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Water and the 
Palestinian-Israeli  
Conflict:  Competition 
or Cooperation? 

Maher Bitar 
 

The Imp or tan ce of  Water 

In a resource-scarce Middle East, 

water is a constant source of economic 

and political tension.  In areas of 

conflict, such as in Israel and Palestine, 

the struggle over water involves not 

only economic and distribution issues, 

but central political, legal, and 

territorial claims as well.  Water, 

essential to all parties, emerges as a 

tool of control and exploitation, a 

powerful bargaining chip, and a 

politicized commodity. 

Water needs of both Israelis and 

Palestinians in the Gaza Strip and the 

Occupied Palestinian Territories (OPT) 

of the West Bank and East Jerusalem 

are rising, and current extraction 

levels are unsustainable.  The need for 

a functional, cooperative water 

distribution regime has become 

crucial.  A workable solution that 

meets both Israeli and Palestinian 

needs is feasible.  Yet this goal, or 

substantial movement toward it, is 

unlikely to be achieved without major 

progress toward a resolution of the 

issues of sovereignty, territory, 

settlements, and security that 

continue to perpetuate the conflict. 

In order to spur sustainable 

development in the Palestinian 

territories, as well as to ensure the 

viability of an eventual Palestinian 

state, an equitable water distribution 

and sharing regime between Israel and 

the Palestinian territories must be 

implemented.  Access to clean and 

consistent sources of water is 

imperative to meet the present needs 

and future demands of both parties.  

For the Palestinians especially, the 

Israeli policy of restricted water 

allocation has exacerbated health and 

nutrition problems and has adversely 

affected agricultural output and 

commercial and industrial 

development.  Furthermore, the 
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continuation of current extraction 

rates poses serious hydrological and 

ecological challenges for both Israel 

and the Palestinian territories.  

Current water use in Israel and in 

Israeli settlements inside the West 

Bank, coupled with the rapidly 

increasing Palestinian population, 

exceeds the natural replenishment 

rate.1 

 

Water Sour ces an d Distribu tion 

Above ground, the Jordan River 

connects all 

communities of the 

Levant: Lebanon, 

Israel, Jordan, Syria, 

and the Occupied West 

Bank.  Most 

significantly, 80% of 

the Jordan River Valley 

Basin, including Lake 

Tiberias (also known as 

the Sea of Galilee) and 

its principal arteries, straddles Israeli 

controlled territory, including the 

occupied Syrian Golan Heights, Jordan, 

and the West Bank.2  From the north, 

the Upper Jordan River flows into Lake 

Tiberias, the northwest portion of 

                                                             
1 Helping a Palestinian State Succeed: Key Findings, 
The RAND Palestinian State Study Team (Santa 
Monica, CA: The RAND Corporation, 2005) 10. 
2 Allocations of Water and Responsibilities in an 
Israeli-Palestinian Water Accord, Woodrow Wilson 
School (WWS) Taskforce on Water Rights in the 
Jordan Valley, Princeton University, 1999 
<http://www.wws.princeton.edu/wws401c/>. 
 

which is used extensively by Israel to 

withdraw and transport water through 

the National Water Carrier to coastal 

cities and the Negev desert.  This 

surface water comprises about 30% of 

Israel’s total water consumption.  

Groundwater aquifers underlying the 

West Bank, Gaza, the Galilee, and the 

Negev, as well as desalination and 

wastewater recycling programs, 

supply the rest.3  The large volume of 

water extracted sharply reduces the 

flow of the Lower Jordan River, which 

runs along the 

northwest border 

between the 

Hashemite Kingdom of 

Jordan and the West 

Bank.  Since the 

beginning of Israel’s 

military occupation of 

the West Bank in 1967, 

land adjoining the 

Lower Jordan River has 

been declared a “closed military zone,” 

and Palestinian access to the Lower 

Jordan River has been consistently 

denied.4 

Israeli control over pumping and 

distribution of the two main 

                                                             
 

3 Building a Successful Palestinian State, The RAND 
Palestinian State Study Team (Santa Monica, CA: The 
RAND Corporation, 2005) 174.  
4 Palestine Liberation Organization Negotiation 
Affairs Department (PLO-NAD) 
<http://www.nad-
plo.org/inner.php?view=nego_permanent_water_hw
aterp>. 

Current water use in 
Israel and in Israeli 

settlements inside the 
West Bank, coupled 

with the rapidly 
increasing Palestinian 
population, exceeds 

the natural 
replenishment rate. 
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groundwater aquifers has severely 

restricted Palestinian water use.  This 

remains the main source of tension 

regarding water between Israelis and 

Palestinians in the territories.  Much 

of the West Bank sits atop the 

Mountain Aquifer, composed of the 

Western, Eastern, and North-Eastern 

basins.  The Gaza strip and coastal 

south of Israel share the Coastal 

Aquifer Basin, of which the portion 

underneath Gaza provides a mostly 

independent source of extraction and 

recharge. 

 

The West Ban k 

The Mountain Aquifer underlying 

the West Bank provides approximately 

30% of Israel’s water supply.5  It 

supplies Israel’s growing settlements 

and its military infrastructure in the 

West Bank, and a substantial amount is 

redirected to the state of Israel proper.  

In terms of groundwater obtained, 

Israel “receives 79% of the Mountain 

Aquifer and the Palestinians 21%.”6 

The discrepancy in comparative 

usage and consumption is glaring.  

Groundwater availability is 1,209 

million cubic meters mcm/year in 

Israel and the West Bank; 1,046 

                                                             
5 “Water Supply in Palestine: A Fact Sheet and Basic 
Analysis of the Legal Status,” MIFTAH, 2002 
<http://www.miftah.org/Doc/Factsheets/Miftah/Engli
sh/PALESTINEWATER.pdf>1. 
6B’Tselem, “Thirsty for a Solution: The Water Crisis in 
the Occupied Territories and its Resolution in the 
Final Status Agreement,” (Jerusalem, July 2000). 
 

mcm/year is currently for the benefit 

of Israel, while only 259 mcm/year is 

allocated to the Palestinians.7  And 

Palestinian residents continue to be 

denied access to surface water from 

the Lower Jordan River.  As a result of 

this lopsided water usage, water 

consumption levels are reaching 

dangerously low levels in certain 

Palestinian areas. 

According to recommended 

standards of the World Health 

Organization (WHO) and the U.S 

Agency for International Development 

(USAID),8 a minimum of 100 liters a 

day per capita are needed for balanced 

and healthy domestic consumption in 

rural households.9 In contrast, 

B’Tselem, the Israeli human rights 

organization, documents that Israeli 

per capita consumption of water 

already reaches 350 l/day, about five 

times Palestinian consumption.10  Per 

capita consumption of water in Israeli 

settlements, most of which are 

strategically located directly above 

main water extraction sources, can 

reach even higher levels, estimated at 

                                                             
7 MIFTAH, 2. 
8 U.S Agency for International Development (USAID) 
<http://www.usaid.wbg.org/water.html>. 
9 “Desk Study on the Environment in the Occupied 
Palestinian Territories,” United Nations Environment 
Programme (UNEP) (January 2003); B’Tselem, “Not 
even a Drop: The Water Crisis in Palestinian Villages 
without a Water Network,” (Jerusalem, 2001). 
10 B’Tselem, “Thirsty for a Solution: The Water Crisis 
in the Occupied Territories and its Resolution in the 
Final Status Agreement,” 4. 
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“seven-fold” the Palestinian 

consumption rate.11  In contrast, 

Palestinian consumption rates per 

capita vary between 35 and 80 l/c/d12, 

well below WHO and USAID 

recommendations, and in some 

communities, water consumption can 

dip to as low as 7 l/c/d under certain 

conditions.13 

Areas most affected by water 

shortages and 

pollution are “villages 

and refugee camps in 

the Occupied 

Territories not 

connected to a running 

water network.”14  A 

recent survey of 

Palestinian villages and 

rural communities by 

the Palestinian 

Hydrology Group 

(PHG) in the West Bank 

underscores the 

volatile nature of water distribution 

and the adverse effects of the political, 

economic, and military policies of the 

                                                             
11 Miloon Kothari, “Report of the Special Rapporteur 
on Adequate Housing as a Component of the Right to 
an Adequate Standard of Living,” Commission on 
Human Rights, E/CN.4/2003/5/Add.1, 10 Jun. 2002 
<http://daccessdds.un.org/doc/UNDOC/GEN/G02/14
5/06/PDF/G0214506.pdf?OpenElement>.     
12 MIFTAH, 2;Palestinian Hydrology Group – Water for 
Life Report. 
 
 

13 Palestinian Hydrology Group – Water for Life 
Report. 
14 B’Tselem, “Thirsty for a Solution: The Water Crisis 
in the Occupied Territories and its Resolution in the 
Final Status Agreement,” 4. 

Israeli presence in the territory.  The 

Water, Sanitation and Hygiene 

Monitoring Project (WaSH MP) 

estimates that 31% of non-urban 

“Palestinian communities are not 

currently connected to a water 

network.”15  Moreover, the water 

supply to those who are being supplied 

by Mekorot, the national Israeli water 

carrier, is also unstable.  Seventy-six 

percent of the 

communities surveyed 

“reported a reduction 

in or, in some cases, a 

complete halt to their 

supply of water,” 

forcing many to seek 

unreliable, often 

contaminated 

alternative means of 

satisfying basic needs, 

for example through 

tankers, cisterns, and 

springs.  As a result, 

communities throughout the West 

Bank have experienced a large 

increase in water-related diseases, 

including skin-infections, diarrhea, 

and amoeba.16 

In addition, the imposition of the 

Security Barrier within the West Bank 

has further cut off Palestinians on 

                                                             
15 Palestinian Hydrology Group: Water, Sanitation, 
Hygiene Monitoring Report, “Water for Life: Israeli 
Assault on Palestinian Water, Sanitation, and Hygiene 
during the Intifada,” (Jerusalem, 2004) 7. 
16 Ibid. 7. 
 

The barrier is 
especially damaging 

for Palestinians 
isolated on its 

western side, where 
water extraction and 

consumption 
opportunities are 

increasingly 
circumscribed and 
controlled by Israel 

and Mekorot. 
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both sides of the barrier from water 

and agricultural resources and is a 

growing threat to economic life and 

public health.  The barrier is especially 

damaging for Palestinians isolated on 

its western side, where water 

extraction and consumption 

opportunities are increasingly 

circumscribed and controlled by Israel 

and Mekorot. 

The Palestinian Hydrology Group 

highlights the specific effects the 

barrier has had and will increasingly 

have as it nears completion.  In their 

report, they stress that the Barrier: 

• isolates people from wells and 

water sources which are located on the 

“other side” of the wall (be it Western 

or Eastern); 

• isolates lands which are in need of 

water for irrigation; 

• damages and completely destroys 

wells, cisterns, reservoirs and/or 

pipes; 

• interrupts water pipe routes which 

must be rerouted because of the wall’s 

construction; 

• blocks transport of water via 

tankers; 

• blocks access to Public Heath 

Centers and medical assistance.17 

As case studies indicate, the 

barrier has already isolated or 

destroyed an estimated 50 

                                                             
17 Palestinian Hydrology Group –WaSH Monitoring 
Report, 2004, 76. 

groundwater wells and over 200 

cisterns, which supplied the domestic 

and agricultural needs of over 122, 000 

residents.18 

Also, farmlands have been either 

destroyed or cut off from their owners 

and workers.  By 2003, nearly 105, 000 

trees were uprooted, and much land is 

not being cultivated and, as a result, 

“dry[ing] up and los[ing] much of its 

productivity."19  Moreover, 

unpredictable policies regarding the 

opening and closing of available gates 

further exacerbate the vulnerability of 

Palestinian farms and villages.  In 

terms of humanitarian and economic 

needs, the damage and isolation 

caused by the barrier is thus direct and 

quantifiable.  The social and 

psychological ramifications caused by 

the division and isolation created by 

the barrier are no less serious. 

 

Gaz a 

With a population of over 1.35 

million, of whom over 960, 000 are 

UNRWA-registered refugees, 20 the 

Gaza Strip faces an especially 

problematic water situation.  Gaza 

already has one of the highest 

population densities in the world, 

estimated at 3,612 persons per sq km 

                                                             
18 Ibid. 
19 Ibid. 
20“Refugee Camp Profiles,” UNRWA 
<http://www.un.org/unrwa/refugees/camp-
profiles.html>. 



       8 

(9,356 per sq mi)21 and a rapidly 

growing population, expected to reach 

almost 2 million by 2015.22  Coupled 

with the long-term consequences of 

the former Israeli military occupation 

and settlements, which ended in 

August and September of this year, 

Gaza has suffered a steady increase in 

debilitating ecological 

and hydrological 

problems.  These 

include 

“desertification, 

salinization of fresh 

water, sewage 

treatment, water-

borne disease, soil 

degradation, [and the] 

depletion and 

contamination of 

underground water 

resources.”23  These are 

due primarily to over-

pumping and pollution 

resulting from 

fertilizers and sewage 

infiltration.24  The 

former has resulted in 

an annual replenishing deficit of 90 

                                                             
21Cohen, Shaul, “Gaza Strip,” Microsoft Encarta 
Online Encyclopedia, 2006 
<http://encarta.msn.com/encyclopedia_761579828/G
aza_Strip.html>. 
22 <http://www.pcbs.org/populati/demd4.aspx>. 
23“Gaza Strip,” World Factbook, CIA 
<http://www.cia.gov/cia/publications/factbook/geo
s/gz.html>. 
24 Water Resources in Palestine, MIFTAH. 

million cubic meters,25 leading to a 

serious deterioration of the amount 

and quality of water.  In addition to 

the infiltration of seawater, untreated 

sewage continues to seep in and harm 

the water supply, contaminating and 

damaging the aging water 

infrastructure of the territory.  These 

problems have 

crippled agricultural 

and economic 

production and 

damaged the health of 

Gaza’s burgeoning 

population. 

 

Dip lomacy and 

Neg otiation 

As demonstrated 

by the water 

challenges of the West 

Bank and Gaza Strip, 

water is a crucial and 

volatile asset.  As a 

valuable and 

politicized commodity, 

it has been a potent 

source of tension 

between the Israelis and Palestinians.  

As the occupying power, Israel has 

direct and explicit responsibilities 

towards the residents under its 

military and civilian control, which it 

has repeatedly violated in order to 

                                                             
25 Hass, Amira, “The Settlers are Gone, the Polluted 
Water Remains” ZNet 26 Aug. 2005. 

[There is] an annual 
replenishing deficit of 

90 million cubic 
meters, leading to a 

serious deterioration 
of the amount and 

quality of water.  In 
addition to the 
infiltration of 

seawater, untreated 
sewage continues to 
seep in and harm the 

water supply, 
contaminating and 
damaging the aging 
water infrastructure 

of the territory. 
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ensure its continued control and 

domination of water sources.  

Consequently, negotiations on water 

have proceeded outside the 

framework of international law and 

have largely ignored the international 

legal rule of equitable and reasonable 

utilization.26 

 

The Oslo A ccords 

Under the Declaration of 

Principles (DOP) of the Oslo accords, 

the issue of water was subsumed under 

Annex III: The Protocol on Israeli-

Palestinian co-operation in economic 

and development programmes.  

Through the creation of the Israeli-

Palestinian Committee for Economic 

Co-operation, it called for a joint water 

development program in the West 

Bank and Gaza Strip to prepare 

“proposals for studies and plans on 

water rights of each party, as well as 

on the equitable utilization of joint 

water resources for implementation in 

and beyond the interim period.”27  In 

Annex IV, water-specific and related 

provisions were made within a 

proposed economic development 

program for the West Bank and Gaza 

Strip.28 

The DOP provided an 

                                                             
26 MIFTAH Report. 
27“1993 Declaration of Principles (Oslo Accords),” 
Foundation for Middle East Peace 
<http://www.fmep.org/resources/peace_plans/oslo_
accords.html>. 
28 Ibid. 

introductory framework for 

cooperation and coordination and 

clearly brought to the fore the 

necessity of “equitable utilization” of 

joint resources.  To enable this, a Joint 

Water Committee was established to 

be the main vehicle for water 

cooperation.  The first agreement of 

the Oslo process, the Gaza Jericho 

Agreement (1994) discussed the issue 

of water and sewage in Annex II, 

Article II regarding the Transfer of 

Powers and Responsibilities of the 

Civil Administration.29  It addressed 

only issues in the Gaza and Jericho 

areas, and the agenda for cooperation 

was limited to the “context of 

environmental protection and 

prevention of environmental risks, 

hazards and nuisances.”30 

 

The Geneva A ccord 

The “Geneva Accord” plan—a 

non-official “virtual” peace agreement 

announced in October 2003—sought to 

build on the “Clinton parameters” and 

the tentative agreement negotiated at 

Taba in January 2001.  Though 

unofficial, it offers detailed solutions 

for a final status agreement.  

Nevertheless, the Draft Final Status 

Agreement that was distributed left 

                                                             
29 “Gaza-Jericho Agreement,” Israel Ministry of 
Foreign Affairs, The State of Israel, 2004 
<http://www.mfa.gov.il/MFA/Peace%20Process/Guid
e%20to%20the%20Peace%20Process/Gaza-
Jericho%20Agreement%20Annex%20II>. 
30 Water Resources in Palestine Fact Sheet, MIFTAH. 
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the issues of Water (Article 12), as well 

as Economic Relations (Article 13) and 

Legal Cooperation (Article 14), “to be 

completed.”31 

Notwithstanding the collapse of 

the Oslo process and the resulting 

Intifada, there have been contacts and 

meetings on the expert, local, and 

regional levels that can be interpreted 

as a sign of recognition of the 

interdependence of water needs.  

According to Jordan’s Al-Ghad daily 

newspaper, meetings 

were held in July 

between Jordanian, 

Israeli, and Palestinian 

mayors to discuss 

methods of cleaning 

liquid and solid wastes 

from the Jordan 

River.32  Non-

governmental 

organizations, such as 

Friends of the Earth 

Middle East, have also 

sought to foster such cooperation, 

such as between adjacent Israeli and 

Palestinian communities, and raise 

awareness within and across these 

communities. 

 

Lookin g Forw ar d 

The water crisis for Palestinians 

                                                             
31 Geneva Accord: Draft Final Status Agreement, 
Geneva, 2003. 
32 “Wastewater Tankers Dumping in River Jordan is 
Now Prohibited,” Al Ghad 21 Jul. 2005. 

is, foremost, a direct product of the 

military occupation of Palestinian 

territories by Israel.  The exploitation 

of Palestinian water resources by 

Israel, inequitable distribution of joint 

resources, the construction of the 

barrier inside the West Bank, the 

restrictions on movement within the 

occupied territories, and continued 

military activities by the Israel Defense 

Forces all contribute to the 

deteriorating Palestinian water and 

health situation.  These 

problems will not be 

addressed by the 

alternative sources of 

water, such as 

desalinization plants, 

that Israel is planning 

to reduce water 

shortages for Israelis.  

Relief for Palestinians 

will require the 

dismantling of Israel’s 

military and civilian 

occupation infrastructure throughout 

the Palestinian territories and 

equitable access to water for 

Palestinians.  If pursued in accordance 

with international law, this would 

greatly alleviate Palestinian suffering 

and reenergize agricultural and 

economic output. 

In the longer term, since water 

inextricably binds Israelis and 

Palestinians together, they must deal 

Relief for Palestinians 
will require the 

dismantling of Israel’s 
military and civilian 

occupation 
infrastructure 

throughout the 
Palestinian territories 
and equitable access 

to water for 
Palestinians. 
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with it as a joint issue that demands an 

integrated, cooperative approach.  The 

status quo, within Israel and between 

Israel and Palestine, only perpetuates 

the unsustainable reality of water 

exploitation, misallocation, and 

overuse.  When final status 

negotiations are resumed water must 

be addressed as a primary 

humanitarian, public health, and 

economic issue, not as a secondary 

environmental problem.  Dr. Gershon 

Baskin, the Israeli Co-Director of the 

Israel-Palestine Center 

for Research and 

Information, notes that 

a solution to the issue 

of water, and other 

resources, must be 

tackled using a 

functional and 

integrative approach.  

In order for a workable 

water regime to be implemented and 

respected, both parties need to move 

toward “demand management” 

negotiations, where the respective 

needs and population sizes of the areas 

are equally considered and 

agreements reflect international law 

and conventions33 as well as the health 

standards set forth by the World 

Health Organization.  Moreover, to 

offset the challenges raised by future 

                                                             
33 1997 UN Convention on the Non-navigational Uses 
of International Watercourses  

population and economic growth, both 

parties need to embark on 

simultaneous national and cooperative 

waste management, water 

desalination, and conservation 

projects, in addition to promoting 

water-conscious agricultural practices. 

Without progress toward such 

cooperation, water shortages will 

continue to add to Israeli-Palestinian 

tensions and undermine public health, 

the environment, and the economy for 

Palestinians.  If the current path of 

Israeli control and 

unilateral policies 

continues, the dangers 

will be “pollution, 

salinization, and a 

lower water table, and 

[it] will limit the ability 

of Israelis and 

Palestinians to exercise 

their rights to water 

and to benefit from their natural 

resources.”34  Confronting the problem 

of water is a compelling reason for 

both sides, with active support of the 

international community, to return to 

the peace table.  Once they do, they 

are likely to find that mutually 

beneficial joint water demand and 

supply management are within their 

grasp. 

                                                                           

<http://www.un.org/law/ilc/texts/nonnav.htm>. 
34B’Tselem, “Thirsty for a Solution: The Water Crisis 
in the Occupied Territories and its Resolution in the 
Final Status Agreement,” 5. 

Confronting the 
problem of water is a 
compelling reason for 
both sides, with active 

support of the 
international 

community, to return 
to the peace table. 
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A Day in 
Thai Trash 

Vanessa Moll 
 

“The trucks are coming!” Nualang 

Deehmonteed quickly pulled her 

rubber boots over plastic bags tied 

around her feet to prevent 

contaminated water from seeping in. 

With her hoe through the handle of 

her basket, she made her way to the 

hot sludge where a garbage truck had 

sunk into a swampy path of six-inch 

deep, dark, bubbling water. The driver 

rocked it back and forth, forcing those 

walking past to shuffle into 

wastewater.  Trash such as used 

diapers, plastic bags, and wrappers 

often float upon chin-deep black water 

that is easily mistaken for solid 

ground. 

Six mornings a week, 

Deehmonteed, a resident of Khambon 

Noi, Thailand, walks to the landfill 

where she works until four in the 

afternoon.  She and her neighbors sift 

through the trash piles looking for 

valuable, recyclable materials in order 

to sell them later. Between loads 

dumped by 30 municipal trucks 

throughout the day, she sorts the 

maggot-covered piles of tin, glass, and 

plastic. Or she sits down to rest under 

a homemade tent, constantly 

surrounded by hundreds of flies 

breeding in the stench of rotting rice 

and meats that thousands of people 

have thrown away. 

The landfill outside Khon Kaen 

provides work for Deehmonteed and 

approximately 100 others from her 

close-knit scavenging community, 

with about 30 scavengers working into 

the middle of the night.  This hard 

work leaves little time for planning 

the future; however planning ahead is 

exactly what the mayor of Khon Kaen, 

Peeraphon Phattanapeeradet, has said 

the scavengers must do.  The 

municipality’s plans to sort the trash 

at a new site in Nongton will lead to a 

gradual decrease in valuable, 

recyclable trash coming to the current 

landfill, eventually eliminating the 

scavengers’ livelihoods.  

Phattanapeeradet says the community 

cannot rely upon outside help, and so 

it must build strength.  Thus every 

family will be forced to make changes 

in order to continue to survive. 
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Scavenger s:  

Con te mp orar y Ar che ologists 

Members of an older generation 

in Khambon Noi have witnessed the 

transformation of the Khon Kaen 

landfill. When Khampuk Khawka first 

arrived at the landfill in 1978, the 

municipality dumped trash from the 

surrounding communities in an area 

scattered with trees.  Khawka 

remembers mounds of green banana 

leaves and other 

organic waste 

materials; now the site 

contains many colors 

other than green and 

brown.  The 

globalization of 

corporations and 

development of 

packaging techniques 

have replaced banana 

leaves with plastic 

bags.  Growing 

populations have 

increased the quantity of trash so that 

large ridges of garbage have formed, 

divided by muddy rivers of sludge.  

With the trees gone, the landfill has 

become a swamp of slowly rotting, 

modern materials – a swamp that now 

overflows into the road dividing the 

landfill from the village of Khambon 

Noi. 

Visit Thailand and one may feel 

the inhabitants have an abnormal 

obsession with plastic bags, even 

filling them with to-go drinks.  

However this fairly new obsession is 

minimal compared to product 

transformation in the United States 

during the last century.  For instance, 

while Thai industry still refills glass 

bottles put on the market, only 11 

states in the US accept bottle deposit 

returns.1  Furthermore, plastic has 

redefined convenience:  avoiding dirty 

dishes, restaurants 

often serve their food 

in disposable 

Styrofoam or plastic 

dishes, even if the 

customer dines in. 

 

Inn ovation and 

Tran sfor mation in  

the Unite d States 

According to 

Heather Rogers, author 

of Gone Tomorrow: the 

Hidden Life of Garbage, 

the transformation of goods in the U.S. 

and other parts of the world is mainly 

due to corporate scheming.  

Throughout the 20th century, 

corporate leaders caught on to the 

benefits of marketing disposable 

products.  If a product is built to wear 

out in the short term, the consumer 

                                                             
1 "Bottle Bill Basics," The Tennessee Bottle Bill 
Project, 1-2-Wonder Web Services, 2006, 3 Nov. 2006 
<http://www.tnbottlebill.org/basics.htm#Whatis>. 

The municipality’s 
plans to sort the trash 

at a new site in 
Nongton will lead to a 

gradual decrease in 
valuable, recyclable 
trash coming to the 

current landfill, 
eventually 

eliminating the 
scavengers’ 
livelihoods. 
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will need to buy another product to 

replace the throwaway.  Producers 

also began to understand the benefits 

of packaging, such as advertising and 

quantity control.  Packaging industries 

have reaped the benefits of one-time 

use packages. 

Corporate leaders have found 

ways to control the economy by 

influencing consumer decisions, 

Rogers says.  These leaders have even 

been behind some of the most 

successful environmental movements 

and organizations, including Keep 

America Beautiful (KAB), which 

diverted attention from changing 

production processes to preventing 

and picking up litter.  Corporations 

eventually learned to advertise such 

that consumers feel solely responsible 

for their trash production. 

 

Bur ying Tr ash 

The effects these production and 

consumption processes have had on 

landfills and the people who work with 

trash are enormous. More than a 

growth in space and revenue is needed 

to take care of trash.  Half a century 

ago, scavengers and other workers 

contributing to the recycling process 

in the United States experienced the 

gradual job losses that scavengers in 

quickly developing countries are 

struggling with today.  Not only is 

scavenging now illegal, more workers 

are needed when companies use 

refillables rather than one-use 

containers. 2  Thousands of new jobs 

would be created if companies and 

governments took the time and energy 

to revert back to a trash disposal 

system that saved valuable materials 

from being buried forever. 

However, whether because of 

government, producers, or consumers, 

environmentalism does not normally 

address adjustments in production.  

Changes do not occur until the 

disposal stages, where new processes 

have been invented and often 

enforced by law.  For instance, the 

Environmental Protection Agency 

eventually enforced the sanitary 

landfill, which was largely adopted in 

the U.S. after World War II.  The 

requirements for a sanitary landfill are 

expensive, which is a major reason 

small, local landfill owners have been 

pushed out of the trash market by a 

few very large corporations.  However, 

the sanitary landfill has succeeded in 

isolating waste so well that trash is 

isolated from even air and water, often 

failing to degrade at normal rates. For 

example, researchers at the University 

of Arizona who drilled into landfills 

                                                             
2 Heather Rogers, Gone Tomorrow: the Hidden Life of 
Garbage (New York: New Press, 2005). 
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found 15 year-old hot dogs and 

pastries still recognizable.3 

Whether or not enacting laws to 

isolate trash is the best way to face the 

problem of the world’s increasing 

trash production, this practice seems 

to be in the plans for Mayor 

Phattanapeeradet.  Besides sorting 

recyclable materials from real trash at 

a separation site, he 

plans to rehabilitate 

the current landfill by 

building a dike to 

prevent the overflow 

of trash into the water 

system.  He also plans 

to cover new trash 

with a layer 50 cm 

deep of older, 

processed trash. These 

changes are far from 

making the landfill a 

sanitary landfill by U.S. 

standards, but they are 

the first steps. 

Just as the U.S. has 

not visibly limited its 

production flow, neither do 

production limitations seem to be part 

of Mayor Phattanapeeradet’s plan.  

Presumably, these constraints restrict 

a capitalist country’s profits, and in 

                                                             
3  Talkin’ Trash, 23 April 2001,  13 January 2006 
<http://www.goerie.com/nietalkintrash/anatomy_of
_a_landfill.html>. 
 

most cases it remains the consumer’s 

responsibility to search out 

environmentally sound methods of 

survival.  Therefore trash production 

depends on public relations, the 

individual’s stance on consumption, 

and the individual’s ability to find 

alternative ways to consume.  People 

are the heart of business, and every 

purchase made is a 

vote for the processes 

that created the 

product. 

Nualang 

Deehmonteed walked 

through the paths of 

other people’s trash.  

Babies played in the 

littered streets, and 

dogs swam in the black 

puddles of recent rain 

and runoff.  A bus of 

Thai university 

students wearing 

masks passed 

Deehmonteed’s village 

on one side, and their 

city’s open dump on the other.  There 

for the shock value, the students did 

not need to get of the bus until it had 

parked in front of the inoperable 

incinerator.  For better or worse, this 

scene will change: in the years to come 

the village will disappear, and a layer 

of dirt will add one more thick shield 

Therefore trash 
production depends 
on public relations, 

the individual’s 
stance on 

consumption, and the 
individual’s ability to 
find alternative ways 
to consume.  People 

are the heart of 
business, and every 
purchase made is a 

vote for the processes 
that created the 

product. 
 



       17 

between the city’s trash and the 

student’s senses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vanessa Moll is a senior majoring in 

Science, Technology, and International 

Affairs with a concentration on the 

Environment.  This paper was written 

during Vanessa’s semester abroad at CIEE 

Thailand for Prof. David Streckfuss’s 

course Development from the Grassroots 

Perspective. All information about 

Thailand landfills is from her personal 

observations, made while she worked in 

the Khon Kaen, Thailand Landfill. 

 
 
 
 

 
 
 
 

       
 

   Thai  Host  Mother by Sasha Irving 
 



       18 

 
 
 
 
 
 
 
 
 
 
 
  
               Jai sal mer,  I ndia  by Krishna Sut aria 

 
 
 
 
 
 
 

Essaouira,  Mor occo by  Lael  K.  Good man 



       19 

 
 
 
 
 
 
 

 
      

 White  D esert ,  E gypt  by  Ryan Gelinas   
 
 
 
 
 
 
 
 

    Si mon’s  Town,  South  A frica by  Meg Benner 



       20 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Okav ango D elta,  Botswana by  Meg Benner 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

               Okav ango D elta,  Botswana by  Meg Benner 



       21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
           Bay on Templ e,  Angkor Wat,  Siem Reap,  Cambodi a by Sasha Irving 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

            Khambon Noi ,  Khon Kaen,  Thailand by  Sasha Irving 



       22 

The Demilitarized Zone 
Biosphere Reserve: 
Benefit-Cost Analysis 

Angela Yoon-Young Choe 
 

Intr odu ction 

The Demilitarized Zone (DMZ) in 

Korea, established as a result of the 

armistice agreement at the end of the 

Korean War in 1953, is an area of land 

that divides North and South Korea.  

With strictly enforced restrictions on 

human access, forests that had been 

thousand of years old but destroyed 

during the war have returned to their 

natural state.1  The DMZ has become a 

bioreserve sanctuary, providing a 

habitat for endangered and threatened 

flora and fauna species for half a 

century.  Ironically, the war that 

devastated both Koreas gave way to a 

4km-wide, 250km-long swath of land 

across the heart of the peninsula, 

which has become one of the most 

precious natural assets of not only 

Korea but of the world. 

Now this bioreserve sanctuary is 

facing more developmental pressure 

than ever with increasing economic 

                                                             
1 K. Kim, “Preserving Biodiversity in Korea’s 
Demilitarized Zone,”Science 278.5336 Oct. 1997: 242-

cooperation between North and South 

Korea.  At the same time, awareness of 

the environmental value of the DMZ is 

increasing, and the South Korean 

Ministry of Environment has 

announced plans to promote the 

designation of the DMZ as a UNESCO 

biosphere reserve.  A biosphere 

reserve is defined as “ecosystems 

promoting solutions to reconcile the 

conservation of biodiversity with its 

sustainable use.”2   This paper analyzes 

the benefits and costs of preserving 

the area as a biosphere reserve. 

The biosphere reserve would 

consist of three zones: core, buffer, 

and transition.  The core zone would 

be the inner demilitarized zone, 

established as a national park for 

limited, environmentally sensitive 

ecotourism.  The surrounding buffer 

zone would be a partially restricted 

area that acts as an extra layer of 

                                                                           

243. 
2  UNESCO, People, Biodiversity and Ecology, United 
Nations <http://www.unesco.org/mab/BRs.shtml>. 
3 Using the then exchange rate of 1USD = 1250 won. 
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protection for the ecosystem.  The 

local population could use limited 

areas of the buffer zone, currently the 

Civilian Control Zone, for 

environmentally sensitive activities, 

such as organic farming.  The outer 

transition zone would be a 

residential/commercial area to 

accommodate the tourists and the 

local population. 

For South Korea, the benefits and 

costs of preserving nature in the DMZ 

can be extrapolated from contingent 

valuation studies of the 

potential for economic 

and tourist activity in 

the Civilian Control 

Zone.  For North Korea, 

benefits and costs can 

be extrapolated from 

contingent valuation 

studies of Madagascar’s 

experience 

establishing its national park and the 

effect it has had on Madagascar’s 

population, one whose standard of 

living arguably comes close to North 

Korea’s.  In both North and South 

Korea the potential benefits of 

preserving the DMZ outweigh the 

costs, though the circumstances for 

local populations differ.  In South 

Korea, preservation of the DMZ as a 

biosphere reserve produces a clear net 

benefit to South Koreans, provided 

that the local population receives a 

comprehensive training and 

compensation program.  Given the 

political situation in North Korea 

however, such a training and 

compensation program is unlikely and, 

thus, the cost to the local population 

would be high. 

 

Benefi ts an d Costs:  South K orea 
The DMZ area includes the 

Civilian Control Zone (CCZ), which is a 

5-20km wide swath of farm and forest 

land surrounding the DMZ that acts as 

a buffer zone for the 

bioreserve sanctuary.  

Established initially for 

military operations, 

civilians have been 

able to live in and use 

the lands in the CCZ 

with permission from 

the military, mainly 

carrying out farming 

activities.  The CCZ is a wildlife refuge 

in itself, with the Choelwon area 

known especially as the habitat of 

endangered cranes. 

In 1997, John, Youn, and Shin 

(2003) carried out a contingent 

valuation study in the Choelwon CCZ 

area.  Tourists visit the Choelwon area 

primarily to see war monuments and 

old battle fields that commemorate 

the Korean War, and are 

complemented by farm and forestry 

ecological resources (FFER).  John, 

The DMZ has become 
a bioreserve 

sanctuary, providing 
a habitat for 

endangered and 
threatened flora and 
fauna species for half 

a century. 



       24 

Youn, and Shin used the bidding game 

method in their contingent valuation 

to figure out the willingness-to-pay 

(WTP) not to give up FFER in the 

Choelwon area.  The results of the 

study showed that each tourist was 

willing to pay 2842 won per person 

(US$2.303).  Assuming the number of 

visitors in 1997 as the annual average, 

the total use value of the ecological 

resources was US$840,000, twice the 

average annual entrance fee revenues. 

In order to find out the non-use value 

of preserving the CCZ area, John (of 

John, Youn, and Shin) carried out an 

additional contingent valuation study 

in 19984.  The results showed that the 

average WTP was 14,202 won 

(US$11.40) per person.  Adding the use 

and non-use values, the calculated 

total value of preservation of the 

Choelwon CCZ area is US$18.4 million 

per year5.  Extrapolating the value to 

the next 50 years using 12% interest 

rate, they found the present value of 

the benefits for preserving the FFER to 

be US$152.8 million. 

Development of the CCZ area is 

justified only if the net present value 

(NPV) of benefits of development in 

                                                             
 

4 S. Chun, B. Byun, and B. Lee. The DMZ Area 
Environment Conservation Basic Plan. (Seoul: Korea 
Environment Institute, 2003) 
5 Kun H. John, Yeo C. Youn, Joon H. Shin, “Resolving 
conflicting ecological and economic interests in the 
Korean DMZ: a valuation-based approach.” Ecological 
Economics 46 2003: 173-179. 

the next 50 years is larger than $152.8 

million.  In fact, in order for 

development to be justified, the NPV 

of benefits needs to be much larger 

than the calculated value, because 

although it includes the indirect use 

value of ecotourism, it does not 

include the indirect use value of 

biodiversity services6.  The CCZ area 

and the DMZ is a critical habitat for 

migratory birds, and the value of its 

service as one of the last remaining 

habitats for two of the world’s most 

endangered birds, the white-naped 

crane (Grus vipio) and the red-

crowned crane (G. japonensis), is 

internationally recognized (Kim, 1997).  

The CCZ also includes 1170 species of 

vascular plants and 83 fish species in 

the waterways, including 18 endemic 

species7.  Although the value of the 

area’s biodiversity service is 

impossible to calculate 

mathematically, it is undoubtedly 

large and an important factor for 

consideration. 

The actual DMZ area serves as 

wildlife refuge for many more 

endangered species.   Research done in 

a very limited area of the DMZ found 

2716 species, which include 65 

endangered species8.  This result, 

                                                             
6 S. Chun, B. Byun, and B. Lee. 2003.  
7 Kim. 1997.  
8 Republic of Korea, Ministry of Environment, A 
Comprehensive Report of the DMZ ecosystem (Seoul: 
2003)    
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along with the aforementioned CCZ 

data, leads to the conclusion that it is 

highly possible that the DMZ contains 

numerous more endangered species 

than found in this small area.  If the 

biosphere reserve could contain a 

national park in the core area of the 

DMZ for ecotourism, the use value 

from ecotourism would be extremely 

large due to its international fame.  

The sum of the WTP of international 

tourists would exceed the tourism use 

value calculated for the Choelwon CCZ 

area by multiple times, as that number 

was only for domestic tourists in a 

small area of the CCZ.  Hence the total 

use value of preserving the DMZ is 

extremely high.  The non-use value of 

preserving the DMZ would also be 

multiple times that of preserving the 

surveyed CCZ area since the 

international community as well as the 

domestic population understands that 

the DMZ contains one of the most 

intact ecosystems in the world. 

For South Korea, the overall 

benefits of preserving the ecosystem 

in the DMZ outweigh the costs.  The 

main use of land in the CCZ area by the 

local population is agricultural.  

Agriculture contributes to only 2.9% of 

the GDP in Korea9.  In the national and 

international perspective, the benefits 

from converting the core zone to farm 

                                                             
9 D. Han, “The case for farming subsidies.” Editorial. 

land and using it for agriculture would 

be miniscule compared to the costs of 

losing the total value of preservation.  

The eco-tourism in the core zone will 

be limited to certain areas of the park, 

the designation of which will take into 

careful consideration the effects of 

human footprint on biodiversity; 

hence the costs associated with 

oversight of the core zone are 

negligible under the proposed 

biosphere reserve. 

However, the local population 

bears most of the costs associated with 

biodiversity preservation.  Local 

farmers may lose some of their farm 

land and they will not have access to 

land within the DMZ.  The area 

surrounding the DMZ has a relatively 

low average income compared to the 

rest of the country or compared even 

to other counties within the 

provinces10.   Fourteen percent of the 

population in the CCZ area, as opposed 

to 8% of population nationwide, is 

devoted to farming industry in the CCZ 

area (Han, 2004).  Hence the pressure 

for “catch-up” development is rising 

in the area, and the provincial 

governor of the Kangwon province has 

strongly demanded the Ministry of 

Defense a freer access to the CCZ for 

the local population.  The governor 

reflects the general local sentiment 

                                                                           

Seoul Shinmun 13 Oct. 2004. 
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and demonstrates the lobbing power 

of the local population.  The military is 

investigating the validity of this 

demand by the local population.11  

Without a compensation program, the 

local populations will be 

disadvantaged and will protest the 

establishment of a biosphere reserve.  

But given a fair redistribution 

program, the benefits from the 

preservation are more than enough to 

compensate the local population. 

In addition to compensations, 

cost-mitigating measures are available 

to ensure the sustainability of the 

livelihoods of the local populations.  

Some CCZ area farmers are already 

gaining high profits from organic 

farming by marketing their product as 

being grown in the cleanest area in the 

whole country, with the most 

environmentally friendly methods.12  

Their profits are sustainable only if the 

consumers continue to perceive the 

area as green.  The biosphere reserve 

will advantage the farmers by helping 

consolidate their image as farming in 

the greenest area in Korea.  Moreover, 

the proposed reserve allows limited 

areas of the buffer zone to continue to 

be used for environmentally sensitive 

                                                                           
10 S. Chun, B. Byun, and B. Lee. 2003.  
11 See newspaper articles, such as “Military 
investigating the validity of easing the regulations in 
the control zone”, Yonhap News 02 Sept. 2005.   
12 B. Byun, The Branding Strategy of the DMZ area 
(Seoul: Korea Environment Institute, 2003). 

organic farming that does not disturb 

the preservation of biodiversity and 

the intactness of the ecosystem. 

Furthermore, the local population 

can take advantage of the benefits 

from the increase in ecotourism 

generated by the biosphere reserve.  

The transition zone of the biosphere 

reserve is residential/commercial area 

for the local populations where 

tourists can find their necessities.  The 

CCZ area is increasingly becoming 

more dependent on tourism, which is 

not surprising, considering the 

potentially high profits from 

ecotourism in the area.  Currently, the 

CCZ area’s main tourist product is the 

aforementioned security tourism, 

which does not translate into much 

income for the local population 

because security tourism products are 

mostly day trips.  Byun (2002) notes 

that in order for the locals to increase 

profits from tourism in the CCZ area, 

the tourism products need to be 

refashioned from the current security 

tourism to ecotourism.  The local 

officials also understand this, and are 

promoting “green development” 

through ecotourism.13   The tourism in 

the area is increasingly shifting to 

ecotourism, and the provinces are 

benefiting from the increased income 

from eco-tourists who stay 

                                                             
13 This is expressed in the counties’ and provinces’ 
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overnight.14  Hence, the local 

populations will benefit from the 

tourism that the biosphere reserve 

will generate.   Foregoing conventional 

development and developing an 

environmentally sensitive sustainable 

economy would benefit both people 

and the environment. 

However, the farmers cannot be 

expected to gain from tourism 

immediately and need compensation 

and training in order for them to take 

full advantage of the opportunities 

generated from the establishment of 

the biosphere reserve.  

South Korean farmers 

who lose their 

farmland as a result of 

the preservation 

program need not only 

compensation, but also 

retraining in order to 

learn about how to benefit from the 

new opportunities of tourism.  A 

comprehensive government program 

is necessary, but again, the benefits 

from the preservation program are 

more than enough to cover the costs. 

 

Benefi ts an d Costs:  
Nor th K ore a 

The benefit-cost analysis is much 

harder to carry out on the North 

                                                                           

websites, including Choelwon’s.  
14 See, for example, the Kangwon province website, 
www.provin.gangwon.kr 

Korean side.  As the most isolated 

country in the world, not much is 

known about its planned economy.  

But projecting from the mass 

starvations in the 1990s stopped only 

by the massive international food aids, 

the people in North Korea may be 

much more desperate to use the 

resources in the DMZ and the 

surrounding areas.  The establishment 

of the biosphere reserve will have 

larger consequences for the local 

North Koreans, as poor people depend 

more on the natural resources 

surrounding them, 

lacking alternative 

sources of income.  

However, the low-

income of the country 

also means that the 

North Koreans will feel 

the benefits from the 

preservation to be more valuable than 

the South Koreans. 

Despite the high overall benefits, 

costs to the local population will be 

more acute in North Korea.  The local 

people who can find subsistence living 

in the natural resources surrounding 

them will have restricted access to the 

resources.  The lack of economic 

infrastructure in North Korea means 

that the local population will not be 

able to take advantage of the 

opportunities generated by the 

establishment of the reserve soon 

Despite the high 
overall benefits, costs 

to the local 
population will be 

more acute in North 
Korea. 
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enough.  The sustainable development 

objectives will not be immediately 

profitable to the local North Koreans, 

making the conservation incentive 

from development questionable, 

which is generally the case in low-

income countries.15 

Nevertheless, direct payments to 

the local populations available from 

the benefits will be much more than 

the sufficient amount.  A comparative 

case is found in the proposal to 

establish a national park in 

Madagascar in 1993.  Madagascar is 

one of the poorest countries in the 

world but with rich unique resources 

that led to the designation of the 

island as one of the thirty-four 

biodiversity hotspots in the world.  

When the Mantadia National Park was 

proposed, the opportunity costs 

associated with traditional activities in 

the area found in the benefit-cost 

analysis carried out by Kramer, 

Munasinghe, Sharma, Mercer, and 

Shyamsunder (1993) for the World 

Bank was $91 per household per year.  

Contingent valuation on the local 

villagers found that they required $108 

worth of compensation per year to 

forgo the use of the park.   Travel cost 

methods and contingent valuation 

                                                             
15 Ferraro, Paul J., “Global Habitat Protection: 
Limitations of Development Interventions and a Role 
for Conservation Performance Payments,” 
Conservation Biology 15.4  Aug. 2001: 990-1000.  

carried out on the international 

tourists visiting the area estimated the 

average increase in WTP per trip of 

$24 per tourist.  All in all, the villagers 

required $500,000 to $700,000 in 

compensation, whereas the 

international tourists were willing to 

pay additional $800,000 to $2,160,000 

to visit the park. 

The direct payments available to 

the local North Koreans then will be 

multiple times the sufficient amount.  

First of all, the WTP of international 

tourists in Madagascar was calculated 

with a conservative assumption of 

3,900 tourists per year.  Given that 

domestic South Korean tourists to the 

CCZ area far exceed that number and 

that they have great enthusiasm for 

tourism in North Korea, as evidenced 

by South Korean tourists passing 

through the Kumkang Mountain tour 

(the only common access to North 

Korea available to South Koreans), 

tourism by South Koreans will cover 

the necessary costs to pay the local 

North Koreans in the DMZ area. 

However, it is important to note 

that the biosphere reserve is not likely 

to take the same form in North Korea 

as in South Korea.  It is unrealistic to 

assume that the same form of 

biosphere reserve is politically 

possible in North Korea since the 

establishment of the buffer and 

transition zones would require access 
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to the country, forbidden to the 

international community except to a 

very limited number of international 

businessmen and tourists.  Although 

the core zone will be shared by the 

two Koreas through the park 

established in the center of the 

demilitarized zone, and even if 

restricted access allows the 

establishment of the secondary zones, 

they will not be subjected to the same 

monitoring of regulations, since 

scrutiny of the isolated kingdom/state 

is difficult to carry out. 

The compensation to the local 

population is difficult to ensure under 

the current North Korean regime.  The 

dictatorship under Kim Jung Il is 

known for its rampant spending on 

military operations and luxuries for 

their leader and the elite.  The US 

withheld 25,000 tons of food aid to 

North Korea this year because 

monitoring could not be carried out to 

ensure that it ends up in the hands of 

the intended recipients.16  It is not 

unrealistic to suspect that the local 

populations will not be paid for 

conservation, which will not prevent 

unsustainable activities in the DMZ 

area. Nevertheless, since the overall 

benefits far outweigh the costs, it can 

be assumed that some of the benefits 

will trickle down to the local 

                                                             
16 Press Release, U.S. Department of State. Dec 2005.  

population. 

 

Con clusion 

The benefit-cost analysis shows 

that the benefits of establishing the 

biosphere reserve outweigh the costs 

by far in both Koreas.  The costs to the 

local populations can be mitigated by 

both compensation and sustainable 

development initiatives in South 

Korea.  But in North Korea, this 

redistribution of benefits to the locals 

is difficult to ensure in the present.  

Before reunification allows a 

comprehensive management of the 

DMZ area, the biosphere reserve in its 

optimal form that preserves 

biodiversity as well as allows 

sustainable use of the resources is only 

possible in the South.  Now, South 

Korea needs to first take an active 

stewardship role to preserve the 

international environmental asset to 

the furthest extent possible.  The 

establishment of the reserve will 

ensure the preservation of the core 

area of the biodiversity sanctuary 

shared by both Koreas, and prepare for 

the post-reunification period.  

Consolidating the basis for 

preservation in South Korea will 

enable a prompt action in North Korea 

following the reunification. 

Despite the political 

circumstances, economic cooperation 

between the Koreas firmly continues, 
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as a part of South Korea’s strategy to 

lure the North into the market 

economy, while at the same time help 

alleviate the suffering of the North 

Korean people.  Ecotourism in the DMZ 

has the potential to let the North 

Korean people further experience the 

market economy, while generating 

economic benefits for them. The DMZ 

biosphere reserve would be a symbol 

of future peace and prosperity in the 

peninsula. 
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The Tigris-Euphrates 
River Basin Dispute: 
An Examination of 
Turkey’s Southeast 
Anatolia Project (GAP) 
and its Impact 

Erica Hazra 
 

The Turkish government 

describes the Guneydogu Anadolu 

Projesi (GAP) or Southeast Anatolia 

Project as “a technological and 

sociological monument of civilization 

waiting future generations.”1  Indeed, 

the GAP promises Turkey optimal use 

of land and water resources in 

Southeast Anatolia, as well as a means 

for socio-economic development in 

the poor, unstable region.  Syria and 

Iraq, however, have voiced their 

opposition to Turkey’s ambitious 

water management projects and fear 

that the GAP could diminish and 

degrade their own water supplies, as 

                                                             
1 “GAP Master Plan,” GAP Administration, Ankara, 14 
Aug. 2002 
<www.gap.gov.tr/English/Ggbilgi/gtarihce.html>. 

well as put Turkey in a position of too 

much control over the Tigris-

Euphrates River Basin.  The dispute 

over the waters of the Tigris and 

Euphrates is compounded by fear of a 

regional water shortage and by other 

political issues among the three states, 

such as the Kurdish insurgency.  This 

article examines the current situation 

in the Tigris-Euphrates River Basin; 

Turkey’s water development projects 

and how they affect each of the three 

states; and finally, a possible method 

of resolving the dispute over the two 

rivers. 

 

The Sou the ast An atol ian Pr oje ct  

(GA P) 

In 1977, after more than 30 years 
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of survey on the Tigris and Euphrates, 

Turkey merged its massive 

development projects aimed at 

controlling the water for electrical 

power and irrigation into the 

Southeast Anatolian Project (GAP).2  

The GAP Master Plan, outlined by the 

Turkish government in 1989, sets out 

four basic strategies: (1) develop and 

manage water and land resources for 

irrigation, urban, and industrial use; 

(2) introduce better farm 

management, agricultural practices, 

and crop patterns; (3) encourage 

manufacturing industries; and (4) 

improve social services and urban 

infrastructure facilities.3  The project 

will include construction of 22 dams, 

19 hydroelectric power stations, and 

25 irrigation systems along the Tigris 

and Euphrates. 

Primarily due to financial 

reasons, the completion date for the 

project has slipped from 2001 to 2010, 

but may be as late as 2017.4,5 The 

World Bank has contributed funds, but 

                                                             
2 Mark Adams, “Water and Security Policy: The Case 
of Turkey,” Near East South Asia Center for Strategic 
Studies, National Defense University, 2002, 
Georgetown University Library, 21 Nov. 2005 
<http://permanent.access.gpo.gov/websites/nduedu
/www.ndu.edu/nesa/docs/marksadams-water.pdf> 
2. 
3 “GAP Master Plan”. 
4 Mark Adams, 4. 
5 Yonatan Lupu, “International Law and the Water of 
the Euphrates and Tigris.”  Georgetown International 
Environmental Law Review. Vol.14, Iss.2: 349-366, 
2002, (Academic Search Premier, EBSCO Publishing, 
Georgetown University Library, 21 Nov.2005) 

has decreased financial assistance due 

to Turkey’s refusal to consult with 

Syria and Iraq.6  Turkey’s commitment 

to the project, despite huge costs and a 

lack of assistance, shows GAP’s 

importance on the national agenda—

an importance due to the project’s 

value in optimal land and water use 

for the country, and also its potential 

for affecting socio-economic 

development in the region. 

 

Imp act of  GA P on Turke y 

The GAP has made a considerable 

contribution to the Turkish economy.  

The Turkish government felt the need 

for “integrated regional 

development,” because the GAP region 

is one of the most populous and least 

developed provinces in Turkey.7  Its 

population has a lower per capita 

income, life expectancy, and literacy 

rate than Turkey’s overall population, 

and its real GDP per capita is nearly 

half that of Turkey’s.  The region’s 

industrial activity, health, and other 

infrastructure are also relatively 

bleak.8 

                                                                           

<http://search.epnet.com/login.aspx> 353. 
6 Mark Adams, 4. 
7 Ali Carkoglu and Mine Eder, “Domestic Concerns 
and the Water Conflict over the Euphrates-Tigris 
River Basin.”  Middle Eastern Studies Vol.37 Iss.1: 41+, 
Jan 2001, (ProQuest Direct, ProQuest Information and 
Learning Company.  Georgetown University Library, 
21 Nov. 2005) <http://proquest.umi.com/pdquato> 
44. 
8 Cecilia Tortajada, “Evaluation of Actual Impacts of 
the Ataturk Dam.”  Water Resources Development 
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Water has been the driving force 

for sustainable development in the 

region.  GAP includes development 

and investment in all of the major 

productive sectors, not just in various 

dams and irrigation systems.  Already 

between 1985 and 1997, the adult 

literacy rate increased, infant 

mortality decreased from 111 to 62 per 

1000, the landless population 

decreased from 40% to 25%, and the 

rural and urban water supply 

increased.9  The GAP 

has generated many 

employment 

opportunities in a 

region where poor 

economic development 

had previously 

provided few 

prospects.  Between 

1983 and 1996, 

construction of the 

Ataturk Dam employed an average of 

3100 per month, 95% of whom were 

local, but unskilled.  Unskilled workers 

thus received higher salaries and job 

training from the Directorate of 

Machinery.  Experience and a set of 

marketable skills increased the 

prospects of previously unemployed 

workers for jobs at various 

                                                                           

Vol.16, No.4: 453-464, 2000, (Academic Search 
Premier,  EBSCO Publishing,  Georgetown University 
Library, 21 Nov.2005) 
<http://search.epnet.com/login.aspx> 453. 
9 Cecilia Tortajada, 454. 

construction companies later.  

Employees who worked on the Ataturk 

Dam for several years were also 

entitled to benefits, including 

retirement pensions, social insurance, 

and health services.10 

Construction of the Ataturk Dam 

and reservoir also led to new economic 

activities in the region.  Prior to the 

irrigation projects, the main crops 

grown in Sanliurfa were wheat and 

barley. Increased cotton cultivation 

since 1995 has 

produced a gross 

agricultural output of 

about $125 million per 

year.11 

Another factor in 

the GAP issue is that 

the majority of the 

Kurdish population in 

Turkey resides in 

Southeast Anatolia.  

Armed conflict with Kurdish rebels is 

often incited by factors relating to the 

poor socio-economic development of 

the region.  The social structure of the 

region is still much like that of feudal 

times.  About 61% of the farmers own 

less than five hectares of land, and 10% 

of the population owns 75% of the 

land.  Economic development and an 

increase in resources invested in 

Southeast Anatolia are expected to 

                                                             
10 Cecilia Tortajada, 455, 457. 

The GAP has 
generated many 

employment 
opportunities in a 
region where poor 

economic 
development had 

previously provided 
few prospects. 
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integrate the alienated Kurdish 

population and stop separatist PKK 

(Kurdistan Workers’ Party) activity by 

eliminating the motivation of the rebel 

movement.12 

Not all consequences of the GAP 

have been positive.  Since most of the 

workers in the region are unskilled, 

there is a dependence on workers from 

outside the region to complete 

technical and skilled jobs, which may 

create tension between outsiders and 

regional workers restricted to lower-

paid and less desirable jobs.  Increased 

industrialization has led to worries 

that since industries rarely treat 

wastewater properly, the groundwater 

surrounding industrial sites may 

become contaminated.13  In general, 

dams disrupt the environment and 

could have negative impacts on the 

habitats and health of local flora and 

fauna. 

Furthermore, in the GAP region, 

many people preferred financial 

compensation rather than land and 

opted to organize their own 

resettlement.  Many people from the 

rural areas, who are unskilled and 

inexperienced in investing money, 

were not able to manage their 

expropriation funds properly, leaving 

them landless, homeless, and jobless.  

                                                                           
11 Ibid, 457, 459. 
12 Ali Carkoglu and Mine Eder, 49. 
13 Cecilia Tortajada, 460. 

During the Ataturk Dam project, 1129 

families were displaced between 1988 

and 1997, but only 344 families (30%) 

had been resettled by 2000. 

Finally, the GAP has provoked 

negative political reactions from Syria 

and Iraq.  Both downstream states felt 

that Turkey’s decision to proceed with 

development plans was aggressive and 

insensitive, as the decision put Turkey 

in a position of control and power and 

did not fulfill the World Bank’s 

stipulation that Syria and Iraq’s 

concerns be addressed.  Syria and Iraq 

fear that Turkey’s dams and water 

management facilities could diminish 

and degrade their own water supplies 

in the future.14 

 

Imp act on Syr ia an d Ir aq 

Given the delays in completing 

the GAP, it is still unclear exactly how 

the development project will affect 

Syria and Iraq.  The most extreme 

estimates predict that Iraq will suffer a 

flow reduction on the Euphrates by as 

much as 80% and Syria by as much as 

40%, in addition to receiving water 

with a higher salinity and pollution 

content due to agricultural inputs and 

                                                             
14 Ali Ihsan Bagis, “Turkey’s Hydropolitics of the 
Tigris-Euphrates Basin.”  Water Resources 
Development Vol.13, No.4: 567-581, 1997, (Academic 
Search Premier, EBSCO Publishing, Georgetown 
University Library, 21 Nov. 2005) 
<http://search.epnet.com/login.aspx> 568. 



       35 

irrigation from upstream.15  This could 

dry up the irrigation systems that 

currently exist in Syria and Iraq.  Also, 

the dams give Turkey the ability to 

control, reduce, and even eliminate 

the flow of the rivers at will and could 

bring Turkey so much economic 

growth that some fear 

it will regain its status 

as a major power in the 

region, as during the 

period of the Ottoman 

Empire.16 

Syria has initiated 

a number of water 

management projects 

of its own over the 

years, but they have 

not been so successful.  

Syria holds an 

unfavorable, 

midstream position on 

the Euphrates and has 

significant dependence 

on the river for 

hydroelectric power 

and irrigation.17  In order to build a 

                                                             
15 Leila M. Harris, “Water and Conflict Geographies of 
the Southeastern Anatolia Project.”  Society and 
Natural Resources 15: 743-759, 2002. (Academic 
Search Premier, EBSCO Publishing, Georgetown 
University Library, 21 Nov. 2005) 
<http://search.epnet.com/login.aspx> 745. 
16 Kevin Freeman, “Water Wars? Inequalities in the 
Tigris-Euphrates River Basin.”  Geopolitics Vol.6, 
No.2: 127-140, (Autumn 2001), (Academic Search 
Premier, EBSCO Publishing, Georgetown University 
Library, 21 Nov. 2005 
<http://search.epnet.com/login.aspx> 133. 
17 Nurit Kliot,  Water Resources and Conflict in the 

dam on the Tigris to store or divert 

water, Syria would need the 

cooperation of Turkey and Iraq, which 

it does not have.18  Water storage 

facilities like those of Turkey, 

according to Kolars, are not possible 

because Syria lacks the mountainous 

terrain that has 

provided Turkey with 

numerous sites 

suitable to deep 

reservoirs.  Shallow 

reservoirs, such as 

those at the Tishreen 

Dam, the Thawrah 

Dam, and the Ba’ath 

Dam, have already 

been built wherever 

possible, but are prone 

to more water loss 

through evaporation. 

The issues of the 

downstream effects of 

the GAP, Syrian 

support of the PKK, 

Syria’s control of the 

Orontes River, and the disputed region 

of Hatay continue to be linked in 

interstate relations and fuel tensions 

between Turkey and Syria.  In 1994, 

Syria and Lebanon signed an 

agreement, allotting Lebanon 20% of 

the water of the Orontes River and 

                                                                           

Middle East (London: Routledge, 1994) 143. 
18 Greg Shapland, Rivers of Discord (New York: St. 
Martin’s Press, 1997) 111. 

In this respect, the 
GAP could potentially 

benefit Iraq during 
regular annual 

flooding in two ways: 
first, it would allow 
Turkey to limit the 
flow of the rivers 

during periods of high 
water levels in order 

to prevent floods, and 
second, it would allow 

Turkey to increase 
the flow during 
periods of lower 
water levels to 

prevent drought. 
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Syria 80%.  However, Syria refuses to 

discuss the Orontes River with Turkey, 

because that would acknowledge 

Turkish sovereignty over the Hatay 

region rather than maintaining that 

the river is entirely within Lebanon 

and Syria.  Turkey has often cited the 

case of the Orontes River as an 

example of Syrian hypocrisy and 

asserts that if Syria claims the right to 

control the Orontes as an upstream 

riparian, then Turkey should have the 

same right of control over the 

Euphrates.19 

The distribution issues of the 

Euphrates and Syrian support of the 

PKK became linked informally when 

the PKK was allowed to expand and 

develop within Syria and began 

considerable military operations 

against Turkey in August 1984.  In 

1987, Turkish President Turgut Ozal 

visited Syria and the two countries 

signed two protocols at Damascus.20  

Turkey agreed to ensure that Syria 

received a minimum flow of 500 cubic 

meters of water per second from the 

Euphrates, and Syria agreed to end its 

support for the PKK and other anti-

Turkish groups.  However, in October 

1989, Turkey announced that Syria 

was not adhering to the Mutual 

Security Accord of 1987, and thus 

Turkey was not bound to the water 

                                                             
19 Mark Adams, 26. 

protocol.21 

Iraq’s main issue with water is not 

quantity, but quality.  Historically, 

Iraq’s irrigation projects have had 

problems with water management and 

soil salinity.  Iraq has blamed its high 

salinity on the GAP, but the soil 

salinity has also been caused by a lack 

of drainage facilities, high evaporation 

rates in the hot Iraqi climate, and 

irrigation practices that cause 

flooding.22  The inconsistent flow of 

the Tigris and Euphrates Rivers has 

meant that Iraq is also prone to 

frequent floods and droughts.23  In this 

respect, the GAP could potentially 

benefit Iraq during regular annual 

flooding in two ways: first, it would 

allow Turkey to limit the flow of the 

rivers during periods of high water 

levels in order to prevent floods, and 

second, it would allow Turkey to 

increase the flow during periods of 

lower water levels to prevent drought.  

However, Iraq would need the support 

and cooperation of Turkey, 

particularly when Turkey itself may be 

suffering from droughts. 

Turkey and Iraq experienced 

additional friction in May 1990, when 

Iraq asked Turkey to release a 

minimum of 700 cubic meters of water 

                                                                           
20 Ibid, 26, 27. 
21 Ali Carkoglu and Mine Eder, 21. 
22 Mark Adams, 30, 31. 
23 Ali Ihsan Bagis, 573, 574. 
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per second to Syria.  Upon Turkey’s 

rejection, Iraq refused to renew the 

1984 Security Protocol, which allowed 

the two countries to “mutually pursue 

subversive groups in the territory of 

the other up to a distance of five 

kilometers.”24  Iraq’s request to release 

700 cubic meters of water per second 

was again refused by Turkey in 

September 1992.25 

 

Sh aring of  the Tigris-Euphr ate s  

River Basin 

In 1997, the UN General Assembly 

passed a resolution adopting the 

International Law Commission’s (ILC) 

Convention on the Law of Non-

navigational Uses of International 

Watercourses.  The ILC documents 

outline the criteria for determining 

equitable division of waters.  Turkey 

opposed the ILC because it does not 

distinguish between international and 

transboundary rivers, and because it 

gives “a veto right” to downstream 

riparians with regard to the 

development plans of upstream 

riparians.  Partly due to the non-

binding nature of the convention, the 

criteria are difficult to adhere to in 

practice.26 

                                                             
24 Ali Carkoglu and Mine Eder, 67. 
25 Ibid, 67. 
26 G. E. Gruen, “Turkish Waters: Source of Regional 
Conflict or Catalyst for Peace?”  Water, Air and Soil 
Pollution 123: 565-579, 2000, 21 Nov. 2005 
<http://www.oranim.ac.il/courses/meast/water/full

In June 1990, Turkey proposed the 

“Three Staged Plan for Optimum, 

Equitable and Reasonable Utilization 

of the Transboundary Watercourses of 

the Tigris-Euphrates Basin.”  

According to the plan, Turkey, Syria, 

and Iraq would jointly undertake and 

evaluate inventory studies of the land 

and water resources of the entire 

region.  Then “necessary means and 

measures to attain the most 

reasonable and optimum utilization of 

resources would be defined,” based on 

the results of the studies.27  In the first 

stage there would be inventory studies 

conducted to assess water resources; 

in the second stage the studies would 

assess land resources; and in the final 

stage water and land resources would 

be evaluated together.28  Syria and Iraq 

both rejected this proposal and instead 

prefer to share the waters of the 

Tigris-Euphrates River Basin according 

to a “simple arithmetic formula.” 

Turkey would release two-thirds of the 

flow of the Euphrates into Syria and 

then Syria and Iraq would share the 

flow almost equally, 48% and 52%, 

respectively.  Turkey contends that 

                                                                           

text3.pdf> 572, 573.  
27 Aysegul Kibaroglu, Building a Regime for the 
Waters of the Euphrates-Tigris River Basin,  (London: 
Kluwer Law International, 2002) 252, 253. 
28 “Common Issues Affecting Turkey’s Relations with 
Iraq, Iran and Syria,”  Ankara Papers Vol. 8, Issue 1: 
48-70, 2003, (Academic Search Premier,  EBSCO 
Publishing,  Georgetown University Library, 21 Nov. 
2005) <http://search.epnet.com/login.aspx> 52. 
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while this method of division may be 

“equal,” it is not necessarily 

“equitable” or “effective” because it 

does not take into consideration the 

resources, needs, and water usage by 

each of the states. 

 

Policy Re commen dation s 

A more effective method of 

sharing the Tigris-Euphrates River 

Basin would be to combine the 

positive aspects of both the ILC 

Convention and Turkey’s Three-Staged 

Plan into a Comprehensive Plan.  The 

central goal would be to ensure that 

no state in the Tigris-

Euphrates River Basin 

suffers from water or 

food scarcity through 

maximum water 

conservation.  Two 

basic principles would 

uphold this goal: first, 

to categorize the Tigris 

and Euphrates Rivers 

as “international 

waters,” as is 

understood by the ILC 

Convention; and second, to categorize 

the Tigris and Euphrates as part of a 

single river system rather than a 

transboundary river.  

Since the Tigris and Euphrates 

join at the Shatt al-Arab and empty 

into the Persian Gulf as one entity, the 

rivers should be considered as one 

system.  In the framework of the 

Comprehensive Plan, it is less 

important that Iraq receive maximum 

water; rather if Turkey or Syria need 

to retain more water from the 

Euphrates during times of reduced 

flow, Iraq should have the ability make 

up for this decrease by transferring 

water from the Tigris through the 

Tharthar Canal.  At the same time, 

Iraq’s needs would be protected by 

each state’s agreement to not cause 

any other state significant harm, as 

stated in the ILC Convention. 

To ensure water and food 

security, 

comprehensive studies 

would be undertaken 

to more precisely 

determine each state’s 

available resources, the 

efficacy of current 

methods of water 

utilization, and current 

and projected water 

needs.  To ensure the 

accurate and adequate 

reporting of data, 

unlike those of the Three-Staged Plan, 

the Comprehensive Plan studies would 

be conducted under the supervision of 

a neutral third party body, most likely 

through the United Nations and non-

governmental organizations.  To 

ensure that conservation of water is 

not at the expense of food security, the 

A more effective 
method of sharing the 

Tigris-Euphrates 
River Basin would be 

to combine the 
positive aspects of 

both the ILC 
Convention and 
Turkey’s Three-

Staged Plan into a 
Comprehensive Plan. 
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parties should have to change 

agricultural methods through better 

infrastructure and education 

programs over a certain period of time 

and with outside help (for example, 

with World Bank financial assistance).  

These resource studies will be 

beneficial, as they will help each state 

identity its strengths and weaknesses 

and find where changes in 

infrastructure are needed. 

The Comprehensive Plan would 

also require an initial survey to 

determine whether or not the needs of 

the three states will be better served if 

Turkey agrees to a minimum flow of 

700 cubic meters per second from the 

Euphrates, as requested by Syria and 

Iraq.  If beneficial, the increase in flow 

would only be temporary until the 

more comprehensive data from the 

studies allow the establishment of a 

more appropriate flow rate. 

In such an arid region as the     

Tigris-Euphrates River Basin, the 

advantages to cooperation are evident.  

Conserving water, financing and 

implementing development projects 

with the approval of other riparian 

states, and pooling resources will 

ensure that more needs are met.  

However, in order to achieve these 

goals, each party state must be willing 

to make certain concessions and even 

take the first step towards 

cooperation. 

 

Erica Hazra (SFS ’06) majored in Science, 

Technology, and International Affairs with 

a concentration on International Health.  

This paper was written for Science and 

Technology in the Global Arena taught by 

Prof. Charles Weiss. 
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The Georgetown 
University Bunn 
Intercultural Center 
Solar Array 

Ryan Gelinas 
 

One of Georgetown University’s 

main campus buildings, the Bunn 

Intercultural Center (ICC), houses one 

of the world’s first large-scale rooftop 

solar photovoltaic (PV) arrays.  

Although no longer one of the world’s 

largest arrays, the 300 kilowatt-peak 

array has performed beyond 

expectations and continues to provide 

power to the facility at about two-

thirds of original peak capacity.  In 

this paper, I review the history of the 

ICC array, evaluate its costs, and 

discuss the projected benefits of 

repowering (replacing) the current 

panels with a more efficient and 

higher-capacity PV array.  Accounting 

for operations and maintenance costs, 

and avoided electricity charges for 

transmission, energy use, and peak 

capacity, I calculate that the net 

present value of the project over its 

lifetime amounts to approximately 

$200,000 (in 2005 dollars).  I further 

demonstrate that repowering with 

modern panels would not be cost 

effective at any point in the near 

future, even with government 

incentives and great reductions in 

cost. 

 

Backgr ound 

In the late 1970’s the US Congress 

appropriated funds for building-

integrated solar power arrays over 

fears that runaway oil prices would 

stay dangerously high.  Accordingly, 

they hoped that within a few years and 

with the help of government seed 

money, solar power would become 

cheaper than using fossil fuels for 

power generation.  Georgetown 

University’s Bunn Intercultural Center 

(ICC) was the premiere demonstration 

project for the building-integrated 

solar initiative.  A total of $5.9 million, 
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or about $11 million in 2005 dollars,1 

was appropriated for the installation 

of a solar array on the roof of the 

Intercultural Center, in addition to 

millions more given to Georgetown for 

the construction of the building itself. 

When completed in 1984, the ICC 

solar array had a rated maximum 

capacity of 300 peak kilowatts (kWp).2  

The solar cells were produced by 

Solarex Corporation, which in 1999 

was bought by British Petroleum PLC 

as part of its expansion into 

alternative energy technologies.  The 

array consists of 4,464 individual 

modules of polycrystalline silicon 

cells.3  The array is installed on the 

roof of the ICC, which was designed 

specifically for this purpose with a 

roof tilt of 35˚ to the south. 

In its early years, the array 

produced approximately 360,000 

kilowatt-hours (kWh) of energy 

annually.4  This output could, for 

                                                             
1 Bureau of Labor Statistics, “Consumer Price Index,” 
Aug. 2005, <http://www.bls.gov/cpi/home.htm>. 
2 Peak kilowatts (kWp) refers to the rated maximum 
capacity of a solar array. An array will generate at its 
rated maximum capacity only under ideal conditions 
of direct incident standard sunlight; solar arrays 
therefore only produce at their peak capacity on rare 
occasions. My figure of 300 kWp for the ICC array is 
based on an internal GU document, “Georgetown 
Points the Way for Large-Scale Utility Interaction,” 
dated Apr 2004. 
3 Personal email communication with Xavier Rivera, 
GU Facilities. 
4 A solar array’s annual energy production, measured 
in kWh, dep ends on the peak capacity of the solar 
cells, time-dependent decay of cell capacity, soiling 
of the array glass, and climatic conditions for that 
year (e.g. was it an unusually sunny summer?). 

example, power 32 average American 

households for one year.  At the time 

of construction, the expected lifetime 

of commercial solar cells was highly 

uncertain, especially cells in a 

changing urban environment.  Silicon 

cell output tends to decay over time, 

reducing maximum output below the 

rated capacity.  The ICC array has 

experienced some of this expected 

degradation.  Moreover, dirt and 

detritus accumulates on the array, 

reducing the incidence of light and 

reducing both peak output and total 

energy output.  Nevertheless, as of 

2005, the array produces power at 

about two-thirds of its original rate.  

No one expected that the array would 

last this long or continue to be this 

productive.  In 2004, the last year for 

which full records exist, the ICC array 

produced 241,744 kWh, or enough to 

power 23 homes for one year.5  Over 

its lifetime, the array has produced 

over 6.3 million kWh, or 6,300 MWh, of 

energy.6 

On a good, clear, warm day, the 

ICC solar array can provide about 

thirty percent of the building’s 

demand for power.7  However, in 

                                                             
5 US Department of Energy, “Total Energy 
Consumption in U.S. Households by Northeast Census 
Region," 2001, 18 Nov. 2005.  
<http://www.eia.doe.gov/emeu/recs/recs2001/ce_p
df/enduse/ce1-9c_ne_region2001.pdf>. 
6 ICC Solar Array Workbook, exponential model.  
Differs somewhat from Georgetown’s published data. 
7 Personal communication with Xavier Rivera, GU 
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context of campus-wide power 

consumption, it produces less than 

one percent of power consumed on 

Georgetown’s main campus.8  Its 

impact on power consumption and 

savings at Georgetown is minimal, but 

it was designed as a demonstration 

project, and in that regard continues 

to succeed. 

Filling the gap 

between energy 

demand and 

Georgetown’s own 

production, PEPCO, the 

Potomac Electric 

Power Company, 

provides both energy 

to Georgetown and the 

service of transferring 

it over their power 

lines to campus.  By 

producing its own 

electricity with the ICC 

array, Georgetown 

demands less power 

from PEPCO. 

 

The Value of  the ICC Solar Array  

to Ge orge town 

Georgetown benefits financially 

from utilizing ICC-generated energy in 

three interrelated ways: reduced 

generation costs, reduced distribution 

costs, and reduced peak demand.  The 

                                                                           

Facilities. 

university is charged generation 

costs—a price per kilowatt-hour (kWh) 

of energy used—in order to cover the 

costs of generating that energy at a 

power plant.  In addition, the 

university is charged distribution 

costs—a price per kWh used—for 

moving energy through the District of 

Columbia power grid to the university 

power grid.  Lastly, the 

university is charged a 

demand charge—a 

price per kW of power 

demanded.  A higher 

peak kW demand 

means that PEPCO 

must provide a bigger 

‘pipeline’ to move 

power to the campus 

grid.  By providing 

kilowatts of power to 

campus, the solar array 

allows Georgetown to 

pay for a smaller 

power pipeline. Until 

recently, Georgetown 

was also assessed a 

price-per-kWh transmission charge, 

representing the cost of moving 

energy from the power plant to the DC 

grid.  With recent deregulation in the 

power industry, PEPCO has stopped 

charging Georgetown a transmission 

charge. 

                                                                           
8 Ibid. 

On a good, clear, 
warm day, the ICC 

solar array can 
provide about thirty 

percent of the 
building’s demand for 
power.  However, in 
context of campus-

wide power 
consumption, it 

produces less than 
one percent of power 

consumed on 
Georgetown’s main 

campus. 
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To assess the total benefit of the 

ICC array to Georgetown, I have 

calculated the project’s net present 

value9.  Due to special circumstances, 

Georgetown did not have to pay for 

the array’s initial capital costs.  

Moreover, since the money saved from 

avoided electricity charges has 

exceeded funds spent on maintenance 

thus far, it is no surprise that the 

project has benefited the university 

financially.  Net present value 

calculations using two alternate 

discount rates—10-year Treasury 

Bonds and an arbitrary 5% rate of 

return—return a positive net present 

value of around $200,000 for the ICC 

Solar Array project.10 

 

The Value of  the ICC Solar Array  

to the Envir on men t 

One of the aims of solar power is 

reducing the ecological footprint of 

power generation. As of 2004, 52.5% of 

PEPCO power came from coal, another 

6.9% from gas, 1.1% from oil, and a 

negligible amount from captured 

methane combustion.11  All of these 

                                                             
9 Present value calculations for each year’s cash flow 
take into account the fact that other investments of 
similar risk produce a specified rate of return on the 
investment. 
10 Federal Reserve of the United States of America, 
“U.S. government securities Jan 2006,” Jan. 2006  
<http://www.federalreserve.gov/releases/h15/data/
Annual_Dec_/H15_TCMNOM_Y10.txt>. 
11 PEPCO, “Environmental Information for Standard 
Offer Service Provided by PEPCO,” Dec. 2005, 6 Jan. 
2006 

sources of energy require the burning 

of fossil fuels.  Carbon dioxide, the 

most abundant greenhouse gas, is a 

byproduct of the combustion process.  

Due to contaminants in the fuels 

themselves and the presence of 

nitrogen in the hot environment of 

fuel combustion, other pollutants like 

sulfur dioxide and nitrogen oxides are 

produced.  About 32.7% of PEPCO’s 

electricity comes from nuclear power, 

which produces no emissions but does 

have associated environmental 

hazards with nuclear waste, which this 

study does not attempt to quantify.12 

While producing solar modules 

requires pollution and the expenditure 

of energy most likely generated from 

fossil fuel sources, once completed, 

they generate no pollution of their 

own.  For this reason, for every kWh of 

energy Georgetown consumes from 

the ICC Array (and, therefore, not 

consumed from PEPCO power sources), 

Georgetown prevents the emission of 

nitrogen oxides, sulfur dioxide, and 

carbon dioxide, among other 

pollutants. 

As a result of the array’s 6300 

MWh generation over its 21-year 

history, Georgetown has saved about 8 

                                                                           

<http://www.pepco.com/_res/documents/billinsert_
dec-05_dc.pdf>. 
12 PEPCO, “Environmental Information for Standard 
Offer Service Provided by PEPCO,” Dec. 2005, 6 Jan. 
2006 
<http://www.pepco.com/_res/documents/billinsert_
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metric tons of nitrogen oxides, 24 

metric tons of sulfur dioxide, and 3,400 

metric tons of carbon dioxide from 

emission.13  The ICC Solar Array thus 

reduces Georgetown University’s 

ecological footprint somewhat, most 

notably in the reduction of the 

emission of greenhouse gases.  For 

example, under current market prices 

in the EU, these historic offsets would 

be worth approximately $60,000 

alone.14 

 

A Plan f or the Fu ture ? 

Twenty-one years after the 

installation of the ICC Solar Array, the 

price per peak watt of solar modules 

has fallen by around 75%.15  Modern 

solar cells are more efficient and 

cheaper than those on the roof of the 

Intercultural Center.  This situation 

prompts the question of whether re-

installing a set of new solar modules 

(also known as “repowering”) would 

                                                                           

dec-05_dc.pdf>. 
13 Based on PEPCO emission data and projected 
cumulative energy output according to my model of 
ICC solar array output found in the appendix.  This 
value is likely to be higher than actual savings as the 
array has been out of commission for short periods of 
time that were not incorporated into my model. 
14 Chicago Climate Exchange, Jan 2006, 
<http://www.chicagoclimatex.com/>. Price of carbon 
quoted in Euros per metric ton.  Based on August 
2005 exchange rate and carbon futures price. These 
savings could sway widely based upon fluctuations in 
the exchange rate. 
15 Solar Buzz, “Module Prices,” Jan. 2006, 6 Jan. 2006. 
<http://www.solarbuzz.com/ModulePrices.htm>; and 
“Georgetown Points the Way for Large-Scale Utility 
Interaction,” Apr. 2004. 

be a financially desirable option. 

Our results indicate that without 

significant government incentives and 

a higher bulk energy price, installing 

present-day technology would very 

likely not pay for itself.  Repowering of 

the ICC Solar Array is not an option to 

ignore, however, as the horizon at 

which Georgetown makes a return on 

its investment can shift greatly based 

on a large number of dynamic factors.  

If solar module prices continue to drop 

at their historic rate, the price of 

electricity jumps, balance-of-system 

costs fall, government incentives 

cover more of the capital costs, or a 

carbon-trading regime is adopted, 

then that horizon may arrive soon 

enough that Georgetown may consider 

repowering.  Using a 50-year horizon 

for an ICC repowered in 2005, I altered 

key variables in an attempt to find a 

reasonable scenario under which it 

would be financially prudent to 

repower (see table). 

Thus, with current technology 

and government incentives, 

repowering the ICC would unlikely be 

cost-effective.  Even with a situation in 

which a carbon emissions trading 

regime is in place, electricity prices 

double, and the cost of solar modules 

drops by half.  In nominal dollars, 

Georgetown benefits to the tune of 

$660,000.  But in fifty years 

Georgetown could have invested its 
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money in a relatively risk-free 

investment that would give an annual 

return of 5%; such an investment 

would be worth about $100,000 more 

than the ICC Solar Array.  As a result, it 

would be financially irresponsible for 

the university to repower the ICC solar  

array under any of the circumstances  

considered. 

Summary 

The Bunn Intercultural Center 

Solar Array is a fascinating laboratory 

for testing the long-term behavior of 

polycrystalline solar cells.  It has 

served as both a demonstration for a 

nascent solar power industry and as a 

research interest for many 

Georgetown students.  But as an 

investment, the ICC Solar Array is a 

failure.  While Georgetown has saved 

over $200,000 since its installation, 

these savings are dwarfed by the 

installation costs—about $11,000,000 

adjusted for inflation.  Building-

integrated solar units like the ICC are 

likely to remain financially 

irresponsible investments for the 

medium-term future, making re-

powering the roof of ICC undesirable.  

Even in some of the most optimistic 

cases, Georgetown would be hard-

pressed to realize a financial gain that 

it could have more easily found in the 

bond market or another low-risk 

 
Net  

Nominal  

Savings  

Cost  of  

Instal lation  

Nominal  

Cost/ 

Benefit  

Net  Pr esent  

Value (w/5 % 

Discount 

Rat e) 

Current (Aug. 2005) $346,486 $3,132,000 -$2,785,514 -$2,939,408 

Carbon Trading $517,234 $3,132,000 -$2,614,766 -$2,863,567 

Carbon Trading 

Electricity Prices 

Double 

 

$1,444,678 

 

 

$3,132,000 

 

-$1,687,322 -$2,451,624 

Carbon Trading 

Solar Module 

Costs Drop By 

Half 

 

$517,234 

 

 

$783,000 

 

-$265,766 -$514,567 

Carbon Trading 

Electricity Prices 

Double Solar 

Module Costs 

Drop By Half 

$1,444,678 

 

$783,000 

 

$661,678 

 

-$102,624 
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investment. 
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Environmental Impacts 
of Tourism on the 
Belizean Barrier Reef 
System: Creating 
Meaningful Ecotourism 

Lucas Bailey 

 

Twelve years ago on Ambergris 

Caye—an island off the coast of Belize 

situated only six kilometers from the 

second largest barrier reef in the 

world—a tourism development project 

was constructed according to an 

“integrated and ecologically sound” 

design.  The project would include “at 

least one international hotel, two ‘all-

inclusive spa hotels,’ three to five 

upscale lodges, two golf courses, town 

houses and villas, a thousand luxury 

homes, polo fields and stables.” 1 Since 

the concept entered the political 

discourse in 1983, tourism “premised 

upon the concept of sustainability”—

or ecotourism—has become one of 

Belize’s most important development 

strategies.2  However, the sincerity of 

                                                             
1 Egbert Higinio and Ian Munt, “Belize: Eco-tourism 
gone awry,” Report on the Americas 26.4 (1993): 8-10. 
2 Ibid. 

these claims is in doubt, because the 

term ecotourism is often 

“indiscriminately applied to any 

tourist project in an attractive natural 

setting” and is “simply being used as a 

marketing label.”3 

Facing these “greenwashed” but 

potentially very damaging impacts of 

tourism, this paper seeks to examine 

the impacts of tourism on Belize’s 

coral reefs.  First, the context of 

ecotourism and the coral reef system 

is explained.  Second, the various 

impacts of tourism on the coral reefs 

are described.  Third, proposals for 

                                                                           

Erlet Cater and Stuart McMinn, “Tourist typology: 
Observations from Belize,” Annals of Tourism 
Research 25.3 (1998): 675-699. 
3 Tom van’t Hof, Marine Coastal Resource 
Management Consulting, Tourism impacts on coral 
reefs: Increasing awareness in the tourism sector 
(2001). 
Higinio and Munt, “Eco-tourism gone awry”.  
Sue Wheat, “Taming tourism,” Geographical 
Magazine 66. 4 1(994): 16-20. 
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effectively implementing ecotourism 

are suggested, in particular promoting 

awareness on reefs, discouraging 

cruise tourism, and encouraging dive 

tourism in marine protected areas 

(MPAs) funded by user fees. 

 

The Conte xt of  Belize an Tourism 

an d Cor al Reef Degr adation 

Belize is a relatively small nation 

situated in Central America.  The 

country is sparsely populated (281,084 

people, by a July 2005 estimate) with 

many of the same problems facing 

other developing nations, such as a 

lack of rural infrastructure and 

unequal distribution of income that 

leaves one third of the population in 

poverty.4  However, Belize has a stable 

political context and generally well-

preserved natural resources, and while 

its neighbors’ economies are 

dominated by agriculture, Belize 

boasts a robust tourism sector. 

Belize’s tourism sector is 

identified as the “single largest 

contributor to the country’s economic 

growth.” 5 Tourism had been growing 

rapidly in the past two decades, from 

less than 100,000 visitors in 1985 to 

                                                             
4 Economist Intelligence Unit (EIU),“Belize: Country 
Report - Main report.” EIU.com Database, Nov. 2005, 1 
Nov. 2005. 
5 Coastal Zone Management Authority & Institute 
(CZMAI), National Integrated Coastal Zone 
Management Strategy for Belize, 2000, Dec. 2005 
<http://www.coastalzonebelize.org/reports/national
_integrated_CZM_strategy.pdf>.   

over 326,000 in 2000.6   Currently, 

tourism contributes over 26% to the 

country’s GNP and is the fifth largest 

employment sector.7  The coastal and 

marine environments provide the 

main focus for tourism, with 

approximately three-quarters of the 

country’s hotels being found on the 

coast and cayes.8 

The Belize Barrier Reef System is 

the longest reef in the western 

hemisphere, spanning nearly 220 

kilometers.  It was proclaimed a 

UNESCO World Heritage site in 1996 

and forms the vast majority of the 

Mesoamerican Barrier Reef System 

(MBRS), a grouping of reefs stretching 

from Isla Contoy off the north of the 

Yucatan, down to the Bay Islands of 

Honduras.  The MBRS Project is an 

organization funded by the World 

Bank and set up by the environmental 

ministries of Belize, Guatemala, 

Honduras, and Mexico to “strengthen 

and coordinate national policies, 

regulations, and institutional 

arrangements” for the conservation of 

their reefs.9  Such an international 

                                                             
6 “Status of coral reefs in the western Atlantic: results 
of initial surveys.” Atoll Research Bulletin of the 
Atlantic & Gulf Rapid Reef Assessment Program, ed.  
J.C. Lang, (2000) 146-171. 
7 CZMAI, National Integrated Coastal Zone 
Management Strategy for Belize.  
8 Ibid 
9 Mesoamerican Barrier Reef Systems Project 
(MBRSP), Design and implementation of the MBRS 
Sustainable Tourism Forum, 2002, Dec. 2005 
<http://www.mbrs.org.bz/dbdocs/tech/Tourism3.pd
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approach is necessary given the 

transboundary nature of coral reef 

management: some organisms follow 

extensive migration patterns, and 

ocean currents carry pollutants and 

planktonic larvae far distances.10  

Although the Belizean 

government and tourist industry 

declare their support of ecotourism, it 

is much more complex and difficult to 

implement than traditional tourism.  

MBRSP cites the World Conservation 

Union’s definition of ecotourism: 

 

“...environmentally 
responsible travel and visitation 
to relatively undisturbed 
natural areas, in order to enjoy 
and appreciate nature (and any 
accompanying cultural features 
- both past and present) that 
promotes conservation, has low 
negative visitor impact, and 
provides for beneficially active 
socioeconomic involvement of 
local populations.”11 

 

Oftentimes, a focus on nature-

based tourism without this responsible 

ecotourism ethos can amplify damage 

to the natural areas.  As Burke & 

Maidens note, “Well-planned tourism 

                                                                           

f>. 
10 Peter F. Sale, “Capacity Development and 
Management of Coastal Waters in the Caribbean 
Region.” Paper prepared for Managing Shared Waters 
Conference: Hamilton, Canada, June 23-28 2002, Dec. 
2005<http://www.pollutionprobe.org/managing.shar
ed.waters/caribbean.pdf, 2002>.  
11 MBRSP, Design and implementation of the MBRS 
Sustainable Tourism Forum. 

development can have minimal 

impact, or even a net positive impact, 

on coral reefs, but rarely is this the 

case.  Unplanned or poorly regulated 

tourism can kill reefs.”12  

 

The Imp act of  T ourism on The  

Reef System 

The costs on reefs could be quite 

drastic given the diversity of benefits 

they provide.  Many of these benefits—

such as an attraction for snorkelers 

and divers, the source of fish for 

restaurants, prized white sandy 

beaches, and resources such as black 

coral for jewelry and souvenirs13  —are 

directly linked to tourism, and thus it 

is in the interest of tourism to 

preserve the reefs.  Burke & Maidens14 

estimate that by 2015, annual losses of 

US$100 million to US$300 million to 

tourism could be accrued in the 

Caribbean due to such degradation.  

Other benefits, more indirectly linked 

to tourism, are nonetheless important 

for the local environment and 

economy: the reproductive basis for 

commercial fisheries, the source of 

                                                             
12 Lauretta Burke and Johnathan Maidens, World 
Resources Institute, Reef at risk in the Caribbean, 
2004, Dec. 2005 
<http://marine.wri.org/pubs_description.cfm?PubID
=3944>. 
  
13 Jeffrey Weilgus et al., “Dose-response modeling of 
recreationally important coral-reef attributes: a 
review and potential application to the economic 
valuation of damage,” Coral Reefs 21(2002): 253-259 
14 Burke and Maidens, Reef at risk in the Caribbean.  
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sand and limestone construction 

material, barriers to coastal erosion, 

resources for the aquarium trade, a 

potential source of new 

biopharmaceuticals, cultural 

importance, and aesthetic and 

spiritual value.15   It is, therefore, 

important to identify how tourism can 

negatively impact these benefits, and 

examine how meaningful ecotourism 

might work differently to mitigate 

environmental damage. 

The first and most obvious impact 

of tourism is damage to the coral by 

snorkelers and divers.  

Visitors trample the 

coral or snap off 

pieces, either by 

accident or 

intentionally for 

souvenirs.  As a result, 

there is a decrease in 

coral biodiversity as the more fragile 

types die off first.16   Cater and McMinn 

quote the manager of the Hol Chan 

Marine Reserve as saying that 300 

tourists “educated about the potential 

for damage to the reef and the ways in 

which to avoid it have less impact that 

10 uneducated tourists.”  The sheer 

number of tourists is also an 

                                                             
15 Ibid,  
Wielgus et al., “Dose-response modeling of 
recreationally important coral-reef attributes: a 
review and potential application to the economic 
valuation of damage”. 
16 van’t Hof, Tourism impacts on coral reefs: 

aggravating factor, as they may exceed 

the carrying capacity of the relatively 

few reef dive sites.17   Van’t Hof 

believes that “reef degradation and 

change of community structure occurs 

once a certain level of use by divers 

and snorkelers is exceeded,” and 

proposes as a rule of thumb that this 

threshold be set at around 5,000 to 

6,000 dives per site per year.18  Over 

20,000 snorkelers per year visit the 

two main sites,19  exceeding Van’t Hof’s 

threshold by at least 5,000 snorkelers 

per site per year. 

Damage from ship 

anchors is a second 

important impact.  

Anchors dragging 

across the corals can 

cause structural 

damage to the reef 

itself.  This damage is 

severe and corals recover extremely 

slowly.20   This direct physical damage 

can be mitigated by installing 

moorings for smaller boats, but for the 

                                                                           

Increasing awareness in the tourism sector.  
17Paul Dulin et al., Meso-American Barrier Reef 
Systems Project, Conservation and Sustainable Use of 
the Meso-American Barrier Reef System in Mexico, 
Belize, Guatemala and Honduras: Threat and Root 
Cause Analysis, 1999, Belize City, Belize, Nov. 2005 
<http://www.mbrs.org.bz/dbdocs/en_trca.pdf>. 
18 van’t Hof, Tourism impacts on coral reefs: 
Increasing awareness in the tourism sector. 
19 Barbara Bilgre and Earl Young, World Conservation 
Union, Hol Chan Marine Reserve Management Plan 
Mesoamerica, 2002, San José, Costa Rica, Dec. 2005 
<http://www.iucn.org/places/orma/publica_gnl/PL
ANDEMA.PDF>.  
20 Burke and Maidens, Reef at risk in the Caribbean.  

300 tourists “educated 
about the potential 

for damage to the reef 
and the ways in which 

to avoid it have less 
impact that 10 

uneducated tourists.” 
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larger ships this may not be an option.  

The anchor and chain of a large cruise 

ship weigh up to 4.5 metric tons—even 

in calm seas this can carve out a swath 

200 square meters large, destroying 

virtually all living organisms.21  

A third threat is dredging in or 

near reef zones, either for 

construction material (sand or coral), 

beach sand replacement, or channel 

digging.  Dredging can physically 

damage coral and fracture the reef.  

Furthermore, dredging stirs up 

sediments that smother coral polyps 

and decrease water clarity, letting less 

light through.  Light is necessary for 

the symbiotic photosynthetic algae 

that live inside coral polyps 

(zooxanthellae) and provide the 

majority of the food corals consume.22   

Furthermore, dredging through reefs 

destroys the barriers to coastal 

erosion.  Cater points out that mining 

reefs for replacing beach sand is a 

lose-lose situation, since the tourist 

attractions of the reef are destroyed 

and the sandy beaches are eroded.23  

Coastal tourism development 

pollutes the water with large amounts 

                                                             
21 Ibid 
 van’t Hof, Tourism impacts on coral reefs: Increasing 
awareness in the tourism sector. 
22 Dulin et al., Conservation and Sustainable Use of 
the Meso-American Barrier Reef System in Mexico, 
Belize, Guatemala and Honduras: Threat and Root 
Cause Analysis.  
23 Erlet Cater, “Environmental contradictions in 
sustainable tourism,” The Geographical Journal 161.1 
(1995): 21-28. 

of sediment runoff from construction, 

as well as untreated sewage and 

wastewater from hotels and 

condominiums.  As the combined 

effect of dredging and coastal 

construction, sedimentation is 

“generally considered one of the main 

reasons for reef degradation.”24   

Furthermore, as an estimated 80% of 

sewage released in the Caribbean is 

not treated adequately, this 

constitutes “a major source of 

nutrients entering coastal water,” 

favoring algal growth that can out-

compete the coral and cover the reef.  

Discharge of sewage, garbage, and oily 

ballast water from ships are also a 

concern, especially with regards to 

cruise ships.25  

Related to these problems of 

water pollution, a final indirect impact 

is the development of poorly planned 

communities of migrant workers.  

These shantytowns expand faster than 

local authorities can implement urban 

development plans,26  leading to 

unregulated construction, potentially 

with serious environmental impacts.  

These impacts are serious due to the 

unregulated runoff of sediment and 

wastewater.  Since, as van’t Hof points 

out, water pollution of reefs is “most 

                                                             
24 van’t Hof, Tourism impacts on coral reefs: 
Increasing awareness in the tourism sector. 
25 Burke & Maidens, Reef at risk in the Caribbean.  
26 Ibid. 
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dependent on the level and quality of 

treatment” of the waters, reefs can 

degrade near areas lacking water 

treatment infrastructures.27 

 

Three Recommen dations f or  

More Effective Ecotourism in  

Bel ize 

There is a multitude of policies 

that could be adapted to deal with 

these problems, ranging from micro-

level tactics for managing marine 

protected areas (MPAs) 

to macro-level 

strategies for better 

collaboration and 

empowerment of 

government 

organizations.  Three 

strategies will be 

highlighted here: 

educating the public, 

discouraging cruise 

ship tourism, and 

implementing significant user fees in 

MPAs.  Implementing these proposals 

would result in a reorientation of 

Belize’s tourism industry towards true 

ecotourism principles, rather than 

simply using natural attractions such 

as the reef to spur on unsustainable 

economic growth. 

The first and primary concern for 

reef conservation is education, 

                                                             
27 van’t Hof, Tourism impacts on coral reefs: 
Increasing awareness in the tourism sector. 

ranging from local schools to 

government officials to the snorkelers 

themselves.  Van’t Hof sees targeting 

beach resorts and cruise ships as the 

key focus areas for reaching these 

recreational reef users.28 This 

increased awareness “can become a 

driving force for better practices by 

demanding high environmental 

standards at their destinations.”29   If 

this sort of active education is 

encouraged, “the discriminate traveler 

of the coming decades 

will be increasingly 

environmentally 

conscious and will look 

for destinations that 

not only preach these 

values but also actually 

live by them.”30   A shift 

in tourist preferences 

will then influence 

tour operators, hotel 

owners, other 

businesses, and local and national 

governments to encourage better 

environmental preservation of reefs. 

The second proposal involves 

recognizing that cruise ship tourism is 

not in the best interest of the 

countries or their natural 

environments.  At the Cruise Tourism 

Impact Forum, the president of the 

                                                             
28 Ibid. 
29 Ibid. 
30 van’t Hof, Reef at risk in the Caribbean.  

The anchor and chain 
of a large cruise ship 

weigh up to 4.5 metric 
tons—even in calm 

seas this can carve out 
a swath 200 square 

meters large, 
destroying virtually 
all living organisms. 
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Belize Tourism Industry Association 

spoke out against the industry, 

declaring that “it has descended on 

Belize like a swarm of Locusts.  As a 

country, we do not have the financial 

resources to accommodate this rate of 

growth.”31   Cruise ships and their 

passengers damage reefs from anchor 

dragging, as well as the unsupervised 

marine activities of the passengers.  In 

addition, the wastewater, sewage, and 

oily bilge water produced by ships are 

“a major source of solid waste in 

coastal areas.”32   Ballast water in 

cruise ships can carry foreign species 

and introduce them to visited sites 

where they may disrupt the ecological 

system.  The large number of cruise 

tourists is also seen as a 

discouragement to long-stay, stopover 

tourists who provide more per capita 

benefits to the economy.33   Cruise 

ships in the Caribbean account for 37% 

of total visitors, but make up only 10% 

of tourist expenditures—this is 

“considered to be ‘low spend’ and 

unproductive given the costs incurred 

by their impact.”34  

                                                             
31 Steven Schulte, address, Cruise Impact Forum: 
Belize City, Belize, 28 Apr. 2004, Nov. 2005   
<http://www.btia.org/news_industry_detail.php?rel
ease_id=91, November 2005>. 
32 Burke & Maidens, Reef at risk in the Caribbean. 
33 Belize Ectourism Association (BETA.), “BETA states 
position on cruise tourism in Belize,” editorial, San 
Pedro Sun, [Ambergris Caye] 23 Jun. 2004, Dec. 2005 
<http://www.sanpedrosun.net/old/04-212.html>.  
34 Jo-Anne Lester and Clare Weeden, “Stakeholders, 
the natural environment and the future of Caribbean 

Sadly, it seems that Belize’s 

government still supports cruise 

tourism to a surprising degree.  

Carnival Cruise Line recently finalized 

a contract with Belize City to construct 

a $50 million dollar terminal.35  The 

contract annuls the ability of Belizean 

governmental organizations to levy 

fines against Carnival Cruise lines.  The 

Belizean Tourism Industry Association 

and the Belize Ecotourism Association 

have condemned this deal for its 

potential degradation of the 

environment, noting that the Belizean 

authorities are too underfunded to 

monitor large-scale cruise 

operations.36   Evidently, no such 

contracts should be further developed 

or encouraged.  While this might seem 

to be an improbable task considering 

how influential the industry is, Cater 

and McMinn, quoting de Kadt, 

maintain that “governments do have 

leverage to influence the development 

of tourism in specific areas or 

particular ways: they set the 

conditions of investment and access 

[and] determine what concessions will 

be given to foreign enterprises.”37 

The third and final priority 

suggestion is implementing significant 

                                                                           

cruise tourism,” International Journal of Tourism 
Research 6 (2004): 39-50. 
35 EIU, “Belize: Country Report - Main report”. 
36 BETA, “BETA states position on cruise tourism in 
Belize”. 
37 Cater and McMinn, “Tourist typology: Observations 
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user fees for visitors to MPAs 

containing coral reefs and 

encouraging dive tourism to these 

sites.  The rationale behind user fees is 

that nature reserves will not be well 

managed unless they are adequately 

funded.  Also, when these revenues go 

towards better preserving and 

managing the park, they create higher 

quality tourism, “thereby potentially 

increasing, rather than reducing, 

visitation”38  With more funds at their 

disposal, the MPA could focus on 

activities beyond simply keeping 

snorkelers from damaging the coral.  

At Bonaire, fee 

revenues go toward 

salaries, research and 

monitoring, 

community education 

programs, 

maintenance, and enforcement 

actions.39   Current fee amounts for 

Belize’s MPAs can be raised to increase 

benefits for the reef and its visitors.  

“Both the individual tourists and the 

international hotel chains and other 

tourism suppliers,” asserts Sale, “must 

be willing to pay more than they 

                                                                           

from Belize”.  
38 Kreg Lindberg et. al., “Ecotourism questioned: Case 
studies from Belize,” Annals of Tourism Research 23.3 
(1996): 543-562. 
39Mesoamerican Barrier Reef Systems Project 
(MBRSP.), Training manual on best 
management principles for marine protected areas, 
2003, Dec. 2005 
<http://www.mbrs.org.bz/dbdocs/tech/MPAPlan7.p
df, December 2005>.  

currently do to access these 

environments… The irony is that the 

tourists who flock to Belize… would 

not notice a couple of dollars extra per 

day added to the hotel bill, the 

restaurant meal, or the dive trip.  Yet 

those dollars would have a substantial 

impact if they were funneled towards 

sustainable environmental 

management.”40 

Employment from the marine-

based tourism industry is also one of 

the major successes of ecotourism.  

Once the Hol Chan MPA was set up off 

of Ambergris, being a snorkel or dive 

guide for tourists 

became more lucrative 

than fishing, 

employing 80 full time 

and 76 part time jobs 

on Ambergris as early 

as 1992, and at twice the salary of a 

fisherman.41   At the same time, the 

size and number of reef fish, lobster, 

and conch increased due to 

conservation measures, thus 

increasing revenues for those who 

stayed as fishermen.42   Parsram and 

McConney also confirm that “positive 

economic benefits are accruing to 

stakeholders in the area as a result of 

                                                             
40 Sale, “Capacity Development and Management of 
Coastal Waters in the Caribbean Region”.  
41 R. Norris, “Can ecotourism save natural areas?” 
National Parks 66.1-2 (1992). Cater & McMinn 1998 
42 Bilgre & Young. Hol Chan Marine Reserve 
Management Plan Mesoamerica. 
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MAP management,” and that “there do 

not seem to be many negative 

economic impacts of the MPA.”43  In 

contrast to the lose-lose scenario of 

coral mining for beaches that Cater 

discusses, research suggest that MPAs 

with user-fee systems are a win-win 

option, since both the tourist, coral 

ecosystems, and local workers benefit. 

 

Con clusion 

“The challenge for ecotourism,” 

wrote Norris thirteen years ago, “if it 

is to benefit the world's parks rather 

than serve as yet another mechanism 

to mine them for profit, is to provide 

meaningful benefits to local people.”  

This challenge still stands for Belize.  

Scholars have demonstrated 

overwhelmingly that benefits based on 

unsustainable resources are not 

meaningful in the long run and will 

lead to depletion.  Belize must 

recognize its own interest in 

preserving the reef.  Based on these 

considerations, three suggestions for 

policy action were examined.  

Promoting environmental awareness 

of the coral reef was shown to be a 

necessary baseline for further 

expansion of conservation efforts.  

                                                                           

Norris, “Can ecotourism save natural areas?” 
43 K. Parsram. and P. McConney, “Belize case study: 
Marine protected areas co-managed by Friends of 
Nature,” Caribbean Conservation Association, 2004, 
Barbados.  
 

Cruise ship tourism was shown to have 

deleterious impacts on the 

environment, produce comparatively 

little benefit, and should thus be 

discouraged.  Since economic needs 

must also be taken into account, 

marine preserves that charge divers 

and snorkelers have proven to be the 

most protected.  Dive tourism should 

be encouraged, especially for its 

creation of better-paying alternative 

employment.  It is hoped that these 

and similar considerations are taken 

into account by the stakeholders in 

reef conservation.  “Despite all the 

wonderful ads and deceiving 

brochures,” predicts van’t Hof, 

“destinations that have undergone 

environmental and cultural 

degradation will soon only appeal to 

the indiscriminate traveler.”  

Hopefully Belize will fulfill its 

ecofriendly reputation and continue to 

appeal to travelers with good taste. 
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Caribou and 
The Risks of 
Development 

Andrew Christopherson 
 

One of the most contentious 

issues presently being debated in 

Congress is whether to allow drilling 

for crude oil in ANWR, the Arctic 

National Wildlife Refuge.  Protection of 

the reserve’s fauna, particularly 

caribou, is the most frequently cited 

reason for the prevention of this 

activity.  The powerfully politicized 

issue tends to produce two radically 

divergent arguments about what the 

effects are of oil field development on 

caribou.  Organizations opposed to the 

opening of ANWR argue that the herds 

and their habitat will be “weakened” 

or “destroyed” by the initiation of 

drilling.1  Simultaneously, groups that 

favor the development of ANWR assert 

that drilling increases caribou 

numbers, citing the population rise in 

the nearby Prudhoe Bay oil field.  

Clearly, both of the claims cannot be 

                                                             
1 “What is ANWR and Where is the Coastal Plain?” 
Arctic Power, 21 March 2005 
<http://www.anwr.org/archives/what_is_anwr 
_and_where_is_the_coastal_plain.php>. 

correct.  This document will utilize 

publicly available scientific evidence 

in order to transcend impassioned 

arguments and clarify the actual and 

predicted effects of arctic resource 

improvement on caribou. 

ANWR is 19 million acres in size, 

almost equal to South Carolina.  1.5 

million acres of this federally 

protected land is designated as the 

1002 Area, meaning it is exempt from 

the restrictive congressional 

“wilderness” classification and can be 

subject to limited development.2  The 

1002 area is a single plot of flat land 

stretching across the northwestern 

edge of ANWR.  This narrow plain is 

between 15 and 40 miles wide and 

about 90 miles long, hemmed in by the 

Arctic Ocean to the north, the foothills 

of the Brooks Range to the south, and 

the developed oil field of Prudhoe Bay 

to the west.  Each March the 123,000 

                                                             
2 “ANWR: Management Areas,” US Fish & Wildlife 
Service, April 2004, 21 March 2005 
<http://arctic.fws.gov/1002man.html>. 
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strong Porcupine Herd (PH) of caribou 

migrates to the plain from Canada and 

central Alaska in order to give birth in 

May.  The 1002 Area is ideal for young 

caribou because it is covered in 

nutritious Cotton-Grass, its windiness 

repels aggravating mosquitoes and 

Nose Bot flies, and its openness 

prevents predators from ambushing 

the calves.  The geography of ANWR 

provides no alternative to the plain for 

calving, since the nearby foothills have 

significantly less edible 

vegetation and a 

higher incidence of 

predators such as wolf 

and bear. 

The effects of 

development on 

caribou populations 

have been studied 

thoroughly in the 

Prudhoe Bay oil field.  

Oil development has 

historically resulted in the 

construction of a network of drilling 

rigs, gravel mines, transport pipes, 

power plants, airstrips, and gravel 

roads connecting all these facilities.  

The responses of caribou to these 

structures differ at the individual and 

herd levels, and individual reactions 

depend on sex, age, size, time of year, 

insect levels, weather, and degree of 

human activity.3  For example, 

pregnant and nursing caribou tend to 

avoid human activity more than other 

members of the herd.4  In the past, oil 

infrastructure development has 

caused caribou cows to leave prime 

calving areas for ones with an inferior 

food supply and a heavier 

concentration of predators.5  It has 

been argued by many pro-

development advocates that caribou 

will habituate to oil 

fields, as exemplified 

by frequent caribou 

sightings near the 

Prudhoe Bay oil rigs.  

Though caribou tend 

to tolerate oil 

structures, drill rigs, 

and noise, they do not 

seem to acclimatize 

well to large numbers 

of people or moving 

objects.6  Moreover, 

the caribou sighted near oil extraction 

facilities are usually adult bulls, 

whereas pregnant or nursing cows do 

not habituate well to any type of 

                                                             
3 David Klein, “Caribou in the Changing North,” 
Applied Animal Behavior Science 1991, 279-291. 
4 Klein 279-291; B.E. Lawhead and S.M. Murphy, 
“Caribou,” The Natural History of an Arctic Oil Field, 
(San Diego: Academic Press, 2000) 59-84. 
5 W.B. Ballard, et al, “Caribou and Oil Fields,” The 
Natural History of an Arctic Oil Field, (San Diego: 
Academic Press, 2000) 85-104. 
6 Lawhead and Murphy, 59-84. 
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development.7  Conversely, the 

animals sometimes use human 

infrastructure to their advantage.  

Caribou will stand on gravel roads to 

escape insects and gain a vantage 

point for spotting predators, and, in 

groups of 100 or more, will feel secure 

enough to migrate across roads and 

through areas where oil workers are 

present.8 Nevertheless, it remains 

difficult to extrapolate the impacts on 

individual caribou to herds of several 

thousand.  For example, Prudhoe Bay 

oil development is known to affect 

behavior of individuals within the 

Central Arctic Herd (CAH).  Since oil 

development began in the 1970s, the 

CAH has quadrupled in size from 5,000 

to over 20,000.9  However, the CAH did 

decline slightly between 1992 and 

1995.10  Caribou populations naturally 

fluctuate in response to weather and 

other environmental factors, and it is 

difficult to tell how much of this 

variation results from anthropogenic 

sources and how much is from natural 

causes.11 

Groups opposed to oil prospecting 

in ANWR often state that damage to 

the PH will be the primary 

                                                             
7 Klein 279-291; Lawhead and Murphy, 59-84. 
8 Terry McCarthy, “War Over Arctic Oil,” Time 19 
February 2001. 
9 Lawhead and Murphy, 59-84; Ballard, et al, 85-104; 
Klein, 279-291. 
10 Lawhead and Murphy, 59-84. 
11 Ballard, et al, 85-104. 

consequence of drilling.  Many portray 

transformation of the 1002 Area into 

an oil field as inescapably destructive 

to the entire PH.  They use language 

such as “the end of the great caribou 

migration” and label development as 

the “destruction of America’s 

Serengeti.”12  The Gwich’in Indians of 

ANWR have compared the predicted 

destruction of the Porcupine Herd to 

the decimation of the Great Plains 

Buffalo.13  A common strategy in anti-

drilling media is to ignore existing 

settlements and military facilities 

inside ANWR and portray the refuge as 

pristine, and then imply that the 

introduction of oil infrastructure will 

upset the ecological balance, which 

will in turn reduce caribou numbers.  

These prophecies of caribou 

destruction do not elucidate how the 

killing will take place nor do they rely 

on scientific evidence. Instead, they 

operate on the assumption that the 

coastal plain is not large enough to be 

shared by man and caribou.  This idea 

contains some merit, as the cows of 

the CAH shifted their calving area by 

25 miles to avoid the human presence 

of the Prudhoe Bay development.14  In 

                                                             
12 McCarthy. 
13 “Arctic National Wildlife Refuge,” 17 March 2005, 
20 March 2005 
<http://pangaea.org/arctic%20national%20wildlife% 
20refuge/anwr.htm >. 
14 Klein, 279-291. 
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ANWR the cows would have no 

alternative calving area, “leading to 

impaired reproduction and calf 

survival for the 123,000 caribou,” 

according to a U.S. Geological Survey 

study.15  The severity of this 

impairment is presently unknown and 

unquantified. 

Those who favor drilling for oil in 

ANWR utilize considerably more 

‘science’ and rely primarily on a 

quantitative argument.  This attempt 

at marshalling hard data to legitimize 

their argument is a 

result of their 

perceptional 

disadvantage due to 

the negative societal 

connotations of ‘big oil’ 

companies.  As their 

primary argument, 

drilling proponents 

attempt to use the 

population increase of the CAH in 

Prudhoe Bay to show that industry and 

nature can coexist.  However, this 

enlargement has been attributed to 

natural factors because all caribou 

herds across northern Alaska grew 

during this period.16  Most likely, the 

                                                             
15B. Griffith, et al, “The Central Arctic Caribou Herd,” 
Arctic Refuge Coastal Plain Terrestrial Wildlife 
Research Summary (Washington: U.S. Geological 
Survey, 2002). 
16 John Shoen, “Overview and Summary of Caribou-
Oil Field Relationships in Alaska’s Arctic,” Audubon 
Alaska, 2002. 

CAH was negatively affected by the oil 

infrastructure because herds in nearby 

areas, which had not been exposed to 

development, increased in size by 3-4% 

more.17  Drilling proponents also claim 

that the population increases in 

Prudhoe Bay will be duplicated in 

ANWR if drilling commences.  This is 

unlikely since the larger PH is 

confined to the small 1002 Area and, 

because of geographic limits, cannot 

shift calving areas like the CAH. 

Neither side of this argument 

presents their case in a 

reasonable manner.  

One generates an 

unrealistically negative 

scenario that relies on 

emotions instead of 

evidence while the 

other misuses facts to 

legitimize their 

argument.  Prior to 

investigating this issue I had believed 

the pro-drilling lobby’s argument 

primarily because of their use of data 

and historical examples.  After this 

analysis I see that if the Porcupine 

Herd is subjected to the experiences of 

the Central Arctic Herd, the caribou of 

ANWR will not be able to make the 

same responses, and, consequently, 

will have trouble calving.  Fewer calf 

births will quickly lead to a population 

The Gwich’in Indians 
of ANWR have 
compared the 

predicted destruction 
of the Porcupine Herd 
to the decimation of 

the Great Plains 
Buffalo. 
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decrease.18  The most important 

question to answer now is “by how 

much will the population shrink?”  

This depends primarily on the 

pervasiveness of development, 

specifically how much of the 1002 area 

the infrastructure will cover.  Oil 

industry estimates indicate that ANWR 

will take approximately 10 years to 

develop.  I believe that during this 

development period the birth rates of 

the PH could be monitored and 

compared to those of other herds to 

establish what influence the new 

structures were having on caribou 

calving.  The risk of a PH population 

crash      is       present      with     ANWR  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                           
17 Lawhead and Murphy, 59-84.  
18 Ballard, et al, 85-104.  

development, but it will not happen 

overnight.  Restricting the industrial 

sprawl of the oil field through 

legislation and monitoring the real 

effects of construction as it takes place 

will significantly reduce the danger to 

the Porcupine caribou herd.   
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Bioenergy in Brazil:  
The Effects of 
First-Mover and 
Comparative Advantage   
on the Future 
of Biomass 

Robyn Liska
 
“Next year, Brazil expects to entirely 
eliminate oil imports, thanks in large 
part to its growing ethanol industry 
(June 9).” -Energy and Environment, 
June 9, 2005 

 

In a world where oil dependency 

is often viewed as a necessary evil, 

how has Brazil reached a position in 

which it can claim to have 

circumvented this apparent reality of 

world affairs?  The answer lies in its 

prescient ethanol fuel program, the 

National Alcohol Program 

(PROALCOOL), which was 

implemented in 1975 in response to 

high oil prices and a weak 

international sugar market.1  This 

                                                             
1 Israel Klabin, “Roundtable: Successes with 
Bioenergy: The Brazilian Experience,” World 

served the dual purpose of decreasing 

oil consumption and protecting the 

domestic sugar market.2  Thirty years 

later, the surprising announcement 

above is testimony to the potential of 

biomass technology.  This paper 

addresses the benefits and drawbacks 

of biomass energy, and postulates that 

bioenergy will eventually supply all of 

Brazil’s transportation fuel demand as 

well as a large share of its other energy 

                                                                           

Agricultural Forum, 2005 World Congress, 16-18 May 
2005, 12 Nov. 2005 
<http://www.fbds.org.br/Apresentacoes/FBDS-
AgriculForum.pdf>; Marelo E. Dias Oliveira, Burton E. 
Vaughan, and Edward J. Rykiel Jr., “Ethanol as Fuel: 
Energy, Carbon Dioxide Balances, and Ecological 
Footprint,” BioScience 55  (Academic Search Premier, 
EBSCO: Lauinger Memorial Library, Washington DC, 
12 Nov. 2005) 593. 
2 Charles Weiss, Jr., “Ethyl Alcohol as a Motor Fuel in 
Brazil: A Case Study in Industrial Policy,” Technology 
in Society 12 (1990) 255-256. 
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demands.  This prediction is based on 

an assessment of Brazil’s unique 

combination of assets and the 

resources it has already invested in 

developing the biomass industry. 

Biomass dominance is virtually 

assured due to the need to find a 

substitute for fossil fuels, and the fact 

that the requisite production facilities 

already exist, but that does not mean 

that biomass is the best path.  It can be 

good or bad, depending 

on its implementation.  

Brazil’s biomass system 

has great potential; 

yet, it must still 

overcome critical 

obstacles that threaten 

to restrict its growth, 

including land 

competition, water 

shortages, soil 

degradation, financing 

difficulties, and 

physical limits to expansion.  

Government policy and future 

technological improvements will 

largely determine whether or not 

biomass is an economically and 

environmentally desirable energy 

source for the future. 

 

BRAZIL’S ENERGY O UT LO OK IN A  

WO RLD OF SCA RCIT Y 

The unsustainable consumption 

of fossil fuels is one of the most 

pressing issues facing the world today.  

There is a finite limit to extractable 

fossil fuels, and current consumption 

rates are increasing as more nations 

industrialize and the world population 

balloons past six billion.  Therefore, 

“faced with the inevitability of an 

accelerating decline of reserves of low-

cost fossil fuels,”3 many nations are 

beginning to explore renewable 

energy sources, which 

are (theoretically) 

inexhaustible. 

Brazil is a world 

leader in energy policy: 

44% of its energy 

supply is derived from 

renewable sources.4  

According to the 

National Energy 

Balance, 21% of Brazil’s 

total energy 

consumption was 

supplied by bioenergy in 1997,5 and in 

2000 this figure increased to 23.4%.6  

However, biomass will have to make 

phenomenal growth leaps in order to 

                                                             
3 Group on Energy and Environment, Environmental 
Impacts of Renewable Energy, (Paris: OECD, 1988) 11. 
4 Klabin, 6. 
5 Adnei M. Andrade, Carlos A. Andrade, and Jean A. 
Bodinaud, Biomass Energy Use in Latin America: 
Focus on Brazil, Biomass Energy: Data, Analysis and 
Trends, 23-24 Mar. 1998 (Paris: OECD/IEA, 1998) 87. 
6 Donald L. Klass, “Biomass for Renewable Energy and 
Fuels,” Encyclopedia of Energy 1 (2004), 11 Nov. 2005 
<http://www.bera1.org> 198. 
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keep up with the even more rapid rise 

in domestic energy consumption: the 

2005 Energy Information 

Administration (EIA) International 

Energy Outlook predicts that by 2025 

Brazil’s energy consumption will have 

increased by 43%.7 

Economic incentives for the 

future growth of biomass technology 

are contingent on the relative price of 

oil versus ethanol and sugar.  The 

opportunity cost of growing sugar to 

produce ethanol must be lower than 

the cost of importing fossil fuels, so 

until oil prices overtake ethanol 

prices, subsidies and price guarantees 

may be needed.  This was the case with 

the PROALCOOL program in the 1970’s; 

billions of dollars of subsidies were 

given to the sugar industry, but by 

1999 Brazil was able to eliminate them 

entirely.8  To recoup the costs of the 

public investment in the PROALCOOL 

program, crude oil prices must reach 

at least US$ 39 per barrel.9  Eventually 

fossil fuel prices will increase 

dramatically as supply dwindles, but 

this is a very long-term outlook.  It 

requires political resolve to sustain 

commitment to biomass in the short 

                                                             
7 “World Total Primary Energy Consumption by 
Region, Reference Case, 1990-2025 (table),” 
International Energy Outlook 2005, Energy 
Information Administration, July 2005, 22 Nov. 2005 
<http://eia.doe.gov/oiaf/ieo/pdf/ieroeftab_1.pdf>. 
8 Klabin, 5; Oliveira, 597. 
9 Weiss, Jr., 278. 

term.  Despite a manifest official 

enthusiasm for bioenergy and current 

efforts to boost its growth, it is 

doubtful that biomass will be able to 

completely meet the expected 

demand.  However, it is probable that 

its market share will grow: how much 

so will be determined by relative oil 

and biofuel prices, supplies of natural 

resources, and technological 

improvements.  Brazil provides a 

valuable case study in which to 

analyze the desirability of biomass as 

an energy source, its benefits and 

limitations, the policy matters that 

need to be addressed in order to 

support the industry, and the future 

potential of this fascinating energy 

source. 

 

WHAT IS BIOENERGY? 

Technical A spe cts 

Bioenergy is the energy derived 

from biomass, which is defined as, “all 

non-fossil-based living or dead 

organisms and organic [carbon-

containing] materials that have an 

intrinsic chemical energy content.”10  

Solar energy is captured by the 

photosynthesis process and conserved 

in the chemical bonds of 

carbohydrates and oils in plants, 

effectively storing it for future use.11  

                                                             
10 Klass, 193. 
11 Klass, 193-194; Haroon S. Kheshgi, Roger C. Prince, 
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This chemical energy can then be 

released as heat or be converted to 

electricity, gas, liquid fuels, or even 

other chemicals.12 

Chemically, bioenergy technology 

is similar to that of fossil fuels.  In 

both, energy is released through the 

breaking of chemical bonds.  The 

crucial difference is that fossil fuels 

are non-renewable because new 

reserves require long periods of time 

to regenerate, whereas 

agricultural crops grow 

much more quickly.13  

Sources of bioenergy 

include wood 

(including waste 

products such as twigs 

and leaves), marine 

vegetation (algae and 

kelp), municipal waste 

(sewage), agricultural 

crops and their residue 

waste, animal/organic 

wastes, and even industrial wastes (i.e. 

food-processing waste).14  The wide 

                                                                           

and Gregg Marland, “The Potential of Biomass Fuels 
in the Context of Global Climate Change: Focus on 
Transportation Fuels,” Annual Review of Energy & 
the Environment 25 (2000) (Academic Search 
Premier, EBSCO: Lauinger Memorial Library, 
Washington DC, 12 Nov. 2005) 204-208. 
12 Klass, 201.  
13 Horta Nogueira, “Some Views of Biomass and 
Statistics in Latin America,” Biomass Energy: Key 
Issues and Priority Needs, 3-5 Feb. 1997 (Paris: 
IEA/OECD, 1997) 198. 
14 “Biomass Energy Basics,” Learning About 
Renewable Energy and Energy Efficiency, National 
Renewable Energy Laboratory, 12 Nov. 2005 

range of potential sources makes 

biomass extremely versatile, and 

different geographic areas can 

establish optimal conversion systems 

by selecting the biomass source most 

suited to their region.  Brazil is well-

endowed to optimize biomass 

potential because of its equatorial 

location, large territory, and abundant 

rainfall and sunlight, which create 

optimal growing conditions and lush 

tropical forests.15  

These factors give 

Brazil a comparative 

advantage over less 

fertile countries. 

 

Calcu lation s 

& Ch oices 

Two main 

considerations are 

used to evaluate an 

organism for energy 

crop-potential: first, it 

should have a high yield of dry mass 

per unit of land cultivated; and second, 

the total energy harvested must be 

                                                                           

<http://nrel.gov/learning/re_biomass.html> 1; 
Ayhan Demirbas, “Bioenergy, Global Warming, and 
Environmental Impacts,” Energy Sources 26 (2004) 
(Academic Search Premier, EBSCO: Lauinger 
Memorial Library, Washington DC, 14 Nov. 2005) 227; 
Klass, 193. 
15 “Alternative Energy: Brazil’s booming ethanol 
industry could be model for U.S., supporters say,” 
Environmental and Energy Publishing, LLC 9 Jun. 
2005, Vol. 10 No. 9, sec EP&M, Greenwire (LexisNexis 
Environmental:  Lauinger Memorial, Washington DC) 
14 Nov. 2005; Klabin, 2. 
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more than the total energy inputs 

required for cultivation.  If it requires 

too much energy to cultivate a crop 

(i.e. extensive fertilization, irrigation, 

mechanization requirements, or 

transportation costs), the process is no 

longer economically or energetically 

viable.16 

Due to the uncertainty in the 

constantly-shifting variables listed 

above (fertilization requirements, 

etc.), assessments of bioenergy 

systems vary widely in their 

calculations and conclusions.  Most 

assessments fall somewhere in 

between enthusiasm and pessimism, 

such as an Organization for Economic 

Co-operation and Development (OECD) 

Report entitled Biomass for Energy, 

which states, “It is… conceivable, 

economic conditions permitting, that 

[some developing countries, imitating 

the Brazilian model, would be able to 

develop biomass industries, and] could 

be in a position to export bio-fuels to 

industrialized countries and thus earn 

foreign currencies.”17  The contingent 

‘economic conditions’ alluded to refer 

to numerous exogenous and 

endogenous variables, such as relative 

oil and crop prices, food production, 

land availability, transportation costs 

                                                             
16 Demirbas, 227. 
17 Committee For Agriculture, Biomass for Energy: 
Economic and Policy Issues (Paris: OECD, 1984) 19. 

resulting from distances between field 

and biorefinery, levels of private 

versus public investment, and existing 

refinery infrastructure.18  All of these 

variables must be carefully considered 

when evaluating any bioenergy policy. 

Under the guidance of 

PROALCOOL, Brazil has decisively 

chosen to organize its biomass sector 

around the fermentation of sugarcane 

in order to capitalize on its thriving 

sugarcane industry.19  According to the 

National Energy Balance, a division of 

the Ministry of Mines and Energy, 

Brazil produced 2.93 x 108 metric tons 

of sugarcane in 1997/8, and 43% of 

that was converted to ethanol.20  In 

1996, 92.5% of the ethanol 

manufactured was used in the 

transport sector.  The rest of the 

sugarcane went to industrial processes 

(12.6%) and the electrical sector 

(14.4%).21 

 

Other Con sider ation s: 

Non-mone tary Benef its & Costs 

Benefits: The principle benefit of 

biomass is that it is a ‘green energy,’ 

which can significantly reduce the 

carbon dioxide emissions that cause 

50% of anthropologically-induced 

                                                             
18 Andrade; Committee for Agriculture; Demirbas; 
Kheshgi; Oliveira; Weiss. 
19 Weiss, 257-259. 
20 Andrade, 88. 
21 Andrade, 88. 
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global warming.22  As one 

sustainability study explains, 

bioenergy feedstocks release about the 

same proportion of carbon dioxide 

(CO2) as fossil fuels, but the carbon 

dioxide is sequestered back into the 

regenerated feedstock as they replace 

the harvested vegetation, resulting in 

zero net CO2 emissions.  However, the 

production and harvest of biofuels has 

to be done sustainably; otherwise, the 

feedstock is not regenerated and the 

CO2 is not re-sequestered.23 

A further advantage to biomass is 

that it can often be obtained from 

uncultivated or reclaimed land where 

poor soil quality or previous 

degradation has prevented successful 

farming of food crops.  There are 

numerous high-yield species of plants, 

such as the bamboo reed, that can 

grow in marginal conditions, making 

them good candidates for energy 

crops.24  Also, biomass contains less 

sulphur than fossil fuels and does not 

release as high a volume of the sulphur 

dioxide (SO2) emissions that cause acid 

rain.25 

Costs: The flip side of this 

equation is that biomass does contain 

large volumes of nitrogen, which are 

released as NOx during combustion and 

                                                             
22 Demirbas, 232. 
23 Kheshgi, 200, 203.  
24 Committee for Agriculture, 88. 
25 Kheshgi, 213. 

contribute to the greenhouse effect.26  

However, the potential NOx emissions 

would be largely offset by SO2 

reductions, so this paper concludes 

that the overall decrease in CO2 

emissions would be a net 

improvement. 

Besides potential NOx emissions, 

increasing biomass energy crop 

cultivation also brings the dangers of 

deforestation, soil erosion, 

biodiversity loss, competition for land 

between the food and energy sectors, 

monoculture agriculture, and 

polluting particulate matter 

emissions.27  The severity of these 

effects all relate back to the basic issue 

of exactly how much land area has to 

be cultivated to supply energy 

demand, and that is determined by the 

net primary productivity (NPP) of a 

plant (“the storage of biomass or 

carbon in living plant matter”)28 and 

the conversion efficiency of various 

bioenergy plants.29 

Scientists are divided over 

whether biomass is a desirable 

technology to pursue, mainly because 

the studies they perform vary from 

                                                             
26 Kheshgi, 213. 
27 Group on Energy and Environment, 44-50 and 56-
58; David Pimentel and G. Rodrigues, “Renewable 
Energy: Economic and Environmental Issues,” 
Bioscience 44 (1994) (Academic Search Premier, 
EBSCO: Lauinger Memorial Library, Washington DC, 
12 Nov. 2005) 2. 
28 Kheshgi, 208. 
29Khesghi, 208-211. 
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location to location and because it is 

difficult to assign monetary values to 

environmental impacts.  Subjectivity 

and scientific uncertainty have thus 

far impeded any broad scientific 

consensus over whether putting 

biomass technology into practice is a 

good or bad policy. 

 

BRAZIL’S BIO MA SS T RA JECTO RY 

The First Step : A Unique  

Star ting Poin t 

Following the 

spike in oil prices 

caused by the 

Organization of the 

Petroleum Exporting 

Countries (OPEC) oil 

embargoes of the 

1970’s, Brazil made a 

strategic policy 

decision to decrease its 

dependence on fossil 

fuels and to support the expansion of 

its domestic biomass-ethanol 

industry.30  PROALCOOL was the 

ambitious project responsible for 

overseeing this transition.  As the 

president of the Brazilian Foundation 

for Sustainable Development asserts, 

“the energy policy of Brazil takes more 

and more into account the world’s 

concern with the global climate 

changes and the search for 

diversification of the national energy 

matrix.”31  A fortunate confluence of 

factors—such as a natural abundance 

of uncultivated land and tropical 

forests, a thriving sugarcane industry, 

a supply of uncultivated land and 

human labor, and a matrix of 

traditional fossil-fuel combustion 

industrial power plants which could be 

converted to biomass-combustion—

made Brazil uniquely suited to the 

widespread exploitation of biomass as 

a major source of 

energy. 

 

Is Brazil  Locked 

Into Biomass  

Energy? 

Based on current 

policies regarding the 

energy sector and the 

trajectory of biomass 

technology in Brazil, it 

appears that biomass will increase its 

market share as fossil fuels are phased 

out, surpassed in volume only by 

hydroelectric power.  Other energy 

sources, such as nuclear power or solar 

photovoltaic cells, may be more 

efficient in their energy conversion 

possibilities (for example, PV cells 

currently have a 10% sunlight energy-

capture efficiency which could rise to 

                                                                           
30 Klabin, 4. 
31 Kheshgi, 6. 

Subjectivity and 
scientific uncertainty 
have thus far impeded 

any broad scientific 
consensus over 

whether putting 
biomass technology 

into practice is a good 
or bad policy. 
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over 25%, and the best-case potential 

efficiency for biomass is only 0.4%),32 

but the natural environmental 

conditions that favor bioenergy and 

the previous political commitment to 

biomass technology will make biomass 

very hard to supplant. 

Although much 

Brazilian electricity is 

currently generated at 

hydroelectric plants, a 

U.S. Department of 

Energy analysis points 

out that, “[i]n 2001, 

Brazil faced a critical 

electricity shortage 

due to insufficient 

rainfall and years of limited 

investment in the country’s power 

sector.”33  Despite the fact that 

hydroelectric technology yields much 

higher volumes of energy per unit of 

land than sugar distilleries,34 it makes 

sense for Brazil to promote biomass as 

an additional electricity source in 

order to decrease the vulnerability to 

unpredictable weather patterns that 

caused the 2001 shortages. 

 

LOO KING T O THE FUT URE 

Requirements for Growth 

                                                             
32 Kheshgi, 214. 
33 “Brazil,” Country Analysis Briefs, EIA/DOE, Aug. 
2005, 14 Nov. 2005 
<http://www.eia.doe.gov/emeu/cabs/Brazil/Electrici
ty.html>. 

In order for biomass technology 

to become the energy standard in 

Brazil, it will require sustained 

political support; a production and 

distribution infrastructure capable of 

linking a large number of biomass 

plants to consumers; an influx of 

private investment to 

finance new projects; 

and research and 

development in order 

to enhance the 

technology. 

A recent 

statement by Roberto 

Rodrigues, the Minister 

of Agriculture, 

Livestock, and Supply, illustrates the 

enthusiastic awareness of biomass’s 

potential.  On June 26, 2005 he stated, 

“The production of biofuel promotes 

enormous environmental and 

economic gains.  Any country may 

produce biofuel, which could result in 

a reduction of the distance between 

the rich and poor.”35, 36  His powerful 

                                                                           
34 Oliveira, 600. 
35 “Growth of Brazilian Agriculture Generates Fear,” 
Global News Wire- Asia Africa Intelligence Wire 26 
Jun. 2005, Financial Times Information (LexisNexis 
Environmental: Lauinger Memorial, Washington DC, 
14 Nov. 2005) 1.  
36 The reference to reducing income equality relates 
to the fact that many biomass systems are located in 
poor, rural areas and new industrial facilities 
stimulate economic growth; Adailson Silva Santos, 
Maria L. Murta Valle, and Roberto G. Giannini, 
“Addition of Oxygenated Compound to Gasoline and 
the PROALCOOL Experience,” Economy and Energy 19 
(2000), 10 Nov. 2005 

[B]etween 1990 and 
2000 electricity 

consumption rose 
58%, while the 

generation capacity 
to supply this leaping 

demand grew only 
32%. 
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statement echoes the sentiment of an 

IEA analysis, which cautiously 

mentioned the possibility for some 

developing countries to become 

biofuel-exporters.37  Of late, the 

Brazilian government has been 

showing strong support for alternative 

energy and seems more committed 

than ever to the diffusion of biomass 

technology.  Currently, it invests 1.24% 

of its GDP in science and technology, 

and in 1997 it spent US$ 9.18 billion on 

science and technology.38  It has 

established multiple agencies and 

ministries to promote renewable 

energy research and deployment, 

including the Brazilian Reference 

Center on Biomass and the Program of 

Incentives for Alternative Energy 

Sources.  Recently, a lot of press 

attention has been given to two 

market deployment funds called the 

Funda Brasil Energia and the Eco 

Energia fund.  Their mandate is to 

support the new renewable energy 

projects under the supervision of 

Programa de Incentivo às Fontes 

Alternativas de Energia Eléctrica 

(PROINFA); since their creation in 

2004, they have already directed 

hundreds of millions of dollars to 

                                                                           

<http://ecen.com/eee19/compoxie.htm>. 
37 Committee For Agriculture, 19. 
38 “Key Facts,” Science and Technology, Embassy of 
Brazil in Washington, 16 Nov. 2005 
<http://www.brasilemb.org/science_tech/tech2.sht

numerous private ventures.39  The 

range of government agencies directed 

at increasing bioenergy supply is 

undeniable testimony to the high 

degree of political commitment to this 

sector.  Under the guidance of these 

bodies, continued investment in the 

development and improvement of 

biomass technology seems assured. 

In the early years of Brazil’s 

commercial biomass industry, 

PROALCOOL was completely 

dependent on public funding; the 

Brazilian government heavily 

subsidized it in order to give 

producers an incentive to increase 

ethanol production in the face of 

competing oil prices.40  Although the 

program was technically a resounding 

success, economically it was a total 

failure and imposed staggering costs 

on the Brazilian economy throughout 

its duration.41  Taking this into 

account, one notes that between 1990 

and 2000 electricity consumption rose 

58%, while the generation capacity to 

supply this leaping demand grew only 

32%.42  This was due to a lack of 

                                                                           

ml>. 
39 “Brazil creates $247-mil. Renewables fund, other 
power sector financing to follow,” Platts Global 
Power Report. 23 Dec. 2004, sec, LA. McGraw-Hill, 
(LexisNexis Environmental: Lauinger Memorial 
Library, Washington DC, 14 Nov. 2005) 1-2. 
40 Weiss, 263. 
41 Weiss, 280. 
42 Richard Lynch, ed. “An Energy Overview of Brazil,” 
US DOE, 23 Nov. 2005 
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financial sources, which sharply 

limited the growth of the alternative 

energy sector and electricity 

generation, distribution, and 

transmission.43  The Brazilian 

government will have to encourage 

much greater private investment in 

the biomass industry if it is to have 

any chance of keeping up with 

demand. 

Unfortunately, many of these 

private ventures are small, and future 

policies should try to increase the size 

of new biomass plants in order to reap 

expected economies of scale.44  A 

recent study concluded that larger 

sugar mills also have better 

environmental performance above 

and beyond their superior efficiency, 

so that is an extra incentive to 

increase the size of biomass power 

plants.45  However, in order to 

decrease the cost of transporting 

energy crops to processing facilities, it 

is best to have a large number of 

                                                                           

<http://www.fossil.energy.gov/international/Wester
n%20Hemisphere/brazover.html> 3. 
43 “Brazil creates $247-mil,” 1-2; “Brazil,” Country 
Analysis Briefs, 2. 
44 Elizabeth Parkhurst, ed. “Evaluation of Biomass-to-
Ethanol Fuel Potential in California,” California 
Energy Commission, Dec. 1999, 14 Nov. 2005 
<http://www.energy.ca.gov/reports/1999-12-22_500-
99-022.PDF>. 
45 M. A. V. Borrero, J. T. V. Pareira, and E. E. Miranda, 
“An Environmental Management Method for Sugar 
Cane Alcohol Production in Brazil,” Biomass & 
Bioenergy 25 (2003), (Academic Search Premier. 
EBSCO: Lauinger Memorial Library, Washington DC, 
12 Nov. 2005). 

smaller, widely-distributed plants.  

This tradeoff between size, efficiency, 

and ecological performance is 

unavoidable and will have to be 

decided on a case-by-case basis using 

local environmental and economic 

criteria. 

In March 2004, a new electricity 

model was implemented by the 

Brazilian Energy Minister, Dilma 

Rousseff; a US Department of Energy 

(DOE) analysis considers the changes 

favorable to the integration of new 

energy sources into the national grid 

and to securing private investment.  

The model consists of two new energy 

markets: one regulated, in which 

prices are set to encourage new 

entrants, and one free-market, which 

will encourage long-term private 

investment.46  The change seems to be 

paying off, as a June 27, 2005 Platt’s 

Renewable Energy Report carried the 

headline, “Siemens Jumps into Brazil’s 

Renewables Market.”47  This example 

of the return of international capital 

and foreign direct investment bodes 

well for the future of Brazil’s 

bioenergy market. 

 

 

                                                             
46 “Brazil,” Country Analysis Briefs, 2.  
47 “Sensing opportunity in regulations, Siemens 
jumps into Brazil’s renewables market,” Platts 
Renewable Energy Report, 27 Jun. 2005, McGraw-Hill, 
(LexisNexis: Lauinger Memorial, Washington DC, 16 
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Is I t Possible  f or Biomass to  

Displace Foss il  Fuels? 

Two critical determinants define 

the upper limits of bioenergy growth 

in Brazil.  The first is the amount of 

land available to be cultivated, and the 

second is the supply of water required 

by farmers and distilleries to cultivate 

energy crops and 

process sugarcane.  

Without a sufficient 

supply of these natural 

resources, sugarcane 

(or any other plant) 

cannot be grown. 

Brazil has a total 

land area of 8,511,965 

sq km, 26,560 sq km of 

which is irrigated (1998 

est.).48  Arable land 

compromises 6.96% of 

the country, but as of 

2001 only 0.9% was 

devoted to permanent 

agricultural use.49  This 

excess supply of arable 

land for future energy 

crop production means that land 

availability is unlikely to impose any 

real limit on bioenergy’s potential for 

a very long time. 

                                                                           

Nov. 2005) 1. 
48 “Brazil,” The World Factbook, 2005, Central 
Intelligence Agency, 14 Nov. 2005 
<http://www.cia.gov/cia/publications/factbook/geo
s/br.html>. 

Water supply is the second 

limiting factor to biomass growth.  In 

most cases, the primary water source 

for agricultural irrigation is 

underground aquifers, which take a 

very long time to refill once depleted.50  

If energy crops place too much stress 

on the delicate natural water balance, 

the whole system could 

be irreparably 

damaged, putting an 

end to further 

cultivation.  This would 

be disastrous, not only 

for the 

ethanol/sugarcane 

complex but also for 

food production.  

Brazil, however, avoids 

this problem by virtue 

of its 8,233 cubic km of 

renewable freshwater 

resources.51  In 2000 its 

irrigation water 

requirement was 6.21 

cubic km, and this 

withdrawal amounted 

to a mere 0.44% of its renewable 

reserves.52  In addition, the sugarcane 

                                                                           
49 “Brazil,” The World Factbook.  
50 Group on Energy and Environment, 49-50. 
51 “Irrigation water use per country in the year 2000 
(table),” Review of Agricultural Water Use per 
Country, 2005, FAO: Land and Water Development 
Division, 23 Nov. 2005, 
<http://www.fao.org/ag/agl/aglw/aquastat/water_u
se/index.stm>. 
52 “Irrigation.” 

With continued 
political and scientific 

guidance, Brazil 
should be able to 
capitalize on its 

comparative 
advantage and its 

head-start in order to 
turn bioenergy into 

an extremely valuable 
export industry, 

improving its 
economic strength 

while decreasing its 
dependence on 

imported fossil fuels. 
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distillation process is very high in 

organic nutrients,53 which could be 

reapplied to the fields for irrigation, 

offsetting the demand for water and 

enriching the soil quality.54  However, 

designs for drastically increasing 

energy crop cultivation must make 

sure to not disrupt the water cycle. 

 

CONCLUSION 

Biomass has an enormous 

potential to expand from its current 

relatively small share of the total 

energy market.  Brazil is ideally suited 

to the production of biofuels, both 

because of its geographic 

characteristics and its prescient first-

mover commitment to biofuels.  With 

continued political and scientific 

guidance, Brazil should be able to 

capitalize on its comparative 

advantage and its head-start in order 

to turn bioenergy into an extremely 

valuable export industry, improving 

its economic strength while 

decreasing its dependence on 

imported fossil fuels. 

However, Brazil must consider 

the non-tangible costs of expanded 

cultivation such as soil depletion, 

erosion, monoculture’s vulnerability 

to pestilence, loss of natural 

ecosystems, decreased use for 

                                                             
53 Weiss, 269. 
54 Group on Energy and Environment, 49. 

recreation, and many others.55  Despite 

the admittedly significant 

consequences of these extra-monetary 

effects, these tradeoffs inherently 

require subjective decisions by 

politicians seeking to maximize the 

overall benefit-to-cost ratio.  Could 

biomass be drastically expanded to 

meet current energy demands?  A 

definite ‘yes,’ though this will require 

a well-coordinated government 

initiative that cooperates with private 

investors.  Should it?  That is for Brazil 

to decide.  This assessment of Brazil’s 

trajectory predicts that biomass will 

supplant oil’s share of the transport 

sector and play an increasing role in 

the electricity sector, along with a 

combination of other alternative 

energy sources.  Conservation policies 

are still crucial to managing the 

Brazilian energy balance, but biomass 

is the best hope for the future of 

energy supply. 
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More Than a 
Spoon’s Worth 

Sam Dollenmayer 
 

I look out from the building’s 

rooftop.  It stands directly north of the 

Key Bridge, high above the Potomac, 

marking the southern edge of the 

Georgetown campus.  To my left, the 

city of Washington reaches to the 

horizon, its low, close buildings 

punctuated by the Capitol dome and 

the Washington Monument. 

Following the river back to the 

right, my eye sweeps across the glass 

and steel of Rosslyn before it runs into 

a sudden thickness of trees lining the 

banks, mirroring the close-packed 

buildings at my back.  Across the river, 

Rosslyn sits heavy in the sunlight, as if 

plunked down into the land, rather 

than built up from it.  Like when a 

baby slaps his spoon down in his food, 

and more than a spoon’s worth is lost 

over the side, the trees flow down to 

the land’s edge and spill over the rim 

as if displaced by the buildings of the 

city.  The woods look most inviting 

right there at the edge, where they 

cast their green shadows onto water. 

Getting into the woods has, 

throughout my life, allowed me to 

leave civilization behind and become 

absorbed in the workings of the forest.  

Now I am drawn, following the line of 

the Potomac as it cuts into the trees 

and disappears, curving smoothly, and 

I want to be in those woods, around 

that bend. 

Prospect, Canal, and K Streets run 

parallel to the Potomac like an 

oversized staircase carved into the 

high-walled banks along this portion 

of the river.  Setting out, I decide to 

cut straight to the woods over land 

rather than descending immediately 

to Canal or K Street.  As I head down 

Prospect, the row of townhouses on 

my left seem to diminish, upstaged by 

the bushes and planted trees that line 

their fronts, and smoothing the 

transition into forest at the cross-

street. 

At the woods, a crumbling 

concrete path veers from the sidewalk 

between parking meters.  Two yards 

in, the path’s concrete folds to 

accommodate a tree’s bulging root.  

Twenty yards further, the path peters 

out into dirt and is engulfed by a 
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seemingly impenetrable wall of 

prehistoric kudzu.  Past the thicket, 

the path ends inside the L-shape of an 

ancient concrete wall layered with a 

dark, overlapping graffiti of moss and 

lichen.  Just beyond the wall, the earth 

drops vertically, then levels to meet 

Canal St. far below.  Speeding cars 

glint up through the thickness of trees 

lining the descent. 

Though once a scenic lookout 

over the Potomac and across to the 

glinting glass of 

Rosslyn, the view 

from this concrete 

terrace is now 

obscured by the 

explosion of new 

jungle growth that 

carpets the older tree 

trunks and the forest 

floor between them.  

Slivers of daylight 

wink through shifting 

holes in the ivy, thickening the trees 

up to the topmost branches.  The 

river’s cool wind regularly rises to run 

the streets of Georgetown, but it can’t 

penetrate the trees here to clear the 

air’s heavy moisture, nor the 

accompanying swarms of gnats and 

mosquitoes. 

The dull roar of the traffic below 

is bested by the electric buzz and 

crackle of the locusts in the treetops.  

A desk chair with a leaf-mold covered 

seat leans against the wall.  Cans of 

Schlitz, old sweaters, bits of 

newspapers, and bottles in paper bags 

litter the ground.  On a ledge fifteen 

feet below the wall, a squirrel finds a 

nut as he picks his way among plastic 

bags and broken glass.  I wait and 

watch the animal pass out of sight.  

Squeezing through a gap in the bottom 

of the chain-link fence by the wall, I 

drop to the ledge below.  On the back 

side of the wall, 

someone has sprayed 

a throw-up in 

immense blue and 

white letters.  

Another chair sits 

along the left, tucked 

away and hidden from 

view.  Beyond that, a 

mottled brown 

sleeping bag sits by a 

ring of stones that 

contain the black burnings of a fire.  

Staring silently, I consider how many 

people have stood at the wall above, 

completely oblivious to its presence.  

The ledge’s occupant shares his view 

with the multimillion dollar villas that 

hug the same cliff-side a few short 

blocks away, and the irony of this 

privilege doesn’t escape me. 

As I scramble down the steep 

forest strip wedged between Prospect 

Like when a baby slaps 
his spoon down in his 
food, and more than a 
spoon’s worth is lost 

over the side, the trees 
flow down to the land’s 
edge and spill over the 
rim as if displaced by 
the buildings of the 

city. 
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and Canal Streets, I cling to the trees 

to check the acceleration of my 

descent. The trees grow almost 

horizontally out from the hillside, 

extruded from the earth by the 

crushing weight of cement and brick 

above.  Tiny particles of their bark 

spurt up in clouds as my hands and 

feet scrape across the rough texture, 

momentarily suspending my 

momentum before I drop to the next 

rung. 

I burst forth from the bush onto 

Canal St., invigorated not only by the 

rapid, vertical plunge, but also by my 

bark-skinned knuckles and the scent 

of plants, broken, pulled and stepped 

upon, their juices on my skin and 

clothes.  I brush the leaves and dirt off 

of my shoes and pants, wearing the 

grin of my five-year-old self, who slid 

down hills on his knees and came 

home with green jeans and skinned 

shins.  A quarter mile further, another 

path leaves this road.  Arcing steeply 

downward, the trail curves, doubling 

back and under the road and the old 

canal in the form of a dank, dripping 

tunnel: a pungent pissy alley, right 

here in the woods. 

Through the tunnel and out the 

other side, I find myself on the Capitol 

Crescent Trail, which runs between 

the river and the canal for another 

three miles before looping up and then 

east into Bethesda, Maryland.  

Branches of green leaves surround me, 

giving way at places to the diffusely 

reflected sunlight off the Potomac.  A 

black squirrel sails deftly from branch 

to vine to trunk.  The cautiously placed 

trees up in Georgetown are simply too 

few and far between, and the squirrels, 

black and gray and copious though 

they are, stay to the ground and the 

poorly guarded trash cans.  As I watch 

the squirrel’s nimble progress, the 

smell of sewage and the roar of Canal 

St. traffic behind me belie the sudden 

appearance of natural calm. 

Up the asphalt trail, a jagged, 

black stone V has been cut into the 

bank at the edge of the trail, its point 

disappearing into the ground.  Like a 

mountain stream down a cliff face, 

white water spurts down the blue-

black face of the exposed rocks before 

draining into a hole at the 

underground point of the V.  I stand 

for a moment wondering at the 

purpose of this aesthetically pleasing 

little piece of landscaping before I 

continue.  Twenty feet up the trail on 

the opposite side, my question is 

answered as I stop again to read a 

signpost sticking out of the ground at 

an awkward angle: 

 

 

 



 

       86 

WARNING! 

Combined Sewer Overflow Discharge Point 

Pollution May Occur During Rainfall 

To Report Problems Call 

District of Columbia Water and Sewer 

Authority 

Telephone No. (202) 612 3400 

 

Someone has scratched a parenthetical 

statement, “(the rain tunnels are also 

the sewage tunnels),” into the brown 

sign between the lines of white letters.  

Below this sign, the grey slurry of 

runoff water and sewage spurts out of 

a pipe and, passing beneath a 

pedestrian bridge, meanders into the 

main current of the Potomac.  

Pollution May Occur. 

Cyclists and runners whiz and 

tromp past me in straight lines, their 

heads down, intent on the work at 

hand.  Feeling out of place, not 

satisfied to follow the asphalt ribbon 

that is more road than trail, I cut off 

into the woods and make my way 

down to the water’s edge. 

At the river’s bank, miniature 

waves break against the dirt and 

pebbles of the shoreline.  The view 

across the river and back toward D.C. 

is now dominated by the glass and 

steel structures of Rosslyn.  Sitting 

now at the bend that had so pulled me 

earlier, I turn an ear to the trees 

around me, listening for some sign 

that I have reached my destination, 

that I now sit in the woods.  But aside 

from the click and whisper of the little 

waves on gravel, all that I can hear is 

the rush hour traffic on Canal St. 

I leave the bank of the Potomac 

and return to the trail, propelled 

towards home by the approaching 

dusk and by dark, ominous clouds 

portending rain.  Back on the trail, I 

come across a dark green pickup with 

a decal reading “Alden Tree.”  Clinging 

deftly to the nearly vertical 

embankment above the trail, five 

young Latino men with chainsaws 

battle the growth that, sandwiched 

between the trail and the canal, 

pushes out of this embankment.  

Holding a saw in one hand and 

preventing his downward tumble with 

the other, each worker cuts slowly and 

awkwardly at downed trees and 

branches that have, since their own 

plunges to earth, become semi-rotted 

flower boxes for the thorny, pervasive 

undergrowth.  I approach one of the 

workers who stands by the truck, 

sweating and drinking water.  “Shitty 

work on a day like this, huh?” 

He looks up and grins, saying “I 

don’ mind the heat much, but these 

fucking vines and weeds, man, soon as 

we cut ‘em back they growing over the 

trail again.  I wish they’d just give up 

and leave it alone.” 

“Who?  The city?” I ask, thinking 
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he’s referring to the futility of this 

task. 

He laughs, answering, “Naw man, 

the vines.” 
 

Sam Dollenmayer (COL ’06) graduated with  

a major in English.  This story was written 

for Prof. Tilden’s Eco-Narratives course. 
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Urban Redevelopment  
in Puerto Rico 

Marta Maria Diaz 
 

Sustainable development has 

become one of the most intensely 

debated topics in recent years.  Given 

the rapid pace in which resources are 

being extracted around the world, the 

notion of developing a sustainable 

livelihood is becoming ever more 

important.  Much of the debate arises 

from an array of interpretations of 

what sustainability entails.  This 

becomes even more complex when 

applied to various nations and regions.  

Given political, economic, and 

environmental differences, a plan for 

sustainability that works in one 

country may not work in another. 

Such differences are especially 

evident when looking at sustainable 

development in Puerto Rico.  Given its 

commonwealth status and strong 

political and economic ties to the 

United States, Puerto Rico has been 

able to develop like no other island in 

the region.  A lack of tariff barriers, 

the applicability of U.S. laws to the 

island, lower wage rates, and less 

restrictions on labor relations and 

environment have encouraged foreign 

capital to flow to the island.  Despite 

its rapid industrialization, Puerto Rico 

retains a dependency on the U.S. that 

is characteristic of islands throughout 

the region.  This reliance has 

contributed to urban sprawl 

throughout the major metropolitan 

areas of the island, particularly in the 

city of San Juan.  Coupled together 

with an enormous population of 

3,916,6321 and a land mass of 8,959 sq 

km, there is limited space on which to 

expand. 

The focus of this paper is on 

urban redevelopment, rather than 

urban development.  The term urban 

development is quite vague and may 

include the practice of urban sprawl. 

Hence, it cannot be classified as a 

sustainable livelihood, especially in 

the case of Puerto Rico.  In contrast, 

the term redevelopment is geared 

towards containing urban activities in 

the center, where construction has 

already taken place, so that they may 

                                                             
1 "Puerto Rico," The World Factbook. 2005. Central 
Intelligence Agency, 12 Nov 2006 
<http://www.cia.gov/cia/publications/factbook/geo
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not pose a threat to the environment. 

Given the importance of the 

urban sector in Puerto Rico, this paper 

will explore recent attempts that have 

been made in urban redevelopment 

throughout the island, concentrating 

on three primary issues: public 

transportation, the redevelopment of 

city centers, and the control of 

suburban sprawl.  This paper will 

evaluate how successful these efforts 

have been, what changes can be made 

to assure greater 

success, and the future 

outlook of Puerto Rico 

with regard to 

sustainability. 

 

Public 

Tran sp ortation and 

the Tren Urbano 

Pr oje ct 

The Tren Urbano 

rail system was first proposed by 

Puerto Rico’s Department of 

Transportation and Public Works 

(DTPW) in 1989.  Construction of the 

first phase began in 1996 and was first 

projected to cost an estimated US$ 

1.25 billion.  The project, however, 

ultimately ended up surpassing its 

original budget, at a total cost of 

around US$ 2.036 billion.  The initial 

phase of the Tren Urbano project only 

                                                                           

s/rq.html>. 

encompassed 11 miles (17.6 km) and 16 

operating stations.  In an attempt to 

attract daily commuters, stations have 

been strategically placed in those 

places in the metropolitan area with 

the most traffic.  Up to five future 

phases are also being planned which 

would eventually expand the system 

to a variety of locations. 

Why is the train essential for 

environmental, economic, and social 

sustainability? From an environmental 

perspective, the 

carbon gas emissions 

rate in Puerto Rico is 

exceedingly high.  

Puerto Rico’s 2002 

energy-related carbon 

dioxide emissions 

totaled 34.5 million 

metric tons.  Public 

transportation 

initiatives are part of 

an effort to reduce such emissions.  Oil 

is the primary energy source on the 

island, constituting around 94% of 

energy use in 2002.  These statistics 

indicate the high number of 

automobiles used throughout the 

island.  In addition, the further 

construction of paved highways is 

turning Puerto Rico into a deforested 

island of cement, and continued rates 

of oil consumption cannot continue 

given the rising price of oil.  Moreover, 

Given its 
commonwealth status 

and strong political 
and economic ties to 

the United States, 
Puerto Rico has been 
able to develop like 

no other island in the 
region. 
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on a social scale, traffic in areas of 

high population density frequently 

makes the daily commute in the San 

Juan Metropolitan Area unbearable, as 

people often need to leave for work 

around 5:30 in the morning to make 

sure they arrive by 8:00.  The Tren 

Urbano could help alleviate these 

problems. 

Although the Tren Urbano has 

many benefits, there 

has been much 

deliberation over the 

potential usefulness of 

the project.  Puerto 

Rico, home to 25,328 

km of highway, is 

notorious for its 

astounding number of 

cars relative to the 

island’s tiny size.  

Many people drive cars 

in the San Juan area, as 

the two other available 

options—buses and 

Públicos—cover limited routes.  To 

correct this problem, the Tren Urbano 

was designed to cover a wider array of 

routes.  But given the dispersed 

population distribution of the San Juan 

Metropolitan Area, access to the train 

is frequently difficult and impractical.  

To use the Tren Urbano, many would 

have to drive to the nearest station 

and then take the train to their daily 

destinations, defeating the entire 

purpose of the train.  Ironically, an 

MIT study found that while the rich 

have greater accessibility to the train, 

many do not opt to substitute their 

automobile use with it.2  Therefore, it 

is doubtful that the train system could 

help alleviate the problem of over-

congestion.  In the end, “the 

automobile mode provides by far the 

highest regional 

accessibility scores.”3 

One thing is 

certain: 

implementation of the 

project on the part of 

the government was a 

slow process.  The Tren 

Urbano project faced 

highly ineffective red 

tape policy, changes in 

partisan control, and 

an incessant lack of 

funding.  It was 

initially expected that 

the first phase of the project would 

open in December 2003.  It did not 

open, however, until 2005.  Even when 

the first phase was initially opened, it 

did not run from Bayamón to Santurce 

as originally planned.  Stations en 

                                                             
2 “Case Study: Tren Urbano,” Toolbox for Regional 
Policy Analysis, Federal Highway Administration 
(FHWA), U.S. Department of Transportation, 1998 
<http://www.fhwa.dot.gov/planning/toolbox/tren_o
verview.html>. 

Moreover, on a social 
scale, traffic in areas 
of high population 
density frequently 

makes the daily 
commute in the San 
Juan Metropolitan 

Area unbearable, as 
people often need to 

leave for work around 
5:30 in the morning to 
make sure they arrive 

by 8:00. 
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route to Santurce after the Cupey stop 

gradually came into operation in the 

months that followed.  As a result, it is 

questionable whether the next phases 

will be developed in the near future.  

There has already been hesitation 

regarding which phase to develop 

next.  It is evident that the project is 

characterized by a severe lack of 

planning that would greatly benefit if 

the Planning Board would place more 

of a focus on the needs and demands 

of the community. 

 

Rede velopme nt of  Ci ty Center s  

an d the San tur ce Revitaliz ation  

Pr oje ct 

One of the significant constraints 

on urban redevelopment in Puerto 

Rico is the depopulation of urban 

centers.  Many previously prosperous 

neighborhoods in San Juan have 

undergone economic stagnation in the 

past twenty years.  Coupled together 

with a lack of reconstruction efforts, 

businesses, along with much of the 

former population, have been 

migrating to the suburban areas that 

encompass the metropolitan area of 

San Juan.  A classic example of this is 

Santurce. 

Santurce, a district in the heart of 

San Juan, was once a thriving 

economic center.  The area was 

                                                                           
3 Ibid. 

considered to have one of the most 

popular real estates on the island.  

Over the past twenty years, however, 

the area has deteriorated 

considerably.  Once booming 

businesses have left, they leave a 

plethora of abandoned buildings.  

Because the upper middle class has 

migrated to the suburbs, the area has 

seen an influx of Dominican 

immigrants seeking low-income 

housing.  Properties have deteriorated, 

and there is little incentive on the part 

of the local community to aesthetically 

improve the property in order to 

attract financial investment.  This lack 

of motivation is portrayed in the 

ongoing fight between efforts being 

made by the Government of Puerto 

Rico to redevelop the area, and the 

opposition of the local community 

proclaiming, “Santurce doesn’t sell 

itself short!” 

The Santurce Revitalization 

Project is currently being conducted 

by the Department of Housing, the 

Land Administration, the Electric 

Power Authority,  the Department of 

Transportation and Public Works,  and 

the Puerto Rico Housing Finance 

Authority.  Efforts focus on the 

improvement of streets, the 

renovation of housing, the promotion 

of businesses, the construction of 

sidewalks and parking spaces, etc.  The 
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eventual plan entails the creation of 

around “4,000 new homes, 65,000 

square meters of commercial real 

estate, and 41,000 square meters of 

new office space.”4  The US$ 900 

million joint venture originally called 

for development to be carried out by 

the private sector with the support of 

the commonwealth government.  But 

unfortunately, strong ties between the 

two were lacking. 

Much debate over the project 

arises over the relocation of families 

and the expropriation 

of land.  Much of the 

local community feels 

threatened by the 

redevelopment 

projects.  There is 

widespread fear that 

the revitalization will 

push the lower class 

out of the area to repopulate it with 

the upper middle class.  As a result, the 

third sector has organized into various 

local organizations.  For example, San 

Juan’s Comunidad al Día office, a 

municipal outreach program, lends 

support, advice, and technical know-

how to community groups in the area.  

                                                             
4 J.A. Del Rosario, “The bitter fight over plans to 

revitalize Santurce,” The San Juan Star, Junta de 

Acción Comunitaria: San Mateo de los Cangrejos 

(Santurce), 18 Aug 2003 

<http://www.santurcenosevende.org/sanjuanstar_ag

18.html>. 

Another community organization, San 

Juan NHS, is aimed at acquiring 

property titles for every resident in 

the Santurce area.  Being that 

residents are encouraged to retain 

their properties, private developers 

are facing more resistance from the 

local community. 

For example, the third sector has 

been attempting to collaborate with 

the municipality of San Juan to take 

advantage of the Autonomous 

Municipalities Law,  which grants the 

city approval power of 

construction projects 

within its jurisdiction.  

As a result, many 

construction permits 

have been restricted 

and private developers 

are increasingly losing 

faith in the 

effectiveness and legitimacy of the 

commonwealth government in issuing 

these permits.  Some alternative 

housing projects are being offered to 

those residents whose land is being 

expropriated.  Some of these include 

social interest homes such as the 

Bayola Project and senior-citizen 

communities located not far from 

members’ previous residence.  

Nevertheless, such efforts have not 

served to alleviate the concerns of the 

third sector. 

There is widespread 
fear that the 

revitalization will 
push the lower class 

out of the area to 
repopulate it with the 

upper middle class. 
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Exclusion of renters in the 

community efforts is another sore 

point.  Because most renters are 

Dominican immigrants, such 

restrictions are increasingly being 

seen as an effort to reduce their 

participation, creating divisions and 

resentment among the local 

community.  This is yet another 

example of how participation is being 

curtailed. 

These problems demonstrate the 

overall ineffectiveness of the 

commonwealth government to 

conduct a coordinated effort with 

these other sectors geared towards 

urban redevelopment.  The 

revitalization project has 

demonstrated such ineffectiveness on 

a massive scale in its plans to renovate 

the former DTOP building, which up 

until today has not been completed.  

Contradictory projects are also 

reflected in the case of Bolivar Park 

where “while the commonwealth is 

slating demolitions in the area, the 

city government is rebuilding the 

park.”5  Although the Santurce 

Revitalization Project appears to be a 

futile effort, the project has already 

been undertaken for so many years 

that it would be implausible to put a 

stop into it midway. 

                                                             
5 Del Rosario. 

The primary flaw of the Santurce 

Revitalization Project is the lack of 

effective communication.  Problems 

were foreseeable from the very start 

given that development was only 

going to be carried out by the private 

sector.  If the third sector had been 

included in redevelopment efforts 

from the very start, perhaps the 

people would have felt that their 

interests were being represented and 

would have been more willing to 

cooperate.  Efforts by the municipal 

government to indirectly restrict 

Dominican participation are yet 

another example of the government’s 

ineptitude, whether local or national, 

to respond to the needs of the urban 

sector.  The government is too caught 

up in its partisan agenda to focus on 

the needs of those most affected by 

development efforts. 

Urban reconstruction is essential 

not only for environmental, but also 

economic sustainability.  

Redevelopment through construction 

sets off a “chain reaction of economic 

recovery that seeps into every sector 

of the economy,”6 especially in the 

Puerto Rican case.  In recent years, the 

Puerto Rican economy has been 

                                                             
6 Jose L. Carmona, “Construction Ahead? After two 
years, construction executives in Puerto Rico hope 
election year will bring some life to their beleaguered 
industry,” Puerto Rico Herald 2003 
<www.puertoricoherald.org/issues/2003/vol7n14/CB
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suffering from stagnation in 

construction, despite consistent 

efforts by various administrations of 

the commonwealth government to 

promote the development of 

infrastructure.  Much of this is due not 

only to economic recession, but also a 

lack of cooperation among the 

government, private contractors, and 

the third sector. 

 

Con tr ol of  Urb an Spr awl an d GIS  

Mapping 

The last issue to be discussed is 

that of controlling urban sprawl 

through the implementation of GIS 

technology.  The regulations issued by 

the Puerto Rico Planning Board are 

dependent on GIS technology, because 

individual geographical zones face 

unique constraints.  Hence, uniform 

regulations cannot be applied to all 

these zones.  Areas can be classified in 

numerous ways.  The Puerto Rico 

Planning Board is relying on the 

Department of Agriculture for the use 

of this technology.  The project is 

primarily dedicated to mapping out 

sensitive areas in an attempt to assess 

those zones in the greatest need of 

restrictions regarding urban and 

suburban sprawl.  The project has 

aided in the classification of areas for 

various kinds of potential 

                                                                           

ConstructionAhead-en.shtml>. 

development.  Initial mapping is 

already being undertaken in the Lajas 

Valley, an especially fertile valley that 

the Department of Agriculture is 

interested in preserving.  The maps 

are, and will likely continue to be, a 

reflection also of the regulations that 

have been implemented, especially 

with regard to the delimitation of 

agriculture in the Lajas Valley. 

The implementation of GIS 

technology to effectively plan future 

sustainable development is a much 

easier task than constructing a public 

transportation system or redeveloping 

an urban sector.  Therefore, it is 

understandable that the latter two 

projects have not been quite as 

successful.  Because they involve more 

interaction with the urban 

community, various social factors 

impact the implementation process of 

these projects on a much greater level. 

 

Recommendation s 

The case studies illustrate the 

importance of tripartite partnerships 

in urban development.  The public, 

private, and third sectors need to 

cooperate and support each other.  

However, it has been shown that the 

Puerto Rican government barely 

adheres to the needs of the third or 

private sectors, especially if they 

represent lower class interests.  As 
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mentioned, the municipal government 

of San Juan did not take into account 

the interests of renters and instead 

placed exaggerated attention on petty 

partisan agendas.  The government 

maintains relations with the private 

sector for financial support, but often 

does nothing to either strengthen or 

develop trust in that relationship, thus 

leaving private investors on their own.  

All this inevitably leads to ineffective 

budgetary 

administration along 

with the stalling of 

infrastructure projects, 

which is reflected in 

the government’s 

current budget deficit.  

Total government 

revenues generated 

this year make up US$ 

6.7 billion, whereas 

total government 

expenditures are at 

around US$ 9.6 billion.7 

When it comes to redeveloping 

urban sectors, significant 

collaboration needs to be made not 

only with private developers, but also 

with the third sector.  Because 

residents of these areas often comprise 

the lower economic strata, they are 

distrustful of attempts to encourage 

economic growth in the area and the 

implications that these attempts may 

have on their futures.  These citizens 

need to comprehend that their needs 

are being taken into consideration.  

More cooperation with NGO’s 

(representing the third sector) can 

help address this problem and provide 

an extra source of funding.  The 

government can also provide tax 

incentives to these people so that they 

may improve their properties.  

Individual assessors 

should also be 

contracted for 

determining the values 

of homes so that the 

local community does 

not think that the 

private developers are 

taking advantage of 

them.  Programs need 

to be developed that 

will effectively respond 

to the needs of the 

people.  In the case of 

the Tren Urbano, a more coordinated 

effort is essential to expand the public 

rail system so that it may provide 

service to a greater number of people. 

Employment also needs to be 

stimulated in areas around the 

stations so that people would benefit 

from using the train.  This can best be 

done through the revitalization of 

                                                                           
7 "Puerto Rico." The World Factbook. 

The government 
maintains relations 

with the private 
sector for financial 
support, but often 

does nothing to either 
strengthen or develop 

trust in that 
relationship, thus 

leaving private 
investors on their 

own. 
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urban centers around the train 

stations.  Despite the industrialization 

of the island, Puerto Rico has 

consistently been characterized by a 

relatively high unemployment rate.  

As of 2003, it stood at 12.1%.8  

Certainly, this issue is a major concern 

for many members of the third and 

private sector.  In order to produce the 

best employment opportunities, 

cooperation amongst the various 

sectors is essential.  Any kind of 

redevelopment efforts that pose a 

significant threat to employment may 

not    be    successful.     Hence,  change 

needs to be introduced gradually so 

that people can be given the chance to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                             
8 Ibid. 

economically adapt to the potential 

changes that may result in the job 

market.  This is no easy project and 

would, thus, require constant care and 

attention.  However, if firmly 

established, such tripartite 

partnerships can overpower petty 

partisan interests.  And in the end, 

urban redevelopment in Puerto Rico 

can be economically and 

environmentally sustainable. 

 

Marta Maria Diaz (GRD ’07) is pursuing a 

Master’s degree in Latin American 

Development.  This paper was written in 

the fall of 2005 for Prof. Biermayr-

Jenzano’s class Sustainable Development 

in Central America and the Caribbean. 
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