. Asindicated by
the household survey results, prior to 1994, 47 percent of families had access to a gas cooker. This

at two very close substitutes, gathered and purchased fuelwood; on the margin changesin the price of wood, or
liquidity constraints prompt households to switch between the consumption of gathered or purchased fuelwood.

It isthese changes, mediated by the availability of household labour and the efficiency of gatherers, that drive
fuelwood consumption and hoarding practices, and not changesin the price of fuelwood.

0 The dry season equation was not as satisfactory. All variables had the same sign and were of the same

order of magnitude, but the income and cooker variables were not statistically significant at the 5% level.

% Thisisconsistent with DHS and MIPLAN demographic data from the last two national census surveys,

1985, 1992.
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figure rises to 62 percent thereafter, probably due to an increase in the number and volume of
remittances coming into the community. We make the additional assumption that the number of
households possessing a cooker remains a 62 percent over the next 56 years. This assumption reflects
the fact that the prime factor in determining whether a household purchases a gas cooker istheir access
to dollar remittances. The onset of peace, coupled with changesin the regulaions governing Salvadoran
goplications for resdency in the United States of America, means that remittances are likely to Sagnate
or dwindle in the foreseesble future,

In order to vaue the net benefits from ether sustainable fuelwood consumption or current fuelwood
consumption we must subtract the economic costs of producing this fuelwood. Whilst the costs to
producers who market the fuelwood are known, we do not have aclear vision of the costs to household
gatherers. From the shadow wage caculaions however we have an idea of the ‘artificid’ vaue of time
ascribed to this activity: 0.345 colones per pound of fuelwood ** (see Appendix 1, Section 1.3.).
Additiondly, we have the gpproximate cost of inputs used to generate each pound of fuewood, which
are negligible. Making a correction for the depreciation of this household capita over time, these cogts
are 0.001 colones per Ib of fuewood gathered.

Fuelwood gatherers are constrained in the job market, yet the real opportunity cost of their time may
be congdered as the return on the next available productive activity. However, for the purposes of the
net-benefit caculation we consider the opportunity cost of alocating labour time to fudwood gathering
aszero. Thisdlows usto atribute a postive vaue to the generation of fuelwood by gatherers. If we
did not make this assumption, the net benefits of gathered fudwood would be automaticaly set to zero,
snce these benefits were caculated to be & least as great asthe cogtsinvested in their generation. This
problem illugtrates a weekness in the gpplication of the shadow wage/input cost vauation technique to
the net benefit calculation. We may assume that households alocate labour to gathering activities until
that point where the margina cods of gathering equate with the vaue derived from the margind unit of
fuewood. Positive net benefits of fuelwood consumption are regped until this point. However, using
the shadow wage/input cost vauation technique, we are unable to attribute avaueto this‘rent’. Inthis
fashion, we would be forced to conclude that the aggregate net benefits regped from fudwood gathering
are zero, when in fact they may not be. However, by setting the opportunity cost of fudwood gathering
to zero, we may be subgtantidly over-estimating the benefits regped from this activity.

The catchment areafor the use of forest products was assumed to be about 5,600 hectares or 56 knt,
following information derived from the household and regiond surveys of fudwood consumption,
trangportation costs and regiona resource dependency. The population dendity in thisareaiis extremely
high and rose dramatically during the conflict (1979-1992). In 1994 it was estimated that there were
approximately 190 persons per knt. The population in El Tamarindo is calculated to be 10,648
persons. With aregiona average of 5 members per family, thisimplies that there are gpproximatey
2,130 households which consume forest products. Data from the household survey indicate that 54
percent of the community consume mangrove fuelwood in the wet season and 51 percent in the dry
Season. Average mangrove consumption per household per week was 180 pounds in the wet season,
and 161 pounds in the dry season. These differences could arise from the fact that members of the

12 Thereare8.7 colonesto the U.S. dollar, March 1994,
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newly trained and recently ingtituted Civil Police Force (Policia Naciona Civil) were deployed in El
Tamarindo prior to the dry season survey. Part of their mandate was to protect the environment and
enforce exigting logging bans.

3.2.2 Timber Consumption

The market for mangrove timber is much more clandestine than that for fudwood. The household
survey did not directly gather data on the volume of timber demanded for construction purposes. The
survey did, however, dicit data on the total volumes of mangrove timber incorporated into each house
and the rates of replacement. From the use of this data, and longitudind data on household
demographics and migration decisions, we can forecast timber consumption for the surrounding
community. No atempt was made to cdculate the volumes of timber commercidised outsde the
community, as these activities were not trangparent. However, it gppears that the volume of timber
commercidised in this way is minimd, largdy because the infrastructure is poor, and roads and
communications inadequete.

The average volume of mangrove timber used in the congtruction of each dwdling is 136.3 varas, or 1.1
nt. The average total replacement period reported in the household survey is every 12 years.
Approximatdly 72 percent of the community used mangrove wood in construction.

Since seasoned mangrove timber has a comparatively longer lifespan than other timbers used in
household congtruction, we can assume that the average duration of a dwelling roughly coincides with
the period of mangrove timber replacement. At the end of 12 years, the dwelling may be ather rebuilt
or upgraded. We assume that the age composition of the houses roughly follows the demographic data
reflecting the number of new household headsin each period. About 30 percent of the adult population
currently heading households migrated to, or came of age, in the last 12 years. Allowing for afixed
proportion of single headed households (largely female headed), 21 percent of the total housing stock
have been new additions to the community, congtructed in the last 12 years. Using the demographic
and migration data we can impute the pre-existing household stock, and what may be attributed to new
migrant households. The number of additiond houses was caculated using the profile of sngle- and
dud-person headed households found in 1993, where 39 percent of the household sample were single-
person headed households. The cd culations assume an average of 5 members per family and that the
proportion of sngle- and dua-headed households remain congtant over time.

Extrapolating from the household survey, we may assume that the 2,130 households have incorporated
an average aggregate volume of 290,383 varas of mangrove wood into their dwdlings over the last 12
years. Making a correction for the number of new houses to be built each year during the 12 year
period, and assuming that afixed proportion, 8 percent of the old housing stock needs to be renovated
in each year, we can develop imputed demands for mangrove timber per year. (These assumptions are
based on the results of the household survey and the Participatory Rurd Appraisa.)

3.3 Pseudo Dose-Response Approach

3.3.1 Fisheries Production
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Using thefisheries data.on artisand and industrid fish production from the Ministry of Agriculture, we
can establish a dear and positive linkage between the mangrove extenson and artisand fish production.

Using the OL S regression equation (2) in Appendix 4, Section 4.1.2, we can forecadt totd artisand
shrimp and fish production, for each fish and shrimp typei & timet, over the exisence of the mangrove
forestsin El Tamarindo. We are not able to estimate the corresponding equation for indudtria
production since we do not have this data broken down by each sub-region in El Sdvador. Snce we
assume a Leontief production function, we can subgtitute observations on thelabour inputs applied for
industrid and artisand capitd inputs, and estimate the following reduced form equation:

Ait:i+éLit+éMit+é|it +i|it-l ............................................ (2)
Ait. artisand fish production in metric tons at time't
Li: labour inputs, numbers of fisher personsa time't
li: indugtrid shrimp catch in metric tons a time't
M;: extent of mangrove forest in hectaresintimet

The strongest relationship was evident between totd artisand fish production, indugtrid shrimp catches
and the mangrove varigble.

A= 529.769+0.158 L, +0.014 M, - 0.272 1.,
(143.973) (0.020)  (0.007)  (0.069)

OoLS

n=17

R-square = 0.8840

standard errors in parentheses

Equation (2) was salected over equation (3) in Appendix 4, Section 4.1.2 because of problems of
multicollinearity between I, and |, Indugtrid shrimping in the period t affects the totd fisheries sock
available in period t+1 and determines to a great extent that stock available for divison between
atisand and indudtrid fishing. Furthermore, the assumption that the error terms are normdly and
independently distributed is violated and the regression may suffer from serid corrdation™. Asagenera
rule, the presence of serid correlation will not affect the unbias nature or consstency of the OLS
regresson estimators, but it does affect their efficiency. While the regression estimators are unbiased,
the standard errors will be biased downwards. Since we do not have sufficient observations to gpply
Cochrane-Orcutt correction procedures, we choose equation (2), which estimates a coefficient on the
extent of the mangroves of the same order of magnitude as that for equations (1), and (3).

It is important to note that the mangrove coefficient derived from these linear specifications may
underestimate the impact of M, on A; over time, since the true specification may well be non-linear.
Other studies indicate that mangroves play avitd rolein fisheries protection and reproduction. It may

3 The Durbin Watson statistic for specification (3) is 2.44, which means that the results of the test are

inconclusive. The Durbin Watson statistic for specification (2) is1.99, which alows usto accept the null hypothesis
of no serial correlation.
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be that there exigts a critical point beyond which further losses in mangrove coverage produce large
reductionsin fisheries yields. The loss of one hectare of mangrove coverage, when the entire system
extends over severa thousand hectares, may have a very different impact from the loss of one hectare
of mangrove, when the system consigts of severd hectaresin totd. In an attempt to capture this non-
linearity, aloglinear specification was estimated using this data but proved to be unsatisfactory. Thisis
probably attributable to data limitations, specificaly the lack of regiona observations on different
mangrove extensonsin El Salvador.

Artisand production costs were estimated for wooden and fibre-glass boats, with and without motors,
and for sdf-employed fishers or contracted fishers. All capita costs were amortised over the lifetime
of the capital. Approximately 78 percent of al artisana boats were active each week consuming 192
colones of gasoline. Over the course of ayear, each boat fished for 104 days intensvely. While 43
percent of the community own their own boats and are saf-employed, 57 percent are contracted
labourers, or arein the process of purchasing a boat under the equivaent of a hire-purchase agreement
where they supply labour and render 1/3 of the catch to the boat owner. Where the labour costs were
not transparent, a shadow wage of 4.6 colones an hour was agpplied.

3.3.2 Shrimp Production

Pauly and Ingles (1986) hypothesise a nonlinear relaionship between intertidd vegetation and the
maximum sugtainable yield for shrimp production. Whilgt harvesting & the maximum sustainable yield
(MSY) isan attractive rategy, it fails to take into account externd-economy interactions with the fish
populations. Unless stocks are andysed contemporaneoudy, forecast maximum sugtainable yields may
differ from optimd sugainableyidds. However, for the sske of amplicity and bearing in mind the data
limitations, we caculate the MSY and gpportion this between artisana and industrid production using
datafrom El Tamarindo provided by CENDEPESCA. In thisway we may vaue some portion of the
indugtrid production attributable to the mangrove sysem in El Tamarindo.

The equation that Pauly and Ingles estimete is the following:
MSY =f (Vegetation, Latitude)
logio (MSY) = 2.41 + 0.4875 logyo (vegetation) - 0.212 (degrees latitude)

R=0.726
n=238

Using the coefficients from this regresson, we can dtribute a value to the industrid shrimp fisheries
component of the preservation benefits under al scenarios. Various assumptions hold constant over
the different scenarios. We cdculate the number of artisand fishing persons from the population in each
year using data from the household survey. Fifty percent of men, and 0.5 percent of women fishin open
sea™. Indugtria shrimp production is assumed to be 73 percent of total production, using data from El

14 Anecdotal evidence from casual interview and focus-group discussions revealed that female artisanal

fishersreceive lower prices from domestic commercial vendorsthat their male counterparts. The differencein the
sale price offered by intermediaries may reflect differences in the volume and quality of the shrimp caught by
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Tamarindo. Following these assumptions, the forecast sum of industria and artisand shrimp production
IS set S0 as nat to violate the maximum sugtainable yield of shrimp, according to Pauly and Ingles. This
assumption isjudtified by the fact that the sum of industria and artisanal catches over the last 8 years
did not violate the MSY condition for EI Tamarindo. We therefore post that fisheries production
remains bounded by the MSY ceiling across the forecast period. Industrial marine shrimp earn 68.72
colones a pound, whereas artisana shrimp earn 40.00 colones per pound on the domestic market. A
weighted average price of 6.29 colones per pound was applied to artisand fish production, where all
prices are expressed in 1992 colones.

The indudtrid cogts were furnished by two industrid companies and complemented with data from
Ministry of Agriculture sources, to provide aseries of costs over 4 years. The variable costs assume
24 trips each year of about 240 hours each. All capita costs were amortised over the lifespan of the
capitd for atypicd trawler of between 25 and 30 feet. Active and innactive boats were amortised over
different lifespans assuming a scrgp vaue of 43,000 colones. There are 5 crew members per boat, the
total labour cogts for which were approximately 23,000 colones each month (HHW Consultants, 1991,
Maritima S.A., San Marino, 1995).

34  Benefit Valuation Using Surrogate Markets
3.4.1 Marketed Goods as Environmental Substitutes; Fuelwood and Timber

In order to test the robustness of vaues derived for fuewood and timber benefits using market prices,
we compare these vaues with those derived using the ‘least dternative cost’ of available substitutes.
An acceptable fuewood subgtitute dready in use by the community is propane gas. The timber
ubdtitutes cond dered were those from trees with shorter growth cycles. 1dedlly these timber subdtitutes
should dso be sustainably managed, which may raise both their prices and costs of production
somewhat. In al cases, the surrogate vauations were ca culated usng market pricesin 1992 colones.

The ‘least dternative cost’” of a propane gas stove was caculated using the average cost of stoves
purchased by the lower quartile of the income digtribution of households who bought their stoves, under
both payment-in-full and credit or hire-purchase agreements. The ‘least dternative cost’ of astove, for
the 45 percent of households buying without credit, was 800 colones. The average costs of propane
gas consumption was assumed to be 35 colones per month. The least dternative cost of a stove to
households purchasing with credit was 1700 colones. Each stove is assumed to have an effective life-
gpan of 10 years.

The net benefits from fuelwood were ca culated using market prices applied to that proportion of loca
fuelwood traded, and gathering costs applied to that volume of fuewood gathered. This vaue was
compared with an estimate derived from gpplying the travel and input costs of gathering for both
commercid and subsistence use. The latter methodology provides a lower bound measure of the

women. Gender differencesin accessto fishing capital (boats, nets, and motors) and in accessto cash for gasoline,
combined with differences in fishing location decisions, may affect the quantity and quality of the catch. Women
generally fish closer to the shore and do less night-fishing, substantially reducing the size of the catch.
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household benefits regped by consuming fuelwood. Loca fuelwood trader production costs per pound
are 0.13 colones as compared with 0.35 colones per pound for loca gatherers.

The net benefits from timber were vaued at their market prices less observed production costs. Loca
mangrove timber producers face costs of 0.19 colones per pound of mangrove timber. Other timber
producer costs were cal culated assuming that transport costs are higher, since al woods would need
to be ‘locally imported” over an average distance of 85 kms. The costs per pound of timber produced
and trangported from neighbouring departments were assumed to be 0.49 colones per pound.
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Table 3.4: Comparing the Net Present Value of Unrestricted M angrove Fudwood and Timber

Consumption with their Least Alternative Cost Substitutes, Thousands of 1992 Colones

1994 to 2020 NPV, 1000's | NPV, 1000's | NPV, 1000's
colones colones colones
r = 19.08% r=7.08% r=4.46%

Mangrove Fuelwood 5,775 14,011 18,623

Market Prices

Mangrove Fuelwood 19,677 47,743 63,455

Travel and Input Cost of Gathering

Alternative fud source Propane | 6,515 15,796 20,990

Gas

Mangrove Timber 1,615 3,813 5,040

Market Prices

Aceituno Subgtitute 3,988 9,415 12,445

Conocaste Substitute 5,438 12,838 16,970

Laurd Subdgtitute 4,977 11,749 15,530

Pine Subgtitute 3,527 8,326 11,005

The net present value ca culations for mangrove fuelwood valued at market prices are approximately
equivaent to the cost of the dterndtive fuel source. The net present vaues for fuewood under the travel
and input cost gpproach, however, are dmogt 4 times higher than those of the least dterndtive cost fud
substitute and the market prices for mangrove fudwood. It is possible that individuas who gether for
home consumption are less efficient a gathering than those who gather to sdll. However, thismight dso
reved that the quantities gathered have been greetly underestimated and that sgnificant timeis spent in
the mangroves searching for additiond fuewood to sdl localy and for other non-timber forest products.

All four timber subgtitutes command sgnificantly higher market prices and thus give net present values
which exceed those attributed to mangrove timber. Trangportation and other marketing or
‘unobservable’ costs may have inflated the prices of available substitutes. The correction gpplied may
not in fact reflect the true underlying producer costs associated with the dternative timbers.

3.5 Valuing the Sustainable M anagement Strategy

The costs and benefits that accrue to the sustainable management option depend on the form of the
udanable management implemented.  This study consders loca community management
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of the resource, under the directive of an adminidrative body made up of members of that community,
and sanctioned by the Forestry Service. This scenario was developed in close consultation with the
Comité Ecoldgico de EI Tamarindo (an organisation comprising loca fisher persons and other
community members), and incorporates their vison of a viable and equitable management drategy.

Theinitid capita and operating cogts of gpproximately 830,000 colones (for the compensation scheme
and the acquisition of smal capitd inputs) are assumed to be financed by central government subsdy,
which could be a least partidly offset by atax levied on the industrid shrimp producers that could be
related to drag-net and coastdl proximity violations. These codts are deducted from the gross benefits
that accrue to the sustainable management drategy. The harvestable quantities of timber and fuewood
would be gpportioned to consumers by quota, as afraction of the total demand that could be stisfied
given the productive capadities of theforet. Individuas seeking timber for congtruction purposes would
obtain permisson from the adminigrative body, which would sdect and control aress for fdling.
Recipients of permits would ether purchase the timber directly from the administration, or they would
offer thair [abour in exchange. In thisway, the adminigtration would hope to cover some of the variable
costs of operation and ensure that access rights were available to al regardless of their income.
Under this management strategy, fuelwood harvesting permits would adso beissued. Loca community
traders of fuelwood, or products requiring high fuelwood inputs, would obtain different permits from
those issued to loca getherers. The permits would have digtinct harvesting rights and would cost
ggnificantly more than those for smdl-scde gatherers, in order to reflect the economies of scae derived
from bulk harvesting activities. The revenue generated from the sde of these permits would further
defray operating costs. In order to enforce the effective operation of the harvesting permits the loca
police would have the authority to check the permits and verify that the quantities gathered did not
exceed the quota. Those individuds found violating harvesting rights, or encroaching on designated
mangrove forest through land conversion, would be fined a sum of money — either commensurate with
the environmentd damage incurred, or a quantity deemed to be sufficient to act as a disncentive.
Where fines are unrdlated to the environmenta damage incurred, they may be progressive and related
toincome, the ownership of physical capitd, or financid assats. A labour program could be ingtituted
that would dlow those individuas unable to pay to commit time to reforestation and forest maintenance
efforts.

Under the sustainable management regime, only mature treeswould be felled. Using the age ditribution
of the mangrove sandsin El Tamarindo, and the managed regeneration rates, the sustainable volume
of wood that could be felled would be 2,924 nt, or the equivaent of 7.15 hectares per year. Assuming
managed regeneration rates of 6 meters cubed per hectare throughout the entire forest, the area gained
through regeneration would aso be 7.15 hectares per year. Harvesting an amount equd to regeneration
would ensure that the mangrove forest remained intact at atotal of 487.33 hectares. After complete
restocking in 30 years, the regeneration rates are assumed to increase to 8 meters cubed per hectare
per year, reflecting Ministry of Agriculture and World Resources Indtitute calculations of growth rates
under intensive management practices (Appendix 1, Section 1.5.3).

The sugtainable management option would restrict many households from higher mangrove fuelwood
consumption. A feasible compensation scheme is devised dlowing households to purchase a stove-top
cooker through azero interest ‘ soft-loan’.  The repayments on the cookers of 50 colones per month,
were caculated to be less than the monthly average expenditure on fuelwood minus the cost of propane
gas. Each stoveis assumed to cost 800 colones and have alife-gpan of 10 years. Note that households
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with stoves would continue to use fuelwood to prepare certain foods, such astortillas, maize and beans.
This study assumesthat 53 percent of al households would continue to use 35 pounds of mangrove
fuelwood aweek over the next 26 years, and that after 2020 the amount consumed would drop to 30
pounds per week as tastes and preferences change and packaged tortillas become more readily
avalable. Household fuelwood consumption permits would be alocated according to the tota
fudwood volume available in each year. Households would have complete freedom to sdll or exchange
these fuelwood consumption entitlements.

It is not only households that are required to ater their behaviour asthe result of the imposition of this
scheme. Market tradersin fuelwood would no longer be able to generate the quantities previoudy
required to sustain fuelwood demand. It is assumed that the market traders may obtain part-time
employment in the forest maintenance team. Thiswould reinforce thair incentives to cooperate with the
scheme, and not violate the quantity condraints set by the permits. Such an employment policy would
not appear infeasible, as there are approximately 2 market traders per 545 persons in the catchment
area

The purpose of this exercise isto give areasonable representation of a compensation scheme that might
beladin placein order to caculate the costs associated with its operation. It is not the am of this sudy
to elaborate on the minutiae of the scheme, save to point out that its effective application depends on
the usud assumptions regarding credible threats and incentive compatibility congraints. All ‘threats’ or
fines employed must be perceived to be credible ones, that will be levied with certainty in the case of
infraction. Further, the incentives to cooperate with the scheme must hold over time, to ensure that it
isin theinterests of al community members to abide by the rationing imposed.

The lifetime of the mangroves under this scenario isinfinite, Snce only that quantity of wood available
to be harvested without depleting the stock is taken in each period. Whilgt thisimpliesthat harvesting
benefits are rationed, the sustained access to such benefits over time dlows dl preservation benefitsto
be captured by community and non-community members.

3.6  Valuing the Current ‘Do Nothing' Strategy

The mangrovesin El Tamarindo were estimated to cover 537 hectaresin 1989 (Funes and Villagran
1994). Between 1974 and 1989, 359 hectares were lost — about 24 hectares per year. At thisrate,
and dlowing for natural regeneration rates of 1 T per hectare per year, the mangrove forest in El
Tamarindo would disgppear in 26 years. This caculation assumes that the mangroves would continue
to be converted to shrimp and sdt ponds and for agricultura use. Further destruction of the forest for
agriculturd land is unlikely since the remaining tracts of forest are less suited to cultivation and pasture.
For the purpose of caculating the net present
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vaue of the forest under the existing management srategy, we assume that the number of rudic sdt and
ghrimp ponds will remain congtant and that no further land will be turned over to agriculture. Thisisa
amplifying assumption that places a value of zero on the benefits of land conversion to agriculture or
pasture, after mangrove deforestation has taken place. However, given the ingability of the estuarine
system once the mangroves have been depleted, it would be difficult to caculate the area that might be
employed in dternative land uses.

3.6.1 Salt Flatsand Rustic Shrimp Ponds

The mangrovesin El Tamarindo host 12 hectares of deforested, excavated troughs, which operate as
st flats during the dry season and as ‘rustic’ shrimp ponds during the wet season. Sdlt is produced in
the dry season by evaporating the brackish estuary water in smal channels lined with tarpaulin. In the
wet season the flats are divided into nursery tanks which are filled with estuary water and then stocked
with shrimp larvae. The shrimp larvae are @ther caught in large nets, or flow into the nursery pondsvia
channds leading from the estuary itsdif.

Inthewild, the shrimp larvae develop in the estuary and move towards its mouth during their maturetion,
seeking different temperatures and leves of sdinity and turbidity. The shrimp ponds must mimic these
complex changesin order to ensure that as many post-larvae as possible mature to a salegble product.

The larvae are therefore moved between different ponds with different depths and levels of sdinity
during their cultivation. Since the artificid environment can never fully replicate its natural subdtitute, the
loss rates are extremely high, in some cases as high as 70 percent of initid larva catches.

We do not have data on the current net profits generated by the existing salt flats and shrimp pondsin
B Tamarindo. However, we extrgpolate from current revenues and operating costs of smilar sdt flats
and shrimp ponds in Los Jiotesin the north of the Gulf of Fonseca. All costs and revenues are valued
at current market prices.

Using these fuelwood and timber consumption forecasts, the horizon of the forest under the *do nothing’
drategy is 26 years. Fuewood, timber and preservation benefits may be regped until the extinction of
the forest. The preservation benefitsin Table 3.8 are forecast using the coefficients from the fisheries
equation, adjusting the mangrove extenson in each period to reflect deforestation.

3.7 Valuing the Conversion of the Mangrovesto
Semi-Intensive Shrimp Ponds

Shrimp pond farming isardaively capitd intendve and somewhat complicated exercise, that generdly
occurs on land previoudy populated by mangrove. Semi-intensive shrimp cultivation is characterised
by relaively smal ponds between 10 and 20 hectares, which require severa nursery ponds of about
1to 2 hectaresin size. The ponds are stocked by hatchery reared post-larvae and supplemented by
naturd populations of estuarine podt-larvae. The shrimp larvae are given feed and fertiliser, and aeration
and filtration devices may aso be used to improve water quaity. The shrimp larvee are particularly
sendtive to changes in the sdlinity, temperature, and oxygenation of their ponds. Therefore, the ponds
must be carefully monitored in order to maintain the required ambience (FUSADES 1994, 1993,
1988).
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The nursery ponds are stocked with post-larvae 5-10 days after the first post-larva stage at 100-150
per metre squared. The post-larvae remain in the nursery ponds for 30-45 days after which they are
trandferred to the grow-out ponds. Semi-intensve growout ponds are stocked with 5-8 juveniles of
0.5-1.0 grams weight per square metre of pond bottom. Survival rates are about 75 percent in the find
maturation period. To harves, the ponds are drained over a period of 2 to 4 days and the shrimp
captured in a bag net atached to the effluent piping. They are then deheaded manudly, frozen, and

packaged for export.

The net profits from shrimp farming were caculated usng data from FUSADES (the Sdvadoran
Foundation for Development, a USAID funded development NGO) and the Ministry of Agriculture.

It is assumed that 240 hectares of mangrove stands would be converted to shrimp ponds, the remaining
247 hectares of mangroves would be depleted for community timber and fuelwood at the current
projected rates of consumption.

Thefigure of 240 hectares was taken from the CEFINSA 1992 report, which assessed 260 hectares
in B Tamarindo to hold aguaculture potentid (including that area currently converted to rustic shrimp
and sdt production). Three units of 80 hectares of shrimp ponds were considered, each with 3 main
ponds of 20 hectares, and 3 nursery ponds. Theinitia capital costs were amortised over 5 yearsa a
15 percent rate of interest. This interest rate is an average of the commercid bank lending rates for
aquaculture projects. All post-larvae to be hatched are assumed to be imported from local hatcheries.
Thefind product is sold for export.

The mangrovesthat are cleared to make way for the shrimp ponds are sold for timber and fuelwood.
It is assumed that 80 percent of the volume of wood from stands between 7 and 30 years of age can
be commercidised — 60 percent of this volume being savaged for timber and 40 percent for fuewood.

Not al of the mangrove stands can be cannibdised for timber and fuelwood, as some of the trees are
ill saplings and the wood istoo green.

Under this scenario the mangrove forest would disgppear by the year 2008. The partid conversion of
the mangroves to shrimp ponds generates large quantities of timber and fudwood from clearance logging
inthe short term. It is assumed that the timber and fuewood is marketed throughout the region over
aperiod of two years. The pressure on the remaining mangrove stands, to meet locd fuelwood and
timber needs, resultsin their being depleted a a much fagter rate. The fisheries benefits caculated are,
therefore, substantialy reduced under the partia converson scenario.
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Table3.8: The Net Present Valueof the Different Scenarios, From 1994 to 2050, Using
Current Market Prices, (thousands of 1992 colones)

NPV

Bt/(1+n)"™t

r=7.08
Current Management Strategy:
Fuelwood and Timber™ 17,552
Artisand Shrimp and Fish 718,608
Industrial Shrimp*® 859,236
Rudtic SAt and Shrimp 3,275
Total 1,598,671
Partial Mangrove Conversion:
Clearance Logging 55,445
Fuelwood and Timber 10,010
Artisand Shrimp and Fish 700,981
Indugtrid Shrimp 724,514
Shrimp Ponds 105,721
Total 1,596,671
Sustainable Management Option:
Fuelwood and Timber 23,809
Artisana Shrimp and Fish 761,652
Indugtrid Shrimp 1,444,080
Rudtic SAt and Shrimp 3,275
Total 2,232,816

> The costs and benefits were cal cul ated assumi ng that all timber needs would be met, and that fuelwood

consumption would be determined by the remainder.

16 All fisheries benefits are net of primary producer costs, that is direct and indirect fishing costs: labor,

capital, maintenance and petroleum. All capital goods are amortised over the lifespan of those goods and
discounted at the cost of borrowing for these firms.
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3.8 Conclusions

From thisanayss of the costs and benefits associated with the different use scenarios, we can conclude
that the net present tota economic vaue of the sustainable management option exceeds those accruing
to the other two management options. The discount rate is chosen to be 7.08 percent — afigure given
by the red return on long term government bonds. The NPV of the current management drategy is
1,598,671 thousand colones. For the partid converson of mangrove to semi-intengive shrimp farming
the NPV is 1,596,671 thousand colones, and for the sustainable management option the NPV is
2,232,816 thousand colones. The net present vaue of benefits regped under the sustainable
management option exceed those generated under partid mangrove conversion by US $73,120,115
(1992 $1=8.7). If the horizon over which these benefits are enumerated were longer, say 100 years
ingtead of 56, the benefits from the sustainable management option would far exceed those from the
other proposed management dtrategies.

It is particularly interesting thet the greetest portion of vaue derives from indudtrid shrimping in the open
sea. Indl casesindudrid shrimping generates greeter benefits under sustainable mangrove management
than under the other two management scenarios.  Furthermore, the vaue captured by industrid
shrimping under the current management srategy is alittle under twice the equivaent vaue under the
partid converson scenario. This clearly illudtrates the importance of the mangrove ecosystem for the
indudtria shrimp catch, and emphasises the trade off between the returns generated from artificid shrimp
cultivation in ponds and those derived from seafishing.

It is important to note, however, that industrid shrimping does not take place without incurring
environmenta costs. Currently, drag-net shrimping and coadtd proximity violations are undermining
atisand fishing catches and disturbing the ocean floor. Many other marine faunainduding smdl dolphin,
turtle, porpoise and fish are dso hauled with the shrimp caich, the mgority of which are not
commercidised and often die in the nets before sorting can occur.  Estimates place the amount of
accompanying marine fauna at approximately 15,000 metric tonnes per year, 84 percent of which are
regularly dumped at sea because they are deemed to have no commercid vaue (Villegas et d 1985).

Furthermore, there is every evidence that the fish stocks are being fished unsustainably, snce the
numbers of boatsthat are active and the total number of days spent fishing generate catches that exceed
edimates of the maximum sugtainable yield (MSY) in some years. See Appendix 4 (Minigerio de
Agricultura 1990, MIPLAN 1986, Ulloaand Berna 1980)*. However, areduction in the size of the
fleet and drict adherence to fishing regulaions can condrain indudtrial companiesto fish a or below the
MSY. Inaddition, rdaively smal changesin the production process and in the type of nets employed,
coupled with drict adherence to coastd proximity regulations, will significantly reduce the associated
loss of biodiversty and minimise environmenta degradation.

We note that thisis an incomplete analys's, as many preservation benefits have been excluded due to
the lack of avallable data. Particularly, many of the biodiversity benefits were excluded: the sustaingble

¥ nal management scenarios, the fisheries benefits were calculated assuming that both artisanal and

industrial production would occur at the estimated maximum sustainable yield for each remaining extension of
mangrove forest. Werefishing to occur at the current rate, these benefits would be exhausted more quickly and the
net present values would be substantially lower in all three scenarios.
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harvesting of molluscs, smple crustaceans, birdlife and reptiles; existence benefits and option values.
Were these additiond preservation benefits to be cal culated, the sustainable management strategy could
only appear to be more attractive when compared with the other competing options.

39. Why isit that the Market Failsto Arrive at the Sustainable M anagement
Option Unaided?

Natura resources will be degraded if their values are not fully recognised and integrated into decison-
making by individuasin the market place, and by governments. Many factors lead to the degradation
of the mangrove ecosystemsin El Sdvador, such asthe existence of uninterndised externdities, the non-
existence of certain markets, and the ingtitutiona context which compounds such failures.

3.9.1 The Existence of Externalities

The profitability of shrimp farming continues to be overestimated and incorrectly calculated because the
costs of mangrove depletion are not percelved as a ‘cost’ of shrimp farming. Those preservation
benefits lost through forest conversion must be considered in addition to the net revenues generated
from the sde of shrimp abroad. All cdculations for sdt flats and rustic shrimp production should be
smilarly adjusted.

Under anarrow definition of profit maximisation the shrimp ponds might be seen to be profit maximisng.

However their operation incurs costs which are not interndised by the ownership of the shrimp ponds;
the loss of preservation benefits from the interruption of ecologica services rendered by the mangroves,
in addition to the foregone consumption benefits from sustainably managed timber and fuelwood
extraction, are non-trivid. These codts fdl largely upon the loca community. Thus, the profit-
maximising rule might be more correctly termed ‘cogt shifting’, Snce it is privaidy but not socidly
optimd.

3.9.2 Market Failure and Collapse

Theinability to smooth consumption over time and borrow againg future earnings in order to mitigate
temporary shortfdls in income, exacerbates both individua and household resource dependency.
Environmental goods and services are often substituted for marketed goods and servicesin order to
overcome liquidity congraints. Thisis most gpparent in the case of fuelwood and propane gas use, but
isaso visblein the use of mangroves for timber, boat-building and fodder for cattle®

Credit markets typically provide individuas and households with the gbility to smooth consumption and
investment decisons over time. However, credit is not available for substantid numbers of the
community. Approximately 2 percent of the community of El Tamarindo had access to forma credit.
The credit that is available to the community, through the informa sector, is generdly used for small

B ™M angrove leaves are used as fodder for cattle and many community members claim that the salt from the

leaves enhance the quality of the meat and milk produced. Unfortunately, datawere not availableto verify thisclaim
and whilst grazing on mangrove leaves may enhance cattle value-added, we were unable to calculate the returns
to this activity hence it does not appear as a component of extractive consumption benefits.
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consumption purchases and household assat acquigition and is acquired at excessvely high interedt rates,
often reaching 20 percent per calendar month. Despite the usurious interest charged on informa sector
loans, repayment rates are extremely high, largely because of the collection methods employed.

Where saving and consumption cannot be smoothed over time, consumption and invesiment decisons
are limited, private discounts rates are extremely high, income condraints are binding and resource
dependency increases. Without changes in access to credit, it is unlikely that sufficient fuelwood users
will switch to propane gas or that the profile of fudwood, timber or fodder consumption will change.

3.9.3 Institutional Failure

Where markets fail, governments face the choice of intervention. Changesin the inditutiona context
that shapes consumption and investment decisions can correct for divergences between private and
socid cogsts.

Currently, permisson to convert land from mangrove forest to shrimp ponds and sdt flats must be
obtained from the Ministry of Agriculture. These permits should be dlocated on a rationa bas's,
efficiently and equitably, with full knowledge of the true costs of land conversion.

Rationa management of the resourcesis more likely to occur if those vested with the control over such
resources face a coincidence of costs and benefits. That is, resource rights should be concentrated in
the hands of those who suffer the greatest proportion of the costs, and regp the highest proportion of
benefits from the resource use. In this example, if the loca community had control of the forest
resources they would interndise the mgority of costs associated with its use.

The corrective mechaniams that are available to reconcile the divergence between the private and socid
optimum are:

() the redllocation of resource rights and property rights to the community; and,

(i) the levying of environmental charges commensurate with the shadow cogt of
degradation (in the form of timber licenses, sumpage fees, and input-output
taxes).

The option for community management favours the firs mechanism. Whilst the second option remains
aposshility, it would imply asgnificant invesment in monitoring and administration. It isdso goparent
that monitoring would be more efficient if it occurred &t the local community level. However, credible
threats and pendties must be employed to ensure that violations of clearance rights do not go
unpunished. Where possible the monetary vaue of the pendties paid should compensate for the damege
imposed upon the ecosystem. At the very leadt, the congtraints imposed by the penaties must be
binding, that is, their existence should provide a credible and binding disincentive to encroachment
violaions.

Given the exidting palitical and economic interests— the domestic and internationd push for export-base
divergfication — it is unlikdy that the government will limit further expanson of dwrimp and st
production. The conflict of interests might disable state authority and lead to the ineffective and/or
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inconggtent gpplication of access rights, harvesting regulations and environmental charges. It is
therefore, particularly important to consder pardld measures that empower state or community entities
to undertake regulation and enforcement activities.
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4, POLICY RECOMMENDATIONS

Despite the methodologica and data limitations, the assgnment of a non-zero vaue to the sustaingble
management of the mangrovesin El Tamarindo (one that isin excess of those vaues attributed to the
other management scenarios) enables policymakers and planners to pose important questions about the
rationdity of land-use decisons. The net present vaue of the sustainable management option exceeds
dl others at a 7.08 percent discount rates. Similarly, the fisheries component of the sustainable
management option exceeds those benefits regped by fish and shrimp extraction in al other scenarios.
Thiswould indicate that efforts should be made to ensure that property rights are conferred in amanner
congstent with the sustainable management option, and that further land converson to shrimp and st
ponds should be discouraged, especialy where that conversion results in anet loss of mangrove cover™.

The following policy options were developed from the results of this reseerch and after extensive
discussions with the Ecologica Committeein El Tamarindo®, individuals from the forestry sarvice, and
the environment secretariat (SEMA)?. They atempt to embrace both government and community
initiatives.

41 Legal and Institutional Reforms
4.1.1 Legal and Instutional Reformsto Address Mangrove Conversion

These reforms are intended as recommendations to correct for the policy and ingtitutiona failures that
alow mangrove dearance, converson and encroachment to continue. Asthis sudy shows, one of the
biggest threats over the past 20 years to the mangrove ecosystem in El Sdvador has been the
converson of forest lands to agriculture, shrimp and sdt production. Prior to May 1992, petitions for
rights to use forest land to convert to agriculture, sdt, or shrimp ponds were made to the Forestry
Service in the Minigtry of Agriculture. These agencies would review the clams, and if gpproved,
estimate the number of trees to be cut down, gpply a sumpage fee, and levy a state tax accordingly.

Inasmilar fashion, usufruct rights to state owned land were aso granted by the Forestry Service, and
sumpage fees levied if land use entailed the destruction or loss of tree cover. The sumpage fee paid
to the state was 25 centavos (less than US$0.05 in 1992) for each mangrove tree felled; in May 1992
thisrose to 2.5 colones per tree (Paredeset a 1991, MadrilefiaBoletin Anud). The sumpage fee was
unrelated to replacement cost and environmenta damage, and remained too low to provide an effective

®oA stronger recommendation would be to increase mangrove extension to alevel that would maximise the

sustainable benefits that may be captured from marine fisheries.

2 The Ecological Committee in EI Tamarindo is a grass-roots group of fisher-persons and community

inhabitants who are concerned about environmental degradation, and have come together to promote change and
rai se consciousness about conservation.

2 The Secretarfa Ejecutiva del Medio Ambiente (SEMA) is an administrative governmental body that

coordinates and supervises those activities undertaken by the various Ministries, that could impact upon the quality
and condition of the environment. SEMA houses anumber of environmental technicianswho provide servicesto
the different Ministries to enable coherent policies to be implemented regarding the use and transformation of

environmental goods or services.
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disncentive for illegd felling or encroachment. Further, because of saffing and budget condraints, the
scheme was generdly sdf-reporting, requiring those who had committed the infraction to declare the
extent of the mangroves cleared. Occasiondly the forestry service was able to verify the amount of
mangrove cleared, but in genera the sumpage fees levied were not subject to effective monitoring or
enforcement (Martinez 1991, Paredes et al 1991, Madrilefia Boletin Anud).

In response to extensive mangrove deforestation, a logging ban was introduced in May 1992 that
forbade further clearance and forest converson. The ban extendsto al use for fudwood, congtruction,
and commercid trade. Licensesto convert tracts of forest to agriculture, shrimp ponds, or sdt flats
have been temporarily suspended. However, the logging and clearance ban only gppliesto treeswhich
are dill being serviced by thetides. If it is possible to establish that the tides no longer service an area
of mangrove, an gpplication can be made to remove the remaining mangrove trees. There is no
preclusion for ‘mora hazard', and the strategic congtruction of levées and barriers may temporarily
darve exigting mangroves of tidd influx and enable the applicant to qudify for land converson rights.

Enforcement of the ban is sporadic and uneven. Currently, those under suspicion for illegd logging or
clearance may be held under arrest for up to 72 hours. If the party isfound guilty, dl physica capita
(saws, boats, machinery, etc) may be impounded and adiscretionary finelevied. However, such cases
seldom come to prosecution, and few infractors have been found guilty of violating the exigting law
(PoliciaNaciond Civil, 1994).

In summary, the 1992 ban has proved ineffective, and illegd logging and land converson continue,
because of corruption, the lack of appropriate policing and enforcement mechanisms, and inadequate
disncentives.

The Ecologica Committee in EI Tamarindo recommend modifications to the exising environmenta
legidation with the introduction of appropriate environmental pendties. Fines should be proportionate
to the environmental and economic damages cauised, and proceeds should be used to compensate
sufferersfor the codts of deforestation. Payments should also go to the state in order to cover the cost
of legd proceedings. The Committee suggested that the following be incorporated into any reform
initigtive:

() the immediate restitution (to the state or community) and reforestation
of theland in question;

@i the payment of dl direct and indirect costs suffered by the locd,
regiond, and national community to acentra environmental fund which
may be subsequently used for reforestation and forest management;

(i) that dl judicid proceedings should be condstent with internationally recognised
guidelines to protect the human and lega rights of al parties concerned (United
Nations, ONUSAL 1994, and United Nations 1993).

4.1.2 Legal and Institutional Reformsto Address Overfishing
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A byproduct of the research has been to draw attention to the extent to which the marine fisheries of
El Sdvador are being unsugtainably exploited. While the estimates of the appropriate Maximum
Sugtainable Yidd (MSY) vary, they are of the same order of magnitude.

Ulloaand Bernd edtimate that the MSY for indudtrid shrimp and prawn is approximately 7,857
thousand pounds per year (Ulloaand Bernd 1980). This catch would correspond to gpproximately
16,750 days fishing each year with afleet of 62 industrial boats. Funes and Blanco estimate that the
MSY is 7,716 thousand pounds per year corresponding to a maximum number of 17,500 days fishing
(Funes and Blanco, 1983). Following Ulloaand Bernd, Appendix 4 reveds that in 9 of the last 35
years the total industrial catch exceeded the estimated MSY'; that in 24 of the last 35 years the totd
number of boats exceeded 62; and that in 15 of the last 35 years the total number of fishing days
exceeded 16,750.

These estimates of the MSY are only for the industria catch and do not include the atisand shrimp
catch. Furthermore, they are estimates from data that demonstrate cons derable measurement error
because of the incentives on the part of the industries to conced the tota number of days spent fishing
and to under-regigter total production. These incentives are in part a function of the ingtitutions and
regulations that govern fishing activitiesin El Sdvador. In 1955, the results of aprdiminary investigation
into the fisheries resources avallable for extraction indicated that the tota fleet in El Sdvador should be
kept at about 43 boats. The Ministry of Economics, in whose charge the adminigtration, supervison
and regulation of fishing activities lay, undertook respongihility to limit the total number of fishing boats.

In 1958, technicad support from the Food and Agriculture Organisation was requested to etablish the
maximum fleet that the Sdvadoran fisheries could sustain. As aresult of the subsequent investigation,
theindustrial companies were dlowed to increase the fleet to 60 boats. Between 1959 and 1962 the
shrimp catch decreased while the number of fishing boatsrose. In 1962, the government of El Sdvador
(GOES) egtablished alimit of 73 boats.

By 1983, concern about overfishing provoked atemporary ban on fishing, initiated by the Centro de
Desarrollo Pesquera (CENDEPESCA), that was intended to stop al fishing activities over the period
from June 1983 to June 1984. The ban did not prove effective and while overall yields were low in
1983, they rose subgtantidly the following year. By 1994, the tota number of boats authorised to fish
in El Savador had dropped to 79 from a peak of 137 boatsin 1986 (Ministerio de Agricultura 1990,
Hernandez 1989).

It isdear from the higory of fleat regulation and limitation and the failed enforcement of fishing bans thet
the industria companies are presented with a st of indtitutions and regulations that encourage their
misrepresentation of the number of days fishing, the number of boats active and the tota catch.
Anecdotd evidence from observation and interview would support the view that some companies do
in fact under-record dl such activities. Certainly, it is evident from this research, that estimates of the
MSY secured by the mangrovesin El Tamarindo would support a maximum of 3 industrid boats, each
fishing for gpproximately 258 days per year, if the mangroves were to be managed sustainably. During
1994 and 1995, more than 7 industrid boats were seen fishing offshore from this mangrove system for
extended periods of time,

If the benefits from mangrove conservetion are to be regped to their fullest extent, both artisand and
indudrid fishing must occur sustainably. The mgority of the totd shrimp catch throughout El Sdvador,
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amogt 95 percent, isindudtrid. It would seem, therefore, that greater effort must be made to collect
accurate data on the tota number of indugtrid boats fishing, the total number of daysfor which they fish
and the amounts caught. Without this informetion, the regulatory bodies respongible for fishing activities
will be unable to determinethe MSY or ensure that fishing occurs a levels of effort conggent with this
maximum.

42  TheRole of the Community and Existing I nstitutions

This research would suggest that management and utilisation of the mangrove forests should be locdl,
and that logging should occur at replacement rates. This can be upheld on the grounds that the
community suffers both directly and indirectly from deforetation, and therefore interndises the mgority
of the cogts of environmenta damage.

This report endorses a program similar to that outlined in the analysis section, where the forests are
sugtainably managed with the mgority of use rights being concentrated in the hands of the loca
community. Community organisations, sanctioned and supported by the forestry service, should be
encouraged to take control of the administration and management of these forests.

4.3 Education

One of the needs identified during the course of this research is for a concerted educationd initiative at
the nationd level. The objectives of an educationd programme are twofold. Firstly, communities of
forest inhabitants would benefit from a programme in ecologicd awarenessrasing. Thisis particularly
urgent, as many of the recent migrants to coastl areas have little knowledge of the coastd resources,
having been displaced from inland areas during the war. Secondly, the educationa programme should
focus on enhancing skillsfor local development initiatives, in order to diversfy the locad economy and
dleviate pressure on the natural resource base. A number of possible initiatives of this nature are
described below.

Oneinitiative arisng out of the participatory rurd gppraisal was the production of a popular education
booklet. The document was prepared using information gathered from the household survey in concert
with the results of the participatory rura appraisd. 1ts objectives were the following:

to explain the historical pattern of land use and the current thregts to the mangrove
forest resource;

to establish the link between poverty and environmenta degradation in the areg;

to identify the different services of the mangrove forest both to the community and the
surrounding ecosystem,

to identify the differencesin mangrove use by gender;
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to discuss different sustainable management schemes — highlighting the different roles
for the community and regiond and nationd governmen.

This educationd document feeds into an ongoing socid and educationd programme in the areg,
supported by Cooperacion Canadiense, which unites the efforts of many of the environmental NGOs
activein El Salvador.

44  Other Development Initiatives

Resdents of EI Tamarindo express the need to diverafy sources of income with the duad aims of
reducing poverty and aleviating pressure on the natura resource base. The following are suggestions
for development initiatives that could be undertaken in areas of mangrove in coastd El Salvador.

4.4.1 Production of SUn-Dried Goods

It is important to promote activities which capture value-added in the area.  One of the factors
contributing to the impoverishment of the inhabitants is that their products pass through severd
intermediaries before reaching the market.

One high value-added product currently produced in the region, in smal quantities, is dried and salted
fish. The product is eadily trangported, commands a higher price than fresh fish, and enjoys a sgnificant
and growing demand, particularly in urban aress. There is dso potentia for export. A paticularly
desrable feature of this product isits low capital input and the ‘ gppropriate’ nature of the technology.
The fish are sun dried on elevated wooden platforms made out of struts of wood.

Other products could aso be readily adapted to this framework. For example, fruits and vegetables
such as mango, banana, coconut, and tomatoes, could also be sun-dried using smilar technology.

However, there is aneed to improve the qudity of the product by improving the standards of hygiene
during drying. Accessto potable water, or the use of nets or Smple solar dryersto protect the product
from insects during the drying process, would be essentid.  To pursue this opportunity, the communities
would require technica inputsin the form of potable water, smdl capitd loans, and access to extension
sarvices to provide advice concerning production methods, qudity control, packaging and marketing.

4.4.2 Development of Other Forest Products and Services

The devedlopment of abuffer zone surrounding the mangroves could supplement fuewood requirements,
whilst a the same time provide an additiona saegble product, such as cashew, amonds, papaya, and
yucca (aroot vegetable). It isessentid, however, that these subgtitutes do not require environmentdly
damaging and codtly inputs.

4.4.3 Eco-Tourism

Eco-tourism is amedium term option that would require considerable investmentsin infrastructure, such
as roads, water, sanitation, and energy.
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At present, El Tamarindo has no hotd or lodging fadilities. The only influx of tourigts to the region come
to private beach houses or to makeshift temporary wooden huts built from mangrove timber,
constructed for pesk holiday weekends in August, September and at Easter and Chrissmas. The
characterigtics of within-country tourism are amilar across dl mangrove regions in El Sdvador and
throughout Centra America. At bed, this type of tourism adds little vaue to the community and at
worst provides another source of pressure on the mangrove forests. Nonetheless these aress offer
consderable potentia for tourism due to their pleasant coastd Situation, their micro-climate, and other
ecologicd benefits, which provide arich environment for marine faunaand birdlife. In some aress it
might be possible to develop low-volume high-value-added tourism from abroad, centering on the
biodiverse environment of the mangroves and the fishing opportunities that abound in the estuary and
off-shore.

45 Gender-Targeted Policies

The results of the household survey make it dear that women and men have avery different rdaionship
with the resource base, largdly because of pronounced differencesin the gender divison of labour. The
mgority of fudwood is gathered by women and timber by men. Women fish more concentratedly in the
eduary and men in the open sea. Women typicaly worked longer hours, had |ess productive resources
avallable to them, possessed fewer economic opportunities, earned lower rewards, faced greater time
condraints and consumed lessleisure. From andysis of the household survey data it was gpparent that
men and women were differently poor and differently dependent on the resource base.  Accordingly,
any initiative, that attempted to foster community management of the resources, would have to target
men and women differently.

Poverty isan important factor conditioning the use of environmental resources. Environmentd products
are used by the household to mitigate poverty, supplementing dietary, fue and shelter needs. However,
not al household members are equdly poor, and not dl household consumption decisions are motivated
by ‘group’ needs. Anti-poverty programmes could greetly reduce dependence on the resource base.
Such programmes would be more effective if drategicdly employed to focus those sections of the
population who are more resource-dependent, or who have a particular resource dependence that
disproportionately threstens the ecosystent?.

If resource dependency is to be reduced, environmental subgtitutes and dternative production
technologies must be explored. However, the parameters that condition the avail ability, acceptability
and affordability of such options are unigque to those engaged in the use and trandformation of the
resource. If viable dternatives are to be offered, they must take account of the incentives that govern
the use of that resource by these individuas. Since fuelwood is usad for cooking, and cooking is drictly
afemde activity, policies to reduce fuewood usage should be targeted at women. Attempts to channdl
technology directly to women, to change their resource dependency, to relieve their need for additiona
household labor, and increase the efficiency of their reproductive and productive tasks may prove
worthwhile. However, where women are to be the supposed beneficiaries of technology trandfer, they
should be brought actively into that process.

2 For adiscussion of poverty in El Salvador, see: World Bank 1993, CENITEC 1992, and Velado 1992.
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Previous endeavors to introduce solar cookers, solar driers and food storage technologies in order to
enable women to decrease their dependency on fuelwood and household labor and overcome seasond
fluctuations in agriculturd produce have often falled. They have faled largely because women were not
encouraged to participate in the problem-identification or solution-generation phase. The result has
been, in many cases, the gpplication of a technology that was neither appropriate nor effective. A
technology thet sgnificantly dters production relations, or fails to take account of women's time-burdens
and the insubgtitutability between household tasks, will quickly be abandoned (Ahmed, 1985).
Smilarly, snce timber is typicaly collected by men, policies to reduce the felling of trees for timber
needs should be focused largely on incentives that would bring about men's voluntary compliance,
taking into account male preferences, household and individua liquidity condraints, and the opportunity
cogts of men'stime.

46 Credit Facilities

Essentid to any development effort or community management initigtive in the mangroves, is the
creation of gppropriate credit facilities. From the results of the household survey, it is gpparent that
mangrove timber and fuewood are used as a cushion againgt poverty and temporary shortfdls in
income. The provison of credit may enable mangrove households to meet immediate consumption and
investment requirements, freeing them from their dependency on mangrove timber and fuelwood to
mitigate shortfdlsin income. Credit inditutions should be set up dong the lines of the Grameen banks
in India, lending from the community to the community. One potentia source of community liquidity
would be remittances. From the household survey in El Tamarindo, approximeately 20 percent of the
community receive remittances from relaivesin the US. Many rurd communities place little confidence
in formd banking facilities and typicaly spend such monies on consumer durables such as imported
radios and televisons, or on household food consumption to breach temporary earnings gaps. If this
source of funds could be harnessed in aloca credit and banking initiative, an important market falure
could be eradicated, enabling household to smooth consumption and investment over time and limiting
trangtiona resource dependence.

4.7 Thelnternational Implications of Mangrove Deforestation

The Guif of Fonseca is an international body of water. Many indudtria and artisand fishers are
sugtained by the fisheries that the mangroves consarve. Severe mangrove depletion and deforestation
in Honduras and El Sdvador has led many of these fishers to violate internationa agreements and
illegdly fish Nicaraguan waters, where the mangroves remain sgnificantly more intact and shrimp
populations more numerous™. Mangrove deforestation in El Salvador and Honduras grestly affects the
welfare of coastd communities throughout the Gulf of Fonseca and has provoked locaised overfishing
adong the Nicaraguan shore. Furthermore, the failure to hat such deforestation has produced

B This may affect the regression resultsin Appendix 4, Sections4.1.2 and 4.1.3, as catch locations are seldom

declared, especialy if fishing violatesinternational treaties. This might biasthe coefficient on the mangrove variable
downwards and |ead to an underestimate of the importance of mangrove extension for both industrial andartisanal
shrimp catches.
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documented individua and nationa access rights conflicts that have resulted in the loss of more than 17
livesin LaUnion, El Savador over the last 5 years™.

The externdlities suffered as the result of mangrove depletion are not confined to artisand fishing

communities, but affect nationd and internationd indudtrid fishing output and foreign exchange earnings.
Efforts should be made to halt deforestation and ensure that mangrove conversion occurs on arationa
bass, where the net value from conversion exceeds the losses incurred and adequate compensation is

enforced.
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