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Global Warming Coverage in American 
Newspapers: Exaggeration of Controversy 
and Catastrophe

Allison Shapiro

Environmentalists and oil aficiona-
dos alike have substantially criticized 
the American media for its coverage 
of global warming.  From the former’s 
objection to the paucity of news stories 
addressing climate change to the 
latter’s accusations of a liberal bias in 
the media’s portrayal of likely climatic 
scenarios, it seems that journalists who 
cover this hot phenomenon are never 
free from blame.  Global warming has 
received increasing media coverage in 
American newspapers since 1988, when 
three events stimulated national inter-
est in the issue.1  The first was NASA 
scientist Dr. James Hansen’s testimony 
before the US Congress about the reality 
of human-induced climate change and 
the need for immediate action.  The 
second was British Prime Minister Mar-
garet Thatcher’s declaration to the Royal 
Society of London concerning similar 
worries.  The third was an unusually hot 
and dry summer that hit North America 

1  Maxwell T. Boykoff and Jules M. Boykoff, “Balance 
as bias: Global warming and the US prestige press,” 
Global Environmental Change 14 (2004): 125.

in 1988, awakening Americans’ interest 
in the issue. 

Initially, media coverage of global 
warming stayed very close to the pre-
vailing scientific discourse and stressed 
feasible solutions to the problem.2  By 
1990, however, American newspapers 
had already begun to misrepresent 
the prevailing scientific consensus on 
global warming—a trend with grave 
implications, considering that most 
Americans acquire their knowledge of 
science largely from the mass media.3  
Furthermore, because elected offi-
cials theoretically make policy based 
on public opinion and the mass media 
is very influential in shaping public 
opinion,4 the media plays a critical role 
in shaping policy.  As two University 
of Utah researchers commented, “Even 
if someone lives through the hottest 

2  Ibid. 
3  Jessica Durfee and Julia Corbett, “Context and con-
troversy: Global warming coverage,” Nieman Reports 
(Winter 2005): 88. 
4  David Murray, Joel Schwartz, and S. Robert Lich-
ter, It ain’t necessarily so: How the media make and 
unmake the scientific picture of reality (Lanham: Row-
man & Littlefield Publishers, 2001) 118.
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summer on record, severe drought, or 
forest fires, that person still relies on the 
news media to connect such events to 
scientific evidence.”5  Therefore, jour-
nalists’ mistaken appraisals of the state 
of scientific consensus, or overstatement 
of the threat of major climate change, can 
have a major effect in shaping national 
climate policy.  

Ironically, American newspapers 
have both exaggerated the state of sci-
entific controversy at times, and over-
emphasized the likelihood of the more 
extreme scenarios of climate change 
at other times.  Given that print media 
maintains a stronger influence over 
policy makers than non-print media,6 
newspaper reporters hold greater respon-
sibility for this failure to portray the true 
state of climate science than their peers 
in other forms of media.  This article will 
examine the reasons behind these fail-
ures of the American newspaper press, 
as well as provide a series of measures 
by which they may be remedied.

STATE OF THE SCIENCE 
Scientists have declared with 

increasing confidence that accelerated 
5  Durfee and Corbett, 88.
6  Murray, Schwartz, and Lichter, 11.

global climate change is happening and 
that humans have likely played some 
role in causing its advance.7  In fact, 
widespread scientific consensus existed 
as early as 1990, when more than 700 
scientists affirmed the findings of the 
International Panel on Climate Change’s 
(IPCC) First Assessment technical 
report, urging countries “to take imme-

diate actions to control 
the risks of climate 
change.”8  Since then, 
scientists from various 
disciplines have con-

ducted research to cross-examine the 
findings of their peers using ice and soil 
cores, corals, speleothems, and fossils 
as natural records of climate change.  
According to Dr. Amy Frappier, pro-
fessor of paleoclimatology at Boston 
College, almost all of these records have 
affirmed the reality of global warming 
in addition to a nearly perfect, positive 
correlation between an increase in atmo-
spheric concentrations of carbon dioxide 
and temperature rise.9  Given this rela-
tionship between warming and carbon 
dioxide, the natural record of an unusu-
ally steep increase in atmospheric carbon 
during the last one-hundred and fifty 

7  Boykoff and Boykoff, 130. 
8  Jeremy K. Leggett, The carbon war: Global warm-
ing and the end of the oil era (New York: Routledge 
Publishers, 2001) 21.
9  Amy Frappier, “Notes from a tropical cave: New geo-
logic proxies for hurricanes, carbon cycle dynamics, 
and tephrochronology,” McGhee Library, Georgetown 
University, Washington DC, 26 Oct. 2006.

“[T]HE SCIENTIFIC CONSENSUS IMPLICATING 
HUMAN ACTIVITY IN THE ACCELERATION OF 
CLIMATE CHANGE HAS NEVER BEEN SO STRONG.”
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years has led many scientists to believe 
that human industrial activity—a major 
emitter of carbon dioxide—has caused 
much of the recent climate change.  
Despite the media’s repeated sugges-
tions of the scientific uncertainty of any 
human agency in global warming, the 
scientific consensus implicating human 
activities in the acceleration of climate 
change has never been so strong. 

MEDIA EXAGGERATION

OF SCIENTIFIC CONTROVERSY

American newspapers have exagger-
ated the extent of scientific controversy 
for reasons of entrenched journalistic 
norms, as well as reporters’ personal 
biases and inadequacies.  As a result, 
many Americans continue to believe that 
the reality of climate change remains 
uncertain.  In actuality, what is unknown 
is the extent to which humans have con-
tributed to its acceleration.  Four reasons 
explain this misrepresentation of the sci-
entific consensus concerning the reality 
of global warming and the likelihood 
that humans have contributed to it. 

The first is reporters’ adherence to 
the norm of balanced reporting.  This 
industry standard dictates that journal-
ists convey all sides of an issue, regard-
less of the credence of one perspective 
over another.  While in theory balanced 
reporting is a noble goal, in situations 
where the validity of one argument 

heavily outweighs that of another, bal-
anced reporting can become informa-
tion bias by misleading the reader into 
believing that each side carries equal 
weight among experts.  New York Times 
science writer Andrew Revkin writes, 
“When this [norm] is overused, it inevi-
tably tends to highlight the opinions of 
people at the edges of a debate instead 
of in the much grayer middle ground, 
where consensus mostly lies.”10  Usha 
Lee McFarling, a science writer with the 
Los Angeles Times, believes that “this 
‘he said, she said’ journalism fails the 
reader by omitting the context that the 
person in favor of [the fallacy of global 
warming] is in a slim minority among 
his peers.”11

A highly-publicized 2004 study con-
ducted by Maxwell and Jules Boykoff 
concluded that the use of the balance 
norm bears primary responsibility for 
the U.S. prestige press’s12 inaccurate 
portrayal of the scientific discourse on 
climate change.13  By adhering to this 
standard, they argued, journalists have 
presented the American public and 
policy makers “with the misleading sce-
nario that there is a raging debate among 
10  A. Revkin, “The environment,” A Field Guide for 
Science Writers, 2nd ed. (New York: Oxford University 
Press, 2006) 226.
11  U. L. McFarling, “Climate,” A Field Guide for Sci-
ence Writers, 2nd ed. (New York: Oxford University 
Press, 2006) 246. 
12  The researchers define the U.S. prestige press as 
the New York Times, Washington Post, Los Angeles 
Times, and the Wall Street Journal.  
13  Boykoff and Boykoff, 125-136.
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climate-change scientists regarding 
humanity’s role in climate change.”14  
Furthermore, the researchers accuse 
this disconnection of playing a signifi-
cant role in the American government’s 
reluctance to implement climate change 
abatement policies.  To explain the 
strict observance of balanced report-
ing despite the reality of overwhelming 
scientific consensus, the researchers cite 
journalists’ desire to appear cautious and 
objective in light of the issue’s recent 
politicization.

The second reason for journalists’ 
overstatement of the extent of scientific 
controversy is their obsession with sen-
sationalism, another norm of the media 
industry.  Controversy is sensational, and 
sensational stories draw more readers.  
Because most news is event-based and 
global warming is a gradual process 
invisible to most people, it suffers from 
a lack of media coverage during times 
when no one has released a scientific 
report, book, or popular film.  As a 
result, reporters have found themselves 
inventing controversy in order to cover 
the issue more frequently, and in doing 
so they have skewed the public’s per-
ception of climate change by implying 
scientific disagreement where almost 
none exists.15

14  Maxwell T. Boykoff, “The disconnect of news 
reporting from scientific evidence,” Nieman Reports 
(Winter 2005): 87. 
15  Matthew C. Nisbet and Chris Mooney, “The next 
big storm: Can scientists and journalists work together 

The most recent manifestation of 
this coverage of controversy is report-
ing on personality clashes between 
scientists at professional conferences.16  
For example, when Wall Street Journal 
writer Valerie Baurlein covered the early 
2006 American Meteorological Asso-
ciation meetings in Atlanta, rather than 
focusing on the scientific conclusions of 
the conference in her February 2, 2006 
front-page story, Bauerlein emphasized 
various brawls, during which several 
scientists called attention to each other’s 
personal character flaws as reasons for 
invalidating their professional views on 
the link between hurricanes and climate 
change.17  In the past, controversy cover-
age has also taken the form of personal 
clashes between politicians and members 
of government agencies.  Rumors of 
government agencies’ suppression of 
scientists who dissented from the “party 
line” on global warming, for instance, 
received substantial coverage in late 
2005 and early 2006, giving readers the 
impression that scientific debate was 
strong.  In reality, the agencies had been 
publicly denying what their in-house 
scientists knew to be true: that climate 
change was happening.  Two articles, 

to improve coverage of the hurricane-global warming 
controversy?” 2 Aug. 2006 The Skeptical Inquirer On-
line, 5 Dec. 2006 <http://www.csicop.org/doubtand-
about/hurricanes/>. 
16  Ibid.
17  Valerie Bauerlein, “Cold front: Hurricane debate 
shatters civility of weather science,” Wall Street Journal 
2 Feb. 2006: A1. 
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one that ran in the Washington Post 
and the other in the Wall Street Journal, 
revealed in February 2006 that the con-
troversy within two major national sci-
entific agencies—the National Oceanic 
and Atmospheric Administration 
(NOAA) and the National Aeronautics 
and Space Agency (NASA)—had more 
to do with political and 
personality clashes, not 
scientific uncertainty.  
However, the scandals’ appearance in 
stories concerning the science of global 
warming led readers to believe that sci-
entific uncertainty concerning the reality 
of global warming remained.

The third reason reporters have 
overstated scientific controversy has to 
do with the unnecessary politicization 
of the issue.  Since politics is inherently 
controversial, and reporters are desperate 
for something sensational to validate yet 
another news story on global warming, 
journalists began featuring govern-
ment officials as opinion providers for 
their news stories.  This replacement 
of scientists by government officials as 
sources of information on the reality of 
global warming further exaggerated the 
scientific controversy.  Whereas articles 
written in 1988 and 1989 predominantly 
featured scientists as the sources of fact, 
the majority of articles since 1990 have 
cited government officials and NGO 

leaders most frequently.18  Since many 
politicians are skeptical of the science 
behind global warming,19 their opinions 
have often been posited against those of 
pro-global warming scientists, thereby 
giving the impression that both sides of 
the debate enjoy equal weight among 
the scientific community.

The fourth reason is the erroneous 
portrayal of support for the existence 
of global warming as a liberal political 
stance, despite the issue’s inherently 
non-political nature.  Global warming 
transcends politics, regardless of 
whether it is happening unnaturally fast 
or whether humans are causing irregular 
levels of warming.  McFarling believes 
that global warming “is one of the most 
highly politicized areas in science jour-
nalism today” because the issue threat-
ens the primary concerns of three very 
entrenched American interest groups.  
“Environmentalists fear for the very 
future of the planet, while conservative 
politicians and energy industry leaders 
dread pollution controls that could 
threaten the nation’s prosperity.”20

18  Boykoff and Boykoff, 131.
19  Ibid. 130.
20  McFarling, 243.

“GLOBAL WARMING TRANSCENDS POLITICS”
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MEDIA EXAGGERATION OF 
LIKELIHOOD OF EXTREME SCENARIOS

The media has also been accused of 
exaggerating the likelihood of “worst-
case” global warming scenarios.  These 
overstatements have had the twofold 
effect of discouraging scientists from 
holding interviews with reporters out 
of a fear of misrepresentation, as well 
as dissuading some conservatives from 
endorsing even the least harmful projec-
tions of climate change.  Four reasons 
largely explain why the media has at 
times overplayed the apocalyptic por-
trayal of climate change.

First, many journalists believe their 
responsibility as reporters is not only to 
inform but also to induce action for the 
betterment of society.21  For this reason, 
some journalists have chosen to exag-
gerate the likelihood of extreme climatic 
events in order to shock readers into 
changing what reporters believe are con-
tributory attitudes and behaviors.  David 
Murray, Joel Schwartz, and S. Robert 
Lichter, authors of It Ain’t Necessarily 
So: How the Media Make and Unmake 
the Scientific Picture of Reality, believe 
that the line between objective reporting 
and biased advocacy is crossed too often 
in news coverage of global warming.22

This desire to induce behavioral 
and policy change through persuasive 

21  Ben J. Wattenberg, The Good News is Bad News Is 
Wrong (New York: Simon & Schuster, 1984) 147.
22  Murray, Schwartz, and Lichter.

writing has given rise to the second 
way in which the media has exagger-
ated worst-case climatic scenarios: 
hasty attribution of undesirable events 
to global warming.  Reporter McFarling 
notes that “events from malaria out-
breaks to species declines are attributed 
to climate change without adequate 
proof,”23 a point that Murray et. al. also 
put forth in their book.  While some false 
ascriptions may stem from the ignorance 
of the writer—especially since many 
newspapers cannot afford to employ 
science writers, let alone writers with 
extensive environmental science back-
grounds24—the issue of misrepresenting 
the likelihood of extreme scientific pro-
jections is very serious.

Third, journalists feel pressured to 
convey certainty wherever possible.  The 
goal of the journalist to relate news with 
certainty exists in contrast to the reality of 
science, which is never absolute.25  Jour-
nalists’ efforts to reconcile their editors’ 
demands and readers’ desires for cer-
tainty with the many caveats, margins of 
error, and uncertainties of science often 
culminate in erroneous statements or 
implication of scientific certainty where 
none exists.  “The public policy stakes 
in climate science are enormous,” write 
Murray et al. “Caught as we are between 
industry pressure and advocates’ alarms, 

23  McFarling, 244.
24  Boykoff, 87.
25  Murray, Schwartz, and Lichter, 29.
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the gap between scientific uncertainty 
and media conviction is increasingly 
noteworthy.”26

One Washington Post article in par-
ticular demonstrates the dangers of jour-
nalists’ desire for certainty.  On June 11, 
1997, the newspaper ran a story written 
by Fred Hiatt in which he reported that 
“human industrial activity—particularly 
the burning of oil, gas, and coal—is 
slowly but steadily warming the earth.”  
Hiatt displayed the confidence and sense 
of certainty very typical of journalistic 
writing, but in doing so he committed 
two very serious crimes.  First, he incor-
rectly suggested that the energy industry 
is the sole perpetrator of global warming, 
when in fact other sectors—especially 
the transportation industry—have 
produced just as large a percentage of 
atmospheric greenhouse gases.  Second, 
he implied that human activity alone is 
responsible for the inordinate warming 
of the earth, even though scientists are 
still evaluating the possibility that non-
anthropogenic forces may account for 
most of the warming.

Finally, the print media has often 
misrepresented climate change by pairing 
stories with misleading headlines in an 
effort to attract readers’ attention.  Often, 
headlines imply that an article will make 
a “catchier” claim than it actually does, 
thereby deceiving readers who do not 

26  Murray, Schwartz, and Lichter, 191.

read an article into thinking that the out-
landish claim put forth in the title is the 
conclusion of the story.  The misleading 
but enticing headlines that exaggerate 
worst-case scenario projections—such 
as the extinction of polar bears, the 
doubling of vector-borne diseases, or 
the flooding of entire coastal cities by 
the end of the century—often remain in 
readers’ minds, despite their likely exag-
gerated nature.  Andrew Revkin deems 
readers of such headlines victims of the 
“tyranny of the news peg.”27

HOW TO IMPROVE NEWSPAPER

COVERAGE OF GLOBAL WARMING

Fortunately, for the sake of disen-
chanted scientists and misguided readers, 
American newspaper reporters can 
remedy their misrepresentation of the 
scientific consensus concerning global 
warming and discontinue their exag-
geration of worst-case scenarios.  The 
following eight measures indicate how 
journalists may achieve these goals:
1. Avoid undue politicization of the 
issue.  This can be achieved by focusing 
on the actual climate science, not politi-
cal constructions of controversy.
2. Refrain from implying that uncer-
tainty merits inaction.  A lack of sci-
entific consensus for the exact level of 
anthropogenic contribution to climate 
change is insufficient reason to refrain 

27  Revkin, 224.
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from offering readers, and by asso-
ciation policy makers, a list of feasible 
ways to reduce their contribution to 
climate change.  After all, reducing our 
dependence on carbon dioxide-emitting 
behaviors leads to numerous benefits 
besides the mitigation of global warming, 
such as cleaner air, cleaner water, and 
reduced dependence on foreign oil.
3. Convey to the public the true state 
of scientific consensus.  Express to 
readers what is known—that worrisome 
climate change is occurring—and what 
is unknown, e.g. the role humans have 
played in bringing it about, while under-
scoring the complexity of the science. 
4. Consult scientists, not politicians, 
as sources of information for science 
stories.  Reserve politicians as sources 
of information for stories explicitly 
about politics.  Maintain frequent com-
munication with scientists to minimize 
the chances of factual misrepresentation 
and to raise scientists’ trust in the media’s 
portrayal of science-based issues.
5. Know the motivations of your 
sources.  Investigate the possible biases 
of your sources before including their 
perspectives in a story.  Whenever 
possible, communicate these biases to 
readers. 
6. Provide context, both scientific and 
cultural, whenever possible.  If one 
supporter and one naysayer of global 
warming are cited, mention whose 

opinion expresses the majority view.  A 
2004 study conducted by researchers 
at the University of Utah showed that, 
when presented with scientific context, 
the people who read about a finding 
contradicting climate change were more 
likely to feel certain that global warming 
was still occurring than those who 
received the finding without the larger 
context.28

7. Remember that readers assume 
journalists are unbiased reporters of 
reality, not advocates of a cause that 
matters to them.  Avoid overt bias, one-
sided reporting, and subtle bias, such as 
suggestive word choice. 
8. Redefine the standards of news-
worthiness for science news.  While 
the standard of sensationalism may be 
appropriate for other types of news, for 
science stories it is often inappropriate.  
Waiting for an event to justify coverage 
of global warming increases the chances 
that readers will forget its continuity and 
potentially life-changing nature. 

PROSPECTS FOR IMPROVEMENT

OF COVERAGE ACCURACY

Since 1990, the American news-
paper press has at times misconstrued 
the state of scientific uncertainty con-
cerning the reality of global warming, 
and at other times has misrepresented 
projections of future climate change by 

28 Durfee and Corbett, 88.
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exaggerating the likelihood of extreme 
events.  Although reporters will always 
be constrained by the pressures of 
the newsroom, newspaper writers are 
capable of rectifying past misrepresen-
tations of global warming by adopting 
the aforementioned recommendations.  
Regardless of the exact consequences 
of accelerated climate change, the 
media will play a critical role in shaping 
mankind’s response to the unfortunate 
reality of its existence.

Allison Shapiro (SFS ’07) is a senior 
majoring in Science, Technology, and 
International Affairs with a concentra-
tion in the Environment.  This paper was 
written for Journalism in Science, Envi-
ronment, and Health taught by Prof. 
Vincent Kiernan.  Allie also serves as 
President of Eco-Action at Georgetown. 

BERNESE OBERLAND, SWITZERLAND BY JUSTIN CHAN
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Tropical rainforests contain more 
than 50% of the world’s biodiversity, 
despite covering less than 7% of the 
globe.1  The Amazon basin alone con-
tains approximately 30% of all known 
species in the world.2  Alarmingly, satel-
lite imagery from Brazil’s National In-
stitute for Space Research indicates that 
deforestation and agricultural expansion 
claimed 243,000 km2, nearly 5% of total 
forest, between 1988 and 2003.3  These 
destructive human activities often result 
in a patchwork of isolated “islands” of 
forest known as forest fragments.4 

Forest fragmentation isolates wild 
populations because the cleared space 
prevents individual species from mov-
ing between fragments.5  On an immedi-
ate level, species requiring a large range 
are unlikely to survive when confined 

1  Richard O. Bierregaard et al, “The Biological Dy-
namics of Tropical Rainforest Fragments,” Bioscience 
42.11 (Dec. 1992): 859-866. 
2  “Amazon destruction speeds up,” BBC News 27 Jun. 
2003, 28 Nov. 2006 <http://news.bbc.co.uk/2/hi/ameri-
cas/3024636.stm>.
3  “Amazon destruction speeds up.”
4  Bierregaard et al, 1992.
5  Ibid.

to a small fragment.6  In the long run, 
models predict that these small, isolated 
populations will decline as a result of 
inbreeding depression and fluctuations 
in environmental conditions.7  Corri-
dors, which are linear landscape fea-
tures designed to facilitate movement 
between forest fragments, can theoreti-
cally reduce the vulnerability of isolated 
populations by permitting movement 
and exchange between forest preserves.8  
The effectiveness of corridors, however, 
depends on whether they address the ob-
served consequences of fragmentation 
in actual ecosystems, which may dif-
fer from the consequences identified in 
theoretical models.  The sheer number 
of species in the Amazon makes it im-
possible to evaluate the consequences of 
6  Ibid.
7  L. Scott Mills and Peter E. Smouse, “Demographic 
Consequences of Inbreeding in Remnant Populations,” 
The American Naturalist 144.3 (Sep. 1994): 412-431.
Russell Lande, “Genetics and Demography in Bio-
logical Conservation,” Science 241.4872 (Sep. 1988): 
1455-1460. 
8  Daniel K. Rosenberg and Barry R. Noon, “Biologi-
cal corridors: Form, function, and efficacy,” Bioscience 
47.10 (Nov. 1997), Academic Search Premier, EBSCO, 
Georgetown University, Lauinger Memorial Library, 
12 Nov. 2006 <http://www.epnet.com>.

Ecological Corridors and the Conservation 
of Biodiversity in the Amazon

Tripti Bhattacharya
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fragmentation for every particular spe-
cies in the basin.  Therefore, this paper 
reviews literature on the consequences 
of fragmentation for three particular 
groups of organisms—the canopy tree 
Corythophora alta; Panthera onca, oth-
erwise known as the jaguar; and euglos-
sine bees.  Because these flora and fauna 
play ecologically important roles in the 
Amazon basin, understanding their re-
sponses to fragmentation allows us to 
obtain a general understanding of the 
challenges facing fragmented tropical 
ecosystems.  This paper argues that frag-
mentation threatens these three species 
by limiting gene flow between popula-
tions, reducing access to viable habitat, 
and causing negative edge effects by 
increasing the ratio of forest edge to for-
est area.  Although more research is nec-
essary to determine the precise role of 
corridors in addressing these challenges, 
carefully designed corridors have great 
potential to ameliorate at least some of 
these problems. 

BACKGROUND

The organisms evaluated in this pa-
per were chosen not only for their im-
portant ecosystem role, but also because 
scientific studies have evaluated these 
organisms’ responses to fragmentation. 

Corythophora alta is a canopy tree 
found at a density of 3-4 individuals per 

hectare of forest.9  Canopy trees are an 
integral part of the rainforest ecosys-
tem: they provide nutrition and shelter 
for many species, maintain the forest’s 
structure, and participate in important 
biogeochemical cycles.10 Scientists stud-
ied C. alta within a mature terra firme, 
evergreen, tropical moist forest as part 
of the Biological Dynamics of Forest 
Fragments Project in Brazil.11  

Panthera onca, commonly known 
as the jaguar, is the largest cat in the 
Americas.12  Jaguars contribute to forest 
health by regulating reptile and mammal 
populations through predation.13  Prefer-
ring habitats associated with water be-
cause of their strong swimming abili-
ties, these cats are found in areas rang-
ing from savannah to dense rainforest.14  
This paper cites compiled data from P. 
onca populations in a variety of habitats, 
and reviews studies of jaguars in the 
moist tropical forest known as Brazil’s 
Atlantic forest.

The family of Euglossine bees is 
made up of 5 genera that differ in physi-

9  Matthew Hamilton, personal interview, 9 Nov. 2006.
10   William F. Laurance et al., “Conservation: Rainfor-
est fragmentation kills big trees,” Nature 404 (20 Apr. 
2000), 17 Nov 2006 <http://www.nature.com/nature/
journal/v404/n6780/full/404836a0.html>.
11  Bierregaard et al 1992
12   Cat Specialist Group: Jaguar, Panthera onca, 1996, 
The World Conservation Union (IUCN) 21 Nov. 2006 
<http://lynx.uio.no/lynx/catsgportal/cat-website/cat-
folk/onca-02.htm>.
13  Brian Miller et al., “The Importance of Large Car-
nivores to Healthy Ecosystems,” Endangered Species 
Update 18.5 (2001): 202-210. 
14   Cat Specialist Group: Jaguar, Panthera onca 
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cal appearance and behavior.15  They are 
important pollinators because they carry 
pollen over long distances, permitting 
the survival of many plant species at low 
densities.16  In addition, many orchid 
species are exclusively pollinated by 
euglossines and possess very strong fra-
grances to cater to the male bees’ habit 
of collecting scents.17  Euglossine bees 
were studied in association with the Bi-
ological Dynamics of Forest Fragments 
Project and in Brazil’s Atlantic Forest.18

These studies provide a sobering 
picture of the profound ways in which 
fragmentation threatens Amazonian 
ecosystems. 

FRAGMENTATION AND GENE FLOW

 IN PLANT POPULATIONS

A study conducted by Harriett and 
George Powell documented the popula-
tion densities of euglossine bees in re-
cently isolated forest fragments conclud-
ed that gaps as small as 100 m between 
continuous forest and fragments limited 
movement, and that the bees’ population 
density varied directly with fragment 

15  Robert L. Dressler, “Biology of the Orchid Bees (Eu-
glossini),” Annual Review of Ecological Systematics 13 
(1982), 18 Nov. 2006 <http://arjournals.annualreviews.
org/doi/pdf/10.1146/annurev.es.13.110182.002105>.
16  D.H. Janzen, “Euglossine Bees as Long-Distance 
Pollinators of Tropical Plants,” Science 171 (Jan. 
1971): 203-205. 
17  Norris H. Wiliams and Calaway H. Dodson, “Se-
lective Attraction of Male Euglossine Bees to Orchid 
Floral Fragrances and its Importance in Long Distance 
Pollen Flow,” Evolution 26.1 (Mar. 1972): 84-95. 
18  Bierregaard et al 1992.

size.19  This has severe consequences for 
plants that are obligatorily pollinated by 
euglossine bees, as fragmentation would 
reduce their ability to disperse male 
gametes through pollen.  Two later stud-
ies, however, cast doubt on these initial 
findings.  Tonhasa, Albuquerque, and 
Blackmer measured the dispersal abil-
ity of bees over clearings in Brazil’s At-
lantic forest and found that euglossines 
could cross clearings of more than 360 
m.20  Indeed, euglossine bees have been 
observed to detect and travel to a scent 
over 1 km of water,21 so its unlikely that 
small gaps between fragments would 
prevent the bees from pollinating plants 
in different fragments.  Another study 
by Becker, Moure, and Peralta closely 
replicated the Powells’ experiment and 
found no consistent relationship be-
tween fragment size and bee abundance, 
although the lowest bee numbers were 
found in the smallest fragments.22  These 
discrepancies in data could be due to bias 
in experimental design, but this does 
not seem likely: all three studies used 
similar liquid chemical baits and only 

19  A. Harriett Powell and George V.N. Powell, “Popu-
lation Dynamics of Male Euglossine Bees in Amazo-
nian Forest Fragments,” Biotropica 19.2 (Jun. 1987): 
176-179. 
20  Athayde Tonhasa Jr, Gilberto S. Albuquerque, and 
Jacquelyn L. Blackmer, “Dispersal of euglossine bees 
between fragments of the Brazilian Atlantic Forest,” 
Journal of Tropical Ecology 19 (2003): 99-102.
21  Powell and Powell, 1987. 
22  Peter Becker, Jesus S. Moure, and Francisco J.A. 
Peralta, “More About Euglossine Bees in Amazonian 
Forest Fragments,” Biotropica 23.4 (Dec. 1991): 586-
591. 
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differed in their bee identification tech-
niques.  Because identification methods 
were held constant throughout each ex-
periment, it is unlikely that they affected 
results.  A more likely explanation is 
that the Powells observed a short-term 
disturbance in eu-
glossine populations 
caused by habitat de-
struction during the 
initial clearing of the 
forest.23  Over time, 
the increase in secondary growth along 
fragment edges provided new nesting 
sites for the bees, aiding the recovery of 
euglossine populations.24  If this hypoth-
esis is correct, euglossine bees in forest 
fragments adjacent to agricultural fields 
would still be adversely affected by 
fragmentation due to a lack of second-
ary vegetation.  Although current data 
indicates that only extreme fragmenta-
tion would threaten the bees and their 
important role as pollinators, further 
study is necessary to identify the factors 
that contribute to euglossine population 
stability in forest fragments. 

In addition to pollen, plants disperse 
gametes through seeds.  The extent of 
seed and pollen dispersal demarcates 
a population capable of interbreeding; 
a wide dispersal of seeds and pollen 
indicates a large breeding population, 
whereas a limited dispersal reveals a 
23  Ibid. 
24  Ibid. 

small genetic neighborhood.  Measure-
ments of seed dispersal are important to 
estimate the size of interbreeding popu-
lations because seeds contain twice the 
genetic material as pollen grains contain 
and generally have very different dis-

persal patterns.25  As a result, biologists 
cannot understand the full effects of 
fragmentation on a species’ genetic di-
versity without estimating seed disper-
sal areas.  Matthew Hamilton measured 
seed dispersal in Corythophora alta by 
identifying the spatial distribution of 
unique sequences of chloroplast DNA, 
which is maternally inherited and there-
fore only dispersed through seeds.26  His 
results show that seed dispersal in C. 
alta was limited to an extremely small 
range of about 1 to 5 km.27  This is due to 

25  Matthew Hamilton, personal interview. 
Matthew B. Hamilton and Judith R. Miller, “Compar-
ing Relative Rates of Pollen and Seed Gene Flow in the 
Island Model Using Nuclear and Organelle Measures 
of Population Structure,” Genetics 162 (Dec. 2002): 
1897-1909. 
26  Matthew B. Hamilton, “Tropical tree gene flow and 
seed dispersal,” Nature 401 (9 Sep. 1999): 129-130. 
27 Matthew B. Hamilton, “Successful seed dispersal 
measured with chloroplast DNA polymorphism is high-
ly localized in a Brazilian canopy tree, Corythophora 
alta,” Symposium: Population Genetics and Gene Flow 
in Tropical Plants Abstract Index, 2-6 Aug. 1998, An-
nual Meeting of the Botanical Society of America, 25 
Oct. 2006 <http://www.ou.edu/cas/botany-micro/bsa-
abst/sympos5/abstracts/7.shtml>.

“BIOLOGISTS CANNOT UNDERSTAND THE FULL 
EFFECTS OF FRAGMENTATION ON A SPECIES’ 

GENETIC DIVERSITY WITHOUT ESTIMATING 
SEED DISPERSAL AREAS”
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the tree’s heavy seed pods, which cannot 
passively disperse over great distances 
and therefore require animal vectors for 
dispersal.28  C. alta’s limited seed disper-
sal suggests that clearing large portions 
of forest and leaving small isolated frag-
ments may destroy unique matrilineal 
lineages and lower the overall genetic 
diversity of C. alta populations.29 

Ecological corridors may prevent 
the elimination of unique genotypes in 
C. alta by maintaining individuals of 
distinct maternal lineages within corri-
dors and contribute to overall plant di-
versity by promoting the movement of 
animal seed dispersal vectors.  A recent 
study of plant diversity in South Caro-
lina concludes that corridors increase 
plant diversity in patches, but the frag-
ments studied were fragments of savan-
nah within a forest rather than forest 
fragments.30  Scientists require a better 
understanding of seed dispersal areas 
and the behavior of seed dispersal vec-
tors for various plant species in order to 
assess whether corridors are necessary to 
preserve tropical plant biodiversity.  In 
the case of euglossine bees, evaluations 
of the importance of corridors require 
better data about bee persistence in frag-
ments: if secondary vegetation causes 
28  Matthew Hamilton, personal interview. 
29  Hamilton, “Successful seed dispersal measured with 
chloroplast DNA polymorphism is highly localized in a 
Brazilian canopy tree, Corythophora alta.”
30  Ellen I. Damschen et al., “Corridors Increase Plant 
Species Richness at Large Scales,” Science 313 (1 Sep. 
2006): 1284-1286.  

bee persistence in fragments by pro-
viding new nesting areas, corridors can 
provide the bees with additional habitat 
between fragments, which is critical in 
agricultural areas cleared of secondary 
vegetation.  Alternatively, if bee popula-
tions naturally stabilize some time after 
forest disturbances, even in the absence 
of secondary growth, corridors may be 
of little use in conservation.  

CORRIDORS AND ACCESS 
TO VIABLE HABITAT

Large predators such as jaguars 
have low population densities because 
of limitations on the availability of prey 
species.31  Jaguar populations are there-
fore especially vulnerable to fluctuations 
in prey species caused by fragmentation.  
Garia, Setz, and Gobi analyzed jaguar fe-
ces to identify their primary prey species 
in the Atlantic Forest.  They found that 
important prey species, such as peccary, 
were absent from jaguars’ diets in areas 
plagued by heavy poaching,32 which 
suggests that human hunting diminishes 
prey availability for jaguars.  This is a 
cause for concern, as data from Carlos 
Peres in 2001 indicates that fragmenta-
tion increases hunting rates by making 
forest interiors more accessible to hunt-
31  Rosie Woodroffe and Joshua R. Ginsberg, “Edge Ef-
fects and the Extinction of Populations Inside Protected 
Areas,” Science 280.5372 (Jun. 1998): 2126-2128. 
32  Ricardo C. Garia, Eleonore Z. F. Setz, and Nivar 
Gobi, “Jaguar (Panthera onca) Food habits in Atlantic 
Rain Forest of Southeastern Brazil,” Biotropica 33.4 
(2001): 691-696. 
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ers, leading to the local extinction of 
many jaguar prey species.33 

Forest fragmentation creates iso-
lated patches of jaguar habitat in a sea 
of cleared land that is often used for 
livestock pasture.  Even a fragment as 
large as 1000 ha cannot sustain a jaguar 
in the long run, because P. onca ranges 
over a 2.5 km2 area for a week and must 
move to a different area after that to find 
sufficient prey.34  Fragmentation forces 
these predators to leave fragments and 
enter clearings, where humans often kill 
the big cats to prevent them from prey-
ing on livestock.  A model by Woodroffe 
and Ginsberg indicates that these nega-
tive interactions with humans contribute 
more to population decline in big cats 
than the random environ-
mental fluctuations gener-
ally thought to be the greatest 
threat to small populations.35 

Corridors increase the vi-
able habitat available to jaguars.  Peres 
suggests that corridors maintain local 
populations of prey by promoting the 
“rescue effect,” whereby prey species in 
highly populated areas migrate into de-
pleted areas, prolonging the persistence 
of over-hunted populations.36  Without 
anti-hunting measures, however, corri-
33  Carlos A. Peres, “Synergistic Effects of Subsistence 
Hunting and Habitat Fragmentation on Amazonian 
Forest Vertebrates,” Conservation Biology 15.6 (Dec. 
2001): 1490-1505. 
34  Cat Specialist Group: Jaguar, Panthera onca. 
35  Woodroffe and Ginsberg, 1998. 
36  Peres, 2001. 

dors will simply drain stable wild popu-
lations as humans continually over-har-
vest prey species.  In addition, jaguars 
can access a larger habitat if corridors 
permit movement between fragments.  
Many Central and South American 
countries have already implemented a 
corridor for these animals.37  Data from 
this corridor will reveal whether corri-
dors actually have a beneficial effect for 
Panthera onca. 

CORRIDORS AND NEGATIVE

EDGE EFFECTS

Organisms near the perimeter of a 
fragment face changed environmental 
conditions as a result of increased wind 
and sunlight penetration of the new for-

est edge.38  William Laurance and others 
studied the timing and frequency of fruit, 
flower, and leaf production in 14 canopy 
and emergent tree species, including C. 
alta, between 1985 and 1986.  Although 
they failed to find significant changes in 
tree phenology,39 another study suggests 

37  Jocelyn Kaiser, “Bold Corridor Project Confronts 
Political Reality,” Science 293.5538 (21 Sep. 2001), 
3 Dec. 2006 <http://www.sciencemag.org/cgi/content/
full/293/5538/2196>. 
38  Bierregaard et al., 1992.
39  William F. Laurance et al., “Rain-forest fragmenta-
tion and the phenology of Amazonian tree communi-
ties,” Journal of Tropical Ecology 19 (2003): 343-347. 

“EVEN A FRAGMENT AS LARGE AS 1000 
[HECTARES] CANNOT SUSTAIN A JAGUAR 

IN THE LONG RUN”
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that tree mortality increases near edges.  
Laurance and another team observed 
that large trees died nearly 3 times faster 
when they were less than 300 m from 
a forest edge.  These estimates are con-
servative because secondary growth in 
the area between these experimental 
fragments shielded forests from the full 
intensity of edge effects.40  Large trees 
are especially vulnerable to edge effects 
because forest edges face elevated wind 
turbulence that can break the trees’ in-
flexible trunks, increases in infestation 
by parasitic liana, and intense sunlight 
that desiccates the crowns of tall trees.41 

The death of canopy trees like C. 
alta destabilizes the ecology of a forest 
fragment, causing the loss of homes for 
many key canopy species and a decrease 
in forest volume and complexity,42 and 
may even influence local climate pat-
terns.  Using data from previous stud-
ies to measure tree mortality rates dur-
ing a 1997 El Niño drought, Laurance 
and Williamson found that the propor-
tion of species with elevated mortality 
rates during the drought was larger near 
forest edges.  The study predicts a posi-
tive feedback loop, in which increased 
tree deaths intensify future droughts by 
causing disruptions in hydrological and 
carbon cycles, which in turn accelerates 
rates of tree mortality.43

40  Laurance et al., 2000. 
41  Ibid.
42  Ibid.
43  William F. Laurance and G. Bruce Williamson, 

The susceptibility of canopy trees 
to negative edge effects raises an im-
portant consideration for conservation-
ists designing corridors: forest corridors 
must be wide enough to maintain their 
structure, as excessively narrow corri-
dors can simply collapse over time as a 
result of cumulative edge effects.  Even 
if the edge effects do not precipitate the 
collapse of the entire forest, the loss of 
canopy trees eliminates an important 
habitat and food source for species that 
use corridors. 

CONCLUSIONS

Corridors can aid access to adequate 
habitat for Panthera onca by permitting 
movement between fragments and pre-
serve genetic diversity in Corythophora 
alta by maintaining individuals with 
unique genotypes and facilitating the 
movement of seed dispersal vectors.

This paper, however, only discusses 
the theoretical potential for corridors to 
address the needs of these species, and 
data from established corridors is nec-
essary to confirm or deny this theoreti-
cal conjecture.  In addition, the specific 
consequences of fragmentation cited in 
this paper are neither comprehensive 
nor conclusive: only further research 
will reveal the precise effects of frag-
mentation on euglossine bee popula-

“Positive Feedbacks among Forest Fragmentation, 
Drought, and Climate Change in the Amazon,” Conser-
vation Biology 15.6 (Dec. 2001): 1529-1535.  
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tions, and important factors such as the 
reproductive consequences of fragmen-
tation for P. onca have not been studied.  
Despite its limitations, this paper shows 
that fragmentation profoundly alters 
the rainforest ecosystem, which should 
worry conservationists and citizens who 
care about rainforest protection.  In ad-
dition, corridors must be wide enough to 
maintain forest structure despite nega-
tive edge effects, and corridors must be 
coupled with other conservation efforts, 
such as regulations on the harvesting of 
jaguar prey, to address underlying causes 
of species decline in forest fragments.  

Finally, ecological corridors must be 
carefully integrated into a comprehen-
sive conservation strategy if they are to 
play a role in protecting the astonishing 
diversity of life found in the Amazon.

 

Tripti Bhattacharya (SFS ’10) is 
a freshman majoring in Science, 
Technology, and International Affairs 
with a concentration in the Environment.  
This paper was written in the fall of 2006 
for the freshman proseminar Nature, 
Science, and World Affairs taught by 
Prof. Timothy Beach.  
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TEN LESSONS LEARNED IN NAIROBI

1.  Upon arriving in Kenya, do not ask 
a doorman about the “tipping culture” 
because he may lie to you outrageously 
and then request a tip for telling you 
about the “tipping culture.”
2.  Do not drink milk: it is warm, always 
whole, and will make you sick.
3. If dining with a master’s candidate 
from Yale who happens to be a girl, do 
not ask her age just because you want to 
meet other young people at the confer-
ence.  She may respond, “I’m 29, and 
never ask that in a business setting.”
4. Talk to everyone, including the 
random people at the market.  They are 
inspiring.
5.  If a Kenyan woman tells you that she 
is single, the proper response is not “so 
am I.”
6.  “Mzungo” means “white man.”  If 
someone calls you this, it is endearing 
and not derogatory.  You may later buy a 
shirt that says it.

7.  If you are in a hurry, an extra $5 may 
prompt your cab driver to put on his 
emergency lights and swerve in and out 
of oncoming traffic, taking shortcuts on 
the poor roads of the impoverished areas 
of Nairobi.  But check your seat belt first 
because it may not exist.
8.  If someone calls you “Doctor” or 
“Professor,” it is a good idea to correct 
him or her right away to save an awkward 
conversation later.
9.  Deep down, few delegates want the 
US to ratify the Kyoto Protocol.  With 
many countries not meeting its require-
ments—some rich countries like Canada 
have higher per-capita emissions than 
the US, and very little progress is made 
at negotiations—it is easier to blame the 
US than to do anything constructive.
10.  As soon as you leave, you want to 
return.

Kenya Believe It?  
Bittersweet Reflections of a Youth in Nairobi

Alexander Scott Bozmoski
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CONTEXT

I recently spent a week in Nairobi, 
Kenya at the 12th Conference of the 
Parties to the United Nations Frame-
work Convention on Climate Change / 
2nd Meeting of the Parties to the Kyoto 
Protocol (COP/MOP).  While not the 
youngest observer at the COP, I was 
almost certainly the youngest presenter.  
The opportunity to venture into Africa 
for the first time in my life arose out 
of my involvement in research regard-
ing the Clean Development Mecha-
nism (CDM).  The CDM is an innova-
tive policy tool that allows developed 
(Annex I) countries with Kyoto-imposed 
emissions caps to carry out emissions-
reducing projects in developing (non-
Annex I) countries and count any re-
ductions toward their domestic quotas.  
During the course of the conference, I 
was drawn to many people and ideas 
and repelled by others.  In this reflec-
tion, I will try to start with the sour and 
end with the sweet.

OFFICIAL PLENARY NEGOTIATIONS 
Not even the poor Kenyans working 

on coffee plantations, the breathtaking 
beauty of river-fed landscapes outside 
Nairobi’s city-center, or the violent 
trembling of my cab as it made its way 
from the hotel to the UN could distract 
me from the excitement of my first day 
at official negotiations.  The prospect of 

witnessing real progress on the many 
shortcomings in the current Kyoto 
framework—the gross inequities in the 
distribution of CDM projects, the in-
efficiencies in the CDM’s governing 
structure, the impotent future of Joint 
Implementation (JI) projects, the lack 
of money in the Adaptation Fund, and 
the many countries not on pace to meet 
requirements as the first commitment 
period approaches—held my complete 
attention.1  I could not wait to find out 
what this under-prepared COP/MOP 
is going to do about Article 9 and the 
Kyoto review.  Despite what I was told 
by veterans, I kept imagining this COP 
erupting in fireworks like those I read 
about at COPs 3, 7, and 11.2  At least 
when there are fireworks something pro-
ductive seems to get done.  

The Plenary was filled with two or 
three delegates per station.  A mellow 
sense of importance came over me as 
I first entered the room, hindered only 
by a punctuated self-awareness of my 
bright purple dress shirt and matching 
tie—so much for not standing out as an 
American.  Finding my way to the back, 
1  The vast majority of CDM projects are currently lo-
cated in India, Brazil, China, and Mexico.  Very few 
projects are initiated in the poorest countries of the 
world.  JI is similar to the CDM, but partners developed 
countries with economies in transition, mostly from 
Eastern Europe.  The Adaptation Fund is supposed to 
finance climate change adaptation projects in Least De-
veloped Countries, and its resources come from a 2% 
tax on CDM project credits.
2  COP 3 produced the Kyoto Protocol; COP 7 made the 
rules for CDM projects; the Kyoto Protocol came into 
force at COP 11.  
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I noticed very few observers present 
with only a fraction of them paying any 
attention.  During the low sessions,3 
the Plenary meetings follow a general 
pattern: a rich developed country makes 
a statement of little importance; a devel-
oping Group of 77 (G77) country opines 
the opposite; a rich country speaking on 
behalf of a handful of other rich coun-
tries restates what the first rich country 
said; and a G77 country speaking on 
behalf of the whole G77 says its bit, 
verbatim, over again.  This goes on for 
hours for each topic, and a peppering of 
comments by China and Australia keeps 
it interesting.  

ADAPTATION, CCS, AND ARTICLE 9
I endured a good number of debates 

that fit this mold, but I would like to 
briefly comment on the debates and de-
cisions regarding three particular issues: 
adaptation, carbon capture and storage 
(CCS), and Article 9.

Adaptation to climate change is not 
an easy issue because it competes for 
resources with the mitigation of climate 
change.4  Although the Kyoto Protocol 
clearly makes adaptation a priority, 
some delegates still called for a new 
“Adaptation Protocol.”  Introducing in-

3  At low sessions, not many dignitaries are present.
4  Adaptation entails spending money on coping with 
the effects of climate change already occurring and that 
will occur in the future.  Mitigation entails spending 
money to slow greenhouse gas emissions and focuses 
on prevention.

stitutional redundancy seems to be the 
higher law of bureaucrats.  Nonetheless, 
the idea that adaptation is causing the 
largely innocent people of Least Devel-
oped Countries (LDCs) to suffer from a 
mess created by the industrialized world 
is a perfectly valid sentiment and worthy 
of attention.  Indeed, every COP since 
Delhi has tried to market itself as the 
“Adaptation COP.”  A cynical explana-
tion for this might be that adaptation is 
high on the agenda whenever politics 
prevents discussion of new or stricter 
greenhouse gas limits.  Adaptation is 
hardly ever center-stage at the COPs 
where meaningful mitigation questions 
are open.  

It is tough to say what exactly the 
most vigilant advocates of adapta-
tion actually want within the Kyoto 
framework.  Since COP 3, Nairobi 
has made the most concrete progress 
toward helping developing countries 
cope with climate change.  Thus, the 
UN Framework Convention on Climate 
Change has come up with the “Spirit of 
Nairobi” and the “Nairobi Framework” 
as nice neologisms to characterize COP 
12.  Although this was “extraordinary” 
progress for a COP, the progress is 
actually not very impressive.  For 
example, the first big adaptation victory, 
which occurred at COP 3, was a baby 
fund created by levying a two percent 
tax on the most cost-effective mitigation 
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and development mechanism in Kyoto 
(i.e. the CDM).  Nairobi’s recent giant 
leap for adaptation is simply a frame-
work of rules for how the Fund should 
be governed and administered.  The next 
adaptation breakthrough will be to allow 
the poorest countries stricken with the 
worst impacts from climate change to 
file proposals for a sliver of the funds.  
The proposals will be submitted to an 
intricate bureaucracy and will compete 
for only a couple million US dollars.  
Moreover, the Bonn Agreement at COP 
6 created the Special Climate Change 
Fund to finance adaptation measures 
in developing countries.  Institutional 
redundancy.  Rules for allotting a few 
dollars.  I hope this is not the “Spirit of 
Nairobi.”  

This leads me into the Plenary 
debates over the inclusion of carbon 
capture and storage (CCS) projects in 
the CDM.  This might seem like an odd 
transition, but the only way for more 
money to be funneled into the Adapta-
tion Fund within the current framework 
is through the continued growth of the 
CDM.5  However, developing countries 
that favor having money to spend on ad-
aptation also oppose CCS because the 
biggest players, like China, will have the 
capability to benefit.  Additionally, CCS 
projects may not meet the sustainability 

5  Because the CMD is taxed, the more CDM projects 
in the “pipeline,” the more revenue is generated for ad-
aptation.

criterion of a CDM project.  
I hold two, generally unpopular, 

thoughts on this.  First, no project has 
ever been rejected because it failed to 
meet the sustainability requirement.  
These requirements are set by the host 
state, and no developing country rejects 
a good investment merely because it is 
not a large enough contributor to sus-
tainable development.  Second, the 
developing nations make overlapping 
and contradictory demands.  They want 
adaptation funding which derives from 
CDM revenue and so would benefit from 
high volume.6  They also want an equi-
table distribution of projects, and this 
leads them to condemn any project that 
would disproportionately benefit one of 
the “big five.”7  The amazing thing is, 
despite the contradiction, the “Spirit 
of Nairobi” prevailed, and developing 
countries were able to succeed with 
both their demands: CCS projects were 
tabled, while six different international 
organizations have agreed to provide 
support for African CDM project devel-
opment.  However, if deforestation re-
duction, community-based forest man-
agement, CCS, and others were allowed 
into the CDM pipeline—to mitigate 
climate change and involve and train 
more actors—and a premium was placed 

6  This would support CCS, as well as deforestation 
prevention, community forest management, simplified 
methodologies, etc.
7  The big five are China, India, Brazil, Mexico, and 
South Korea.
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on credits generated from projects in 
Africa, much of the inefficient bureau-
cracy of the big international institutions 
would be circumvented.

Article 9 of the Kyoto Protocol calls 
for a review of the Protocol by parties at 
COP/MOP 2, and its debate was quite 
amusing.  It was obvious that all parties 
secretly thought that an imminent and 
thorough review might spawn calls for 
new commitments.  Also very apparent 
was the imprudence of undertaking a 
review when no preparations were made.  
The G77+China was unconcerned with 
quality, wanted a quick and painless 
review, and sought to delay work on 
the subject.  Annex I countries favored 
delineated timetables and a detailed 
process for commencing a comprehen-
sive review.  While it was amusing to 
watch Saudi Arabia get fired-up over a 
review process, I was disheartened that 
so much time and energy was being 
spent on formally reviewing Kyoto.  Its 
shortcomings are pretty well known, 
and all this energy was expended in the 
interest of either siphoning-off commit-
ments to other countries or preventing a 
review that might hint at the necessity 
of commitments outside the West and 
Japan.  In the end, China, India, Brazil, 
South Korea, and rich Middle-Eastern 
petro-states won the battle: Kyoto was 
“reviewed” by two sentences in an 
official decision, another open-ended 

review was scheduled for MOP 4, and 
the results of the next review were pre-
determined to not in any way lead to 
new commitments for any party.  This 
can’t be the “Spirit of Nairobi.”  

SIDE EVENTS AND CONVERSATIONS

As my precious few days progressed, 
I spent less and less time in Plenary as 
I began to realize more interesting and 
enlightening ways to spend my time.  I 
attended a host of side-events adminis-
tered by the Secretariat, NGOs, and gov-
ernments.  The attempts to whittle-down 
the substance of research and experience 
into digestible ten minute presentations 
generally left me unfulfilled.  However, 
the best side-events came not from the 
ivory tower of climate change academia, 
but rather from presenters fresh from the 
field with real-life observations.  I recall 
a side event on community-based adap-
tation to climate change jointly spon-
sored by Tearfund and Practical Action.  
One of the presenters had spent the past 
20 years living with a Nomadic tribe in 
Niger.  His presentation was all pictures, 
and he showed how changing simple 
planting, irrigation, and harvesting tech-
niques had allowed this tribe to cope 
with increasing drought and desertifica-
tion and created enough societal stability 
to facilitate improvements in education.  
That is great work.  

The COP was life-changing for me 
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because of the people.  An hour spent 
with George, a man from a farming and 
timber commune in Kenya, opened my 
eyes to the need for training poor farmers 
to earn carbon credits.  At least George’s 
community is just lacking the paper-
work to generate sustainable revenue 
from carbon sequestration.  An hour 
with Toru, who works for a Japanese 
firm that validates CDM projects, scored 
me a job offer in Japan.  An hour with 
Olivia, who founded a carbon asset man-
agement firm, gave great insight into the 
financial sector when the US creates 
a carbon market.  And after a couple 
(crazy) hours with Dan, an Australian 
working on CDM project development 
for a huge utility in Rome, I realized the 
only way to gain real-life experience 
in my field is to work outside the US.  
These are just a couple of the produc-
tive encounters I had.  Others were less 
business and more fun: a good portion 
of the Moroccan delega-
tion addressed me as “Alex 
American FRIEND!” every 
time we crossed paths.  That 
I will never forget.

I was lucky enough to get picked for 
a spot at one of the most well-known, 
official side-events: Development and 
Adaptation days.  I sat on a panel with 
six others who were mostly scholars.  
Before my presentation I was nervous 
about my young age, but everything 

went swimmingly.  Although many 
people at the COP hate the private sector, 
participants pulled me aside after my 
presentation and asked to know more.  
Governments do not promote economic 
development alone.  A more active, in-
digenous private sector means more op-
portunities for foreign direct investment.  
Apparently, it is not just my bosses and 
I who believe determining the drivers of 
developing-country, private-sector envi-
ronmental entrepreneurialism is a first-
order question for development studies 
and climate change adaptation. 

KENYA

Although advised not to walk 
around Nairobi, I did so on my last day 
there.  I talked to Kenyans at the market, 
observed the city as it operated, and 
tried very hard to not reveal that I had 
a digital camera in my pocket.  Parts of 
the city are surprisingly cosmopolitan, 

but the outskirts are very sad.  Seventy 
percent of Kenyans live in slums.  There 
is a bloody war going on in the Mathare 
slum, the largest and most impoverished 
slum in all of Africa, perhaps the world.  
Kenyans lucky enough to find work earn 
an average of three US dollars a day.  
From the people, I heard incomplete 

“I LEARNED MORE FROM KENYANS THAN 
FROM THE ENTIRE CONFERENCE”
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“American Dream” stories about men 
and women who grew up in slums with 
no education, got jobs earning nothing, 
and are working three 24-hour shifts 
a week to earn enough to put a son or 
daughter through a village’s primary 
school.  I learned more from Kenyans 
than from the entire conference.

The opportunity for many Africans 
to participate in the COP and network 
with the rest of us is a much more hopeful 
“Spirit of Nairobi.”  But honestly, a 
sense of hypocrisy often came over 
me.  Six thousand people from 180 
countries came to Nairobi to deal with 
climate change.  The poorest parts of 
the world, including Kenya, are being 
hit the hardest by droughts, desertifica-
tion, and floods influenced by climate 
change.  But the vast majority of con-
ference participants saw nothing of the 
hardships wrought by climate change.  
Most stayed in hotels owned by foreign-
ers, and delegates spent their time in 
fruitless negotiations.  I am, of course, 
no different.  Those of us who listened 
to the African delegates, farmers, and 
businessmen at the COP went away 
with a “Spirit of Nairobi.”  These coun-
tries will not be able to afford to send 
as many voices to the more distant Bali 
next year for COP/MOP 4.  

While I was afforded the opportu-
nity to attend COP 12 in order to speak, 
I really went to listen.  I have a lot of 

opinions regarding the Kyoto frame-
work and its faults, but I cannot pretend 
to understand the politics and money 
that is at stake in negotiations.  At the 
outset, I summarized some lessons I 
learned in Nairobi.  Those were just for 
fun.  I actually left Nairobi with more of 
a gift than a set of lessons.  Having seen 
so many doors wide open before us, and 
so many tractable problems within the 
framework of our “only game in town,” 
my gift is a “Spirit of Nairobi” that will 
keep me faithful to this field.

Alexander Scott Bozmoski (COL ’08) 
is junior majoring in Government and 
minoring in Environmental Science.  In 
the summer of 2006, Alex served as a 
Georgetown Undergraduate Research 
Opportunities Program Fellow with 
Prof. Nathan Hultman.  Alex is currently 
studying abroad at Oxford University for 
the 2006-2007 academic year.  A version 
of this paper, based off a trip Alex made 
to Nairobi in November of 2006, was 
written for a tutorial at Oxford.  



29

The Impacts of Aerial Herbicide
Spraying in Colombia

Christina Cheung

In 2001, the United States pledged a 
$1.3 billion aid package to Colombia to 
combat rampant drug production.  Part 
of this aid directly funded the aerial fu-
migation campaign, which uses glypho-
sate, commercially known as Round Up 
Ultra, to eradicate coca and poppy crops.  
However, much concern has been raised 
over the impacts of the aerial herbicide 
spraying on the environment.  This 
paper addresses the following question: 
how are aerial herbicide fumigation 
programs, designed and funded by the 
United States to combat coca production 
in the war on drugs, impacting the en-
vironment, human health, and domestic 
Colombian policies?

Though government officials ada-
mantly deny that glyphosate harms the 
environment or human beings, environ-
mental groups have linked deforestation, 
loss of biodiversity, and health problems 
to fumigation.  The Colombian govern-
ment has attempted to dissuade small 
farmers from planting coca crops with 
the introduction of the Social Pacts in 

1994.  However, this domestic policy 
has not had much impact on reducing 
the total number of acres of land devel-
oped for coca production.  If an isolated 
member of a community grows coca, 
the Colombian government destroys the 
entire community’s legal crops, decreas-
ing farmers’ incentives to grow less prof-
itable, legal crops.  Moreover, corrup-
tion and inefficiency in Colombia have 
prevented small farmers from receiving 
US aid to plant legal crops, further de-
creasing the incentive to cease coca pro-
duction.  Consequently, farmers whose 
crops are fumigated simply relocate and 
push deeper into the rainforest, causing 
deforestation and loss of biodiversity.  
Until more studies on the long-term 
effects of fumigation chemicals are 
completed, the United States needs to 
take preemptive action and discontinue 
its fumigation program in Colombia. 

GLYPHOSATE AND STATE DEPARTMENT 
STANDARDS FOR FUMIGATION

Glyphosate, manufactured by the 
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American company Monsanto, is a 
common non-selective herbicide.  It 
enters vegetation through the leaves and 
kills plants by disrupting amino acid 
biosynthesis and plant growth.1  Accord-
ing to the State Department, microor-
ganisms in the soil quickly break down 
glyphosate into natural compounds, such 
as carbon dioxide.  Glyphosate does not 
cause water contamination, because 
it bonds tightly with soil particles and 
does not leak into groundwater.  

The US hires DynCorp, a private 
corporation based in Virginia, to carry 
out the majority of the aerial spraying of 
coca plantations in Colombia.2  Ricardo 
Vargas Meza, author of Fumigación y 
Conflicto, notes that depending on the 
aircraft carrier, a plane can carry 300-400 
gallons of herbicide at a time.  The rec-
ommended dosage of glyphosate is 2.5 
liters/hectare, and pilots are instructed to 
spray crops from a maximum height of 
10-12 meters.  Meteorologically, there 
should be 75% humidity, temperatures 
less than 20°C, and winds less than 2.3 
knots to ensure that chemicals from the 
spraying will not diffuse through the air 
and drift over areas that are not targeted  
or fumigation.3

1  Stephen Nottingham, Eat Your Genes: How Geneti-
cally Modified Food is Entering our Diet, 2nd ed. (New 
York: Zed Books Ltd, 2003) 38-39.
2  Julian Borger and Martin Hodgson, “A Plane is Shot 
Down and the US Proxy War on Drugs Unravels,” 
Guardian of London 2 Jun. 2001, Dec. 2004 <http://
www.commondreams.org/headlines01/0602-02.htm>. 
3  Ricardo Vargas Meza, Fumigación y Conflicto (Co-
lombia: Tercer Mundo S.A., 1999) 49.

According to the State Department, 
the government of Colombia and the 
Colombian National Police (DIRAN) 
choose the areas for fumigation.  The 
DIRAN flies over reported areas to 
search for indications of coca and poppy 
growth.  If an area is being utilized for 
drug crops, an aircraft-mounted global 
positioning computer system identifies 
the precise coordinates of the drug crop 
and generates flight lines within this 
area.  The pilot follows one of the prede-
termined flight lines and can technically 
release the chemical spray only when 
the coca is visually spotted.4  However, 
in the southern Putumayo region where 
fumigation is most practiced, many Co-
lombian pilots cannot fly their planes at 
the recommended altitudes, as it would 
make planes vulnerable to being shot 
down by the Revolutionary Armed 
Forces of Colombia (FARC).5  There-
fore, out of fear of being killed, pilots fly 
at higher altitudes and spray the targeted 
area even if they cannot visually identify 
the coca crop.  

American and Colombian gov-
ernment officials target the southern 
Putumayo region because they believe 
its insurgency groups, particularly the 
FARC, have replaced the infamous 
4  “State Department Outlines Aerial Eradication Pro-
gram in Colombia; Program designed to kill illegal 
coca and opium poppy,” News from the Washington 
File, 25 Mar. 2003.
5  John Pike, “FARC Fact Sheet,” 15 Mar. 2004, Glo-
balSecurity.org, 4 Dec. 2004 <http://www.globalsecu-
rity.org/military/world/para/farc.htm>.
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Medellín and Cali cartels of the past.  
By concentrating government efforts 
on combating guerrillas financing their 
war efforts through taxation, the drug 
trade will supposedly fall apart.  This 
narco-trafficking theory is formulated 
from two observations.  First, produc-
tion of raw materials, such as coca, is 
the primary stimulus of the drug trade.  
Second, because there is limited access to 
areas controlled by guerrilla groups, any 
external regulation of coca production in 
these areas is very difficult.6  By attack-
ing the supply side of the drug market, 
the United States and Colombia hope 
to win in the war on drugs.  However, 
achieving these objectives has proved 
challenging.

THE SOCIAL PACTS AND ALTERNATIVE 
DEVELOPMENT

To reduce the number of drug pro-
ducers, the Colombian government 
entered into pacts with coca producing 
communities.  These pacts are known 
as the Social Pacts of Alternative De-
velopment and Manual Eradication.  
Since 2000, thirty-five Social Pacts have 
been created between the Colombian 
government and local communities in 
Putumayo, involving approximately 
35,000 families, or 45% of the depart-
ment’s population.7  These social pacts 
6  Meza, 30. 
7  Adam Isacson, “The Tragedy of Alternative Devel-
opment in Colombia,” 3 Dec. 2001, Colombia Journal 
Online, 22 Nov. 2004 <http://www.colombiajournal.

are designed to promote development 
in these regions through infrastructure 
and other income-generating projects.  
In return, the community must make a 
commitment not to plant any new coca 
and instead, eradicate current coca crops 
within 12 months of receiving the first 
installment of aid.  Farmers receive this 
aid so that they have a means to begin 
growing alternative legal crops.  The 
Colombian government funds these 
programs through US aid from Plan 
Colombia. 

These Pacts only appeal to small 
farmers who grow illicit drug crops in 
order to survive, as opposed to indus-
trial producers more closely linked to 
wealthy individuals and major drug-
traffickers.  If there is a high risk that 
their drug crops will be fumigated, 
small farmers are more willing to play it 
safe and switch to planting legal crops.  
However, fumigation and poor manage-
ment of aid from the United States have 
reduced the incentives for small farmers 
to grow legal crops.  

FUMIGATION, THE SOCIAL PACTS, AND 
ALTERNATIVE DEVELOPMENT

The Social Pacts are successful only 
if farmers believe that 1) it is better to 
play it safe and grow legal crops, and 2) 
they will receive the appropriate funds to 
grow alternative legal crops.  However, 

org/colombia92.htm>. 
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the Colombian government does not re-
inforce either of these beliefs.  According 
to Witness for Peace, aerial fumigation 
is still conducted in regions whose com-
munities have agreed to the Social Pacts.  
Because there are a few isolated cases in 
which specific members of communities 
violate the Social Pact, the Colombian 
government has often sprayed the crops 
of the entire community.  The Colom-
bian government’s policy is severe, as 

the actual amount of land planted with 
coca in violation of the Social Pacts is 
small relative to the overall production 
of drugs in Colombia. 

However, in defense of the Colom-
bian government, it is time-consuming 
and difficult to differentiate where the 
coca crops are located within the com-
munities that agreed to the Social Pacts.  
In addition, it is hard to control the dif-
fusion of the spray once it is released.  
Pilots also have a difficult time differ-
entiating between legal and illegal crops 
because farmers sometimes grow coca 
crops among legal crops.  To discourage 
this technique, the Colombian govern-
ment has no other choice but to fumigate 

the entire area.  This saves the govern-
ment time, money, and effort.

In addition, many communities have 
expressed dissatisfaction with the length 
of time it takes to receive any aid for 
alternative development.  Farmers have 
complained that 12 months had elapsed 
since the signing of the Social Pacts, but 
only 5% of the US $30 million dollars 
allotted for food security was distribut-
ed.8  Furthermore, as of mid-2003, only 

four farmers in the entire 
country received compensa-
tion for legal crops that were 
fumigated.9  One reason for 
these statistics is the possibil-
ity of corrupt or simply ineffi-
cient management within the 

Colombian organizations that receive 
US monetary aid.  In order to manage 
the flow of millions of dollars of US aid, 
new organizations became involved in 
the alternative development program 
from Bogotá to the southern Putumayo 
region.  However, these new organiza-
tions were often disorganized and ill 
managed.  Thus, poor management, in 
conjunction with the Colombian gov-
ernment’s reliance on crop eradication 
via fumigation, has failed to stop coca 
production among small farmers.
8  “New Fumigation Campaign in Colombia: Violations 
of Colombian Law and U.S. Conditions,” Dec. 2001, 
Witness for Peace, 24 Nov. 2004 <http://www.witness-
forpeace.org/pdf/fumigationreport.pdf>.
9  Phillip Cryan, “Putumayo’s Last Believer: A Report 
from the Field on Colombia’s Chemical War,” Pesticide 
Campaigner 14.1 (Apr. 2004).

“PILOTS ALSO HAVE A DIFFICULT TIME 
DIFFERENTIATING BETWEEN LEGAL 
AND ILLEGAL CROPS BECAUSE FARMERS 
SOMETIMES GROW COCA CROPS AMONG 
LEGAL CROPS.” 
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IMPACT OF HERBICIDE SPRAYING

ON ENVIRONMENT AND HEALTH

The effects of aerial fumigation on 
the environment and human health are 
a source of concern for government of-
ficials, Colombian farmers, and envi-
ronmental groups.  Colombian officials 
have stated that aerial fumigation causes 
skin rashes, livestock death, and in some 
cases, death of young children.  US of-
ficials, particularly in the State Depart-
ment, have outright denied these allega-
tions and counter that the use of glypho-
sate is safe.  However, environmental 
groups have pointed out that glyphosate 
has damaged Colombian biodiversity, 
rendered thousands of acres of land in-
fertile, destroyed subsistence crops, and 
pushed thousands of farmers into the 
rainforest.

ANIMAL AND HUMAN HEALTH

In a Witness for Peace study titled 
“Genetic damage on the Ecuadorian 
border caused by Plan Colombia fu-
migations,” the medical history and 
blood samples of 22 women along the 
Colombia-Ecuador border were taken.  
These women were exposed to fumi-
gation and were found to have genetic 
damage in 36% of their body cells—a 
sign of increased likelihood of develop-
ing cancer or giving birth to infants with 
physical or mental defects.  However, it 
was difficult to determine that no other 

factors had contributed to cell damage.  
For example, other herbicides such as 
endosulfan and paraquat—which are 
used by illegal groups to protect drug 
crops from weeds and can remain in the 
environment for up to 30 years—were 
not accounted for in the case study.  In 
addition, the unregulated use of chlo-
rates and petroleum derivatives in manu-
facturing the final drug product can con-
tribute to environmental contamination.  
Because there is no means to control 
other factors that can cause similar health 
effects, it is difficult to link the genetic 
damage of the 22 women directly to the 
glyphosate sprayed in these areas.10 

Protestors from the border provi-
dence of Sucumbios in Ecuador claim 
that aerial spraying up to 10 kilometers 
from the border drifts with the wind 
to contaminate food and water and 
causes skin irritation and respiratory 
symptoms consistent with glyphosate 
exposure.11  Four Colombian governors 
visiting Washington protested fumiga-
tion, because it was “causing illnesses, 
destroying pastures and food crops, 
and poisoning livestock.”12  After aerial 
10  Humberto Marquez, “Environment: The Drug 
Trade and Fumigation- Which is Worse?” IPS-Inter 
Press Service 25 Nov. 2003, LexisNexis, Georgetown 
University, Lauinger Memorial Library, Nov. 2004 
<http://www.lexisnexis.com/>.
11  “News Note: Ecuadorians Sprayed by Plan Colom-
bia,” Global Pesticide Campaigner 14.3 (Dec. 2004), 
22 Nov. 2004 <http://www.panna.org/resources/gpc/
gpc_200412.14.3.18.dv.html>.
12  Danielle Knight, “Environment: Colombian Gov-
ernors Protest U.S.-Funded Fumigation,” Global In-
formation Network, Interpress Service, 13 Mar. 2001, 
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spraying, reports of symptoms resem-
bling chemical poisoning—vomiting, 
fever, and skin rashes—were common.  
The label on glyphosate warns that the 
herbicide can cause irreversible eye 

damage, but none of the other men-
tioned symptoms are listed.  It is unclear 
as to whether or not the aerial spraying 
is directly causing these symptoms, but 
a strong case can be made for it. 

In the United States, the Environ-
mental Protection Agency (EPA) has set 
the maximum contaminant level goals 
(MCLG) for glyphosate at 0.7 parts 
per million (ppm) in drinking water to 
avoid potential health problems such as 
respiratory problems, kidney damage, 
or reproductive effects.13  The Inter-
national Organization for Biological 
Control found that exposure to as little 
as 10 ppm has been shown to kill 50% of 
test populations of fish.14  According to 
Linda Farley, American Birds Conser-

LexisNexis, Georgetown University, Lauinger Memo-
rial Library, Nov. 2004 <http://www.lexisnexis.com/>.
13   “Consumer Fact sheet on: GLYPHOSATE,” 27 Apr. 
2004, Environmental Protection Agency, 4 Dec. 2004 
<http://www.epa.gov/safewater/dwh/c-soc/glyphosa.
html>. 
14  Dore Burry, “Are we Roundup ® Ready?” Mar. 
1998, University of California, Irvine, 20 Nov. 2004 
<http://darwin.bio.uci.edu/~sustain/global/sensem/bur-
ry298.html>.

vancy Science Officer, “while glypho-
sate’s direct toxic effects on the eco-
system may not be as extreme as those 
seen with other herbicides, the indirect, 
long term effects are severe…glypho-

sate has well documented 
deleterious effects on soil 
micro-organisms, espe-
cially fish.”15  Because fish 
is an important food staple 
in Colombia and export 

crop, a significant decrease in its popu-
lation due to glyphosate can result in the 
starvation of hundreds or thousands of 
Colombians.  Thus, glyphosate arguably 
has deleterious effects upon the health 
of both animals and humans.  

DIFFUSION OF THE CHEMICAL SPRAY

As mentioned earlier, fumigation is 
not carried out when wind speeds are 
above 2.3 knots.  Otherwise, wind can 
carry the spray mixture over areas of 
land that are not intended for fumigation.  
In one case study in Valle de Guamuez, 
over 30 communities were fumigated, 
and the glyphosate destroyed recently 
planted rice fields, houses, community 
buildings, farm animals, water sources, 
and other subsistence crops (e.g. pine-
apples, beans, and fruit trees).16  None of 
15  “U.S. Anti-Drug Aid Endangers Indigenous Com-
munities and Amazon Biodiversity, says Amazon Al-
liance,” US News Wire 20 Nov. 2000, LexisNexis, 
Georgetown University, Lauinger Memorial Library, 
Nov. 2004 <http://www.lexisnexis.com/>.
16  Witness for Peace Telephone Interview with Rep-
resentative of the Municipal Government of Valle de 

“AFTER AERIAL SPRAYING, REPORTS 
OF SYMPTOMS RESEMBLING CHEMICAL 
POISONING—VOMITING, FEVER, AND SKIN 
RASHES—WERE COMMON.” 
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these crops, animals, or buildings should 
have been sprayed.  In late November 
2000, US Senator Paul Wellstone was hit 
with a fine mist of glyphosate from a he-
licopter that was giving a demonstration 
of aerial spraying.  Colombian officials 
claimed that it was a one-time accident, 
but other reports of similar incidents 
indicate that pilots have a difficult time 
controlling their line of spraying. 

Critics of Plan Colombia have 
argued that because it is difficult to 
control the diffusion of the spray, heavy 
herbicide spraying contaminates the 
fragile rainforests of Colombia.  Large 
areas of the forest have become con-
taminated with the chemical spray, and 
because the glyphosate has been mixed 
with Cosmo-Flux, it is harder for the soil 
to break down the glyphosate.  Also, the 
chemical mix better adheres to every-
thing it lands on and kills any plant above 
ground because glyphosate is a non-se-
lective herbicide.  In February 2004, the 
Colombian National Police announced 
that aerial fumigation with glyphosate 
had begun in the Sierra Nevada de Santa 
Marta and Chiribiquete.  According to 
Yadira Ferrer in “Colombia: Protected 
Areas Threatened by Coca-Killing Her-
bicide,” both regions form part of the 49 
protected areas that cover a combined 
total of 10 million hectares, nearly 10% 
of Colombian territory.  Spraying in these 

Guamuez, 27 Nov. 2001. 

areas will have a detrimental impact on 
Colombia’s biodiversity.  Colombia 
is ranked second only to Brazil as the 
country with the most biodiversity in 
the world.17  In fact, one-third of Co-
lombia’s reported plant species are not 
found anywhere else in the world.18 

DISPLACEMENT OF POOR FARMERS

Aerial fumigation results in the dis-
placement of hundreds of thousands of 
poor farmers who have to migrate deeper 
into the rainforest to cultivate more land.  
Meza argues that this migration was 
the result of fumigation operations that 
began as early as 1997 in many FARC 
controlled zones, such as the Middle 
and Lower Caguan in the department 
of Caqueta.19  State Department reports 
fail to analyze the implications of con-
tinual relocation of peasant farmers after 
their crops have been destroyed in their 
initial area.20  Each time coca farmers 
move their crops, they must deforest a 
new area, which has damaging effects 
on Colombia’s ecology.  For example, 

17  Yadira Ferrer, “Colombia: Protected Areas Threat-
ened by Coca-Killing Herbicide,” IPS-Inter Press Ser-
vice 27 Mar. 2004, LexisNexis, Georgetown University, 
Lauinger Memorial Library, Nov. 2004 <http://www.
lexisnexis.com/>.
18  Cat Lazaroff, “Critics Detail Risks of Colombian 
Coca Spraying,” Environment News Service Oct. 1, 
2002, LexisNexis, Georgetown University, Lauinger 
Memorial Library, Nov. 2004 <http://www.lexisnexis.
com/>.
19  Meza, 202.
20 “Plan Colombia Threatens Human Health, Environ-
ment,” 9 Mar. 2004, EarthJustice.org, 1 Dec. 2004 
<ht tp: / /www.ear thjus t ice .org/urgent /display.
html?ID=116>.
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deforestation endangers Colombian 
birds, as 95% of the 75 plus endangered 
birds species in Colombia are forest-de-
pendent animals.  Deforestation reduces 
the sizes of these habitats, harming en-
dangered species’ chances of recovering 
from the threat of extinction. 

State Department reports mention 
that legal crops are not deliberately 
sprayed unless they are intermixed 
with coca crops.  However, there have 
been allegations that legal crops are 
being sprayed despite farmers having 
reported to the government that they 
are not growing illegal drug crops.  One 
example includes Don Castillo, a farmer 
who had stopped growing coca in 2001.  
He filled out paperwork citing that he 
had stopped coca production and instead 
grew government-funded “heart of palm 
plants.”  However, these plants were 
also fumigated, and as a result his entire 
harvest was lost.21

Jorge Robledo, a Colombian senator 
of the leftist Labor Movement, believes 
that there are 800,000 more indigenous 
peoples and peasant farmers like Don 
Castillo who will suffer economically if 
they lose their only means of survival.22  
Therefore, many farmers will continue 
to replant their coca crops even after 
their initial harvests are fumigated.  
For example, Garry Leech, author of 
Killing Peace: Colombia’s Conflict and 
21   Cryan.
22  Ferrer.

the Failure of Intervention, writes, “In 
November 2001 when the fumigation 
planes, attack helicopters, and ground 
troops returned to the Putumayo after 
the initial spraying, satellite surveil-
lance revealed that thousands of peasant 
farmers had replanted their coca crops.”23  
The only stance the State Department 
will take on this vicious cycle is that 
poverty is not an excuse to “pursue a 
livelihood that is unlawful, environ-
mentally destructive, and causes further 
harm to the nation of Colombia.”24 

US STATE DEPARTMENT REPORTS

In a 2001 report to Congress, the 
State Department defended the use of 
glyphosate, claiming that it did not have 
any adverse environmental or health 
effects.  The department broke down 
the coca spray mixture into three com-
ponents: 55% water, 44% commercial 
glyphosate formulation (41% glypho-
sate salt, ~44% water, ~15% surfactant), 
and 1% Cosmo-Flux.  This mixture is 
then applied to coca at the rate of 2.53 
gallons/acre. These figures do fall within 
a range of accepted standards of use.  
However, complaints forced the State 

23  Michael Sweiven, “Review of Killing Peace: 
Colombia’s Conflict and the Failure of Intervention,” 
Left-Turn Magazine, 4 Dec. 2004 <http://www.leftturn.
org/Articles/Viewer.aspx?id=347&type=M>.
24  Federal Information and News Dispatch, Inc., State 
Department, “State Department Outlines Aerial Eradi-
cation Program in Colombia; Program designed to kill 
illegal coca and opium poppy,” 25 Mar. 2003, Lexis-
Nexis, Georgetown University, Lauinger Memorial Li-
brary, 22 Nov. 2004 <http://www.lexisnexis.com/>.



37

Department to release a 2002 report 
which stated that fumigation complied 
with US laws for herbicide use and that 
it did not pose any unreasonable risks 
or adverse effects to humans or the en-
vironment.  The State Department also 
reported that alternative development 
programs were in place, compensations 
to those that have been harmed were 
given, and spraying was conducted in 
accordance with the Colombian Envi-
ronmental Management Plan.25

However, an independent study con-
ducted by various organizations and indi-
viduals argues that the State Department 
failed to meet Congressional conditions, 
and that fumigation did pose a substan-
tial risk to the environment and health in 
Colombia.  For example, both the pes-
ticide product and additive Cosmo-Flux 
411F used in Colombia are not sold in 
the United States.  Whereas America 
has restricted entry intervals to prevent 
human exposure following application, 
these standards are not enforced for the 
coca eradication program.26

Biologist Dr. Elsa Nivia, director of 
the Pesticide Action Network, also attri-

25  Information in paragraph from “Plan Colombia 
Threatens Human Health, Environment.”
26  Organizations and individuals include WWF, 
Earthjustice, American Anthropological Assoc., Latin 
America Working Group, Directors of Amazon Project, 
and the Science and Environmental Health Network. 
“Findings from Independent Review of the State De-
partment Report on Aerial Spraying in Colombia Re-
garding Compliance with Requirements in the FY2002 
Foreign Appropriations Act,” 4 Dec. 2004 <http://www.
amazonalliance.org/summary.pdf>.

butes the inconsistencies between labora-
tory-derived data and toxicity data from 
field exposure incidents to 1) the use of 
surfactants, which increase glyphosate’s 
adherence to plant surfaces, and 2) the 
level of toxicity of the chemical.  These 
factors, in conjunction with the dosage 
and intensity of aerial spraying, greatly 
increase the community’s exposure to 
the chemicals.  The use of Cosmo-Flux 
411F is reported to enhance the biologi-
cal action of glyphosate by four times.  
If this four-fold activity increase is 
factored in, then relative exposure levels 
to Roundup’s biologically active com-
ponents can be up to 104 times greater 
than in normal agricultural practice.27  
Although the State Department denies 
a higher level of toxicity, it does admit 
to calling for higher concentrations of 
glyphosate to be used in the spray.  

Reports from the State Department 
claim that aerial spraying of coca crops 
in Colombia neither results in environ-
mental damage nor poses safety risks to 
humans.28  However, the potential for 
health risks is still very high because the 
concentration levels of sprayed glypho-
sate is higher than recommended levels.  
Though the toxicity of the herbicide 
mixture has never been fully assessed, 
the State Department’s analysis that no 

27  Elsa Nivia, “Aerial Spraying Devastates Colombian 
Communities,” Pesticide News 53 (Sept. 2001): 9, 2 
Dec. 2004 
<http://www.pan-uk.org/pestnews/pn53/pn53p9.htm>. 
28  Lazaroff.
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adverse health impacts exist is based on 
unwarranted assumptions about compli-
ance with safety protocols.

CONTROVERSY OVER STATISTICS 
REGARDING THE SUCCESS OF 
COCA ERADICATION

Ten years ago, the United States 
initiated and sponsored the Colombian 
fumigation program to eradicate coca 
production.  However, the fumigation 
program has met limited success.  The 
amount of land devoted to coca growth 
in Colombia has rapidly augmented 
since the 1990s.  Between 1990 and 
1994, approximately 39,800 hectares 
of land was covered with coca plants; 
in 1995 that figure increased to 50,000 
hectares.  In 2000, land usage peaked at 
163,300 hectares, but sharply declined 
after spraying begun.29  Coca eradication 
efforts then intensified, increasing the 
area of fumigation to 95,898 hectares in 
2001 and 130,364 hectares in 2002.  The 
reason for this increase in fumigation 
is Colombian President Alvaro Uribe, 
who removed constraints on herbicide 
fumigation from Colombian laws.  This 
meant that by 2003, 91,000 hectares of 
coca plantations were fumigated.  Coca 
eradication overtook new plantings, and 
the total area of land devoted to coca 
shrunk by 11.3% in 2001 and finally 
by 29.6% in 2002.  Figures in 2003 

29  Meza, 87.

released by the UN Office on Drugs 
and Crime (UNODC) indicate that areas 
planted with coca plants have continued 
to decrease by as much as 33%.30

This decrease is attributed to a 
number of factors including manual 
eradication, abandonment of coca plan-
tations due to fear of fumigation, and 
the success of alternative development 
projects in which farmers chose to 
grow legal crops.31  However, the latest 
UNODC figures indicate that new coca 
crops are being planted in 58,000 hectares 
of the fumigated 69,000 hectares, sug-
gesting that 64% of what is destroyed by 
the fumigation is being replanted with 
new plantations.  Furthermore, UNODC 
admits that non-traditional regions of 
coca cultivation (i.e. Meta, Caqueta, and 
Putumayo in southern Colombia; the tri-
partite border with Brazil and Peru; and 
the northwestern department of Guajira) 
were not included in the 2002 census.  
The impact of these non-traditional 
regions on coca production figures is 
uncertain, but experts predict that these 
areas would indicate that coca produc-
tion has actually expanded.  Thus, coca 
plantations are being shifted from the 
heavily fumigated south to areas of less 
fumigation. 

30  Figures taken from “Turning-point Claims May be 
Hasty,” Intelligence Research Ltd, Nov. 2003, Lexis-
Nexis, Georgetown University, Lauinger Memorial Li-
brary, Nov. 2004 <http://www.lexisnexis.com/>.
31  This reflects the opinion of the UNODC; it is not 
based on analysis in this paper. 
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GENERAL CONCLUSIONS

Narco-trafficking theory has in-
fluenced the United States’ vision that 
conducting the drug war in Colombia is 
best done by combating the supply side 
of the drug industry.  Areas controlled 
by the FARC have been heavily targeted 
for fumigation, but spraying drug crops 
still has not fulfilled its original objec-
tive: total eradication of the land acreage 
dedicated to coca production.  Instead, 
fumigation policies have conflicted with 
Colombian domestic policies, such as 
the Social Pacts, by taking precedence 
over them.  Small farmers, primar-
ily concerned with survival, continue to 
grow drug crops to feed their families.  
This is one of the primary reasons why 
statistics show that fumigation has not 
reduced the amount of land being used 
for coca production.  Displaced farmers 
simply move deeper into the rainforest 
and replant their crops, destroying the 
forests of Colombia and causing species 
extinction.  

Without more unbiased informa-
tion from independent research groups, 
it is difficult to conclude whether or not 
the herbicide spraying directly causes 
adverse ecological and human health 
effects.  However, numerous reports 
suggest that there is enough concern 
over the safety of such herbicides that 
a preemptive approach should be taken.  
Until further investigation can be done 

to fully assess all the long-term effects 
spraying will have on Colombia’s 
ecology, the fumigation program should 
be discontinued as a safety precaution.  
Instead, the Colombian government 
should focus more of its resources and 
aid into funding the alternative develop-
ment programs it began under the Social 
Pacts as a means to reduce drug produc-
tion.  Hopefully, these efforts will aid in 
the war on drugs and, at the same time, 
protect the health of farmers and the en-
vironment of Colombia.

Christina Cheung (SFS ’07) is a senior 
majoring in Science, Technology, and 
International Affairs with a concentra-
tion in the Environment.  This paper was 
written in the fall of 2004 for Science 
and Technology in the Global Arena 
taught by Prof. Charles Weiss.  
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We all know about the environmental 
advantages of recycling. Small materi-
als recycling programs conserve natural 
resources by decreasing the amount of 
new material required 
in manufacturing, 
decrease the amount 
of waste that goes to 
landfills, and even 
reduce emissions of 
carbon dioxide and 
methane.1 What you 
may not know is that 
recycling also makes 
sound economic 
sense because it saves 
Georgetown money 
in waste disposal 
costs. If Georgetown 
recycled all of the recyclable materials 
that are carelessly tossed into trash bins 
on the Main Campus for one year, the 
University would reduce its waste by 
602.4 tons and save at least $29,517.60. 

1  “Recycling Overview,” Municipal Solid Waste, 23 
Oct. 2006, U.S. Environmental Protection Agency, 14 
Dec. 2006 < http://www.epa.gov/msw/recycle.htm >.

This figure is in addition to the money 
it already receives for recycling paper, 
which totaled $18,081 in 2003-04.2

2  Patricia Dollar, Interview with Allison Shapiro, 
Georgetown University, Washington, DC, 27 Nov.  
2006. Georgetown University Office of Solid Waster & 
Recycling, FY 2004 Annual Recycling & Solid Waste 
Data (Washington, DC: 2004). 

Georgetown University’s Recycling Program

As part of Research Methods for Policy Analysis with Prof. Danyel Reiche, 
Allison Shapiro - with the aid of Christina Hannah, Alexander Johnston, 

and Claire Kreycik - dug through Georgetown University’s 
trash to uncover some surprising facts.  

Fig. 1: Data from 95 trash and recycling bins, identify-
ing the percentage of items incorrectly disposed in each 
one.  A recycling bin listed as 10% ineffective means 
10% of the items found in that bin should have been put 
in the trash, and 90% of the items are recyclable.
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“SMALL MATERIALS 
RECYCLING PROGRAMS 

COLLECT PLASTIC 
CONTAINERS, ALUMINUM 

CANS, GLASS BOTTLES, 
NEWSPAPER, MIXED 

PAPER, CARDBOARD, 
AND OTHER SMALL 

RECYCLABLE ITEMS.”

RECOMMENDATIONS

1. Combine trash and recycling bins 
in the same station, in the same order. 
Placing recycling and trash receptacles
next to each other minimizes the time 
people must spend searching for appro-
priate bins and increases the likelihood 
of correct disposal.

2.  Make sure that lid-shapes reflect the 
items for which bins are intended. The 
waste characterization study suggests 
that incongruence between lid shape and 
bin label may in fact be more detrimen-
tal to successful recyclable disposal than 
a lack of labels or shaped lids.

3.  Increase knowledge of what can be 
recycled at Georgetown by displaying 
illustrated, informational posters at 
prominent locations around campus. 
Posters showing permissible recyclables 
above prominent combined-bin stations 
improve knowledge about recycling.

4. Label all paper recycling bins as 
“Mixed Paper.” The University delivers 
all of its recyclable paper to a commin-
gled processing facility.3  Therefore, 
labeling bins as solely “newspaper” or 
“white office paper” acts as an unneces-
sary disincentive for recycling.

3  Dollar, 2006.

TRENDS

17.8% of the items in recycling bins 
placed next to trash bins were trash 
items incorrectly disposed into 
recycling bins.

55.9% of items in lone recycling 
bins were trash items improperly 
disposed. 

54.5% of the items in recycling 
bins whose lid-shapes didn’t match 
the items they were intended for 
(i.e. open lids for paper) were 
undesirable. 
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In the past several decades, the eco-
system of Lake Victoria, Africa’s largest 
lake, has witnessed a dramatic decline.  
This transformation is the result of the 
so-called “modernization” of the lake-
shore economies in Uganda, Kenya, 
and Tanzania and their integration into 
the global economy.  As the region’s 
human population has expanded rapidly 
in recent decades—reaching over 30 
million individuals today—the process 
of industrialization has injected a wide 
range of foreign substances, including 
many toxins, into the ecosystem.  Most 
disruptive to the natural environment, 
however, has been the introduction, both 
deliberate and accidental, of several par-
ticularly insidious invasive exotic plant 
and animal species.  

These changes have fundamentally 
restructured the lake’s ecosystem and 
surroundings and have fostered equally 
dramatic structural shifts within the 
area’s human societies.  While some 
may consider the overall result of 
such changes to be a positive case of 

economic development, the plight of 
many women, children, and even entire 
small fishing communities who continue 
to suffer from the human-induced envi-
ronmental transformations cannot be 
ignored.

One environmental change in recent 
years which has impacted the health 
of the lake ecosystem—and the human 
population which relies upon it—is the 
introduction of the water hyacinth.  This 
surface aquatic plant, a native of South 
American waterways, was first seen in 
northern Lake Victoria in the late 1980s.1  
Since that time, it has spread rapidly 
throughout the lake, forming a thick mat 
of vegetation over large littoral areas, re-
sulting in significant oxygen depletion, 
with far-reaching consequences.  

By reducing the amount of dis-
solved oxygen in the water which fish, 
crustaceans, aquatic plants, and other 
marine organisms require to survive, 
1  Wulf Klohn and Mihailo Andjelic, United Nations, 
Food and Agriculture Organization, Lake Victoria: A 
Case in International Cooperation (Water Resources 
Development and Management Service, 1997), 5 Mar. 
2007 <http://www.fao.org/ag/AGL/AGLW/webpub/
lakevic/LAKEVIC4.htm>.

The Slow Death of Africa’s Greatest Lake: 
The Environmental and Social Impacts of the 
“Modernization” of Lake Victoria

Andrew Farrand



43

the hyacinth renders large swaths of un-
derwater habitat unlivable.  As a result, 
human populations, which rely on such 
organisms for their livelihood and as a 
major source of protein in their diets, 
suffer from the decline in fish numbers.  
A family of fishes known as the cichlids, 
which traditionally feed off the rich, 
varied habitats of the lake’s shallows, 
is but one of many groups which has 
suffered greatly from the hyacinth’s 
arrival.  The plant also 
presents a formidable 
obstacle for fishermen, 
who can no longer access 
now hyacinth-choked 
areas of the lake.  In addition, its calming 
effect on waves improves the chances 
that malaria, sleeping sickness, bilhar-
zia, and other diseases will breed and 
spread from still lake waters to human 
populations.2  

Thanks to several projects funded 
by regional governments aimed at con-
trolling the water hyacinth, the plant’s 
coverage area has declined significantly 
since its peak in the mid-1990s.  As a 
result, today the hyacinth continues to 
cause many of the same problems, to a 
slightly lesser degree.  And for all the 
damage it has done, water hyacinth may 
not be without its advantages: biologists 
single out the hyacinth’s thick mats as 

2  Karl Vick, “Betting on Bugs, Machine-Like Weevils 
Rid Lake Victoria of Choking Weed,” The Washington 
Post 22 Sept. 1999: A25. 

the last refuge of the beleaguered native 
cichlid fishes in their fight for survival 
against more deadly invasive species.  

In the 1950s, Ugandan Game and 
Fisheries Department employees and 
local residents, eager to bolster Lake 
Victoria’s sport fishing potential, began 
introducing Lates niloticus, the Nile 
perch, into the lake and several of its 
tributaries.  Previously prevented from 
reaching the lake from its natural habitat 

downstream because of several impass-
able waterfalls along the White Nile in 
Uganda, this aggressive, almost indis-
criminate feeder was now unleashed 
on the indigenous species of Lake 
Victoria.  Native populations of small 
cichlid fishes—an incredibly diverse 
family comprising (at that time) some 
500 distinct species—were among the 
perch’s earliest victims.  In 1961, when 
a perch was caught near the Mwanza, 
the major Tanzanian port on the Lake’s 
southern shore, several hundred kilome-
ters from where the species was likely 
introduced, the extent of its rapid spread 
became clear.3  At the expense of the 
cichlid species, over half of which no 
longer exist today, the Nile perch con-
3  Robert M. Pringle, “The Origins of the Nile Perch in 
Lake Victoria,” BioScience 55.9 (Sept 2005): 781.

“BIOLOGISTS SINGLE OUT THE HYACINTH’S 
THICK MATS AS THE LAST REFUGE OF THE 

BELEAGUERED NATIVE CICHLID FISHES”
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quered the lake, its population reaching 
its height in the 1980’s.  In the process, 
the perch decimated populations of 
several catfish species,4 as well as many 
within the cichlid species flock, a group 
which would prove collectively to be 
the “keystone family” in Lake Victoria’s 
ecosystem.  

The Nile perch boom also ushered 
in drastic changes in the structure of the 
local fishing economy.  The total value 
of the local fishing sector increased five-
fold in the 1980’s as larger ships and 
nets came into use and new companies 
began exporting fish to the lucrative 
markets of Europe and America.5  The 
fish being exported, however, was not 
a native cichlid, catfish, or Nile tilapia, 
but rather the Nile perch, which grows 
rapidly and to nearly limitless size in the 
rich waters of the Lake, at the expense 
of other species.  

In recent decades, the disappearance 
of numerous cichlid species into the 
ruthless jaws of the Nile perch has been 
particularly noticeable in several ways.  
First, the current prevalence of the 
deadly bilharzia parasite, which relies 
on a certain snail to complete part of its 
life cycle, is in part due to the perch’s 
decimation of certain cichlid species 
adapted to feed on such snails.  The cost 
of the parasite on the local health in-
4  Kees Goudswaard and Frans Witte, “The Catfish 
Fauna of Lake Victoria after the Nile Perch Ubsurge” 
Environmental Biology of Fishes 49.1 (May 1997): 22. 
5  Pringle, 783. 

frastructure due to hospitalizations and 
treatment is unknown but likely signifi-
cant, as is the lost economic revenue due 
to workers’ suffering from the parasite’s 
infestation.  Another unknown, but cer-
tainly significant, cost to the region is 
the potential tourism revenue lost due 
to foreigners’ fears of contracting bil-
harzia.  The lack of adequate sewage 
treatment infrastructure in lakeshore 
communities both large and small com-
pounds the effect of the Nile perch’s in-
troduction by further contributing to the 
parasite’s persistence.

A second effect of the reduction 
of populations of cichlids is the six-
fold increase in population of the lake 
sardine (Rastrineobola argentea, known 
locally as dagaa) in recent decades.6  
The cichlids, some of which are a natural 
predator of the sardine and others a com-
petitor with it for zooplankton, previ-
ously served to suppress the numbers of 
the nutrient-poor sardine.  Today, in the 
absence of nutrient-rich cichlids, fishing 
communities’ reliance on the sardine 
likely has deleterious health effects on 
those communities.  

At present, the effects of the Nile 
perch’s introduction are most immedi-
ately apparent in Lake Victoria’s human 
communities.  For all its conspiracy 
theories, the 2004 documentary Darwin’s 
Nightmare succeeded in illustrating, at 

6  Ibid, 786. 
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the very least, the degree to which eco-
logical destruction had impacted human 
communities around the Lake.  Unfor-
tunately, since that time, the situation in 
the region has only deteriorated further.  

The arrival of the Nile perch in Lake 
Victoria prompted an extensive reconfig-
uration of the local fishing economy.  In 
Mwanza, a long-time town resident and 
local NGO employee named Suitbert 
Musiba described the socioeconomic 
stratification that resulted from the local 
economy’s realignment toward more 
large-scale, commercial export fishing: 
“It has made two types of fish-
ermen—the rich and the poor.  
But before, they were all in the 
middle.”7  Indeed, those locals 
now employed with the major 
fish exporters have benefited greatly 
from the Nile perch’s presence, while 
the rest—a vast majority of lakeshore 
residents—have suffered in several 
ways.

Women and children have been hit 
hardest by the introduction; it was they 
who previously relied most heavily on 
the now-depleted cichlid fishes as both 
the primary source of protein in their diets 
and as their source of income through the 
small-scale sale of fish catches.  Unlike 
larger fish, the protein- and fat-rich 
cichlids could be harvested by women 
and children using small traps along the 

7  Suitbert Musiba, personal interview, 16 July 2006.  

shoreline.  Today, in the absence of the 
cichlids, women, desperate to feed their 
children and themselves, turn to new 
strategies.  Some have adopted the less 
lucrative trade of agriculture, already 
practiced at maximum capacity along the 
lakeshore, such that further farming will 
only contribute to environmental degra-
dation through erosion and habitat loss 
for many species.  Some women even 
opt for prostitution, bringing in small 
amounts of fish in exchange for sex and 
helping to spread the deadly HIV/AIDS 
scourge wider.  

Most important in the long run for 
the human populations reliant on Lake 
Victoria is the lack of biodiversity which 
has resulted from the cichlid decline at 
the hands of the Nile perch.  Often dis-
missed as trivial by those without a fun-
damental understanding of ecology, the 
lack of biodiversity actually presents 
a critical long-term threat to the lake.  
Its resilience to future introductions 
of exotic invasive species, infectious 
diseases that could affect certain species 
within the ecosystem, and the ability of 
the ecosystem to support the growing nu-
tritional demands of burgeoning human 
populations are all at risk as a result of 

“WOMEN AND CHILDREN HAVE BEEN 
HIT HARDEST BY THE INTRODUCTION

[OF THE NILE PERCH]”
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the drop in species diversity.  
One potential solution to the Nile 

perch’s reign of terror in Lake Victoria 
is a redefinition of fishing regulations, 
particularly those governing net usage.  
Some scientists have suggested that by 
decreasing the minimum size of holes 
permitted in gill nets, authorities could 
greatly increase the numbers of mid-
size fish being caught.8  These would 
include adolescents of the lake’s larger 
inhabitants, principally tilapia and the 
Nile perch, while having little effect on 
the smaller cichlids.  By reducing the 
numbers of medium and larger species, 
authorities could prompt a drastic decline 
in the predation of cichlids by Nile 
perch, perhaps allowing their numbers 
to rebound, while also increasing fishing 
revenues in the short- to medium-term.  
Unfortunately, the potential decline in 
catch values in the long run may prompt 
significant political opposition from 
major fish exporters, but the idea is one 
which further study may prove to be 
the savior of Lake Victoria’s dwindling 
cichlid populations.  

In the past half-century, the ecosys-
tem of Lake Victoria has suffered from a 
series of severe human-induced shocks.  
The water hyacinth and Nile perch intro-
ductions have had a significant negative 
effect on many small fishing communi-
8  Daniel E. Schindler, James F. Kitchell, and Richard 
Oguto-Ohwayo, “Ecological Consequences of Alterna-
tive Gill Net Fisheries for Nile Perch in Lake Victoria,” 
Conservation Biology 12 (Feb. 1998): 56. 

ties, particularly the more remote ones, 
which are less likely to be tied into the 
international fish export economy.  The 
increasing human population continues 
to burden the lake’s ecosystem, which 
may not long prove capable of sup-
porting such rapid growth.  In addition, 
studies performed on pollution in the 
lake show troubling results, indicat-
ing that high mercury levels—due to 
regional mining operations, soil runoff, 
and the use of skin-bleaching creams—
are likely contaminating fish.9  The 
reckless use of poisons in fishing, the 
environmentally disastrous effects of 
which are self-evident, also add toxins 
to the ecosystem which are ultimately 
consumed by humans.  

The damage of introducing several 
exotic invasive species has already 
occurred.  Coping with that damage is 
possible, however, as several successful 
programs designed to combat the hya-
cinth’s spread have shown, and as the 
gill net solution outlined above may yet 
prove as well.  As development of the 
Lake Victoria coast and its watershed 
continues at a rapid pace, such solutions 
will be required if the lake’s ecosystem 
is to remain robust enough to continue 
to support biological and human com-
munities of all sizes across the region.  

9  Linda M. Campbell, D.G. Dixon, and R.E. Hecky, 
“A Review of Mercury in Lake Victoria, East Africa: 
Implications for Human and Ecosystem Health,” Jour-
nal of Toxicology and Environmental Health, Part B: 
Critical Reviews 6.4 (July-Aug. 2003): 325. 



47

Andrew Farrand (SFS ’07) gradu-
ated in December 2006 with a degree 
in Regional and Comparative Studies.  
His concentration was in Africa and the 
Middle East, and he earned a certificate 
in Arab Studies.  Andrew submitted an 
earlier version of this paper in Ecology 
of the Great Lakes and the Savannah, 
taught by Mr. Dino J. Martins, at the St. 
Augustine University of Tanzania. 
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As the world’s most populous 
country, China has experienced rapid 
economic development in recent years, 
which has significantly affected the 
country’s energy policies.  The national 
demand for energy has continued to 
increase with industrialization and rising 
concerns about sustaining economic de-
velopment.  The resulting implications 
for energy policies have been reflected 
in recent reforms and growing emphasis 
on energy conservation since the 1980s.  
On the one hand, China’s economic 
development has prompted greater 
emphasis in energy conservation and 
renewable energy in China’s national 
energy policies.  On the other hand, 
successful design and implementation 
of an effective national energy strategy 
remain elusive for the leadership due to 
flaws in the energy policymaking and 
regulatory framework.  Thus, in order 
to continue its economic expansion and 
development, a comprehensive energy 
strategy focusing on energy supply, 
investment, efficiency, and an improved 

regulatory framework are crucial. 
The challenges in China’s current 

energy strategy are highlighted in the 
context of its linkages to economic 
growth, institutional and regulatory 
framework, and key energy policies in 
recent years.  First, a review of the initial 
economic expansion in China and related 
energy trends from the 1980s to 2000 
will reveal factors influencing the shift 
in energy policies.  Similarly, continued 
growth in the Chinese economy since its 
2001 accession to the World Trade Or-
ganization (WTO) has also impacted the 
direction of its newest energy policies.  
Despite the shift in energy policy goals, 
however, the nation’s changing insti-
tutional and regulatory framework has 
hindered the effective design and imple-
mentation of energy conservation regu-
lations.  These specific design flaws and 
challenges will be highlighted through 
assessments of several key energy 
policies.  Finally, recommendations will 
be made for an improved energy strategy 
that can help China begin to balance its 

China’s Energy Dilemma:
Balancing Economic Development 
and Energy Demand

Nina Xin Zheng
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economic growth with sustainable and 
environmentally conscious energy use.

ECONOMIC GROWTH AND ENERGY 
LINKAGES IN THE INITIAL STAGE OF 
DEVELOPMENT

Over the past three decades, China 
has experienced astounding economic 
growth and has undergone significant 
changes in its energy consumption trends.  
Since its internal economic reform and 
adoption of open door trade policies 
in the late 1970s, China has sustained 
rapid economic expansion.  As a result 
of reforms from 1978 to 1999, China’s 
GDP grew at an annual average rate of 
9.6%, while per capita income quadru-
ped in the same period.1  To sustain the 
energy requirements of initial economic 
growth, energy policies in the first stage 
of China’s economic transition focused 
on expanding national energy supply.  
More specifically, energy policies prior 
to 1980 were focused on promoting 
industrialization and development by 
subsidizing energy prices and utilizing 
a central allocation system to provide 
energy for the industrial sector.2  At the 
same time, the emergence of non-state 
actors and privatization of state-owned 
1  Karen Fisher-Vanden, “The Effects of Market Re-
forms on Structural Change: Implications for Energy 
Use and Carbon Emissions in China,” The Energy Jour-
nal 24.3 (2003): 29. 
2  Lynn Price, Ernst Worell, Jonathan Sinton, et al., “In-
dustrial Energy Efficiency Policy in China,” ACEEE 
Summer Study on Energy Efficiency in Industry, 
2001 <http://china.lbl.gov/publications/aceee_paper_
10.pdf>, 2.

enterprises helped improve total factor 
productivity and energy productivity.  In 
fact, energy intensity in terms of energy 
consumption per real GDP dramatically 
decreased by 70% from 1978 to 2000.3  
The considerable reduction in energy 
intensity resulted from economic struc-
tural changes, namely increased impor-
tance in the role of the service sector and 
a shift in industrial structure favoring the 
light industry.  Additionally, energy con-
sumption fell between 1998 and 1999 
due to the Asian Financial Crisis and its 
related decline in energy-intensive in-
dustrial output and closure of inefficient 
factories.4

In spite of reduced energy inten-
sity, rapid industrialization has greatly 
increased the energy demand of the in-
dustrial sector, the dominant player in 
energy consumption since 1980.  For 
example, industrial energy consumption 
grew from 12.5 exajoules (EJ) in 1980 
to 20 EJ in 1997 at an average annual 
rate of 5%, or five times the average 
growth of the industrial sector world-
wide.5  The industrial sector’s energy 
consumption trends are particularly in-
dicative of national trends, as the sector 
is responsible for over 70% of the total 
energy consumption in China.  The in-
dustrial need for energy in the 1990s was 

3  Fisher-Vanden, 30.
4  Philip Andrews-Speed, Energy Policy and Regula-
tion in the People’s Republic of China (London: 
Kluwer Law International, 2004) 11.
5  Price, Worell, Sinton, et al., 2. 
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further intensified by a decline in energy 
conservation investment as a propor-
tion of total energy investment.  More 
specifically, energy conservation invest-
ment dropped from a little over 10% of 
total investment in energy supply in the 
1980s to only 7% in the 1990s.6

As economic expansion accelerated 
the transition to a market-economy and 
energy demand continued to increase, 
the Chinese government initiated a 
critical shift in the focus of national 
energy policies to sustain growth.  In 
1981, the Chinese State Council issued 
its first energy reforms to address the 
rising energy needs of the expanding in-
dustrial sector.  In fact, energy policies 
in the Sixth Five-Year Plan (FYP) for 
the National Economy and Social De-
velopment were particularly significant 
in advocating new measures to balance 
energy supply with energy conserva-
tion.  Besides issuing energy intensity 
quotas for manufacturing processes 
and standards for equipment, national 
support for energy-efficient technol-
ogy and products also strengthened in 
the 1980s.7  The growing recognition of 
the importance of energy conservation 
became readily apparent in the Energy 
Conservation Law of 1997.  The broad 

6  Jonathan Sinton, Mark Levine, David Fridley, et al., 
“Status Report on Energy Efficiency Policy and Pro-
grams in China, Lawrence Berkeley National Labora-
tory, 1999, 2 Mar. 2006 <http://china.lbl.gov/publica-
tions/ee-policy-update.pdf>, 10.
7  Price, Worell, Sinton, et al., 3. 

aims of this policy included promoting 
energy conservation activities, improv-
ing energy efficiency, and increasing 
economic benefits.8  While the imple-
mentation and design challenges of 
these initial reforms will be discussed 
further, energy policies of the 1980s to 
1990s were nonetheless crucial in il-
lustrating the initial change in China’s 
energy policy making. 

RECENT ECONOMIC GROWTH 
AND CHANGES IN ENERGY POLICY 
MAKING GOALS

From its 2001 WTO accession to 
present day, China remains in a stage 
of rapid economic expansion and has 
an increasing demand for energy.  From 
2003 to 2004, China’s real GDP grew 
at a steady rate of 9.5% and margin-
ally slowed to 9.2% in 2006.9  In light 
of greater trade opportunities via the 
WTO, Business-As-Usual models 
predict that China’s annual GDP growth 
could average 9.2% through 2010.10  As 
one of largest recipients of foreign in-
vestments, China’s continued economic 
expansion has important linkages to 
its rising energy demand trends.  For 
example, continued industrialization 

8  Sinton, Levine, Fridley, et al., 1. 
9  Central Intelligence Agency, “The World Factbook: 
China,” 3 May 2006  <http://www.cia.gov/cia/publica-
tions/factbook/geos/ch.html>; Energy Information Ad-
ministration, 2005, “Country Analysis Briefs: China,” 
3 May 2006 <http://www.eia.doe.gov/emeu/cabs/china.
html>.
10  Fisher-Vanden, 52. 
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under China’s heavy industry struc-
ture, including the world’s largest iron 
and steel production industries, would 
contribute to its growing oil consump-
tion.  In reality, China’s GDP and energy 
growth trends reversed in 2000 with the 
national growth rate in energy consump-
tion exceeding its GDP growth rate.11  
This growth in energy consumption has 
been paralleled by dramatic increases in 
China’s demand for oil and coal.  First, 
with daily consumption of 6.5 million 
barrels per day in 2004, 
China became the 
world’s second largest 
consumer of petroleum 
products as oil imports 
continued to rise.12  Pro-
jections expect persistent growth in oil 
consumption with annual growth rates 
of 4% to 5% for the next two decades.13  
Second, despite a slight decline from 
1997 to 2000, coal consumption has risen 
sharply, with China responsible for 28% 
of global coal consumption in 2003.  In 
fact, coal makes up nearly two-thirds of 
China’s primary energy consumption as 
the cheapest fuel for industries, and pro-
jections expect coal demand to continue 

11  W. Jiang, “Competition or Cooperation for Energy: 
China and the North American Response,” Proceed-
ings of the Special Meeting in the China Environmental 
Forum’s Series on The Global Impact of China’s Oil 
Hunger, Woodrow Wilson International Center for 
Scholars, Washington DC, 29 Mar. 2006.
12  Energy Information Administration 
13  Y. Wu, “Deregulation and Growth in China’s Ener-
gy Sector: A Review of Recent Development,” Energy 
Policy 31.13 (2003): 1423.

growing at rates of 2% to 3% through 
2020.14 

Other sectors, like the transporta-
tion and residential sector, are expected 
to increase their energy use as well.  In 
fact, China’s relatively low per capita 
energy consumption compared to de-
veloped economies implies high growth 
potential in its energy demand.  On the 
residential side, the significant regional 
disparities in energy consumption have 
important implications for future energy 

demand.  For example, the urban resi-
dential energy per capita consumption 
of 261 kilograms of coal equivalent 
(kgce) is double that of rural per capita 
consumption while developed regions 
like Beijing and Guangdong use three 
times more electricity than undeveloped 
regions.15  Given this highly imbalanced 
energy consumption, future energy 
demand will be affected as some regions 
begin to catch up in economic develop-
ment.  Likewise, future energy demand 
will also be determined by transporta-
tion trends, specifically the expansion 
of the automobiles sector.  With private 
automobile ownership doubling from 
14  Wu, 1423. 
15  Wu, 1422.

“WITH DAILY CONSUMPTION OF 6.5 
MILLION BARRELS PER DAY IN 2004, CHINA 

BECAME THE WORLD’S SECOND LARGEST 
CONSUMER OF PETROLEUM PRODUCTS”
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1990 to 1997, the transportation sector 
is becoming a greater component of total 
energy consumption.  Its share of total 
energy consumption has increased from 
4.7% in 1992 to 7.5% in 2004.16  Hence, 
both the transportation and residential 
sector will likely contribute to increased 
energy consumption, especially in fossil 
fuels. 

In order to address concerns over its 
rapidly growing energy consumption, 
China’s two most recent FYPs have 
heavily emphasized the importance of 
increasing energy efficiency, particu-
larly in the industrial sector.  The Tenth 
FYP issued in 2001 includes new energy 
efficiency policies targeting energy 
end-use efficiency and energy produc-
tivity improvements.  Besides issuing 
new targets and goals to promote indus-
trial energy efficiency, recent policies 
stemming from the Tenth FYP have 
also recognized the need for develop-
ing and utilizing alternative energy 
sources.  Other objectives of the Tenth 
FYP include advancing clean coal tech-
nology and increasing the utilization of 
clean energy, such as natural gas, hydro-
power, and nuclear power.17  Along the 
same lines, the Eleventh FYP issued in 
2006 also includes policies to promote 
energy efficient products, conservation, 

16  William Chandler and Holly Gwin, “China’s Energy 
and Emissions: A Turning Point?,” Pacific Northwest 
National Laboratory, 2004, 24 Apr. 2006 <http://www.
pnl.gov/aisu/pubs/chandgwin.pdf>, 1.
17  Price, Worell, Sinton, et al., 5.

and development of renewable energy.18  
The government’s recent support for 
renewable energy utilization is further 
represented in adoption of the National 
Renewable Energy Development Law 
in 2006.19  China’s continued focus on 
energy conservation and efficiency is 
represented in all the energy policies 
issued since its accession to the WTO. 

INSTITUTIONAL AND REGULATORY 
FRAMEWORK FOR CHINESE ENERGY 
POLICIES 

The origins of recent energy policy 
changes in China’s economic transition 
can be traced back to its institutional and 
regulatory framework for energy policy 
making.  The authoritative framework 
for policy making in China has impor-
tant implications for the enforceability 
of national energy policies, as illustrat-
ed in later analyses of specific policies.  
In the early years of economic reform, 
national energy policy making was con-
centrated within the State Council, in the 
State Development Planning Commis-
sion (SDPC), and the State Economic 
and Trade Commission (SETC).  
Namely, SDPC was responsible for 

18  X. Chen, “Competition or Cooperation for Energy: 
China and the North American Response,” Proceed-
ings of the special meeting in the China Environmental 
Forum’s Series on The Global Impact of China’s Oil 
Hunger, Woodrow Wilson International Center for 
Scholars, Washingon DC, 29 Mar. 2006.
19  J. Lewis, “Energy and Environment in China: Op-
portunities for Renewable Energy,” Proceedings of the 
Meeting in the China Studies Group Series, George-
town University, 12 Apr. 2006.
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policy planning, while SETC formu-
lated annual plans and oversaw policy 
implementation and supervision of state 
corporations.20  On the regional level, 
various local bureaus and administra-
tions were involved in the implementa-
tion of energy reforms and policies. 

In the 1990s, however, bureaucratic 
structural reform following China’s rapid 
economic development and changing 
political economy also impacted energy 
policy making.  First, the introduction 
of a centralized Ministry of Energy re-
flected the rise of energy issues as a top 
priority for the central government.  Yet, 
the Ministry of Energy only operated for 
five years, as its functions and respon-
sibilities were returned to SETC and 
SDPC by 1993.21  Then in 1998, the reg-
ulatory functions of energy sectors were 
further fragmented between an Energy 
Bureau within the SDPC, the SETC, 
and the Ministry of Land and Natural 
Resources.22  Under this new structure, 
the SDPC remains responsible for long-
term planning, energy project approval, 
and energy pricing.  The integration of 
the Ministry of Land and Natural Re-
sources, in turn, reflects rising concerns 
about the sustainability of conventional 
energy sources in the late 1990s.  Ad-
ditionally, the continued influence of the 
SETC reflects clear linkages between 

20  Andrews-Speed, 25.
21  Andrews-Speed, 26.
22  Wu, 1419. 

economic development goals and 
energy policy making.  More recently, 
new structural changes within the 
central government in 2003 included in-
tegrating the SETC into the Ministry of 
Commerce and renaming the SDPC as 
the National Development and Reform 
Commission (NDRC) with the forma-
tion of a new Energy Bureau.23 

The continued influence of national 
economic development goals with the 
integration of SETC and NDRC in policy 
making has positively and negatively 
affected the design of energy policies.  
On the one hand, these linkages have 
helped initiate necessary shifts in the 
focus of Chinese energy policy as pre-
viously discussed.  On the other hand, 
these linkages have negatively affected 
the design of energy policies.  In the 
initial stage of economic growth prior to 
1980, for example, the energy policies’ 
sole focus on expanding supply largely 
ignored environmental and efficiency 
concerns.  While the initial reforms in 
the 1980s began emphasizing energy 
conservation, subsequent energy policies 
still focused on promoting growth of 
coal production for meeting national 
energy needs.  In fact, China achieved 
its current status as the world’s largest 
coal producer in 1989.24  Thus, the en-

23  Andrews-Speed, 26.
24  V. Smil, “China’s Energy and Resources: Con-
tinuity and Change,” ed. R Edmonds, Managing the 
Chinese Environment, (Oxford: Oxford University 
Press, 2000), 213. 
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vironmental and health effects of coal 
mining and combustion, as exhibited 
by rising sulfur dioxide emissions and 
widespread acid rain, were disregarded 
in the formulation of China’s earlier 
energy policies. 

More recently, the “government-
guided pricing” or public tendering 
track of determining wind concessions 
and wind energy prices have delayed 

the development of renewable energy 
in China.  Namely, this process is based 
on a government-run auction for the 
right to develop projects at pre-selected 
wind concession sites.  In the case of 
wind turbine projects, auction partici-
pants must also be able to manufacture 
70% content in the locality of the site.25  
While the public tendering track and 
locality requirement are intended to help 
promote development of local renew-
able industries, both pose as limitations 
to China’s development of wind power.  
First, the resulting price from the auction 
may not be reflective of manufacturing 
costs because large companies can bid 
at lower, non-profitable prices in order 

25  Lewis.

to gain market entry.  Similarly, the 70% 
local content requirement also favors 
large, established players in the industry 
and may delay the installation of re-
newable power by limiting the number 
of participating companies.  This has 
been demonstrated in the case of wind 
power, in which only two large compa-
nies, the Chinese-owned manufacturer 
Goldwind and U.S.-owned General 

Electric Company, have 
been able to meet the 70% 
local content requirement.26  
In fact, this requirement is 
currently limiting develop-
ment of wind turbines, with 
a wide disparity between the 

maximum production capacity of these 
two companies and China’s targets for 
future wind power production.  Conse-
quently, the government’s recent attempt 
to use renewable energy policies to help 
develop local industries is economically 
inefficient and delaying nationwide de-
velopment of wind power. 

Besides the negative impacts of 
China’s institutional framework on 
policy design, the continually changing 
government structure has also limited 
the enforceability and implementation 
of energy policies.  For example, the 
removal of a consolidated Ministry of 
Energy in 1993 not only reduces the 
authority of energy regulation as a min-

26  Lewis.

“THE CHINESE-OWNED MANUFACTURER 
GOLDWIND AND U.S.-OWNED GENERAL 
ELECTRIC COMPANY, HAVE BEEN ABLE 
TO MEET THE 70% LOCAL CONTENT 
REQUIREMENT.”
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isterial body, but also greatly fragments 
regulatory functions.  Jurisdictional co-
ordination is further hindered by divided 
responsibilities for energy policy making 
and regulation at the state level, as well 
as the addition of numerous other local 
bureaus and administrations in policy 
implementation on the regional level.  
The ultimate lack of cohesiveness in 
energy policy making and implemen-
tation has prevented the formation 
of a comprehensive national energy 
strategy.  Likewise, it also limits the 
use of market-oriented mechanisms that 
require coordination across government 
levels, such as energy prices reflective 
of externalities and restructured tax and 
fiscal policy.

SUCCESSES AND CHALLENGES 
OF RECENT ENERGY POLICIES

While the Energy Conservation 
Law (ECL) of 1997 is significant as 
one of the first national policies focused 
on energy conservation and efficiency, 
inherent design flaws and implementa-
tion challenges have limited its success.  
The ECL was approved on November 1, 
1997, amidst China’s rapid economic ex-
pansion, and went into effect in January 
1998.  By promoting energy conserva-
tion and efficiency, the ECL intends 
to “protect the environment, ensure 
economic and social development, and 

meet the needs of people’s livelihood.”27  
More specifically, it advocates govern-
ment responsibilities in encouraging 
energy efficiency and renewable energy, 
incorporating energy conservation 
policy into national development plans, 
and increasing propaganda and educa-
tional activities on energy conserva-
tion.  In conjunction with the ECL, the 
SETC also issued a list of inefficient, 
energy-intensive equipment that should 
be retired in 1998.28  However, closer 
analysis undermines the significance of 
this effort, as the SETC’s most recent 
list is identical to many previous lists 
that have yet to be implemented. 

Overall, codification of the ECL is 
another challenge, as the law is written 
broadly and does not provide compre-
hensive guidance for implementing 
policy targets.  Rather, specific regula-
tions and methods for enforcement are 
left to the discretion of central and local 
governments.29  This becomes especially 
problematic at the regional level, where 
provincial administrations independent-
ly formulate and implement regionalized 
policies.  Besides the fragmented nature 
of regionalized policies and associated 
problems with formulating a cohesive 
national strategy, the regional disparities 
in resources and development also prove 
detrimental.  For undeveloped regions, 

27  Sinton, Levine, Fridley, et al., 1.
28  Ibid.
29  Ibid. 



56

several obstacles hamper the formulation 
and implementation of effective energy 
conservation policies.  First, the provin-
cial administration may lack experience 
or personnel for developing an effective 
energy policy.  Second, some provincial 
administrations may be only concerned 
with regional economic development 
and not inclined to promote energy ef-
ficiency if it is costly.  Thus, the local 
government’s commitment to energy 

conservation can directly influence the 
effectiveness of its local regulations.  The 
ineffectiveness of the ECL was evident 
by 2001, with only three provincial 
administrations—Shangdong, Zhejiang 
and Shanghai—having formulated and 
implemented regulations.30  Moreover, 
reviews of these regional regulations 
have revealed weaknesses in the use 
of vague and ambitious language with 
insufficient detail on practical issues 
like enforcement.31  Like the ECL itself, 
30  Jonathan Sinton, Rachel Stern, Nathaniel Aden, et 
al., “Evaluation of China’s Energy Strategy Options,” 
Lawrence Berkeley National Laboratory, 2005, 2 Mar. 
2006 <http://china.lbl.gov/publications/nesp.pdf>, 2.
31  A. Wang, “A Comparative Analysis of the 1997 En-
ergy Conservation Law of China and the Implementing 
Regulations of Shandong, Zhejiang, and Shanghai,” 

these regionalized regulations lack clear 
divisions of local governmental respon-
sibility.  Consequently, while the ECL 
is a notable first effort to address issues 
with rising energy demand in China, its 
successes have been greatly limited. 

The energy policies issued in the 
2001 Tenth FYP have attempted to 
address some of the challenges with the 
ECL, such as overly broad goals and 
a divergence between national energy 

goals and regional policy implemen-
tation.  In particular, the new energy 
efficiency policies and regulations 
were intended to support the ECL 
at regional levels.  For example, the 
drafting process of this plan took 
regional concerns and differences 
into consideration.  By consulting 

sectoral and provincial authorities in the 
drafting process, the Energy Research 
Institute aimed to build consensus and 
support for the new policies while 
ensuring practical targets.32  The Tenth 
FYP was also noteworthy in recogniz-
ing the importance of clean energy, 
especially clean coal technology, as 
a principal objective.  Nonetheless, 
despite improvements in designing 
the Tenth FYP energy policies, several 
key problems still remain in improving 
industrial efficiency.  There are diverse 
policies and projects included to help 

Natural Resources Defense Council, 1999, 1 Mar. 2006 
<http://www.pnl.gov/china/comparative.pdf>.
32  Sinton, Levine, Fridley, et al., 4. 

“REVIEWS OF THESE REGIONAL 
REGULATIONS HAVE REVEALED 
WEAKNESSES IN THE USE OF VAGUE 
AND AMBITIOUS LANGUAGE WITH 
INSUFFICIENT DETAIL ON 
PRACTICAL ISSUES”
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improve efficiency, but a comprehensive 
national policy for industrial energy ef-
ficiency has not been developed.  Along 
the same lines, targets for decreased 
energy consumption by key energy-in-
tensive industries like synthetic fabrics 
and oil refinery industries are not 
mandatory, but simply recommended.33  
Lastly, successful implementation and 
enforcement of the regional regulations 
are still subject to the influence of local 
administrations. 

Most recently, energy policies issued 
with the 11th FYP in 2006 continues to 
embody the goals of promoting energy 
efficiency and development of renewable 
energy.  Some of the specific policies 
for increasing energy efficiency include 
government procurement of energy 
efficient products and sector-specific 
voluntary agreements for energy con-
servation.  Additionally, the plan calls 
for development of renewable energy 
technology in biomass generation, solar 
and wind power, and increasing market 
demand for renewable energy through 
collaboration between the government 
and market players.34  The most notable 
change in the 11th FYP is a specific 
national target for reducing energy in-
tensity, namely a 20% reduction from 
current levels by 2010.35  While this 
target could be useful as a benchmark for 

33  Price, Worell, Sinton, et al., 5.
34  Chandler and Gwin, 2. 
35  Chen.

measuring nationwide energy conserva-
tion efforts, energy analysts believe that 
it is too ambitious and impractical.  In 
fact, a substantial reduction of 13% in 
annual energy consumption is necessary 
for meeting the 20% energy intensity 
reduction target.36  However, this is not 
currently realistic because there are few 
incentives for change at the local level, 
and conflicted interests between local 
economic growth and energy conserva-
tion still exist.  Therefore, without an 
alignment of local interests with national 
energy goals, implementation of energy 
conservation policies will remain chal-
lenging, and considerable reductions in 
energy intensity will be unlikely. 

From the more optimistic perspec-
tive, the newly introduced policy target-
ing energy consumption reductions in the 
transportation sector appears promising.  
This policy is based on the U.S. Cor-
porate Average Fuel Economy (CAFE) 
standards and on the way to being fully 
implemented by 2008.  In particular, this 
policy aims to ban fuel-inefficient sports 
utility vehicles and require improve-
ments in fuel economy above the U.S. 
passenger car levels.37  If the Chinese 
CAFE standards are successfully imple-
mented, they will increase the fleet fuel 
economy of Chinese automobiles to 
32.5 miles per gallon.  Not only are these 

36  Chen.
37  Chandler and Gwin, 2.  
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CAFE standards five miles per gallon 
higher than the U.S. standards, but they 
will also help address current problems 
with China’s increasing oil demand.  By 
targeting one specific expanding sector 
with energy conservation and efficiency 
measures, the CAFE standards have po-
tential to become one of China’s more 
successful energy policies to date.  

RECOMMENDATIONS FOR AN 
EFFECTIVE ENERGY STRATEGY

Based on China’s recent challenges 
with designing and implementing effec-
tive energy policies to address its rising 
demand for energy, a necessary overall 
energy strategy would focus on energy 
supply, investment, and efficiency.  First, 
promoting cleaner and more efficient 
alternative and renewable energy would 
help alleviate the current concerns over 
rising oil and coal demand.  Second, in-
creasing energy investment would help 
address the environmental concerns 
associated with China’s high energy 
consumption, as well as build the infra-
structure needed for energy conserva-
tion and efficiency.  Third, renewing 
efforts to improve energy efficiency 
and revising conservation laws would 
further allow China to balance its rising 
energy consumption with sustainable 
development. 

To ensure sufficient energy for 
consumption, China must diversify its 

energy supply by focusing on the de-
velopment of cleaner and more efficient 
alternative energy.  While natural gas 
currently only consists of 3% of China’s 
total energy consumption, its consump-
tion is expected to double by 2010.38  In 
fact, various major pipeline projects for 
extracting China’s natural gas reserves 
in the North and Central regions have 
already been initiated.  However, 
growth of the natural gas market is 
currently hindered by the absence of a 
unified regulatory system, as current 
prices are mainly based on local regula-
tions.  Therefore, a new legal framework 
with competitive pricing for the natural 
gas sector is necessary to promote its 
expansion as an environment-friendly 
alternative to coal and oil.39  With 
China’s continued transition to a market 
economy, the current oil pricing system 
also needs to be restructured to better 
reflect regional differences in cost.  By 
switching from government-set prices 
to market-based prices, local supply and 
demand for oil will be taken into consid-
eration in subsequent price differences.40  
Coupled with consistent implementation 
of the CAFE standards, China’s increas-
ing oil dependence will likely decrease. 

With regard to developing renew-
able energy, aggressive implementation 
of the 2005 National Renewable Energy 

38  Energy Information Administration.
39  Sinton, Stern, Aden, et al., 12. 
40  Sinton, Stern, Aden, et al., 14.
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Development Law amongst rural off-
grid and grid-connected users must be 
a national priority.  Furthermore, a shift 
away from the current public tender-
ing track of wind concessions and the 
adoption of a technology-specific feed-
in tariff could instead address existing 
challenges by accurately reflecting tech-
nology costs and inducing innovation.  
Under this alternative system, local 
transmission companies would buy 
fixed amounts of power at government 
negotiated prices that are often 
based on technology cost and 
“reasonable profit.”41  Through 
development of natural gas 
and other renewable energy, 
China’s current energy supply 
can be strengthened and expanded. 

In addition to restructuring China’s 
energy supply, increased energy invest-
ment is crucial to building the founda-
tion for a sustainable energy strategy.  
On the one hand, the availability of 
low-cost loans for financing renewable 
projects can help accelerate the devel-
opment of renewable energy, especially 
with the high initial capital investment 
needed for renewable technology.42  
Similarly, low-cost finance can also be 
utilized to facilitate installation of clean 
coal technology.  On the other hand, the 
government should strive to use direct 
foreign investment to help meet its envi-
41  Lewis 2006; Sinton, Stern, Aden, et al., 18.  
42  Sinton, Stern, Aden, et al., 8.  

ronmental goals, such as through Clean 
Development Mechanism projects.  
Lastly, continued investment in energy 
efficiency, infrastructure, and environ-
mental protection would also help make 
the FYP energy targets more feasible. 

As emphasized in the two most 
recent FYPs, improving energy ef-
ficiency and conservation would yield 
considerable benefits for China’s current 
energy system.  This would require 
continuing to target the energy con-

sumption trends of the energy-intensive 
industrial sector.  While the government 
has recognized the importance of tailor-
ing policy to specific industries in the 
Tenth FYP, its recommended targets for 
energy intensity reduction are not suf-
ficient.  Instead, it should use price and 
tax incentives, as well as public-private 
research and development partnerships, 
to help specific industries develop the 
tools needed to reduce energy inten-
sity.43  For the utilities sector, fostering 
more energy service companies (ESCO) 
would induce electricity conservation 
improvements in a sector that could 
yield some of the greatest benefits.44  By 
43  Sinton, Stern, Aden, et al., 10.
44  Sinton, Stern, Aden, et al., 11. 

“INCREASED ENERGY INVESTMENT IS 
CRUCIAL TO BUILDING THE FOUNDATION 

FOR A SUSTAINABLE ENERGY 
STRATEGY.” 



signing contracts with energy consumers 
to decrease energy use and subsequently 
paid based on the actual savings, ESCO’s 
focuses on promoting energy services 
rather than energy products.  Through 
this new approach, utilities can benefit 
not only from selling energy, but also 
from reducing demand, and thus become 
more motivated to support energy con-
servation efforts.  Finally, revisions to 
increase the ECL’s effectiveness could 
include greater funding and resources 
for supporting conservation agencies, 
specific and consistent punishments for 
violators, and market incentives like tax 
reductions and peak electricity pricing 
to induce compliance.

CONCLUSIONS

Through the past forty years, China 
has undergone astonishing economic 
growth and changes to its energy con-
sumption trends, both of which are 
reflected in national energy policies.  
Alongside its rapid economic devel-
opment, the focus of Chinese energy 
policies has shifted in response to 
increasing national energy demand, 
especially from the industrial sector.  
However, continued coupling of energy 
policy priorities with economic growth 
in a changing political economy has led 
to flaws in the design and implementa-
tion of energy policies from the 1980s 
to the present.  In fact, closer analysis 

of major energy regulations in recent 
years has illustrated both incremental 
improvements and continual challenges 
in Chinese energy policy making.  To 
sustain the current economic expan-
sion and development, both an effec-
tive energy strategy and substantial 
improvements are needed to strengthen 
China’s regulatory framework for 
energy policies.  Through new ap-
proaches to energy supply, investment, 
and efficiency, China can develop the 
comprehensive energy strategy needed 
for truly sustainable development. 
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Environment constructed, transformed
Scattering timepieces amidst the palazzo
Origin ambiguous and purpose unknown
Incinerated remnants, seared in a moment
Still recognizable amidst the chaos

Pulled from the Earth and exposed to man
Wood, tree, paper, tree, cardboard, tree
Left behind, burnt, carefully placed
Premeditated purpose piled on high
Wandering by, quizzically avoided
Misunderstood in an unfamiliar realm

Hand motion to move, action to take
No one to blame, save but the memory
Rewind the watch and safeguard the future
Renewable purpose separate from ash
Questions of uncertainty fettered away

Vintage ideas touch grainy incentives
Indecision fighting with contrasting change
Collision of thoughts unable to bear
Stop, look, walk or take

Taylor Whitten (SFS Winter ’07) majored in 
Science, Technology, and International Af-
fairs with a concentration in International 
Health.  She was inspired to write this poem 
by a scene in the alleyways of Venice, Italy.

Fragments and Frames
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The Edwards Aquifer is the primary 
source of water for two million people 
in the San Antonio area, as well as a 
major resource for agriculture, industry, 
recreation, tourism, and a number of 
endangered species.1  Despite its huge 
capacity, human use has previously 
exceeded the ability of the aquifer to 
recharge,2 threatening all of its uses as 
well as the existence of several species.  
While the situation regarding the aquifer 
remains contentious, nothing justifies the 
San Antonio region lacking an adequate 
water supply or taking sufficient spring 
flow from downstream human users 
or other dependent species.  In order 
to demonstrate how the San Antonio 
1  David W. Watkins Jr. and Daene C. McKinney, 
“Screening Water Supply Options for the Edwards 
Aquifer Region in Central Texas,” Journal of Water 
Resources Planning and Management (Jan./Feb. 1999): 
14; John M. Sharp and Jay L. Banner, “The Edwards 
Aquifer: Water for Thirsty Texans,” The Earth Around 
Us: Maintaining a Livable Planet, ed. Jill S. Schneider-
man (New York: W.H. Freeman and Company, 2000) 
156.
2  Average recharge is about 651,000 acre-feet/yr, 
though the average is of questionable usefulness due to 
the extreme variation in rainfall from year to year; the 
highest well withdrawal of 542,400 acre-feet in 1989, 
combined with the natural withdrawal due to spring 
flow, is over the long-term ability of the aquifer to with-
stand (6, 8).

region can both have and preserve an 
adequate water supply, I will examine 
the geological formation of the aquifer, 
the supply to and demand on the aquifer, 
and the environmental issues relating to 
it.  I will then explore the legal frame-
work surrounding the aquifer as well as 
the impact of urbanization and growth.  
Finally, I will give calculations of the 
total input versus output of the aquifer 
and suggest the possible ways of obtain-
ing the shortfall in supply for demand 
identified.

THE EDWARDS AQUIFER

An aquifer is made of porous and 
permeable sand, soil, or rock and is able 
to provide adequate quality water in 
usable amounts.  The Edwards Aquifer 
is primarily Edwards limestone but 
includes other Early Cretaceous lime-
stone.  It generally consists of all rocks 
between the underlying Glen Rose lime-
stone and the overlying Del Rio clay, 
except in areas where the clay is eroded 
and the aquifer is directly exposed.3  The 
3  Sharp and Banner (2000), 156; John M. Sharp Jr. and 
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Glen Rose and particularly the Del Rio 
formations are relatively impermeable 
compared to the confined rock, which 
prevents surface water from penetrating 
the aquifer.4 

The Edwards Aquifer was formed 
approximately 100 million years ago 
when the area was covered intermittently 
by a shallow sea, resulting in the deposi-
tion of many animal remains.  Over time 
the remains of one of these animals, rud-
istids, formed reef-like masses, which 
became limestone with high primary 
porosity.5  Increased porosity resulted 
when the area was not covered by the 
sea, and air eroded the exposed deposits.  
When the sea receded for the final time 
about 65 million years ago, soluble rocks 
such as gypsum dissolved by precipita-
tion, leaving a great amount of secondary 
porosity.6  Over time a variety of other 
rocks covered the limestone, including 
Del Rio clay primarily deposited from 
Mexican volcanoes.7

The aquifer includes three zones, 
each with a different function.  The con-
tributing or catchment zone is an area of 
relatively nonporous limestone, mostly 
Jay L. Banner, “The Edwards Aquifer: A Resource in 
Conflict,” GSA Today 8. (Aug. 1997): 4; “Hydrology,” 
Edwards Aquifer Research & Data Center, 3 Dec. 2006 
<http://www.eardc.txstate.edu/hydrology>.
4  Sharp and Banner (2000), 157.
5  Sharp and Banner (2000), 157; Gregg Eckhardt, 
“Hydrogeology of the Edwards Aquifer,” The Edwards 
Aquifer, 3 Dec. 2006 <http://www.edwardsaquifer.net/
geology.html>; Sharp and Banner (1997), 4.
6  Sharp and Banner (2000), 158; Sharp and Banner 
(1997), 4.
7  Eckhardt, “Hydrogeology of the Edwards Aquifer.”

woodlands, with about 30 inches of 
average rainfall that runs as surface water 
or a shallow water table to the recharge 
zone.8  The recharge zone consists of 
an unconfined aquifer of highly faulted 
and fractured limestone that captures 
draining water, often extremely rapidly 
from losing streams, and which feeds 
the underground portion of the aquifer.9  
The force of this water places existing 
water under great pressure, forming the 
artesian zone, commonly thought of as 
the aquifer proper.  Here the pressure 
forces the water out of the ground in 
springs or drilled wells.10

The Edwards Aquifer and its catch-
ments total 8,000 square miles, stretch-
ing over 160 miles at a width between 
5 and 40 miles and a thickness of 300 
to 700 feet.11  It is bounded by less 
porous rock on the north and west, by 
the Rio Grande on the southwest, and 
by the bad water zone on the southeast, 
where seawater intrusion causes salinity 
greater than 1,000 ppm.12  Widespread 
faulting divides the aquifer into three 
large and many smaller, disconnected 
geographical zones.  The largest zone 

8  Gregg Eckhardt, “Introduction to the Edwards Aqui-
fer,” The Edwards Aquifer, 3 Dec. 2006 <http://www.
edwardsaquifer.net/geology.html>.
9  Ibid.
10  Ibid; the pressure has declined in recent years, and 
most wells now require pumps.
11  Elaine Robbins, “Teed Off Over the Aquifer,” Plan-
ning (American Planning Association: Feb. 2006) 35; 
Eckhardt, “Introduction to the Edwards Aquifer.”
12  Sharp and Banner (2000), 159; Sharp and Banner 
(1997), 3.
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lies under San Antonio and is the main 
area in question concerning water supply 
issues.13

Precipitation, mostly via losing 
streams,14 ultimately feeds the aquifer 
in addition to cross-formational flow, 
leakage from human piping, direct pre-
cipitation on the recharge zone, and 
saline water movement across the bad 
water line.15  This recharge combines 
to make the Edwards Aquifer by far the 
largest usable water resource in the San 
Antonio area, a region limited by its 
extremely irregular rainfall (averaging 
annually only 20 inches) and by intense 
storms and long dry spells.16  Other water 
resources are very scarce and relatively 
expensive to exploit compared to the 
extreme economy of aquifer water.

WATER IN DANGER

Due to low water availability 
and the high quality of aquifer water, 
13  Sharp and Banner (1997), 3; Sharp and Banner 
(2000), 159.
14  About 80% of the total feed to the aquifer, up to 
10%, is from cross formational flow, and the rest make 
up the remaining 10%; it is very rare for an aquifer to 
be supplied in such great proportion by losing streams 
(Eckhardt, “Introduction to the Edwards Aquifer”; 
Sharp and Banner (2000), 158-159).
15  Sharp and Banner (1997), 4; Eckhardt, “Introduc-
tion to the Edwards Aquifer”; Sharp and Banner (2000), 
155, 158-159; “Hydrology.”
16  Sharp and Banner (2000), 154-155.

Edwards Aquifer’s springs determined 
the location of San Antonio and many 
other settlements in the area.17  Until 

recently, San Antonio was 
the largest city in the world 
supplied solely by an aquifer.18  
However, the aquifer alone 
may not be able to supply 

the region’s rapidly growing demand.19  
Total annual pumping is approaching 
the recharge rate, resulting in a greater 
sensitivity to even mild droughts, which 
could make the natural springs run dry.20  
In addition to the importance of springs 
in the immediate area, the water supplied 
to streams via springs is of great impor-
tance downstream for the water supply 
of Corpus Christi, as well as recreation 
and tourism sites; the bay ecosystems in 
the Gulf of Mexico also depend on fresh 
water flows from the springs.21

Two primary environmental 
concerns affect Edwards Aquifer: endan-
gered species and pollution.  A number 
of species have specially adapted to live 
in the aquifer and its springs, including 
fish, salamanders, beetles, and Texas 
wild rice, so that the aquifer is known as 
the most diverse groundwater system.22  

17  Sharp and Banner (2000), 156, 160.
18  Sharp and Banner (2000), 160; Robbins, 35.
19  The San Antonio-Austin area is expected to double 
in population between 2001 and 2025 (Sharp and Ban-
ner (2000), 156).
20  Watkins and McKinney, 14.
21  Sharp and Banner (2000), 160; Robbins, 35; Wat-
kins and McKinney, 14; Sharp and Banner (1997), 1-2.
22  Sharp and Banner (2000), 160-161; “Threatened 
and Endangered Species in the Edwards Aquifer Sys-

“TWO PRIMARY ENVIRONMENTAL 
CONCERNS AFFECT EDWARDS AQUIFER: 
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However, if too much water is with-
drawn through wells, especially during 
a drought, the springs may dry up, de-
stroying habitats and possibly causing 
extinctions, particularly of the species 
living in the springs.23

The confining Del Rio clay prevents 
the bulk of pollution from reaching the 
aquifer, so this is a less critical concern 
so far.  However, if pollution were to 
contaminate through the clay, it would 
quickly spread due to the aquifer’s ex-
tremely high porosity, and the aquifer 
would be very difficult if not impos-
sible to clean.24  One could treat the 
polluted water after extracting it for 
drinking, but that would not help the 
downstream users of the spring water, 
users with private wells, or communi-
ties too small to afford water treatment 
facilities.25  Fortunately, water quality 
remains good,26 despite the detection of 
trace amounts of man-made chemicals 
far below danger levels.27  The area is 
fortunate to have little heavy industry to 
cause large-scale pollution, but a poten-
tial source of pollutants are those people 

tem,” Edwards Aquifer Research & Data Center, 3 Dec. 
2006 <http://www.eardc.txstate.edu/endangered.html>.
23  Gregg Eckhardt, “Frequently Asked Questions,” 
The Edwards Aquifer, 3 Dec. 2006 <http://www.
edwardsaquifer.net/faqs.html>.
24  Robbins, 35.
25  Robbins, 37.
26  There are very high dissolved ion concentrations, 
due to the amount of time (averaging 200 years) spent 
in contact with minerals, but not to a dangerous level in 
most cases (Eckhardt, “Hydrogeology of the Edwards 
Aquifer”).
27  Robbins, 35.

living in the catchment zone who do 
not use the aquifer themselves.  They 
have little incentive to be careful in their 
waste disposal activities but directly 
contribute to the aquifer’s inputs, and 
so they must be considered before they 
become a major problem.28

THE ROLE OF SOCIETY

The legal climate in Texas has not 
been conducive to wise management of 
the aquifer until recently; in the 1800s, 
courts ruled that groundwater move-
ments were unknowable and the realm 
of the occult, setting a precedent that 
impeded legislation governing its use 
for over a century.29  Surface water 
was owned by the state and subject to 
intense regulation, but groundwater was 
subject to the “rule of capture,” whereby 
it belonged to the landowner, who could 
extract as much as could be put to “ben-
eficial use.”30  In 1991, the Sierra Club 
filed a lawsuit under the Endangered 
Species Act against the US Fish and 
Wildlife Service asserting that it was not 
adequately ensuring spring flow from 
the Edwards to safeguard several endan-
gered species.  The judge ordered Texas 
to maintain adequate spring flows and 
28  Eckhardt, “Hydrogeology of the Edwards Aquifer.”
29  Gregg Eckhardt, “Laws and Regulations Applicable 
to the Edwards Aquifer,” The Edwards Aquifer, 3 Dec. 
2006 <http://www.edwardsaquifer.net/rules.html>.
30  Sharp and Banner (1997), 7; Sharp and Banner 
(2000), 160. In 1991, this resulted in the construction of 
a fish farm on the Edwards that used as much water as 
¼ the population of San Antonio (Eckhardt, “Laws and 
Regulations Applicable to the Edwards Aquifer”).
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to set a long-term well withdrawal limit 
of 400,000 acre-feet/year.31  As a result, 
the Edwards Aquifer Authority was 
formed,32 the “rule of capture” ended in 
the Edwards area,33 and a legal frame-
work of permits was set up to limit water 
withdrawal.34  Today the San Antonio 
Water Supply (SAWS) is the other major 
regulatory agency for the aquifer; it has 
authority over only a small portion of 
the actual catchments, but controls the 
bulk of its supply to consumers.35

Recently, greater development in the 
area has adversely affected the aquifer.  
Most importantly the demand placed on 
the aquifer, including for such wasteful 
activities as lawn and golf course irriga-
tion, has increased.36  Despite the fairly 
minor role of agriculture in the area, ir-
rigation of crops has consumed a signif-
icant portion of the water withdrawn.37  
Development in the recharge zone has 
increased areas covered by imperme-
able surfaces, decreasing recharge to the 
aquifer.  However, developers are eager 
to capitalize on the rapid growth in the 
area, and instead of limiting effects on 
31  Eckhardt, “Laws and Regulations Applicable to the 
Edwards Aquifer.”
32  It replaced the 1959 Edwards Underground Water 
District, which had no authority and was primarily a 
data collection agency (Eckhardt, “Laws and Regula-
tions Applicable to the Edwards Aquifer”).
33  It continues throughout the rest of the state.
34  Ibid. To 450,000 acre-feet/year initially, and 400,000 
by 2008
35  Robbins, 37.
36 Gregg Eckhardt, “Conservation,” The Edwards 
Aquifer, 3 Dec. 2006 <http://www.edwardsaquifer.net/
conservation.html>.
37  Sharp and Banner (2000),160.

the aquifer, the government provides tax 
incentives for greater development in 
the recharge zone.38

THE FUTURE

The Edwards Aquifer itself contains 
about 175,000,000 acre-feet of water, 
but only about 22,000,000 to 55,000,000 
are in connected pore spaces and there-
fore accessible.  If the goal is to keep the 
springs flowing, about 90-95% of that 
cannot be used, leaving only 1,100,000 
to 5,500,000 acre-feet, some of which 
must be withdrawn by the springs them-
selves.39  Given the average available 
supply and recharge of 651,000 acre-
feet/year, by 2050 the shortfall should 
be about 600,000 acre-feet/year.  If the 
springs were disregarded, the aquifer 
alone would suffice, but due to the law 
and the disastrous effects if the springs 
were to run dry permanently, alterna-
tives must be found to provide water to 
the San Antonio region.40

A variety of methods is possible for 
increasing the supply of water to San 
Antonio and can generally be divided 
into four categories.  The first method’s 
aim to reduce the demand for fresh 
water.  The simplest method, though un-
popular, is to use the market and raise 
prices for water; higher prices could 
cause people to take actions to reduce 

38  Robbins, 35.
39  Eckhardt, “Frequently Asked Questions.”
40  Ibid.
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their consumption.  For example, one 
could use a different type of landscap-
ing than irrigation-intensive grass.41  
Another option, for which San Antonio 
has been a pioneer, is to reuse water that 
has become non-potable for irrigation or 
cooling of power plants.42  
Furthermore, San Antonio 
has a very effective conser-
vation program.  Improv-
ing water usage efficiency, 
particularly in irrigation and plumbing, 
can save money and water for the user 
once the capital costs are ameliorated.43

The second general method is to 
store surplus water for use in dry periods.  
Reservoirs are the simplest method but 
are impractical in the Edwards region 
due to the lack of valleys suitable for 
damming.44  Some have considered 
overfilling the aquifer, but due to its rela-
tively high rate of flow, any excess water 
would be withdrawn naturally within 
several years, making the technique 
useless during long droughts.45  The 
reverse of this method is to withdraw 
more than the aquifer can support on 
a short-term basis, and rely on future 

41  Sharp and Banner (2000), 163; Eckhardt, “Conser-
vation.”
42  Sharp and Banner (2000), 162; Gregg Eckhardt, 
“Using Recycled Edwards Water,” The Edwards Aqui-
fer, 3 Dec. 2006 <http://www.edwardsaquifer.net/reuse.
html>.
43  Per capita usage was down to 133 gal/day in 2001 
from 225 in 1984 (Robbins, 34; Watkins & McKinney, 
15; Eckhardt, “Conservation”).
44  Sharp and Banner (2000), 162.
45  Eckhardt, “Frequently Asked Questions.”

precipitation to refill it.  However, no 
proof suggests that the aquifer is able to 
recharge in a timely fashion when drawn 
down so low; this method is unpredict-
able, and it will probably have detrimen-
tal effects on downstream ecosystems.46  

Other parts of the country have success-
fully injected water into sand aquifers 
and retrieved it as needed, but those 
aquifers are much less permeable than 
the Edwards and do not suffer evapora-
tion the way reservoirs do.47

The third category of methods 
consists of those that would increase 
the recharge of the aquifer, allowing 
more water to be withdrawn.  The most 
straightforward way is to prevent de-
velopment that decreases the recharge 
rate; to this end, SAWS has been 
buying property in the recharge zone, 
but the area is very large, and the land 
is growing increasingly expensive due 
to development.48  Another possibility 
is the construction of recharge dams in 
the recharge zone, which would retain 
water during large storm events and give 
the water greater time to seep into the 

46  Ibid.
47  Gregg Eckhardt, “Aquifer Storage and Recovery,” 
The Edwards Aquifer, 3 Dec. 2006 <http://www.ed-
wardsaquifer.net/asr.html>.
48  Robbins, 37.

“IMPROVING WATER USAGE EFFICIENCY, 
PARTICULARLY IN IRRIGATION AND 

PLUMBING, CAN SAVE MONEY AND WATER”
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aquifer.49  This method may be feasible 
with further study; however, such con-
struction presently requires substantial 
quantities of land, is not cheap, and 
has uncertain environmental impacts.50  
Two less likely mechanisms are brush 
management, whereby the vegetation in 
the catchments is modified to increase 
runoff, and cloud seeding, where rain 
clouds are made more likely to form, 
increasing precipitation and, therefore, 
recharge.  Brush management, however, 
has uncertain benefits and many environ-
mental problems,51 and cloud seeding is 
of questionable effectiveness.52

The final category of methods 
involves drawing water from alternate 
supplies.  San Antonio has begun con-
struction on a pipeline to the Colorado 
River, which could provide nearly as 
much water as the city currently with-
draws from the aquifer.53  However, the 
project will cost $1 billion, and the po-
tential environmental impacts have not 

49  The reason the aquifer does not fill more quickly 
during these storms is because the gaps through which 
the water must flow to enter the aquifer are fairly small 
and fill rapidly, letting the rest of the precipitation run-
off and often creating flash floods (Gregg Eckhardt, 
“Recharge Dams,” The Edwards Aquifer, 3 Dec. 2006 
<http://www.edwardsaquifer.net/recharge.html>).
50  Ibid.
51  Gregg Eckhardt, “Brush Management,” The Ed-
wards Aquifer, 3 Dec. 2006 <http://www.edwardsaqui-
fer.net/brush.html>.
52  Gregg Eckhardt, “Cloud Seeding” The Edwards 
Aquifer, 3 Dec. 2006 <http://www.edwardsaquifer.net/
cloudseeding.html.>
53  150,000 acre-feet/year through the pipeline (Rob-
bins (2006): 34; Gregg Eckhardt, “The Colorado Riv-
er,” The Edwards Aquifer, 3 Dec. 2006 <http://www.
edwardsaquifer.net/colorado.html>).

yet been fully studied.54  The Trinity 
Aquifer, north of the San Antonio area, 
is a major source of water for the Hill 
Country and still operates under the rule 
of capture.  SAWS is already buying 
1,500 acre-feet/year from the Trinity, 
the first non-Edwards water supplied to 
San Antonio, and it may increase that 
amount in the future.55  Finally, desali-
nation using new membrane techniques, 
as well as brackish groundwater from 
the bad water zone (which has one-
tenth the salinity of seawater), may be 
an option.  Desalination is advantageous 
because  a supply remains available 
during droughts.56

Clearly, considerable compromises 
must be made regarding the future use of 
the Edwards Aquifer if it is to remain a 
viable source for all of its beneficiaries, 
including those on the water and down-
stream, human and otherwise.  Fortu-
nately, these problems are by no means 
insurmountable; with proper planning 
and some consideration for all the tightly 
interwoven factors involved, a satisfac-
tory solution upon which all parties can 
agree is almost certainly possible.

54  Eckhardt, “The Colorado River;” Robbins (2006): 
34; Gregg Eckhardt, “Canyon Lake and the Guadalupe 
River,” The Edwards Aquifer, 3 Dec. 2006 <http://
www.edwardsaquifer.net/canyon.html>.
55  Gregg Eckhardt, “The Trinity Aquifer,” The Ed-
wards Aquifer, 3 Dec. 2006 <http://www.edwardsaqui-
fer.net/trinity.html>.
56  Sharp and Banner (2000), 162; Robbins, 34; Gregg 
Eckhardt, “Desalination” The Edwards Aquifer, 
3 Dec. 2006 <http://www.edwardsaquifer.net/desalina-
tion.html>.
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