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Abstract

Well intentioned policies which fail to perceive environmental feedback often
exacerbate over-exploitation of renewable natural resources, especially when the
resource exploitation is driven by powerful market forces. The purpose of this paper
is to consider such a situation, the world shrimp aquaculture industry, and to explore
one localized case where a policy intervention of “ feebate” may offer a potential
balancing effect.
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| ntroduction

In this paper we examine the implications of a feebate policy in the management of a
commodity production system heavily dependent on renewable naturd resources.
Feebates are combinations of fees and rebates designed to enlis market forces to
encourage desired paterns of resource usage (Collinge 1997, Ford 1999). Feebates
have been proposad for reducing vehide emissons (Ford 1995a 1995b, Jansen and
Denis 1999) and promoting conservaion of water resources (Collinge 1996). Feebates
ae conddered agopeding because they achieve ther ams without resorting to
prescriptive regulations and are sdlf -financing (Collinge 1997, Ford 1999).

Extending this research, we examine the shrimp aguaculture indugtry in Thaland. The
indugry has grown impressvely over the past two decades but has displayed recurrent
boomand-bust  petterns linked to over exploitation of renewable naturd resources
With the ad of a sysem dynamics modd we examine how a form of feebate may
hdp the industry achieve sudanability and preserve the naurd resource base on
which it is dependent by favouring producers with decisonrules that foster long term
benefits.



In the next section we provide background for our case study and develop a problem
definition. The section after eldborates our hypothess of the causa dructure
underlying the problem scenario and describes the Sructure and  behaviour of the
modd. We then describe smulations of export taxation and feebate policies and
discuss ther implicaions for promoting sudanability of the industry. We conclude
with a discusson of key assumptions underlying the feebate policy that are rdevant to
the feashility of afeebate policy in thisingance.

Problem description

Boom and bust in the international shrimp aquacultureindustry

Growing internationd demand for drimp and Stagnating catches of wild shrimp in the
ealy 1980s crested an opportunity for the development of export orientated shrimp
aqueculture indudtries (Csavas 1995). Countries with dimate and naturd resources
aiteble for srimp faming, paticulaly in Asa and Ldin America, seized on the
opportunity, trandforming vest dretches of coadline into shrimp fams. Growth in the
sector has been spectacular over the past two decades (figure 1). In 1982 shrimp
aquaculture accounted for only aout 5% of world shrimp supply, by 1994 this figure
had risen to 30% (Hahety, Vandergees, and Miller 1999). Globdly, farmer earnings
from shrimp faming were edimated a over USH6 hillion in 1996 with retal vdue 3
times that amount (Hahety and Miller 1999). In Thaland, currently the world's
largest producer, the industry generated over US$L7 hillion in export eanings in
1996 (Hahety and Miller 1999). Significant potentid for export earnings and rurd
employment has prompted governments and internaiond  development  indtitutions to
promote the growth of the indudry through subddies and tax bresks (Huitric & d
2002).
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Fgure 1. Growth of worldwide shrimp aguaculture production (source: Kautsky,
R&nnbéck, Tedengren and Trodl, 2000).

Despite the gpparently bright picture of growth and export earnings a the globd
sde, the drimp faming industry has exhibited an extremdy ingable petern of
devdopment drongly associated with  ecologicd damege and socid  disruptions.
Caeful examinaion of figure 1 reveds a patern of boom and bust in the industry. In
the early 1980s the industry grew rapidly in Tawan and China only to suffer drametic
production crashes within a few years Smilar patterns can be observed for The
Philippines, Indonesa, and India Tha production grew dramaticaly as production in
Tawan and China collapsed, and then took a gSgnificant downturn in 1995-1997.
These boom and busts have been observed both a the naiond scde and within
countries. In Thaland, for example the indusry hes devdoped rapidly in one region
only to crash and migrate to another region (Huitric, Folke, and Kautsky 2002). The
production collgpses have left a trall of depleted naturd resources and have caused
socid damage through loss of employment in dwimp faming and rdaed sSde
indugtries.

Why have these production crashes occurred? A brief background description of
srimp faming and its rdaionship to the environment will fadlitate our discussons
of the causes of the boom and bust phenomenon.



Background: brackish water shrimp farming and the environment

The form of dwrimp faming we are examining is known as “brackish wae” shrimp
farming. Severa species are farmed but al ae marine species and require sat water.
For this reason dhrimp fams are typicdly found dong coastd marging, often on the
dhores of eduaies and embayments lined or formerly lined with mangrove forests.
Mangroves are the dominant ecosysem type found in shrimp faming arees and are
important  for mantaning weater qudity through assmilaion of nutrients and
pollutants and for a host of other ecologica services important to the wel being of
fisheries, biodiversty, and rurd incomes to name a few (Baran and Hambrey 1998,
Huitric 2002, Ronnbéck 1999).

Srimp faming is usudly congdered to fal into three caiegories “Extensve’ dhrimp
faming has been practised in Ada for centuries. The famer relies on feed occurring
naurdly in the coagta waters, inputs are minima and there is little releese of wadte
into the environment. Yields are compardively low, in the range of 05 to 1.5 metric
tons per hectare of pond per year. “Intensve’ farming is dependent on heavy inputs of
commercid feed and chemicd treatments, and invesments in fadlities such as
dectric lights, pumps, and aerdtion devices Yields are much higher, in the range of 7
to 15 tons (Kautsky et d 2000). Demands on the ecosysem are dso much gregter.
Intensve farming produces large amounts of wastewater contaminated with dissolved
feed, dead srimps, faecd matter, eic which mugt be flushed from the pond and
replaced with clean intake waer on a daly bass. Also, 100 to 500 MT of sediments
per hectare per year of extremey high organic content are produced and must be
digposed of (Hahety and Miller 1999, Lin 1995). The third caegory “semkintensve’
faming is intemediate t0 extendve and intensve in tems of inputs yidds and
environmental impact. It follows that the gresier the farming intensty, the greeter the
demands placed on the ecosysem for waste assmilaion and cleen intake water, and
the more problematic the environmental sustainability of the farming operation.

Kattsky & d (2000) have devdoped the concepts of “ecologicd footprint” and
carying capacity for srimp fams. The ecologicd footprint is the area of intact
ecosysem required to sustain production per unit area of shrimp pond, and the sze of
the footprint is directly relaed to faming intendty Kautsky et d 2000). The footprint
concept then provides a useful indication of the carrying cgpacity of a given aea to
support shrimp farms. If the carrying capecity is exceeded, water qudity deteriorates
and yidds fdl due to pdlution and, in paticular, high concentrations of diseese
pathogens that thrive in contaminated water and sediments.

Causes of production crashes in shrimp aquaculture

Boom and bugts patterns of shrimp aguaeculture development have occurred because
public policy hes faled to (i) perceive the ecologicd feedback dtructure of which the
industry is a pat (Huitric 2002) and (ii) conserve common property resources on
which the indudry is dependent. Compdling expeaimentd work by Moxnes (2000)
has demongtrated that these two policy falings are closdy rdated. Quoting Moxnes:

...misperceptions (of environmental feedback) disguise the need for policies and inditutions to solve
commons problems in due time before the exploitation rates exceed limits for maximum sustainable

resource extraction.



The dove quote summaises wel the policy falures underlying the repested
collgpses of shrimp farming indudries. In the rush to cash in on high prices fams
have been dlowed to proliferate over coastd aess in numbers far exceeding the
ecologicad carying capacity (Flaherty 1999, Kautsky 2000). High profit potentid hes
adso encouraged intensve faming in order to maximize yieds putting even more
pressure on the carying cgpecity. The mgority of fams often have been established
in commonly owned coasd mangrove forests, which has directly reduced the
ecologicd carying capacity through the dearing of mangroves for pond, fadilities,
cands, and access roads. The common property nature of coastd mangroves and the
sarvices they provide has greatly contributed to the production crashes Common
property resources are typicdly over-exploited because, in the absence of property
rignts no sngle approprigior can capture the bendfits of consarvation (Coallinge
1997). This is the essence of the “tragedy of the commons’ described by Hardin
(1967). In the cae of drimp faming, famers who have appropriated commonly
owned mangroves have no incentive to invest in consarvation messures, and instead
opt to maximize faming intengty, and profits, in the short run. Because mangroves as
common propety are undevaued (Ronnbéack 1999), it is more cost effective for
famers to deplele mangrove resources until yidds drop to uneconomic leves
abandon the areg, and move ther operations on to unsgpoilt mangroves, in place of
invesing in fadlities or following management practices thet would provide for more
sudainable production. Thus falure of policy in regad to regulaing the shrimp
aqueculture industry and managing the commonly owned mangrove ecosystem has
contributed not only to boom and buds in the shrimp faming indudry but to
widesoread dedruction of ecologicdly and  economicdly importat mangrove
ecosystems.

Sustainability in the shrimp farming industry

Reguldion of land use is a key to achieving sudanability in the shrimp farming
indugry. Shrimp farming generdly occurs on two broad dasses of land, mangroves
and coedd inland. The “coadd inland” we condder to be inland aress adjacent to
mangrove aress, itable for various forms of agriculture, but sill near enough to the
shore for shrimp fams to economicaly access coastd water. We have discussed
above how the common property characteristic of mangroves, and the decisonrules
of drimp famers in mangroves, render mangroves unduitable for sustaingble shrimp
faming. Also, faming within the mangrove aess dedroys the very base of
ecosystem sarvices on which shrimp farms are dependent. Inland farmers, in contrast
to mangrove fames gengdly hold title to ther land and are concerned about long-
term returns to ther investment, in other words their decisonrules are more likdy to
foder sudanable production. Inland producers have incentive to produce shrimp
sudanably, making use of the ecologicd sarvices of adjacent mangroves. However,
the higtoricd pattern has been tha farms have crowded into the mangrove aress,
ovewhedming the ecologicad carying capacity for both themsdves and adjacent
inand fams (pers. conv. D. Fagan, Aquesar Co., Thaland; S. Blanchard, Becte
Corp., Thaland). It follows thet policy for sugtainability in the indudry should protect
the mangrove ecosystems and promote sustainable inland farming.

Shrimp aquaculture in Thailand

Extensve drimp faming for housshold consumption and the locd maket hed
traditiondly been prectised for many decades in Thaland with indgnificant
environmentd impact. Commercid scae production for export began in earnest with



the introduction of intendve drimp faming technology from Tawan in the ealy
1980s (Huitric et d 2002). The collgpse of the shrimp farming indudry in Tawan in
1987 opened a niche that Thaland quickly filled and by 1991 Thaland had become
the largest producer and exporter of farmed shrimp in the world, a postion it has hed
to dae The growth of the indudry in Thaland hes been given impeus through
government subgdies and tax bresks and by implicit naturd subddies in the forms of
undervdlued mangrove lands, free intske waer and wedse digposa (Huitric e d
2002).

Sequertid boom and bugt of the commerdd shrimp farming indudtry in Thaland has
been wdl documented (Huitric e d 2002). Since its beginnings in the ealy to mid
1980s, the indudry hes shifted from one coastd region to ancther, firg from the
centrd to the westen Gulf of Sam, then to the esstern Gulf, and findly to the
Andaman seecoad. It is edimaed that Thaland lost approximady hdf of its
mangroves during this time and tha a leest hdf of this loss resulted directly from
expandon and migraion of the srimp faming industry (Babier and Cox 2002,
Huitric & d 2002). Mot recently there has been a significant move of shrimp farming
into the interior inland, in paticular to the centrd Cheo Phraya River basn, usng
seawader brought in by truick and specid rearing technology (Hahety and Miller
1999). This recent move far inland is due in large pat to the growing difficulty of
obtaining clean water in codd aess duitable for dhrimp faming (Huitric e a 2002).
Recent government redtrictions on inland shrimp farming have evoked concerns thet
renewed pressure may be placed on coastd mangroves (Barbier and Cox 2002). As
we write Thaland remans the laget producer of famed drimp in the world.
However, the growth trend in aggregete naiond production has belied a number of
production booms and crashes within Thalland and a shifting pettern of farming
which has resulted in much ecologicd and economic damage. The industry appears to
be a a crossoads a this time as much of the coastd ecosysem is depleted of
mangrove cover and srious environmenta problems are emerging with inland  shrimp
faming.

Shrimp farming policy in Thailand

In the early dages investors rushed into shrimp farming with virtudly no regulation.
The government encouraged rgpid growth of the industry by providing subsidies on
feeds and other inputs, tax bresks and low interest loans (Huitric & d 2002). The
World Bank and the Asan Devdopment Bank identified shrimp farming as a key
indugry for rurd devdopment and supported growth of the indugry in Thaland
(Raherty 1999). As ndiond and intenaiond recognition of the environmentd
damage wrought by the indudry incressed through coverage in the popular press and
through research dudies, the Tha government changed its formd podtion on the
indugry. The 1991 Tha Fisheries Act enacted a number of messures to regulae
drimp faming induding a ban on al dwimp faming within mangrove aress and
prohibited loans for fams in mangroves Miniderid regulaions placed requirements
on pond effluents and required that dl shrimp be regigered. Inland shrimp farming
dso prests its share of environmental chdlenges Sdlinisstion of  surroundings,
problems asociaged with digposd of wadtewater and dudge, and conflict with
neighbouring rice famers has prompted the government to ban shrimp faming in
inland aress with the exception of designated aress fringing the coasts (Flahety and
Miller 1999). Thus, the legdly sanctioned aress for shrimp faming in Thaland ae



now the inland aess adjoining the coeds and officidly desgnaed as suitable for
shrimp farming (Haherty 1999).

Policy changes in Thailand indicate that there is now perception among policy makers
of the feedback processes linking the industry and the environment. However, policies
addressng environmentd  problems of the dwimp faming industry have not proven
efectud to dae For example degpite the ban on faming in mangroves
encroachment on officidly protected mangroves continues. Also, regulaions on pond
effluents ae commonly ignored (Huitric e d 2002). Ressons cited for non-
compliance of regulaions indude inadequate fines and inadequate depatmentd daff
to monitor mangrove encroachment, faming prectisess and enforce regulaions
(Haherty and Miller 1999, Huitric et d 2002, MIDAS 1995).

Prescriptive policies can cregte conflict with resource gppropriators and are expensve
to implement. In light of the falure of prescriptive policdes to regulae the shrimp
faming indusry, we sugges tha polices involving maket incentives are worth
investigating. In the section that follows we describe a modd in which we atempt to
capture the key economic and ecologicd feedbacks and agent decisonrules thet lead
to the problematic paitern of boom and bust shrimp agueculture in Thaland. We then
use the modd to experiment with policies that dter market incentives in order to push
the system toward sustainaility.

Modéd description

The modd is divided into three interacting sectors, (1) world shrimp commodity
system, (2) Thai mangrove shrimp production, and (3) Thai inland shrimp production.
The world shrimp commodity system sector is based on Meadows Generd Dynamic
Commodity Sysdem modd (1970) and mimics the dynamics of world shrimp
consumption, world production (exduding Tha agueculture production), and price
determination. The Thai mangrove shrimp production and the Thai inland shrimp
production sectors ae disaggregated from world production in order to study
ecologicd feedbacks and deddon rules influencing the sudandbility of shrimp
production in mangrove and in inland environments Hgure 2 shows the principle
interactions between the sectors and ligs key assumptions embodied within each
sector.

- Price adjusts to maintain desired
PRODUCTION inventory PRODUCTION

- Price moves production and
consumption toward equillibrium
PRICE - World production not constrained PRICE
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- Natural resource dependent NATURAL - Natural resource dependent
- Farmers hold title to land RESOURCE - Farmers do not hold title to land
- Farmers seek long term profits DEPLETION - Farmers seek short-term profits

- Decision rules promote stewardshi - Common property decision rules




Figure 2. Modd sector interactions and key assumptions

In figures 3 through 6 we use causd loop diagrams to explan the information
dructure of each modd sector. In the causd loop diagrams we have not explicitly
indicted gock and flow varidbles A pogtive causa link polarity should be interpreted
as an increase (decrease) in the independent varigble causes the dependent varidble to
be gregter (less) than what it would be othewise A negdive polaity should be
interpreted as. an increase (decrease) in the independent variable causes the dependent
vaiaddle to be less (grester) than what it would be othewise (Richardson 1997,
Sterman 2000).

World shrimp commodity system

The badc information sructure of the world shrimp commodity system sector is
shown in figure 3. World price is determined by the collective action of world
inventory holders who seek to maintan inventories & a dedred levd. The two
baancing feedback loops act in concart to equilibrate production and consumption in
accordance with a desred levd of inventory. Ddays associated with adjustment of
consumption, price recognition, up scding or down scaing production cgpecity, and
cop production give risee to commodity cydes In the world shrimp commodity
system sector we assume that production is dways ale to meet demand by moving its
base to unexploited regions and thus we do not condder land tenure or other issues
effecting sudtainability. The commodity cydes induced by the information ddays in
the sector structure should not be confused with the boom and bust patterns associated
with environmenta degradation induced by shrimp farming.
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Fgure 3. Information structure of world shrimp commodity sector

The purpose of Meadow's modd (1970) was to deveop a dynamic theory of
commodity cydes and explore policies for moderating these cydes. Our purpose is to
gdudy the causes of boom and bugt in shrimp aguaculture and explore policies for
environmentd sugtaingbility of the industry. Thus, we have made use of the Meadows



model as an archetypd sructure to mimic the information flows of the world shrimp
commodity sysem that drive naturd resource exploitation. This gpproach was taken
by Arquitt (1995) in his sudy of Tha shrimp industry and by Johngton, Solderquig,
and Meadows (2001) in ther study of the world shrimp maket. The two sectors
described  bdow  modd  ecologicdl  feedbacks and  decison  rules  influencing
sudainability of shrimp production within specific geographicd settings.

Thai mangrove shrimp production sector

We assume that al shrimp fams in the Thai mangrove shrimp production sector are
Stuated in coastd mangroves that are publicly owned. We assume that the mangrove
ecosydem sarves as both a source of inteke water and as a snk for wastes from
drimp fams and tha it has a limited carying capecity for sudtaining fams. We
further assume that individud farmers cannot capture the benefits of conservetion
and, hence, follow decison rules tha maximize short run benefits as discussed
previoudy.

Figure 4 shows the informdtion gtructure thet drives expanson of the Tha mangrove
shrimp production sector and its linkage to the world shrimp commodity system.
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Fgure 4. Information Structure of Tha mangrove shrimp production sector and its
linkage with the world shrimp commodity system sector.

Increesing  shrimp  consumption  worldwide decreese world  inventories.  Inventory
holders respond by raising prices Expected profits are atractive because of high
price high expected yidds associaed with intendve faming, and low cogt of
gopropriating mangroves. Investors respond by converting mangroves to shrimp  fams
and intengfying production. This increeses aggregate production, which links with the
world shrimp commodity system sector. The badancing influence of the feedback
“balancing production” has limited moderaing influence on mangrove conversion
and intendfication in the ealy devdopment phase because Tha production is a
relaively inggnificant fraction of world production. However, as Thaland gans a



larger share of world production this feedback becomes stronger. The bdancing loop
“reaching the limit” becomes dominant as mangroves are depleted, increesing
mangrove  gpproprigtion costs and decreesing  expected  profits.  Mangrove
gopropriaion costs can be condrued as the actud price pad for the right to use
mangroves through lega concessons or increased risk of punitive action or incressed
illegd compensdion in the case of encroachment on legdly protected mangroves
This dructure gives rise to an sshgped growth pattern of production. However, when
feedback from the ecosystem and common property decison rules are added to the
sructure the story is different.

Figure 5 indudes environmentd feedbacks Ressarch by Kautsky, Ronnback,
Tedengren, and Trodl (2000) demondrates that dwimp faming depends on
ecologicd sarvices provided by naure induding wedewaer assmilaion and supply
of dean intske water. We have borrowed concepts of “ecologicd footprint” and
“carrying capacity” which were developed by Kautsky e d (2000) to ad in planning
and decison making for the shrimp farming industry. The ecologicd footprint is the
unit area of intact mangrove ecosysem required to susain a unit area under shrimp
faming. The ecologicad carying capacity for shrimp farming is then the area of fams
that an area of intact mangroves can sudan. The area of the ecologicad footprint is
directly rdated to farming intensity.
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Fgure 5. Structure of Tha mangrove shrimp production sector with environmental
feedback loopsin place.

Two reinforcing feedback loops, “environmental payback to mangrove depletion”
and “ environmental payback to intensity” cause production crashes. As mangroves
ae conveated to shrimp ponds, the mangrove stock is diminished and the ecologica
carying capacity dedines Intendfication places grester demand on ecologica
savices and increeses the ecologicd footprint, which aso reduces the carrying
capacity. As intendgve srimp fams crowd into an aea the ecologicd carying
capacity is exceeded, and the average fam lifetime drops due to contamination and
associated disease outbresks. Farms are then abandoned, decreasing the total area of



mangrove shrimp farms. This puts downward pressure on aggregate production and
upward pressure on price through the inventory mechanism. Expected profits reman
atractive and shrimp famers move on to exploit unspoilt mangrove aess until the
mangrove gppropriaion costs becomes prohibitive.

Thai inland shrimp production sector

In the inland shrimp production sector we assume that farms are located in the inland
immediatdly adjacent to the mangrove bdt. We assume that the inland fams dso
depend on the mangrove ecosystem for inteke water and waste assmilation and that
the mangrove ecosystem has a limited carying capacity to sustain adjacent inland
fams. We assume that inland farmers own ther land, and will teke conservation
mesasures to sudtain longterm production and property vaue In paticular we assume
that farmers will reduce their farming intendty when their yidds dedine due to
feedback from the ecosystem.

Figure 6 shows the information dructure for inland farms including feedbacks for
growth, environmenta pressures, and decison-meaking.
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Figure 6. Structure of Thal inland shrimp production sector and itslinkage to the
world shrimp commodity system sector.

The dructure for growth of inland farm production is smilar to the dtructure for
mangrove farms. The ecosystem feedback dtructure, however, is somewhat different.
Carying capecity is afected by intendty and ecologicd footprint as in the Tha
mangrove dwimp production sector. However, converson to shrimp fams does not
impact carrying capacity snce fam converson does not involve the dearing of
mangroves. Still, the carrying capecity is influenced by the mangrove stock, and by
cowding of mangrove srimp fams moddled in the Tha mangrove shrimp
production sector. Inland famers acting in their persond best interest respond to
environmenta  pressures in ways that foger sugtainability. In the inland sector farms
are not abandoned. When yidds dedline due to environmentd degradation and diseese
outbreeks, inland farmers scadle back their farming intengty in order to decresse the
volume of weter inteke and the likeihood of contamination (Huitric e d 2002). This



a0 decreases wadtewater output and thereby decreases the ecologicd footprint. The
bdancing feedback loop “de-intensifying” adjuds intensity in line with the carying
cgpacity and heps to sugtain production. If yields fdl to the point where expected
profits are no longer dtractive, inland shrimp farmers will convert to other land uses
and converson of coadtd inland to shrimp farms will cesse.

Base simulation

Figure 7 shows the dynamic behaviour reaiting from the modd dructure described
above. The modd is smulated in time increments of years over a time horizon of 100
years. DT is s&t to .125. The modd is st into an initid equilibrium. At time 5 a gep
function is used to mimic implementation of initid invesments in Tha shrimp
farming in mangrove and inland sectors Also & time 5 another gtep function is used
to increase shrimp consumption, mimicking growing internationa demeand for shrimp.

Figure 7. Base run smulaion. Totd Thai shrimp aquaculture production (metric tons)




Fgure 8. Base smulaion. Time path 1 = mangrove shrimp production metric tons); 2
= inland shrimp production (metric tons); 3 = mangrove stock (hectares).

In the base run smulaion shown in FHgure 7, the pettern of growth and dedine of
totd Tha dhrimp production corresponds wel with the hidorica petern shown in
Figure 1, lending us a degree of confidence in our modd Sructure.

Fgure 8 shows the base run behaviour of Tha mangrove shrimp production (time
pah 1), inland shrimp production (time path 2) and the mangrove sock (time path 3).
Mangrove fam production grows exponetidly while mangroves ae plentiful and
goproprigtion cods low. However, the ecosysem’s carying cgpecity is quickly
exceded as intensve shrimp fams replace mangroves The initid growth of inland
production corresponds dosdy with mangrove production but quickly pesks and
dedines seeply due to dropping yidds caused by the crowding of intensve mangrove
fams. As mangoves are depleted and the ecosystem’s carrying capecity diminishes,
mangrove farm lifdime shortens, the abandonment raie increases, and production
plummets.  Increedng mangrove gppropridion cods prevents new mangrove fam
startups and some aess of intact mangrove are thereby preserved. Based on the
ecologicd services provided by the remaining stock of mangroves, inland famers are
able to increese their production. As the carrying capacity for inland farming is
goproached, famers downscde ther farming intendty and ae ale to sudan
production in baance with the ecosysem’s carrying cagpecity. Inland fam dart-ups
ceaz When expected returns from dhrimp faming ae eguad to returns from
dtenative land use The find levd of susainable inland production is determined by
the extent to which the mangrove ecosystem is preserved.

Policy smulations

As discussed in earlier sections prescriptive policies such as bans on shrimp farming
in certain areas or requirements that wastewater be trested before release have not
proven effective in regulating the dwimp faming industry in Thaland. We suggest
that market incentives through taxes and rebates may provide a more effective means
of regulaing the indudry.

Export tax on shrimp

Export taxes on Tha dhrimp exports have been proposed by MIDAS (1995) and
Arquitt (1995). In Thaland over 90 pecent of drimp production is for export
markets. The export tax policy operates under the key assumption thet the tax would
be passed down from export merchants to producers. The idea is that the tax would
force some of the externdised cods of production onto producers and would thereby
dow the rate of ecosystem exploitation.

Figure 9 shows the smulaion results when a 10 percent export tax is placed on
shrimp exports, implemented a time 10.



Fgure 9. Smulation of export tax palicy, implemented a time 10. Time path 1=Thai
mangrove shrimp production (metric tons), time path 2= Thai inland shrimp
production (metric tons), time path 3=mangrove sock (hectares).

The export tax dows the raie of mangrove exploitation because expected profits are
less atractive. Sill, by time 75 mangrove cover has been reduced by over 50 percent.
The growth of shrimp production is dowed but is dill not sudainable because the
decison rules of mangrove producers remain undtered. Inland producers whose
decison rules foder sudanability are taxed a the same rate. Inland production
increeses to a sudanable level after collapse of mangrove farm production, however
goproximately 25 years later than in the base smulaion (figure 8). The export tax
dows resource exploitetion but does not conserve mangrove resources or sudan
production.

Feebate policy

The reaults of the base smulaion imply thet it is dedrable to hdt shrimp faming
within the mangrove arees and to preserve mangrove resources to sudain inland
grimp production. A means of accomplishing this might be to place a tax on
mangrove shrimp farmers while not taxing inland famers. This, however, gopears to
be impracticable owning to the fact that many mangrove shrimp farmers are operating
illegaly. We suggest that a form of feebate may be a more workable solution. The
feebate program would assess an export tax on the shrimp aguaculture indusry and
refund the forthcoming revenues to inland producers. As with the export tax described
above a key assumption is that the cogt of the tax is passed down from export
merchants to producers. Then the revenues are refunded to registered producers who
are operating in aress deemed suitable for shrimp farming.

Fgure 10 shows the smulaion results when this fecbaie policy is put into place a
time 10. The feebate involves a 20 percent tax on exports and rebae of the tax
revenues to inland producers. We assume that 10 percent of the tax revenue is dlotted



to adminigrative cods and tha there is a oneyear deday before the rebate is
redlocated.

Fgure 10. Smulation of fecbate policy implemented a time 10. Time path 1=Thai
mangrove shrimp production, time path 2=Thal inland shrimp production, time path
3=mangrove stock (hectares).

At time approximatdy 10, mangrove shrimp production aoruptly hdts its increese and
begins to decline exponentidly. Inland production increeses sharply, reflecting its
costs advantage under the feebate policy. Mangrove converson hdts because the
lower price asociated with the export tax is inadeguate to atract new mangrove
shrimp famers Based on the ecosystem services of the intact mangroves, inland
famers ae dle to atain a sudainadle levd of production Smilar in voume to the
pesk of mangrove production in the base smulation.

The dmulaion below is a sengtivity andyss of a range of percentage vaues for the
tax. In the smulaion we compae the effects of varying tax rates on mangrove
exploitation.
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Fgure 11. Sengtivity andysis of mangrove stock (in hectares) to taxation with
fecbate. Time path 1=no tax, 2= 5 percent, time path 3= 10 percent, 4=15 percent,
5=20 percent.

Fgure 11 indicates that mangrove exploitation is sendtive to taxation. Only when the
tax is ggnificant enough to give a clear cost advantage to the inland producers is the
fecbate effective. It follows that determinations of the level of gppropriate taxation
with feebates should carefully consder reative costs of production for both categories
of drimp famers Informaion on shrimp faming production cods is scant (Shang,
Leung, and Ling 1998). Compadive production cods for mangrove and inland
drimp fames will be an important line of investigation for effective implementation
of afecbate policy.

Conclusion

The smulaion results shown in figures 9 and 10 indicate that a fecbate policy may
promote sudanable devdopment of the dhrimp faming indusry and consarve
renewable resources, if the associated tax (i.e, the “feg’) is adequate to give a clear
cod advantage to producers with property rights and decison rules favouring long
term benefits Our modd, however, does not condder the inditutiond chdlenges of
implementing the feebate program. Some of these chdlenges are rdated to key
asumptions  underlying the feebate policy that we have moddled. Important
assumptionsfor investigation are:

The system is taxable. We assume that exports are registered with government
authorities and, hence, can be identified for taxation. Thrests that would have to be
asessd indude the posshility that producers could turn to vaue-added shrimp
products and escape taxation, or that exporters would turn to the domestic market.

The export tax is passed down to producers. This would depend on the reaive
bargaining power of the producers and the export merchants.



The sustainable producers can be identified. An officid licendng or regisration
sysem for shrimp fams would be required. Thai government regulations now require
that dl dhrimp fames be regigered. Regigered shrimp fames have to meet
requirements in terms of farm location.

The feebate beneficiaries believe that they will receive the rebate. Assessing farmers
beief that they will actudly receive the rebate is centrd to determining feesbility of
the program.

Without doubt the inditutiond chdlenges of implementing a fecbate programn ae
condderdble, and we ae not aware of any datempts successful or otherwise, to
implement a fecbate program to manage the sudanability of a commodity sysem.
However, the environmentd and socid cods of the dwimp faming indusry have
been enormous, and prescriptive policies have not proven successful in regulaing the
industry. We bdlieve that fecbate policies may offer an effectud dternative, and
uggest that the feeshility of feebate policies for the shrimp farming industry or
smilar sygemswould be atimedy line of research.
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