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Mission

le Mission of the Tropical Resources Institute is to support interdisciplinary, problem
oriented, and applied research on the most complex challenges confronting the management of
tropical resources worldwitlasting solutions will be achieved through the integration of social
and economic needs with ecological realities, the strengthening of local institutions in collaborative
relationships with international networks, the transfer of knowledge and skills among local, national,
and international actors, and the training and education of a cadre of future environmental leaders.

le problems surrounding the management of tropical resources are rapidly increasing in
complexity, while demands on those resources are expanding exponentially. Emerging structures
of global environmental governance and local con'icts over land use require new strategies and
leaders who are able to function across a diversity of disciplines and sectors and at multiple scales.
le Tropical Resources Institute seeks to train students to be leaders in this new era, leveraging
resources, knowledge, and expertise among governments, scientists, NGOs, and communities
to provide the information and tools this new generation will require to equitably address the
challenges ahead.
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TRI News Updates...

TRI Welcomes New Program Manager

In November 2010, Lisa Bassani joined the TRI sta# as its Program Manager, replacing
Nathaniel Dela$eld, who departed TRI in the fall of last year. Lisa is a graduate of the Yale School
of Forestry and Environmental Studies (F&ES), earning a Master of Environmental Science degree
from F&ES in 2006. Lisa comes to TRI with a wide range of research experience in both domestic
and international settings. Research for her MasterOs thesis, completed in Panama, focused on
NGO-government relationships in conservation $nance initiatives and boundaries between state
and non-state actors. In addition to undergraduate research conducted in Mexico, she has also
carried out research on a variety of public lands issues in the United States. Prior to joining TRI,
Lisa worked as a Project Manager for le Trust for Public Land®s Connecticut 0%ce, with primary
responsibility for completing land conservation transactions across the state. Lisa holds a BA from
the University of Michigan.

TRI Awards New Sabin Fellowships

In February 2011, the Tropical Resources Institute (TRI) announced an outstanding new
fellowship for international students B the Andrew Sabin International Environmental Fellowship.
le fellowships will support the education and training of international students from less-
developed countries, who intend to return to their home region or country to work in the $eld of
conservation and development.

le Andrew Sabin Family Foundation generously provided funding for seven fellowships for
MasterOs students entering F&ES in academic year 2010-2011 and for another ten students entering
in academic year 2011-2012. !e fellowship, administered by TRI, provides up to $20,000 in
support for tuition for the second year of MasterOs study, and up to $15,000 in post-graduation
awards for those pursuing environmental careers in their home region or country.

OMany countries in Africa, Latin America and Asia will be a#ected most by climate change,
biodiversity loss and forest degradation,0 said Andrew Sabin. Ol hope the fellowships will attract
smart, dedicated professionals to YaleOs environment school for an education, so they can return
home to address these critical environmental challenges before itOs too late.O

Michael R. Dove, the Margaret K. Musser Professor of Social Ecology at F&ES and Director
of the Tropical Resources Institute, said, Olis generous and far-sighted grant from the Andrew
Sabin Family Foundation will help to bring education at Yale more within the reach of prospective
students in less-developed countries, which enriches the university with the perspectives of young
people from other parts of the world, and contributes to the increasingly vital global exchange of
knowledge and experience regarding the environment.O

Seven masterOs students from F&ES were chosen as the $rst recipients of the fellowship. le
2011 Sabin Fellows, with their country of origin, are: Lakshmi Krishnan, India; Jing Ma, China;
Munjed Murad, Jordan; Paulo Quadri Barba, Mexico; Kavita Sharma, India; Kanchan Shrestha,
Nepal; and Shiyue Wang, China.

For more information on the Sabin Fellowship, visit environment.yale.edul/tri
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A Word from the Program Manager

As the 2011 Bulletin goes to print, | will have completed my $rst year as TRIOs Program Man
ager, and TRI will be approaching its 30 year anniversary (set for 2014!). lese milestones inevita
bly invite some time to re"ect upon the contributions TRI-funded research has made on the $eld
of tropical conservation, the impact TRI has had on the hundreds of Fellows who have received
our research support, and perhaps more importantly, where the road leads for TRI over the com
ing decades.

Not unexpectedly, the world has changed considerably during these three decades. How we
communicate, how we think, and how we learn has been radically transformed with the slew of
new technologies that the world has adopted since TRI began in 1984. | am reminded of this every
time | walk into the main library on YaleOs campus B Sterling Memorial Library B and am "anked
in the lobby by the relic card catalogs on the left and the computer terminal on the right! It is really
unthinkable for the current crop of students that a researcher in TRIOs early days actually sat and
"ipped through alphabetized cards to $nd books of interest.

lese students can access information in a nanosecond B and expect to do so at all moments
of their day. And yet, the completely rede$ned landscape of information technology makes $eld
research no less relevant and important than it was twenty, thirty, or even a hundred years ago. !e
experience in the $eld B whether conducting studies on the adaptation strategies of farming com
munities in the Yucatan or on the urban environment of dengue mosquitoes in Puerto Rico, as two
of our authors in this issue have done b forces us to test our assumptions, to make heads or tails of
the rich set of data that might come unexpectedly, and to apply theory learned in the classroom to
process this data and to draw relevant conclusions that build upon our collective knowledge.

If done successfully, the process of research is mentally taxing and physically exhausting. But
the end product is a student, soon to be back in the professional world, who can think on his or
her feet, challenge orthodoxy, and push institutions (both big and small) forward. lis is why after
nearly thirty years and amidst many changes TRI continues to be relevant, and why the opportuni
ties it provides remain important B even in the era of the sleek gadget.

We hope you enjoy this volume of Tropical Resources B and we look forward to the changes
the next few decades will bring here at TRI!

Best Wishes,

Lisa Bassani

Program Manager, Tropical Resources Institute
Yale School of Forestry & Environmental Studies
203-432-3660

lisa.bassani@yale.edu
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THE STATE OF TROPICAL RESOURCE STUDIES AT YALE/F&ES, 2011

Michael R. Dove
Director, Tropical Resources Institute

le research conducted by the MasterOs and Doctoral students of YaleOs School of Forestry
and Environmental Studies represents a snapshot of current work on tropical resources. Based on
$eldwork carried out within the past year, supported by TRI fellowships, and informed by their
course work and reading of the latest literature, the research by these students tells us where the
$eld of tropical resources is today and where it is going in the future. Some of the best work car
ried out over the past year by F&ES students on tropical societies and environments is published
here, divided into three main themes: institution building, human health, and adaptation to cli
mate change.

1. INSTITUTION-BUILDING

le $rst section of the Bulletin, with papers by Geofrey Mwanjela, Adenike Adeyeye, and
Juan Pablo Vallejo, concerns institution building in conservation and development projects. In
stitutional innovation, the creation of new, tailor-made institutions B both in communities and
in government D is a ubiquitous characteristic of such projects. It is also curiously under-studied,
despite the fact that, as social scienti$c analyses of such e#orts tell us, it is horrendously di%cult.
Institution building is often frustrated by over-looked socio-economic di#erentiation within com
munities, which means that an entire community rarely has the same interests at heart, and by
the fact that existing, working social institutions have generally evolved over long periods of time
within speci$c local contexts. One of the most common and serious errors made in conservation
and development projects is the attempt to impose newly created institutions on local communities
instead of utilizing and building upon existing ones.

le newest frontier of protected area management lies in marine environments, as re"ected in
the increasing number of protected areas being established in near-shore zones around the world.
le $rst article in this section, by Geofrey Mwanijela, concerns the Mnazi Bay Marine Park, estab
lished in 2000 on the southeastern coast of Tanzania. Like many protected areas created over the
past couple of decades, this was an integrated conservation and development project, which sought
to marry goals of environmental conservation and local socio-economic development. !e park
was developed around existing communities of ethnic Makonde and Makua, who had tradition
ally depended upon $shing for their livelihoods, supplemented by various other sorts of economic
activities. In order to better conserve the marine environment, the park management sought to
redirect the local communitiesO livelihood focus away from $shing toward other means through a
program of collaborative management. To this end, the park worked with the United Nations De
velopment Programme to create village-based environmental management committees B but one
decade later, the results of this initiative are decidedly mixed. !e park management did not follow
through with some of the resources that it promised to the local communities. And some of the
resources that were provided b for example, to establish bee-keeping projects, much-beloved by in
ternational development agencies B were unsuited to local conditions. le Mnazi Bay Marine Park
project does not simply show that knowing how to protect the environment and how to develop
local communities are not the same, it also shows that knowledge of protection that elides develop
ment is partial knowledge at best.
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le next paper in this section, by Adenike Adeyeye, focuses on community-based sanitation
initiatives to address the health hazards of open defecation, based on a case study in Ekiti State in
southwest Nigeria. !e initiatives here consisted of establishing Water and Sanitationr Commit
tees and Voluntary Health Promoters, to promote digging of boreholes (for hand-washing) and
construction of latrines. Participation by women as well as men was deemed to be essential to the
program, so the Nigerian NGO in charge of the program insisted upon equal representation by
women on these committees. Equal representation did not ensure equal participation, however,
which undermined the success of the program. Research by Adeyeye suggests that the NGO and
local government were more concerned with being able to cite the percentages of women on com
mittees as evidence of gender equity, than with actually ensuring that womenOs voices were heard.
le focus on simplistic numerical measures of equity ignores the fact that women and men have
di#erent roles in the local community, and only by building upon those roles will e#orts to engage
women truly succeed.

le $nal paper in this section, by Juan Pablo Vallejo, focuses on the water resource sys
tems of the Caribbean region of Colombia. Alternating "ooding and droughts, driven by the El
Ni—o/Southern Oscillation phenomena, have taken an ever-greater toll on the region over the past
two decades. Human-led environmental degradation at both the global level, referring to climate
change, and local level, in the form of the loss of 95 percent of this regionOs native forests, are ex
acerbating the situation, the end result of which is economic, social, and ecological vulnerability.
le complexity of this situation has challenged the Colombian government, whose institutional re
sponse has so far been found wanting. It has focused on resource use versus resource conservation,
and on coping with the damage from "oods and droughts as opposed to preventing them in the
$rst place. lis de facto institutional response is far more costly than water conservation measures
would be, which argues for an integrated, adaptive management strategy.

Il. HUMAN HEALTH

le second section of the Bulletin concerns issues of human health and the environment
(which were raised in AdeyeyeOs article as well). le linkage between economic well-being and the
environment is much-studied; but the linkage between the physical or biological well-being of
people and their environment is much less so. e articles here by Eliza Little and Ran Song et al.
demonstrate how powerful such interdisciplinary studies can be.

le $rst article here, by Eliza Little, deals with urbanization and the spread of dengue fever in
less-developed countries, taking as a case study the Municipality of Patillas in southeastern Puerto
Rico. She examines the distributions and habitats of two dengue vectors in Patillas: the mosquito
Aedes aegyptiknown dengue vector, and &lsdes mediovittatasative, tree-dwelling mos
quito of Puerto Rico that is seen as a potential Vemdes aegyfatiors built-up environments,
whereaéedes mediovittatagors more forested ones; consequently they coexist in high-density
urban environments with forest (viz., tree) patches. In a novel application of remote sensing and
GIS, Little calculates the number and area of forest patches in the city and then maps onto this her
$eld data on the distribution of the two mosquito species. !e resulting analysis points the way to
ward a research program that would enable dengue interventions to be focused on the highest-risk
urban environments.

le second article in this section, by Ran Song and his collaborators in the $eld, -Dovi Kel
man, Kimberly Johns, and Anthony D. Wright, based on a $eld study at Mauna Kea Tea Farms on
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the Big Island of Hawaii, is an analysis of the correlation between health-bene$tting chemicals in
tea and two much-discussed variables of the tea plant: the age of the leaf and whether or not the
plant is shade-grown. e authors $nd that plant secondary compounds that are important to tea-
drinkers (L-theanine and ca#eine) have the highest concentrations in the bud and youngest leaves
of the tea plant and then diminish in concentration as the leaves age, likely because they play a
role in protecting young leaves but are less needed as the leaf matures. On the other hand, another
chemical of importance to some tea drinkers, epigallocatechin gallate (associated with antioxidant
activity), actually increases with leaf age if the tea plant is grown under shade. lis research pro
vides empirical support for the favoring of the bud and $rst two leaves by tea connoisseurs and
health-conscious consumers, and also for the interest shown in shade-grown tea. Demonstrating
that certain empirically traceable chemicals can be used as markers for the age, quality, and health
bene$ts of tea, this research thus contributes to the agro-ecological dimensions of a science of taste
and health.

lIl. ADAPTATION TO CLIMATE CHANGE

le implications of climate change for society and environment in the tropics continues to
draw the attention of large numbers of F&ES students. !e basis for many such studies, and this
holds for the articles published here as well, is that certain contemporary climatic variables can
serve as a proxy for future climate change and that, accordingly, the study of these contemporary
cases has predictive value. !e studies here by Ana Karla Perea Blfzquez, Stephen Weod, and Guil
herme DePaula, all focus on the prospects for human adaptation to climate change. ey show
both that economic diversi$cation within the household promotes resilience in the face of climate
stress, and that the householdOs overall prospects for adaptation vary with its economic strata. ley
also show, however, that the likely impacts of climate change will co-occur with other-sorts of im
pacts, notably economic globalization, which greatly complicates e#orts to isolate the signi$cance
of climate change alone.

le $rst article in this section, by Ana Karla Perea Blfzquez, examines existing mechanisms for
adapting to climatic perturbation, especially drought, among peasant households in Mexico. She
frames her study as an e#ort to inform planning for future climate change impacts and responses.
She bases it on a case study of a number of communities in the southern Yucatan peninsula, and
focuses on maize cultivation. Perea Blfzquez $nds a number of home-grown mechanisms of adap
tation, including adjustment of the agricultural calendar, water storage, and diversi$cation both
within the agricultural system (viz., planting more varieties of maize) and outside it (by developing
other sources of income, notably from wage labor). She notes, however, that the impacts of glo
balization on MexicoOs agrarian economy make it di%cult to ascertain whether these mechanisms
represent adaptations to climatic versus economic stress, or more likely a combination of the two.

le next article, by Stephen Wood, is a comparative study of climatic variation on-agro-bio
diversity and peasant household economies, again framed as a way to assess the future impact of
climate change. It is based on a study of the Fouta Djallon region of northern Guinea and southern
Senegal, which encompasses a topographically driven climatic gradient, from lower temperatures
and higher precipitation to higher temperatures and lower precipitation. A single ethnic group
stretches across this region, which enables a comparative study of the e#ects of di#erent climatic
regimes to be studied while holding most other variables constant. Wood $nds that agricultural
practices vary across this climatic gradient, albeit not in the way one might expect. He $nds that
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as temperature (if not precipitation) increases, so too does crop diversity; and as this latter variable
increases, so too does household income. Wood concludes that the association of diversity and in
come is clear, and that this is based not just on diversity of crops but on their functional roles. He
suggests that the nature of the association between higher temperature and diversity is less clear,
however, as other related and unrelated variables might be involved. In any case, his-$ndings ques
tion simplistic, econometric models of direct relationships between climate change and agricultural
practices and incomes.

le $nal article in this section and in this issue of the Bulletin, by Guilherme DePaula, con
cerns the impact of increasing global temperatures on residential energy use in less-developed coun
tries, taking as a case study Brazil. BrazilOs economy is booming and its middle class is growing,
and so too is consumption of electricity. DePaula asks how projected rises in temperatures will af
fect this growth in consumption. He divides Brazil into $ve distinct climatic zones, and examines
energy consumption by di#erent income brackets within each zone. He uses the comparison of
consumption between the less- and more-temperate zones as a proxy to model the impact on con
sumption of future increases in temperature. DePaula $nds that household sensitivity to increased
temperatures increases with income, as does, therefore, energy consumption. DePaula concludes
that future increases in energy consumption in Brazil will vary according to income levels and local
climatic conditions but, overall, the growth in BrazilOs middle class means that the impact of cli
mate change on its energy sector is likely to be substantial.

IV. CONCLUSION

What are the lessons of these studies? !ey rea%rm the truth that totalizing planning exer
cises are di%cult and that local wisdom and initiatives are often most successful. ley demonstrate
that much can be gained by creatively applying old methods to new topics and new methods to
old ones. !ey show the need to be open to surprising and counter-intuitive $ndings. Above all,
perhaps, they show the need to develop more complex models of the world, in which multiple
variables are interacting, especially socio-economic and ecological ones. !e research topics here
are not the research topics of old; they are hybrids, in keeping with OmessyO realities; and they are
tributes to the open minds and creativity of F&ES students.

Michael R. Dove

Margaret K. Musser Professor of Social Ecology
Director, Tropical Resources Institute

Professor, Department of Anthropology

Curator, Peabody Museum of Natural History

Yale School of Forestry and Environmental Studies
195 Prospect Street

New Haven, CT 06511

USA
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2010 TRl and Compton Fellows’ research sites in this issue

Brazil: Gil DePaula
Colombia: Juan Pablo Vallejo
Guinea and Senegal: Stephen Wood
Hawaii, U.S.: Ran Song
Mexico: Ana Karla Perea Blfzquez
Nigeria: Adenike Adeyeye
Puerto Rico: Eliza Little
Tanzania: Geofrey Mwanjela

Note: The delineation of international borders on this map does not represent endorsement of any
particular national boundary.
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Geofrey Mwanijela

|. INSTITUTION BUILDING

The Myth of Sustainable Livelihoods: A Case Study
of the Mnazi Bay Marine Park in Tanzania®

Geofrey Mwanjela, MEM 2011

Abstract
le extent to which marine parks in"uence livelihood strategies and attitudes of local

communities towards the conservation of marine biodiversity was studied in Mnazi Bay
Marine Park in Tanzania. It was found that the park has had signi$cant, adverse e#ects on
peopleOs livelihood strategies such that people have developed negative attitudes and practices
towards the park and $sheries in general. lis is evidenced by increased tensions between local
people and park authorities and the outright rejection of the park concept in some villages.
lese negative attitudes pose considerable challenges to the parkOs success and the $sheryOs
sustainability.

Introduction
In response to the mounting pressure btwaipopo 2008, Walley 2004).
marine resources in Tanzania and elsewhere,Although many studies have attempted to
marine protected areas have been establiabddess the relationship between livelihoods and
worldwide. In contrast with most terrestriéérrestrial protected areas (Adams et al. 2004,
protected areas where people are excluded Ronbert and Pretty 2000, West 2006), few have
living within the park boundaries (Adams et Bken carried out for marine protected areas
2004, Barret et al. 2001), some marine pa(kascia et al. 2010). Despite the uncertainty
include residents within the boundaries {Walf marine parksO impacts on local communities,
ley 2004). In these instances, park managentieatuse of marine protected areas (MPAS) as a
must ensure that local livelihoods are not adimary mechanism to protect marine resources
versely a#ected as a result of the marine phdemcreased at a rate of 4.6% per year since
creation. Without ensuring protection of-livel984, totaling 4,435 MPAs in 2006 (Mascia et
lihoods of the local people living within thal. 2010, Silva 2006, Wood et al. 2008).
marine park, it is likely that local communities lis paper, based on data collected in
will reject the park and marine resources Wik summer of 2010, seeks to address two
continue to be degraded (Brown et al. 20@uestions: how has the creation of the Mnazi
Bay Marine Park in"uenced the livelihoods of
Geofrey Mwanjela grew up in Tanzania anidcal communities, and to what extent has its
holds a BS in Aquatic Ecology and Managemareation changed the perception of the local
from the University of Dar es Salaam, Tanzangeople toward the marine protected area?
He graduated with a Master of Environmentahnswering these two questions is critical to
Management from Yale University, with a foclensuring community support of the marine
on natural resources governance in developirgark over the long-term.
countries. In the future, he hopes to work with
conservation NGOs in the area of policy and on
community-based conservation in Africa.
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Mnazi Bay Marine Park in Tanzania

Indian Ocean

Mnazi Bay Ruvuma Estuary
Marine Park

] Mbawala

Ruvumaf Estunry
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e — e Kilometers

Figure 1. Map showing location of the study site.

Background Although $shing is a major activity, until
The geographic and socio-economic settiexpotiyhie has been primarily based on-tradi
Mnazi Bay communities tional and small-scale $shing tools. !e inre%

Mnazi Bay Marine Park, located in theiency of traditional $shing gear and the need
Mtwara Rural District (Figure 1) in the seuthto increase revenue motivated the communi
eastern tip of Tanzania, was created in 2@@8 to use dynamite $shing, which also fueled
under the Marine Parks and Reserves Act, 1@@4e#orts to create this marine park (Malleret
(URT 2005). !e park covers 220 k#of land 2004, URT 1998, URT 2005).
and 430 krhof coastal bay. Between 2000 and Prior to the parkOs establishment, the com
2010, the number of villages in the park imunities were $shing as far away as Kilwa in
creased from 11 to 15 and the populatien imorthern Tanzania and Mozambique to the
creased from 28,000 to over 30,000 (Gawdeuth. Periodic migration was also practiced
and Muhando 2004, URT 2005). whereby men and women $shers, as well-as tem

lere are two major ethnic groups foundporary settlers from other areas, camped in small
in the marine park: the majority Makonde, anslets inside the current marine park (Malleret
the minority Makua. !ese communities de 2004, Muhando et al. 1998). Temporary mi
pend on $sheries as the main source of incagnation is still practiced in the islands, but to a
but also practice agriculture, casual farm lalbesser extent than during the period prior to the
and run small businesses (URT 1998, URErkOs creation of $shing zones and the enforce
2005). Agriculture is carried out only at smatlent of restrictions, described below.
scale for both cash and food crops (Malleret
2004).
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Geofrey Mwanijela

Photograph 1. A !sherman, ready for the day, towing a traditional boat.

The management of Mnazi Bay Marine Hedearch Methodology

le parkOs general management plan ®ite selection rationale
quires collaborative management with villagers Several factors contributed to the selection
through a Board of Trustees under the Mariokthe Mnazi Bay Marine Park for this study.
Parks and Reserve Unit (URT 2005). To bridgest, because the marine park is new, there has
the gap between the marine park and lobakn little research of its impacts on local com
communities, the marine park worked witmunities. Second, there have been con"icts re
the United Nations Development Programnported in some villages of the park. lird, the
(UNDP) to create Village Environmental Marinclusion of people in the marine park o#ers a
agement Programmes (VEMPS). lese VEMR®unterexample to most existing literature on
exist in the $rst ten villages that joined the nmaotected areas because of di#erent character
rine park, and are composed of committees tistits between marine and terrestrial protected
manage di#erent roles. lese include mangroaeeas. Fourth, not only is conservation essential
forest management and overseeing conservéditims marine park, as it ranks among the high
activities in collaboration with village goverast in marine biodiversity in East Africa, but ad
ments to coordinate patrols. ditionally, communities found in the park are

le creation of this marine park led to thepoor and depend on the marine resources for
restriction of the traditional $shing method#)eir livelihoods (Gawler and Muhando 2004,
closure of some $shing grounds, and controlalleret 2004, Malleret and Simbua 2004).
harvest of $sh and other marine resources (e.g.
mangrove) through the creation of four zorf8ampling and analysis plan
in the marine park. !e core zone prohibits the | conducted this study in six villages for
extraction of resources. !e speci$ed user zameperiod of six weeks. Five of the six villages
provides certain use rights to park residentsdmet located in the park while the other village
restricts use by non-residents. !e general uselocated in the bu#er zone. A multi-method
zone only allows access to non-residents thragproach was used to increase reliability of the
permits. Additionally, an encircling bu#er zopeimary data. A total of 160 semi-structured
acts to protect the park from activities occurriimgerviews were conducted with the heads of
outside its boundaries (URT 2005). households in four villages, with 40 interviews

in each village. Four villages were selected based
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Mnazi Bay Marine Park in Tanzania

Table 1. The relationship between main economic activities ("sheries and agriculture) and other
variables.

Dependent variable: Fisheries Agriculture

p Coefficient () Exp () p  Coefficient () Exp ()

Predictor variable

Marine park officials performance rate 0.048 -0.586 0.557 0.238 0.327 1.
Village location (seafront versus inland) 0.88 -0.071 0.931 0.924 0.043 1.
Attitude towards fishing 0.831 -0.103 0.902 0.235 -0.567 0.56'
Age (above 18) 0.024 -0.889 0.411 0.012 0.965 2.62!
Gender (male) 0.066 -1.379 0.252  0.027 1.388 4.00:
Coping mechanism during food scarcity 0.005 1.512 4536 0.049 -1.102 0.2
Education (formal) 0.249 -0.311 0.733 0.871 -0.42 0.95¢

Notes: Education, marine park officials performance rate, village location, attitude towards fishing, age, gender, and coping
mechanisms were used as control variables (predictors) for both fisheries and agriculture. The value of regression coefficient
(B) determines the direction between the outcome variable (fisheries and agriculture) and the predictor variable (e.g.,
gender) (Peng et al., 2002). B is significant at 1%, 5% and 10%. Exp (B) is the odds ratio.

on the following criteria: a village which has oe#lr six villages based on the occupation and
time shown negative attitudes towards the padsition of villagers in the decision making
avillage that is far from the park (inland villagpjpcess of the village. Participant observation
a village that is close to the ocean (seafduring interviews and focus group discussions
village); and a village with high dependereagilitated the understanding of attitudes and
on marine resources ($sheries). e other twmerceptions toward the park.
villages were selected based on two criteria: oneQuantitative primary data were analyzed
village is the site of recently increased con"i@ig binary logistic regression, in which
with the park, and the other village is locatedseveral variables were regressed to understand
the bu#er zone but refused to join the mariperceptions towards the park and patterns of
park. lis inclusion of villages with varioudlivelihood strategy in villages and across the
characteristics during research enabled meaik (Stevens 2002, Peng et al. 2002).
understand the heterogeneity of dependency on
$sheries; trends and possible sources of corRiestilts and Discussion
by village and across the park; perception of the Agriculture and $sheries were found to be
park by villages; and the patterns of livelihabe& main essential livelihood strategies for the
diversi$cation and strategy across the park.local communities in the marine park, showing
Questionnaires, focus group discussioegual importance among all village locations.
archival research, participant observatibmong all age groups and genders, both
and interviews with park o%cials were ustrhtegies appear to be signi$cantly a#ected
as methods of primary data collection. !éy the marine parkOs implementation (Table
combination of several methodologies providgd lis in"uence was detected in all villages.
detailed information on the interactioecause this marine park is characterized by
between the marine park and communitiessandy soils, which do not support agriculture
both household and village level. Householgsy well, food security could be a serious
for interviews were selected by randawncern. As a result, communities depend more
sampling, and were strati$ed based on t¢ime$shing than on farming during times of food
occupation of the head of household (§tarcity, regardless of the villageOs proximity to
$sheries or agriculture) and presence in ttie seafront.
village before and after the park establishment. Most villagers also practice a variety of
Focus group discussions were conductedprioductive activities. One underlying factor
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for this diversity of livelihood strategies is the According to villagers, the park o%cials
increased responsibility to earn money thaade several promises during the establishment
men face when they have many wives. Otbethe marine park. Villagers were promised
studies have also shown that multiple livelihdbdt they would receive legal $shing nets,
strategies are typically practiced in pooodern $shing boats, and development of
communities (Banerjee and Du"o 2007). lisalternative income generating activities. le
extends to small businesses and casual laboetsnwere aimed at controlling illegal $shing of
othersO farms. lis $nding also contradicts thadersized $sh and destructive $shing practices
assumption that only $shing households wtrat were originally seen as evidence for the need
vulnerable to the et#ects of the park creattorcreate the marine park (Malleret 2004). le
(Gawler and Muhando 2004). boats were promised to ensure that livelihoods

Because $sheries form one of the primafyhe local communities living within the park
livelihood strategies, the local communities haweindaries would not be compromised by the
raised serious concerns about restricted aceegs$shing restrictions. To o#er alternative
to $shing. In surveys and focus groups, villagetsces of income, the park proposed
indicated that the most signi$cant advelseekeeping projects and the establishment
impacts of the park have been the con$scatbrhome vegetable gardens. !ese activities
of $shing nets that do not meet the appropriatere expected to generate tangible bene$ts so
mesh criteria and the inability of the traditiontilat people could reduce their dependency on
$shing boats to reach the allocated areas$fbreries and support the conservation goals of
$shing. the marine park.

Although the creation of di#erent zones However, some of the proposed activities
was essential for biodiversity conservategre not compatible with the traditional
(URT 2005), losses from the reallocation ladtivities of the communities. Surveys and
to negative social impacts in Mnazi. Maiyterviews revealed that beekeeping, for
villagers are unable to $sh in the new areaseRkatmple, is not a traditional community
the park has allocated. !ey claim that newactivity and generates only a tenth of the
$shing grounds are located in the deeper watrsenue that $shing provides per year. Home
far from shore where their traditional dugogardening proposals are not suitable for this
canoes cannot reach. park due to its sandy soil type. Moreover, the

Photograph 2. Despite the failure

of the parkOs proposed livelihood
strategies, some villages have tried
to initiate their own income-
generating projects, like this
non-functional !shpond in Mngoji
village. However, the marine park
rarely supports these e"orts.
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Table 2. The relationship between attitude towards "shing and other variables.

Dependent variable: Attitude toward fishing
Predictor variable p Coefficient (') Exp (!) 95 % C.I. for Exp (1)
Lower Upper
Marine park officials performance rate 1.57 -0.404 0.668 0.382 1.168
Village location (seafront versus inland) 0.002 1.365 3.915 1.618 9.471
Economic activities (Fisheries and 1.47 0.385 1.47 0.818 2.643
Age (above 18) 0.678 -0.388 0.678 0.333 1.382
Gender (male) 0.042 1.538 4.656 1.054 20.564
Education (formal) 0.966 0.011 1.011 0.6 1.704

Notes: Age, education, economic activity dependency, marine park officials performance rate, village Ic
and gender were used as cont®l C.lis the confidence intervalf is significant at 1%, 5% and 10%he
description of other variables is the same as in Table 1 above.

top-down approach by marine park o%cialsanged attitudes towards $shing than women.
during implementation contributed to theis could be due to greater participation in
failure of local adoption among villageigshing by men (Malleret 2004). However, it
During the planning of park activities, theiie di%cult to conclude whether this pattern
were no comprehensive educational or trainimgnormal or transitional because of the short
programs provided to demonstrate the propopedod of this study. Ongoing research still
income-generating activities, and no study wasurring in the marine park should clarify this.
conducted to estimate their feasibility. Prior to the formation of the marine park

Evidence shows, however, that the pérkvas common for villagers to make decisions
administrators were more concerned witidividually and independently about the
conservation of biodiversity and enforcimgensity of their $shing activities. !e transition
the new $shing restrictions than they weosvards the marine park has therefore acted as a
with supporting the economic well-beinghock to most villagers. !e changes in attitudes
of community members. Ten years since dte driven by a decline in the marine resources
creation, the park has failed to carry out litgsiness and the belief that outsiders (marine
promises to the community. Rather, the parlrk 0%cials), who represent the state, control
has focused its e#orts on ensuring that the lottedgesources.
conform to the park regulations. !e promises  Trade in marine resources was carried out
and hopes for livelihood improvements remaixtensively in villages such as Msimbati before
a myth and have triggered social tensicig parkOs creation, with traders coming from as
created con'icts, and have changed sdiareas Mozambique to trade $sh, octopus, and
peopleOs perceptions about the value ofséi@ecucumbers (Malleret and Simbua 2004).
marine park. For example, marine park o%cfatsne villagers indicated that the period of
often travel in groups to avoid confrontationstimde before the park was the most signi$cant
some villages. economic boom of their lifetime (1980s to mid

le changes of attitudes and perception$990s). Other villagers point to the past boom
towards $shing tend to vary signi$cantly with market-based $sheries as evidence that the
gender and village location (Table 2). Peop#kOs creation has reduced revenues. lis is the
in the seafront villages are more likely reason why other villages such as Nalingu remain
have changed attitudes as they showed mosgilling to join the marine park because they
disapproval and frustrations with the parkéd that revenues obtained from the $shery
creation. Men appear to be more likely to havél diminish due to the imposition of $shery
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restrictions. During the interviews and focRecommendations
group discussion, many villagers commented It is not too late for the Mnazi Bay Marine
that Othe ocean has been sold, we donOtPawknto reverse its rejection by communities
anything.O !ese comments indicate the growtnd its failure to implement income-generating
of fear of marine parks by the communities aativities. !ere is a promising window for
an increasing gap between them and the mabimdéding con$dence in communities because
park administration. !ese outcomes have letthe villages have similar cultural norms and
to a decline in the sense of ownership of tleey close relationships due to intermarriage.
marine resources by the local communities. Approaches such as the provision of
Other factors that drive the changes @mvironmental education to Vvillagers and
perception include the failure of the marimemployment of locals in the marine park
park to deliver promises and the informatiomanagement will help to build con$dence and
gap that exists between villagers and the padtease the participation of local communities
Despite the fact that the marine park o%ciaisconservation. By overcoming the challenges
have actively promoted the enforcement aafdressed in this paper, the marine park should
regulations, they remain relatively unknovae able to set a platform for enormous change
by most of the community. For example, abant the social structure of the marine park
70% of the sampled head of households ward promote a promising future for the local
not aware of the park regulations and tbemmunities.
existence of park boundaries. lis does not !e claim is not that marine parks are
prove that the information is not available, biodd options for conserving biodiversity and
it does reveal that park 0%cials are not getfingtecting livelihoods, since they o#er many
their message out. !ough several Vvillageene$tstoward achieving these goals (Sanchirico
committees were created to bridge the gaml. 2002). Instead, this paper demonstrates
between the villagers and the marine park #mat the failure to integrate livelihoods and
promote conservation, $shers expressed adackervation provides signi$cant challenges to
of trust in these committees and claimed thia¢ success of any conservation area (Mwaipopo
they were not their true representatives in 2@08). !ese results should provide a warning

marine park. to other marine park planners: bridging the gap
between local communities and the marine park
Conclusion administration is a fundamental requirement

le results reveal that interactionsfor sound conservation.
between the park and local communities have
worsened perceptions and attitudes largely Endnotes
to the failure of alternative income-generatihg !e complete name of the phris the Mnazi
activities and the lack of participation by local Bay Ruvuma Estuary Marine Park.
communities in the marine park management. !r oughout this paper, the term OuserO means a
lis has fueled the rejection of the marine park villager, resident, or non-resident who can have
by villagers and increased con"icts in villages access to resources in the designated areas of
such as Nalingu. 'e increased separation the Marine Park and the term OzoneO refers to
between the park authorities and the villagers the area set aside for protection of both marine
present major challenges and prevent the marine and coastal environments.
park from achieving its goals of sustainable
conservation and livelihood improvement.
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Gender and Community-Led Total Sanitation:
A Case Study of Ekiti State, Nigeria

Adenike Adeyeye, MEM 2011

Abstract

Community-led total sanitation (CLTS) has succeeded all over the world, yet it has
struggled in Ekiti State, Nigeria. lis report examines the role Ogender mainstreamingO
plays in the progress of Ekiti State CLTS projects. Interviews with CLTS facilitators,
community leaders, and individual households indicate that WaterAid Nigeria focuses on
equal representation of men and women within the Water and Sanitation Committees
(WASCOMSs) and as Volunteer Health Promoters (VHPS), two entities that implement
CLTS. However, equal representation does not always translate to equal decision-making
power. Without clearly delineated roles within the committees, the committeesO foci naturally
turn to issues with which men are most familiar, as men are more vocal than women in
public spaces. As a result, issues with which women are more familiar can be overlooked to
the detriment of the entire community. lis report suggests that CLTS facilitators present
communities with the option of electing individuals to speci$c roles within the WASCOM,
possibly in the form of sub-committees for di#erent aspects of the program, to ensure that all
relevant issues are addressed thoroughly. Sub-committees could create a space for women and
men to in"uence decision-making equally.

Introduction

Community-led total sanitation (CLTSXacilitators enter a community and run through
appears to be the ultimate sanitatiorwitm participatory exercises to illustrate the dangers
It costs next to nothing to implement, isf open defecation, the community holds
designed to quickly become self-sustainialgctions to select Volunteer Health Promoters
and promises to eradicate open defecation @ftdPs) and Water and Sanitation Committee
its attending public health and environmentWASCOM) members.
hazards in remote villages. It is almost entirely With over two billion people lacking
community driven; no household level subsidielequate sanitation around the world, and time
are given (Kar and Pasteur 2005). After extermahing out for developing nations to meet
the 2015 United Nations targets for reductions
Adenike Adeyeye is from Adelphi, MD. She holda @pen defecation, nations around the world
B.A. in Environmental Studies from Yale Universitte adopting CLTS as a cost-e%cient means
Prior to attending F&ES, she worked at the reach these targets. CLTS has spread from
Environmental Law Institute researching a widés birthplace in Bangladesh to Latin America,
range of environmental policy issues. At F&ES, Alffigca, and other parts of Asia in little over a
has continued to pursue her longstanding interedecade (UNDP 2006; Kar and Pasteur 2005).
in environmental justice and community-baseds a result of its widespread popularity and
development domestically and internationallye#ectiveness, WaterAid Nigeria, an international
Professionally, she hopes to facilitate equitabfet-for-pro$t organization, has implemented
natural resource management as a way to buil@LTS in rural Nigerian villages since 2004
community. (Robinson 2009).
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Despite all the bene$ts, CLTS has fadeehe$ts communities or understand the theory
criticism. Experts have stated that it fails liehind gender mainstreaming. In addition, gender
address gender equity and does not ensurertiz@streaming can be viewed as a threat to men in
women and men participate equitably in CLTSe community because OgenderO is often equated
implementation (Movik and Mehta 2010)with OwomenO (Wendoh and Wallace 2005). Men
In Nigeria, many regions have succeededmay be concerned that gender mainstreaming
reducing or eliminating open defecation, bbéne$ts women at the expense of men. However,
many more still have struggled to implemedGOs that successfully mainstream gender in
the program successfully. lis report explordeir development projects engage communities
the possibility that CLTSOs limited succiessonversation about gender equity using terms
in Ekiti State villages is linked to its gendamd examples that are easily understood, rather

mainstreaming strategy. than often-confusing gender mainstreaming
theory. ley translate the concepts behind gender

Theoretical Literature mainstreaming and facilitate discussion that helps

Gender mainstreaming communities realize the bene$ts that gender

Gender mainstreaming has been a pop@auity can bring (Wendoh and Wallace 2005).
concept in international development policy since
the 1990s. It is a reaction to the realization t
women often bear much of the responsibility
implementing development projects while lack
the authority to in"uence decision-making and
reap the full bene$ts of their work (Fonjong 200
Gender mainstreaming attempts to complet
change the process of development by inclu
a consideration of gender concerns and ge
equity at all stages: project design, implementa
and monitoring and evaluation (de Waal 2006)gg
also requires a radical rethinking of processes
policies from community-level implementation of
a project all the way up to planning and visionft§
at the executive level. Gender mainstreaming can
result in greater female participation in typicall
male-dominated development projects as we
greater collaboration between the genders
implementing development projects (de Wi
2006). kag

While gender mainstreaming has beco,ii

tograph 1. Male and female WASCOM members in Aba Audu.

often meets resistance at the regional and
levels. Local NGO sta# or government sti
can view gender mainstreaming as somet
they have to implement in order to ful$ll thejis
responsibilities to donors. ley will incorporate " S _

gender mainstreaming into their projects, but ti2909raph 2. A woman speaking at the Osogbotedo

. ) community meeting.
may not see how the gender mainstreaming process
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Figure 1. The CLTS Process (Shayamal, Kashem and Ra" 2008)
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Background in the $rst instance (for example
CLTS with respect to models of latrine).

CLTS begins with trained facilitators !e goal of the facilitator is purely
entering a community to OtriggerO the to help community members see
community (see Figure 1). In Ekiti State, for themselves that open defecation
facilitators are local government or NGO sta#. causes ill health and unpleasant
le facilitators employ participatory rural circumstances (Kar and Pasteur
appraisal (PRA) methods to determine the 2005).0
status of sanitation coverage in the community.
lis includes going on transect walks with le approach is supposed to assist
community members, observing all areasnmunity members in assessing the status
in which open defecation occurs, drawinfl sanitation in their communities. CLTS
sanitation maps that depict areas in which ofiacilitators are tasked with walking the $ne
defecation occurs, and calculating the amolim¢ between shaming people and illuminating
of feces deposited on the land in a year. e gaartain behaviors as shameful. 'e community
of these exercises, according to the developstemild infer from the data generated using PRA
practitioners who developed this program,tésls that current sanitation practices such as
to evoke a sense of Odisgust and shameO apehedefecation and infrequent hand washing
community (Kar and Pasteur 2005). can lead to illness and death. lis realization

CLTS literature stresses that the projecsi®uld then inspire community members
to be as community-driven as possible. Astih@ake action to reach open defecation-free
creator of CLTS says, status; the impetus for behavioral change in

the community should not come from the

Ole facilitator should never lecture  facilitators forcing the community to adopt

or advise on sanitation habits, and CLTS.

should not provide external solutions Communities then devise action plans
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to reach open defecation-free status withoammmunity, home to approximately 55
household level subsidies. In many cabesiseholds and 235 people. Its residents are
this means using local materials to constrnégrants from nearby states who come to the
latrines. WaterAid Nigeria works with theillage to farm, and consider the villages and
Local Government Authority to ensurstates they came from to be their true homes.
community level subsidies in the form ®any choose not to invest in constructing
funding for borehole construction in all CLT&trines in homes they view as temporary
communities, as WaterAid Nigeria holds th@aterAid Nigeria 2009). Nearby streams and
access to water is a necessary prerequisi@nwater (during rainy season) are the primary
access to adequate sanitation. With sanitasonrces of water in most rural villages in EKkiti
but without access to water, communiti€ate, and there is little knowledge about the
struggle to create and use handwashing statisags in which water can be contaminated. For
which are necessary to reduce incidencenstiance, [community members] will sapi®
fecal-oral disease transmission. CLTS furtberi | par® meaning the dirt of water does not
prioritizes community-based leadership of #i#O (WaterAid Nigeria 2009).

program through its reliance on WASCOMs lere were fewer visits to the other
and VHPs. WASCOM members are electedtteo research communities, Aba Audu and
help the community develop a sanitation actipgsamodu. Aba Audu is an EbiNuslim
plan, while VHPs volunteer to provide suppardmmunity, and, like Osogbotedo, the residents
as households implement changes in sanitat@me to Ekiti State from a neighboring state to

and hygiene practices. farm. ljesamodu is a larger community, and,
unlike Aba Audu and Osogbotedo, its residents
Research sites have lived in Ekiti State for generations.

Most of the research took place in Despite the di#erences amongst these
Osogbotedo, a village in Ekiti State kommunities, gender roles are clearly prescribed
southwestern Nigeria. Osogbotedo is a Yoraba consistent across the three villages. Women

Photograph 3. A latrine constructed using only local materials in Aba Audu. CLTS encourages a variety of latrine
construction options so that all members of the community can improve their access to sanitation.
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make goods such as palm ajbot, trade goods place with the assistance of a translator. Sta# at
at the market, and work at home. Most méne WaterAid Nigeria national 0%ce in Abuja
farm. Women sometimes assist with farmiaond in the Ekiti State 0%ce provided research
but mainly during the harvest period, whikupport, access to prior evaluations of CLTS
men work on the farm more regularly (Flinn apdograms, and information about the WaterAid
Zuckerman 1981). lough men are the heads digeria approach toward achieving gender
household and are the public face of the faralyity.

women are actively involved in work outside

the home as well, through tradinGender Findings

mainstreaming in Ekiti State is important not Based on interview data from Osogbotedo,
only because women are responsible for mygbn defecation is a common sanitation
of the labor CLTS generates, but also becausetice. Of the twenty households interviewed,
existing gender relations indicate that wonfenrteen households (70%) had no access to a
can become more equal participants in CLIE®ine while six households (30%) did. 'e

decision-making processes. fourteen households included over 87 of the
approximately 235 residents of Osogbétedo
Methodology All households without a latrine reported that

Data were collected through sentihey practice open defecation.
structured interviews and observations in the
three villages, as well as through a questionr@dmitation-related labor
administeredto householdsin Osogbotedo. Each Understanding how labor is distributed
of the three villages fell under the jurisdictianithin households is essential in crafting an
of a di#erent Local Government Authoritgppropriate gender mainstreaming strategy.
(LGAY. At the LGA o%ces, | interviewed sta#omenOs work centers around caring for
involved in the CLTS implementation proceshildren, cooking, cleaning the interior of
using semi-structured interviews. the home, and fetching water, with children

In the three communities, | conducted supporting women in household fork
community meeting. In two communities, Ablaterview responses indicated that CLTS has
Audu and Osogbotedo, the meeting was opessitively impacted womenOs labor, particularly
to all community members. In ljesamodu, tle fetching water. Twelve of the 20 households
meeting was limited to WASCOM membersgported that the construction of the boreholes
VHPs, and local leaders. In each communiy, a result of the CLTS project had decreased
I met with all WASCOM members as a groughe amount of time required to fetch water
In Aba Audu and Osogbotedo, semi-structunger day, and 16 of the 20 reported that since
interviews were conducted with people holditg construction of the boreholes, they have
leadership positions in the CLTS program at #rgjoyed more access to water.
community level, such as WASCOM members, CLTS had a less direct impact on menOs
VHPs, nurses at a community health cliniwprk. Men are responsible for environmental
and people selling sanitation materials. danitation, or ensuring that the community
Osogbotedo, | conducted structured intervieitgelf looks clean and orderly without overgrown
at 20 households. Every $fth household veashes. In interviews, community members
surveyed in an attempt to randomize the samgiscussed cutting back brush, typically menOs
Household interviews were conducted with amgrk, as an important part of the CLTS program
adult over 18 years old living in the househodahd a way to safeguard public health, as brush
All interviews at the community level tookurrounding the community provides habitat
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Photograph 4. A woman making palm oil in Osogbotedo. Making palm oil is one of womenOs main occupations in the \

for snakes. According to CLTS facilitators andt generally be involved in that work (Akintayo
community members, men are responsible @yo, personal communication, June 30, 2010).
constructing latrines or hiring contractors to
construct latrines. After the construction ph&Sender and decision-making
is completed, they are less involved in ongoing CLTS facilitators are tasked with making
maintenance of the latrines and are not involgede that women and men are represented
in household water management. in nearly equal numbers amongst the CLTS
CLTS facilitators take the genderddadership B the WASCOMs and VHPs.
division of labor into account when structurif@sogbotedo had a relatively even number of
their CLTS interventions. As an LGA Programmen and women on its WASCOM D nine men
Monitoring, and Evaluation O%cer (PMEOaNnd six women. Membership in the WASCOM
said, OFirst of all, you invite the womenE#ppeared to be "uid. Men who were not elected
you are able to change the attitude or culturere@mbers of the WASCOM would attend
the women, they will in"uence their husband®SCOM meetings. !ough the Osogbotedo
(Akintayo Oyo, personal communicatio®W/ASCOM has 15 members, sixteen men and
June 30, 2010). CLTS facilitators ask ti$e women attended the WASCOM meeting
women about water sources and the quatlitgt took place during the research period.
of water, knowing that men do not have tliguring the meeting, none of the women spoke;
same experience and would not have answees. discussed road maintenance, reported
Meanwhile, they talk to men about constructictallenges in constructing latrines to the LGA,
hardware (latrines, bathing areas) and workiimg most recent LGA sta# visit, and changes in
with the borehole contractors, as women wouldter fetching and management as a result of
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the boreholes. facilitators. !e requirements can give women
lough men dominate public life in more power in the public sphere than they
Osogbotedo (and the other two reseamvbuld have otherwise (Meinzen-Dick and
communities), households interviewed Z#Awarteveen 2001). However, that power does
Osogbotedo also noted the importance raft automatically translate to a meaningful
women in water and hygiene-related labiowolvement in the decision-making process,
When asked who has more control owarnd these indicators can obscure the real power
sanitation decisions in the household, méynamics within leadership bodies.
or women, 13 of 20 respondents (6 male, 7 Observations indicated that women do not
female) said neither did, because men &age the same decision-making power as men,
women each have their own roles. One fenlen if they hold the same leadership positions
respondent said women had more power tleen men. In Osogbotedo, women and men
men because the men are always gone, whilsghee as WASCOM members and VHPs, but
women stay in the home. Six of 20 respondemtz'e men than women attend the WASCOM
(3 male, 3 female) reported that men had maneetings. Men were the only ones who spoke
power than women because they are respondilnieég the WASCOM meeting attended in July

for giving orders. 2010. 'e meeting focused heavily on typically
male activities, such as road construction,
Analysis rather than typically female activities, such as

WaterAid Nigeria and its state and locahter management and household hygiene and
partners clearly recognize the importancesanitation.
womenQs equitable involvement in water and Reviewing WaterAid Nigeria project
sanitation programs. Reports from WaterAigports and interviewing LGA sta# involved
NigeriaOs Ekiti State 0%ce include equity andCLTS facilitation produced few details
inclusion as metrics for evaluating their wodbout ways that WaterAid Nigeria and CLTS
In the 2009 third quarter report, the Ekitfacilitators encourage gender equity. LGA sta#
State 0%ce listed two performance indicatmported that WaterAid Nigeria trained them
that corresponded to their Oequity, inclusiem, gender equity and told them to ensure as
and genderO objective. le indicators wemsiuch as possible that women and men have
(1) Oadequate representation of women aqdal rights. LGA sta#, as mentioned above,
physically challenged persons in WASHCOfdcognize the importance of engaging women
[sic]and VHPO and (2) Oadequate representétiom the start of the CLTS OtriggeringO process.
of women and physically challenged périsonsret interviews with LGA sta# reiterate the
proposed [Water Management Committeepddings from WaterAid NigeriaDs Ekiti State
(WaterAid Nigeria-Ekiti State). l!e EKkiti reports: the number of men and women
State program assesses gender equity throgived in the project is the only indicator
the number of men and women occupyinged to assess equitable engagement of men and
leadership positions in CLTS (i.e. the numbsomen in CLTS projects.
of male and female WASCOM members). Women and men have di#erent roles and

le focus on male and femaleresponsibilities within the visited communities,
representation in CLTS leadership positiomsd this gendered division of labor could be
is important. Encouraging gender balangeed to allow women and men to participate
can empower women, since their involvemenually and meaningfully in CLTS. le
in a project is necessary to ful$ll the go@IsTS handbook notes the di#erence between
established by WaterAid Nigeria and the CLR®ile and female leadership: OWomen natural
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leaders tend to be less visible than their nmaganbers to participate.
counterparts in latrine construction but more
active and responsible in their maintenan€enclusion
establishing usage norms, and sustaining Ekiti State has much to gain from CLTS,
hygienic behavior changeO (Kar and Chambatss of yet, the potential health and sanitation
2008). CLTS facilitators could encouragene$ts have not been fully realized. CLTS is
communities to clearly delineate responsibilitie$ succeeding in EKkiti, and this may be due
for the WASCOM and for VHPs, and to not¢o the fact that women and men do not have
which responsibilities are more in line withe same decision-making power, even when
work that women usually do in the communithey hold the same leadership positions. In a
and which are in line with typical menOs wgsenerally patriarchal society, men speak for the
in the community. As a result communities wilbmmunity and take the lead in conducting
have established, even before the committeginess with people from outside of the
members are elected, areas in which wonem@siunity, such as LGA sta#. LGA sta# and
experience suggests that women should @hdr CLTS facilitators do ensure that women
and areas in which menOs experience suggestsen are represented in equal numbers in
that men should lead. However, care sho@UOTS leadership positions, but this does not
be taken to ensure that this system does nesult in women and men having the same
pigeonhole members of either gender. !lamount of power in these leadership bodies.
gendered division of labor is dynamic, and tRIETS facilitators do need to respect the rules
system could allow for that dynamism throughd norms of the communities they visit, but
community review of delineated responsibilittaere are ways to help foster a more equitable
at predetermined intervals. distribution of power without imposing external

If communities create their own rules ftweliefs on communities, such as articulating
WASCOMs and VHPs, there will be mormdividual WASCOM member and VHP roles
community buy-in, as has been seen in Awathat all members have the opportunity to
Audu. In Aba Audu, community membersxhibit leadership and make decisions.
elected male and female WASCOM members Clearly established responsibilities for
and agreed to follow rules that the WASCOWASCOM members and for VHPs will help
set, so that even in a highly patriarchal societgate a much-needed space for women to
all community members had to respect timduence decision-making. lis could mean
authority of female WASCOM membersreating sub-committee roles within the
because they speak for the entire WASCOMASCOM. For example, one member (likely a
A similar system of respect for the knowleagmman) would be head of the sub-committee on
and power of both genders is needed witlhwater management while another member (likely
these leadership bodies in order to achiawean) would be head of the sub-committee on
gender equity. If communities establish cléatrine construction. !'rough this system, the
responsibilities for WASCOMs and VHPsiost knowledgeable members of the committee
while keeping the gendered division of labominuld lead the discussion and decision-making
mind, there will be space for women and mgiocess at all times. lis is an organizational
to take the lead in decision-making based sbrategy that facilitators can pose to community
their experience with the issue at hand. !limembers during triggering. Community members
will result in the most quali$ed WASCOMan decide whether to adopt this strategy and can
members leading the decision-making proaaeate and modify responsibilities to $t their needs.
on a given issue, while allowing all WASCOM
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Abstract

Over the last twenty years, seasonal weather events in Colombia have become an
increasing challenge for the development of the country, especially because of economic, social
and ecological vulnerability. Water resource systems are especially vulnerable, particularly in
the Caribbean Region, in the northeastern part of the country. Environmental degradation,
coupled with more frequent and severe weather events, is increasing the probability of
droughts and "oods. Dealing with this situation, in order to achieve economic and social
progress, will be a signi$cant challenge. Focusing on the Caribbean region, it is clear that
an institutional framework that favors an integrated adaptation strategy on water resources
is necessary. Such a focus will increase the resilience of environmental and socioeconomic
systems to the adversities of extreme weather events, as well as secure the economic growth of
one of the most productive regions of Colombia.

Introduction

Increasingly, we are witnessing thise, and extreme seasonal weather patterns.
potential of nature to alter the environment@later is the principal factor by which climate
and socioeconomic conditions of humareents such as OLa Ni—aO, OEI Ni—00, and those
Meteorological phenomena previously expeassdociated with climate change, a#ect human
to occur every 100 years are becoming raord environmental systems, exacerbate existing
frequent and more intense, negatively impactingnerabilities, and limit the development of
the living conditions of millions of peopleations. Colombia, located in the northwestern
around the world. 'e Latin America andcorner of South America and bathed by
Caribbean region is particularly vulnerable Garibbean waters, has historically dealt with
weather events because of de$ciencies in sodraime weather but now increasingly struggles
and economic structures, severe degradatiith it. 'e country faces many challenges
of the environment caused by changes in lagldted to the management of water resources
in speci$c zones such as the Caribbean region,
Juan Pablo Vallejo is from Colombia and holdsainly because environmental degradation
a BA in Economics from Universidad de Ifsem anthropogenic activities has damaged
Andes, Bogott, and a Master of Environmentéle capacity of ecosystems to regulate the
Management from Yale F&ES. While at Yale, rfagural cycle of water. !e natural ability of the
worked with the U.N. Economic Commission fGaribbean region to deal with seasonal weather
Latin America and the Caribbean on climatevents is progressively diminishing, as evidenced
change and water resource management. Judyy water shortages during dry periods, such as
Pablo plans to combine his experience in Inan€@EIl Ni-00, and water excess and "oods in rainy
and management to promote environmentaperiods, such as OLa Ni-aO.
sustainability and address climate change.
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Methodology Background

lis paper uses a natural resources policy In terms of water resources, Colombia
process framework, for the purpose of Ogaiisngne of the richest countries in the world,
knowledge and insight into the decisidhanks to its geographic position and its variety
processO (Clark 2002) of the natural resowfcelimates. le annual average precipitation
conservation and water resource managengrdbout 3,000 mm, an abundant volume
policies in Colombia. | draw on the mostompared to the world average of 900 mm
relevant information on biophysical settingad the South American average of 1,600 mm
in the Caribbean region, as well as acadefiid&AM 2010a). 'e volume of water runo# is
and government literature on environmen&8 liters/second/kinsix times greater than the
policy and institutional frameworks, personabrld average water supply. As a consequence,
interviews, and media accounts. !e purpos€olombia has around 1,000 permanent rivers,
is to identify the drivers of environmentathile, in comparison, the African continent has
degradation and determine the optimal soclaks than 60 (MAVDT 1996). !e Caribbean
economic and policy framework for improvirigegion of Colombia is comprised of nine
and integrating the management of wateajor watersheds (Figure 1) that represent 30%
resources in the area. Finally, | identify tbe national water availability (Table 1). le
challenges and opportunities for such a stratdggdalena River, the largest river in Colombia,
and provide recommendations for integratidgains a large surface in the area and feeds
environmental conservation activities with tbéher major and minor water bodies, canals,
countryOs development objectives. and mangroves, forming a complex water

Table 1. Composition of major and minor watersheds in Colombia (Ojeda 2002).

Quantity
Watersheds  Sub-watersheds

Major Hydrographic Watersheds

Atlantic-Caribbean Slope

Sierra Nevada and Guajira 29 6
Magdalena B Cauca 176 220
Since River 29
Atrato River 28 39
Other affluents from the Caribbean Sea 23 6
Subtotal 285 271
Pacific Slope
Baud— River 8
San Juan River 16 21
Dagua b Naya B Guapi B Micay Rivers 17 24
IscuandZ B Pat'a B Mira Rivers 14 40
Other affluents from the Pacific Ocean 16
Subtotal 71 85

Eastern Colombia Slope

Catatumbo River 17 36
Arauca River 5 10
Orinoco River 5 55
Amazonas River 4 32
Subtotal 31 133

Total 387 489
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system (Figure 2) that has the ability to expaeduced precipitation (IDEAM 2010b).
and contract during the year according to the In contrast, the second half of 2010 was
precipitation regime (IDEAM 2010b). the rainiest period in over 30 years due to a
le complexity of the hydrological prolonged and intense cool and rainy period
con$guration of the Caribbean region makesown as the OLa Ni-aO Southern Oscillation
it very reactive to seasonal weather evdhidSO). lis event caused major "oods in
especially when these are more intense ramal and urban areas of the Caribbean region,
last for larger periods of time, probably &#ecting more than 1,300,000 people and
part as a consequence of climate changecalmsing the death of around 200 (IDEAM
August 2009, during a national symposiuB®10c). It has been the worst natural disaster
on the evaluation of natural risks in Colombia, the history of the country, and the President
IDEAMOs Director reported, Ole intensitgleclared a state of emergency in 28 of the
and frequency of extreme events is increa8ihg departments of Colombia (Colombia
in Latin America, and in Colombia, locatedumanitaria 2010).
in a region a#ected by the warming of Paci$c In sum, the period 2009-2010 showed
waters, the impact is much stronger than ahgt the Caribbean region of Colombia is not
other country of the region (Caracol 2009).Opkbperly adapted for extreme weather events.
that time, the country was su#ering from this happens not only because of the severity
impacts of the OEI Ni-0O Southern Oscillatand intensity of such patterns, but also because
(ENSO), a meteorological phenomendruman interventions and socioeconomic
characterized by increased temperatures antivities have modi$ed the water networks and
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Figure 2. Wetland Systems in the Caribbean Region (IDEAM et al. 2010b).

degraded the ecosystems that are responsibnalysis
maintaining the balance of water resources. The Policy Framework

An example of the aforementioned human In 2010, the Vice-Ministry of
impact is the fact that the Caribbean is tBmvironment, Housing, and Territorial
region of Colombia with the greatest rates@évelopment launched a National Policy for
deforestation; in the period 2000-2005, 9.3Water Resource Management in Colombia
of the forest was lost while the national aver@dd&VDT 2010), with the goal of guaranteeing
was 4.2%. Forest coverage is being repldlced conservation and sustainability of the
mainly by the expansion of secondary vegetaticosystems that regulate the water cycle.
(38%), grasslands (36%), and agricultural land However, this policy does not address
(15%) (Moore Foundation 2010). Expansicime need for alternative livelihood options and
of the major economic activities of the aréend use practices that prevent environmental
such as logging, agriculture and ranching, @egradation. Nor does it evaluate the behaviors
responsible for the degradation of the natumall relationships that the population has with
systems that are fundamental for maintainihg@ environment, including water resources.
the water balance in the region. Clearly, the water resources and livelihood

le situation described above highlightstheeeds of the population are both of utmost
urgentneedfor policies to prevent environmernaportance, and clarifying and securing the
deterioration and e%ciently manage watmmon interest must be the goal of policy and
lis can only be achieved by strengthenindecision making.
national and local environmental institutions In addition to the inability of policy to
and including environmental consciousnesiiress the water resources and livelihood
in the development goals of the countmyeeds of the people, national and regional
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governmental institutions lack capacity tiesign proper policies and take responsibil
make decisions about interventions in the wdter upkeep of water infrastructure to prevel
infrastructure. Mr. Jose Vicente Mogoll—atural disasters. Additionally, the examg
former Minister of the Environment stateshows the institutional indi#erence to the soc
Ole water resource management issue in tre economic implications of such disasters.
Caribbean region has been deeply studied for Seemingly thoughtful and comprehensi
fourteen years; however, technical incapapiiicy guidelines abound in Colombia, bu
from the environmental institutions explairteere is still considerable weakness in 1
why no relevant interventions have been made$hition of responsibilities, social inclusiol
(Mogoll—n 2011). Bureaucracy, corruption aaplication, appraisal, and enforcemer
a lack of institutional coordination have becoradditionally, environmental sustainability an
a major impediment for the execution of propeatural resource conservation are not cen
environmental and infrastructure improvemeteinets of the national development strates
plans. and environmental issues will continue to |
For example, the e#ects of 20100s raingcured if economic and political interests :
season were devastating in part because pfodtized over basic values and human righ
failure in the existing water infrastructur&ven though the goal of policy is to prote:
the breaking of the ODique CanalO (Figooenmon interests, it is clear that currer
3), an arti$cial levee that was built in colongtforts related to ecosystem conservation
times but never improved despite sevewvater management are su#ering from a le
technical proposals to do so. !e extreme araf political will, thus exacerbating poverty ar
prolonged rainy season, coupled with upstreéasquality in one of the most vulnerable regio
environmental degradation and deforestatiohColombia.
overwhelmed the structurally weak levee. As
a result, the agriculture, $shing and ranchiFigdings
communities surrounding the canal became Historically, environmental sustainability
inundated; the tragedy, often compared has not been a priority of the political agen:
20050s Hurricane Katrina (Semana 2010)ris institutional con$gurations. Functions
a clear example of the governmentOs failusndo responsibilities that correspond t
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environmental authorities fall under the shadawsal development; 3. Transport infrastructure;
of institutions with greater political impact andl Mining and Energy; 5. Housing and urban
control. In 2002 for example, the Ministry adevelopment (DNP 2010). ere is signi$cant
Environment and the Ministry of Housingcause for concern that existing environmental
two independent institutions, were combinestitutions will be unable to control and
reducing the budget for environmental reseancbnitor the environmental aspects of this $ve-
and capacity building. Former Minister of theronged approach, let alone their potential
Environment, Mr. Manuel Rodr'guez Becerrmability to withstand the pressures of particular
describes this situation: Ole sacri$ce obnstituencies to prioritize economic pro$t over
environmental protection with the objective®mmon interests.
of short-term economic growth and the Under this national initiative, the
weakening of the $rst environmental authori@aribbean region faces an important challenge
[Ministry of Environment, Housing, andbecause it is a zone where logging, agriculture,
Territorial Development] are the main reasaméning, and ranching have been traditionally
for the deterioration of environmental policy jpracticed. !ese activities have already led to a
ColombiaO (Rodr'guez B. 2007). 95% loss of native forest, making the Caribbean
Environmental policy in Colombiathe most environmentally deteriorated region
focuses on using natural resources, rather tha@olombia (Rodr'guez B. 2005). Enhancing
environmental conservation. Water, from tlaese sectors without $rst addressing water
policy perspective, is therefore valuable management issues could aggravate the current
terms of the resource it provides to productsiiation because such activities are responsible
sectors (from a supply standpoint). In thigr the major loss of ecosystems which
sense, water policy centers on managemenletegulates the water cycle.
bene$t economic and political interests, rather le irony is that, in the long-term,
than management to achieve social equajitywth in the aforementioned sectors will likely
and environmental progress. Similarly, natuedd to an economic decline that will prevent
resource policy is Ovulnerable to polititeé regionOs progress and development. Losses
decisions and, therefore, to political chandesm climate related events in the period 1970-
Decisions about government priorities, fundirg00 represented around 2.66% of the GDP
appointments, political will and relation§/ear 2000 base) (IDEAM 2010a), and the
with civil society, all a#ect the Ministry adevastation from the 2010 rainy season will
EnvironmentO (Mance 2007). require about USD $15 billion in humanitarian
Environmental policy in Colombiaaid, reconstruction and prevention, nearly 6%
is highly dependent on the dominardf the GDP (DNP 2011). Meanwhile, the
political agenda which prioritizes short-tergpvernmentOs investment in preventing and
economic progress. Foreign direct investmenanaging natural disasters between 2005 and
infrastructure building, and the development2®07 was equivalent to just 0.15% to 0.24%
particular economic sectors are thought of, d§y\GDP.
those in power, as providing more immediate and
measurable results which re"ect well on politi€hallenges, Opportunities, and
leadership. In fact, the National DevelopmeRecommendations
Plan of Colombia for the period 2010-2014 !e most urgent challenge for the
proposes $ve areas crucial for developmEatjbbean region, in terms of water resource
translated as OLocomotives for growth amahagement, is to prioritize the development
employmentO: 1. Innovation; 2. Agriculture anflan environmental agenda in Colombia that
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includes natural resource conservation as arkegct of climate change in this region
element of development. In order to strengthesuld represent an annual loss of around 1%
environmental institutions and environmentaf regional GDP under a business as usual
policy, stakeholders from the public and privatenario (ECLAC 2010). 'erefore, linking
sectors, as well as civil society, must develthe &ssues of natural resource conservation, land
common agenda. !e current situation can base management, institutional enhancement,
used as an opportunity to improve governaacel environmental governance to discussions
and enforcement around water resoumme climate change will encourage national and
management issues, so that projects that lateenational authorities to develop adaptation
positive environmental, social, and econorsitategies. Given the centrality of water
impacts can prevail in the long term. resources in the economic and social fabric of
Policy change related to land tenurnhe Caribbean region of Colombia, initiatives
valuation and use is critical. Land should fog water resource management adaptation
valued for the environmental services it provide=ed to start immediately, even as institutional
not just as a resource for transformation agaps are $lled. In other words, the interactions
exploitation. Options for improvement includef water resources and society require adaptive
1. Creating market incentives anchanagement in the Caribbean region of
economic conditions that incentivize landolombia.
conservation practices. Currently, agricultural
economics require maximum exploitation Adknowledgements
land, with little concern for conservation. Special thanks to the Tropical Resources
2. Prioritizing conservation initiativesnstitute, Susan G. Clark (Yale F&ES Faculty),
focused on water resource management inRbiert Bailis (Yale F&ES Faculty and MasterOs
Caribbean region, given the vulnerabilities Rybject Advisor), and Lisa Bassani (TRI Program
natural and human systems. Manager).
3. Increasing funding for policy research
and development, implementation, monitorirReferences
and control. lis could be given priority in the Aguilera, M. 2006. 'e Dique Canal and its sub
development goals of the Caribbean Region.  region: an economy based on the water wealth.
4. Developing education programs for Studies from the National Bank of Colombia
communities that derive economic bene$t from (Banrep). No. 72. Bogota, Colombia.
environmental over-exploitation. In additio@aracol (Colombian Broadcasting and News
to the aforementioned recommendations, a Company). 2009. OCaracolTV: Colombia, the
change in attitude and cultural behavior is most vulnerable country in Latin America to
necessary. Water should be viewed as a tool forclimate changeO. August 4th, 2009. In UNDP
integration, equality, and progress. News Archive. Web. March 28th, 2011.
Finally, it is necessary to begin including <http://www.pnud.org.co/sitio.shtml?apc=kk-
climate change issues in environmental policy. -1-propenso&x=59027>
Although there is still no de$nitive evidenGark, T.W. 2002. 'e Policy Process: A practical
that climate change is a driver of more extreme guide for natural resources professionals. Yale
and prolonged seasonal weather phenomenaUniversity Press, New Haven.
like OLa Ni-aO or OEl Ni-o, climate chamgémbia Humanitaria. 2010. OAllocution by
is a central topic in the international agenda. the President of the Republic, Juan Manuel
le Economic Commission for Latin America Santos, on the rainy seasonO. December 7th,
and le Caribbean estimated that the overall 2010. Web. March 29th, 2011. <http://wsp.
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Il. HUMAN HEALTH

Characterizing the Urban Environment of Dengue
Mosquitoes in Patillas, Puerto Rico

Eliza Little, MESc 2011

Abstract

Aedes aegyipta mosquito of particular importance because it is implicated in dengue
transmission in tropical urban areas around the world. More than half of the worldOs
population now lives in urban areas with continued urban growth expected. Much has been
done to curl®e. aegypibpulations through integrative vector control. However, the e%cacy
of vector control methods may be undermined by the presence of alternative, competent
species. In Puerto Rico a native tree dwelling mogauitogdiovittatusas been shown to
be a competent dengue vector in laboratory settings and its habitat has been found to overlap
with Ae. aegyptIS and remote sensing have proven to be e#ective in identifying suitable
mosquito habitats in ex-urban settings. lis research discusses their utility of analyzing
heterogeneous urban landscapes and the features present therein that drive the abundance and
distribution of these importaAtdespecies. Analysis suggests that the use of high-resolution
remote sensing can be used to determine the environmental drivers of the distAbution of
aegyptindAe. mediovittatuslthough these species tend to segregate into di#erent habitats,
their habitats do overlap. Further exploration of areas of overlap is necessary to determine the
involvement ofAe. mediovittatiursthis dengue disease system.

Introduction

lis project is inspired by the observations  !e World Health Organization (WHO)
that the variability of environmentagéstimates that more than 2.5 billion people in
characteristics across a landscape a#ectsheheorld are at risk for dengue fever (WHO
distribution of species and their interactior)09), representing a thirty-fold increase in the
and that the ineluctable growth of urbaast 50 years (CDC 2009). !e emergence of
ecosystems provides new nodes for disdasgue as a signi$cant disease coincides with
ecology. rapid urbanization over the same time period.
Currently, dengue is prevalent in 100 countries
Eliza Little graduated from McGill University withveith an estimated 50-100 million cases of
B.A. in Environmental Science in 2005. She worttedgue fever per year (WHO 2009), with
as a 'eld biologist for 3 years before returning tmost of these cases occurring in Asia, Africa
do a Joint Masters at Yale between the Schoatsd Latin America. Between 2000 and 2030,
of Epidemiology & Public Health and ForestryAsiaOs urban population will increase from 1.36
Environmental Studies. There she specializedbiliion to 2.64 billion, AfricaOs from 294 million
disease ecology, studying epidemiology, urbda 742 million, and that of Latin America
ecology, GIS, and remote sensing. She will contianel the Caribbean from 394 million to 609
studying disease ecology next year on a Fulbrighillion. As a result of these shifts, developing
Research grant in Bangalore, India. countries will have 80 per cent of the worldOs
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Figure 1. Location of Patillas, Puerto Rico

urban population in 2030 (UNFPA 2007). Iy of the genu8edesspecieaegyptiHotez et
developing countries, where urbanization nay2008; WHO 2009). Unfortunately, there is
outpace the governmentOs capacity to prosigieently no vaccine for the treatment of den
essential services such as running water gaued Best practices for dengue prevention are
sanitation, the risk of dengue transmission nvaggrated vector control methods including re
increase. duction of vector breeding containers and com
lis research combines satellite remotmunity education and empowerment (Gubler
sensing with geospatial analytical tools that rB@p6). It is di%cult to sustain community-par
the environmental drivers which determine the
spatial distribution of dengue mosquitoes acro
an urban area. Broadly, the main goal of this r
search is to characterize the environment wit
urban areas in Patillas, Puerto Rico, and det¢
mine the distribution and abundance of-den
gue mosquitoes. Speci$cally, we aim to de$
the environmental determinantsAef. aegypti
and Ae. mediovittatasmd what environmental
conditions promote their co-occurrence. W
hypothesize th#te. aegyptiill be more close
ly associated with urban areas w@lemedio
vittatuswill be more likely to occur in forested
areas, and that their co-occurrence will occur
the edges of both habitat types or in urban are
with a high tree canopy.

Dengue transmission mechanisms and
spatial characteristics

) ) ) Photograph 1. View through town to Lake Patillas. This
Dengue is a viral fever transmitted by thicture illustrates the typical architecture style of the area
bites of infected mosquitoes (the vector)-maimand that much of the area is forested.
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ticipation strategies integral to the successraifle 1. Aedesspecies by BG observation.
these programs especially in inter-epiderPresence of Aedes

. Frequenc Percent
years (Lloyd 2003). species ueney
: either species 403 32%
_ Aedes aegypis emerged gs the mo_éxe_ mediovittatus a1 19%
important dengue vector worldwide due to itg. aegypti 334 26%
behavioral and ecological traits. Not oreis Both species 288 23%

aegyptsusceptible to dengue viruses, it relies
on blood meals, is highly anthropophilic, amdeasures in order to adequately direct resour
has a high frequency of biting multiple hodts the areas of greatest need (Wilson 200:
over the course of its lifetime (Harrington & spatial overlap ofAe. mediovittatuge.
al. 2001).Aedes mediovittatatso called theaegyptidengue viruses, and humans in urba
Caribbean treehole mosquito, is associaedironments has not been determinec
with arboreal vegetation (Cox et al. 200Based on the known geographic range of bc
Smith et al. 2009) similar to the more wideiyiosquito species, it is reasonable that the
distributed specig®e. albopicu{$ionorio et two species overlap spatially. And, beéause
al. 2009) Ae. mediovittathgs been implicatedmediovittatudites humans, it is likely that
in the transmission of dengue based on this mosquito species can become infect
observations that it readily feeds on humangh dengue viruses (Freier and Rosen 198:
and supports dengue virus replication aAtthough the role ofie. mediovittatuesmains
vertical transmission through generatiomsknown, it should not be ruled out as ar
(Gubler et al. 1985). important vector in the transmission dynamic
Mosquitoes are sensitive to ecologicéldengue in Puerto Rico, especially in urbe
processes that determine their distributionadreas with high canopy cover.
the environment. Accordingly, the ecology !e recent launches of satellites capable
of Aedespecies should inform vector controf recording high-resolution remote sense

Figure 2. Maximum Likelihood Classi"cation by location.
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Table 2.Results of multinomial logistic regression using metrics generated with FRAGSTATS.

Relative Risk Standard Error z-score P-value 95% CI

Presence ofAe.
Mediovittatus

Trees 1.22 0.15 1.65 0.099 (0.96, 1.55
House Density 0.82 0.13 -1.22 0.223  (0.60, 1.13
Forest Area (Avg) 1.12 0.15 0.85 0.398 (0.86, 1.47
Forest (NP) 1.65 0.21 3.95 <0.001 (1.29,2.12
Presence of Ae.

aegypti

Trees 1.57 0.23 3.1 0.002 (1.18, 2.10)
House Density 2.54 0.39 6.16 <0.001 (1.89,3.42
Forest Area (Avg) 0.36 0.14 -2.59 0.01 (0.17,0.78;
Forest (NP) 1.52 0.22 2.9 0.004 (1.15, 2.02)

Presence of both
Aedesspecies

Trees 2.6 0.54 4.65 <0.001 (1.174,3.91
House Density 2.34 0.39 5.26 <0.001 (1.01,1.02
Forest Area (AvQ) 0.26 0.09 -3.74 <0.001 (0.13,0.53
Forest (NP) 2.58 0.4 6.07 <0.001 (1.90, 3.50'

imagery have made it possible to assess the wkiltey indicating presence of b&éh aegy@ind
of such imagery to study the environments. mediovittatudengue is endemic in Puerto
drivers oAedespecies. Unfortunately, the use Biico with epidemics occurring every 2 to 3
high resolution remote sensing for determinipgars since before 1985 (Gubler et al. 1985) and
the spatial extent of mosquito vectors is lackisgrveillance in Patillas has shown that dengue is
especially in urban areas (Chowell et al. 2088]emic to this area (Barrera et al. 2008).
Troyo et al. 2009). Remote sensing can be used
to inform our understanding of the dynamics Methodology
disease vectors, and the structured methodologyBG-Sentinel traps were used to capture
of using such technology may provide adult mosquitoes between May and August of
mechanism for targeting control programs 2010. Trap sites were selected by locating one
areas of greatest risk (Chowell et al. 2008). house per 100hsampling grid. !e value of
the sampling grid is based on the maximum

Study location "ight range ofAe. aegypflrap placement was

le study was conducted from May torestricted to areas in close proximity to buildings
August 2010 in the municipality of Patillas ito only include areas that were inhabited and
South Eastern Puerto Rico (Figure 1). Patilgsere dengue transmission was likely to occur.
is 125 km ranging in terrain from coastal to  We used the WorldView2 satellite sensor,
mountainous with peaks of 900 m. Accordinghich was recently launched on October 8,
to the US census 2000, the total population2@09. WorldView20s features include high
Patillas is 20,152 with a density of 164 peopfmatial resolution of 1.82 m (2 meter output
per square kilometer with a mean age of @®els) and an 8-band multispectral image.
years old and a median household incomeBafed on the maximum "ight range Aaf.
USD 12,021. !e selection of Patillas as a studdegypti the spatial resolution provided by
site is based on the availability of preliminakprldView? is important for analyzing the $ne-
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scale environmental drivers of these mosquii
species. !e WorldView2 image was acquirecis
on March 25, 2010 and processed using EN ’.'
4.7 and 4.8. Supervised classi$cation usingfiis
-M {*
maximum likelihood algorithm was used forgl
the classi$cation of vegetation into 4 di#erergsd)
categories. Overall the classi$cations ha
excellent accuracy ranging from 80% to 99%
with associated kappa coe%cient (.73 to .
(Figure 2).
Further processing of classi$cation t(‘
generate predictive variables was accomplisr;‘_'
using a combination of Arc GIS 10, H
FRAGSTATS, and Geospatial Modelling s
Environment (GME). '

Findings
le presence of Aedes species by
observation is represented in Table 1. A total BhOtogfath A Patillas residentOs baCkyard showing

1,266 observations and 22 di#erent variabldg€ high tree canopy and many potential containers to
collect water suitable for immature development of dengue

from 243 di#erent landscape-patches Werr%osqwtoesE) including tarps, chairs, grill, and buckets.
analyzed to assess what environmental drivers
in"uence the distribution and abundance phtches and the total number of those forest
Aedespecies. e model with the lowest Akaikelass-patches at the scale of 100 m may do a
Information Criterion (AIC) had predictivebetter job of explaining the patchiness of the
value (chi square = 183, 9 df, p<0.0001yrest class than a cohesive metric that would
le model included the following predictiveindicate the connectivity between patches.
variables: proportional area of the forest class
(trees), house density, the average forest-phnalysis
area, and the number of forest-patches within Mosquito abundance was collected from
the landscape-patch (Table 2). 243 BG traps over 5/6 sampling periods, for a
lis model indicates that the relative riskiotal of 1266 observations. Fenfsde aegypiti
of the presence 8k. mediovittatw®@mpared and Ae. mediovittatiaimbers were converted
to the base outcome of either species presantdscategorical values. Foedes aegyjpitie
signi$cantly predicted by the number of foresean number of female mosquitoes was found
patches. le presence ohe. aegyptir the and a categorical variable of high (above the
presence of bofkedespecies present comparadean) or low (below the mean) was used for
to the base outcome of neither species pregenanalysis. Fée. mediovittatus categorical
increases with the increasing proportional arale of presence versus absence was used for the
of the forest class (trees), house density, an@tiadysis due to the high percentage of traps that
number of forest patches, but decreases withnot capture ane. mediovittatéesmales.
increasing average forest area. Surprisingly,Landscape metrics were calculated within
the cohesion metric did not surface as a maib00 m radius of the BG trap used to trap the
predictor ofAedespecies. 'le FRAGSTATS mosquitoes. For this research, the circular area
generated metrics of average area of forest elassid each BG trap is identi$ed as a landscape-
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patch. In all, there are 243 landscape-patdoegest Akaike Information Criterion (AIC),
corresponding to 243 BG traps. which selects the most parsimonious model that
A pixel count for each cHssil, grass, $ts the data.
scrub, tree, and urbanNwas calculated for le $nal multinomial logistic regression
each landscape-patch. lese pixel counts wenedels forAe. aegyptind Ae. mediovittatus
then converted into the proportional area easlggest that the two mosquito species segregate
class represented within the landscape-patcimtoydi#erent habitats within this area of Puerto
dividing by the total pixels of that landscapgeico. Ae. aegypfavors areas that are dense
patch. !e proportional area gives an overal structures and trees high in the number
value for each class within the landscape-pafcpatches but low in forested area, Asd
but it does not give any information as to theediovittatuprefers areas that have a high
distribution or form that the area takes. number of tree patches.
A class-patch, forest or urban, is de$ned as
a contiguous grouping of like-neighbored pixdlenclusion
For each landscape-patch, the total number It seems that these twhedesspecies
of class-patches, the class area distributiorsegregate in heterogeneous areag\avith
statistics, and a cohesion metric were calculatggy/ptmore abundant in urban areas Aed
using FRAGSTATS (McGarigal 2002) famediovittatugn forested areas. Coexistence
the two focal classes (forest and urban). Giassirs in areas with a high proportion of forest-
metrics represent aggregate metrics for gmtbhes that are broken into many forest class-
focal class analyzed. e number of patches ipatches and high housing density. However, the
simple measure of the extent of fragmentatiomafsquito trapping collected many méee
the class-patch type but does not give a measeggpthan Ae. mediovittatushich may have
of area or distribution of class-patches. !skewed the model predicting both mosquito
class-patch area distribution is characterizegf®cies to the criteria that in"ueAee aegypti
the mean, area-weighted mean, median, raktging the information from this model, areas
standard deviation, and coe%cient of variatigith high tree patchiness could be identi$ed
for each focal class. and a focused trapping schedule for these
Preexisting data included a GIS $le of atkas may provide for a greater numbé&e.of
structures within Patillas. Within Arc GIS theseediovittatuso be collected as necessary to
structure points were subjected to kernel densisgess if these mosquitoes carry dengue viruses.
then focal statistics were calculated for all pikisig high-resolution remote sensed imagery
to count the total kernel density within a 100 to classify heterogeneous urban environments
radius, and $nally the extraction of these valitesgenerate an array of landscape metrics
to the BGs resulted in a structure density witlgrovides useful information to determine the
each landscape-patch. distribution and abundance A¢desosquito
All predictive variables were normalizedecies. A multinomial logistic regression
by subtracting the mean and dividing by tla@alysis can be used to assess predictive variables
standard deviation. A multinomial logistiof the occurrence of these species, which in turn
regression analysis run in Stata 10 was wusedd be used to focus intervention e#orts on
to determine the environmental drivers of theeas of greatest risk.
presence ofe. mediovittatude. aegyptor
both species compared to the base outcdikaowledgements
of neither species present. A multi-model | would like to thank my advisor Maria Diuk
approach was used to select the model withwlasser at the School of Public Health in the division
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image; Roberto Barrera at the Center for Disease Medical Entomology, 38(3):411-22.

Control®s Dengue Branch in Puerto Rico for shakiegorio, N. A., et al. 2009. Temporal Distribution of
entomological data with me and providing invaluable Aedes aegypti in Di#erent Districts of Rio De
information pertinent to this research; and Dana Tomlin  Janeiro, Brazil, Measured by Two Types of Traps.
who advised me in the ways to get Arc GIS to do what | Journal of Medical Entomology, 46(5): 1001-
needed it to do. | am indebted to these mentors as well 1014.

as the funding | received from the Downs Fellowsliotez, P. J., et al. 2008. !e Neglected Tropical
Carpenter Sperry Fellowship, and the Tropical Resources Diseases of Latin America and the Caribbean: A
Institute Fellowship, without which | would not have  Review of Disease Burden and Distribution and

been able to complete this research. a Roadmap for Control and Elimination. Plos
Neglected Tropical Diseases 2(9):e300.
References Lloyd, L. 2003. Best Practices for dengue prevention

Barrera, R., et al. 2008. Unusual productivity of and control in the Americas. Environmental
Aedes aegyiptseptic tanks and its implications ~ Health Project Brief. USAID, Washington, DC.
for dengue control. Medical and Veterinary <http:/pdf.usaid.gov/pdf _docs/Pnadb073.pdf>
Entomolgy, 22(1):62-69. McGarigal, K., et al. 2002. FRAGSTATS: Spatial

CDC (Centers for Disease Control and Prevention). Pattern Analysis Program for Categorical Maps.
2009. Dengue: Entomology and Ecology. <http://  University of Massachusetts, Amherst.
www.cdc.gov/dengue/entomologyEcolog®mith, J., et al. 2009. Seasonal and habitat e#ects on
index.html>. dengue and West Nile virus vectors in San Juan,

Chowell, G., et al. 2008. Spatial and temporal Puerto Rico. Journal of the American Mosquito
dynamics of dengue fever in Peru: 1994-2006. Control Association, 25(1):38-46.

Epidemiology and Infection, 136(12):1667-77.Troyo, A., et al. 2009. Urban structure and dengue
Cox, J., et al. 2007. Habitat segregation of dengue incidence in Puntarenas, Costa Rica. Singapore
vectors along an urban environmental gradient. Journal of Tropical Geography, 30(2):265-282.
American Journal of Tropical Medicine andNFPA (United Nations Population Fund). 2007.
Hygiene, 76(5):820-6. State of World Population: Unleashing the

Freier, J. E., and L. Rosen. 1988. Vertical transmission Potential of Ubran Growth. < http://mww.unfpa.
of dengue viruses bpedes mediovittatus org/swp/2007/english/print/introduction.html>.
American Journal of Tropical Medicine and/HO (World Health Organization). 2009. Dengue/
Hygiene, 39(2):218-22. dengue haemorrhagic fever. <http:/Mmww.who.

Gubler, D. J., et al. 198RedegGymnometopa) int/csr/disease/dengue/en/>
mediovittatugDiptera: Culicidae), a potentialWilson, M.E. and H. Chen. 2002. Dengue in the
maintenance vector of dengue viruses in Puerto Americas. In World Health Organization
Rico. J Med Entomol 22(5):469-75. Dengue Bulletin, 26: 44-61.

Gubler, D.J. 2006. Dengue/dengue haemorrhagic
fever: history and current status, in New
Treatment Strategies for Dengue and Other

42  Volume 30, 2011



Hawaiian Tea: The Relationship Between
Chemical Concentrations, Leaf Age, and Levels of
Shade

Ran Song" (MEM, 2011), Dovi Kelmakimberly Johitsand Anthony D. Wrighit

"University of Hawaii at Hilo, College of Pharmacy, 34 Rainbow Drive, Hilo, Hawaii 96720, USA;
*Corresponding author. E-mail address: adwright@hawaii.edu; Telephone: +1-808-933-2866.
aYale University, 195 Prospect Street, New Haven, Connecticut 06511, USA
#She#teld Hallam University, City Campus, Howard Street, She#eld S1 1WB, UK

Abstract

Using samples collected from a Hawaiian tea plantation, this investigation explored
the relationship between tea leaf age and shade levels on the relative concentrations of three
naturally occurring compoundsNL-theanine, ca#eine and epigallocatechin gallate (EGCG)N
all of which are reported to have positive e#ects on human health. A High-Pressure Liquid
Chromatography (HPLC) method was developed that utilized a reverse phase C-18 stationary
phase and a mobile phase composed of water and acetonitrile to quantify the relative amounts
of the three natural compounds. !e analyses showed that the concentration of L-theanine
and ca#teine decreased as leaf age increased in moving from the bud to $rst and then second
leaf. EGCG concentration increased in moving from the bud to $rst, and second leaves.
Shade was found to have an in"uence only on concentrations of EGCG, exhibiting a positive
correlation. Antioxidant activity, as determined using the Ferric Reducing Antioxidant Power
(FRAP) assay system, was found to correlate positively with EGCG concentrations. lis is
the $rst investigation of its type using Hawaiian tea samples. !e present $ndings show that
certain chemical components of tea can potentially be used as markers for the age, quality and
authenticity of various teas.

Introduction

In recent years, the consumption of greem#eeOs long history of production in Hawaii,
tea Camellia sinensfgoducts, particularly agea in Hawaii has been produced only in very
a drink, has become increasingly popularlimited quantities and has failed to enter the
western cultures because of its reported posjfiebal market. However, recent interest has
health e#ects (Dulloo et al. 1999, Venablesdeteloped for producing high quality teas that
al. 2008, Yamamoto et al. 1997). In contrastdéan be grown and processed by smallholders
and marketed in conjunction with tourism and
Ran Song has an undergraduate degree fegional cuisine (Gradisar et al. 2007). In order
environmental studies from Tsinghua Universitp achieve this end, it is essential to develop
in China and is a candidate for a Master aalytical methods to determine the e#ects of
Environmental Management from Yale F&ES. Bigricultural practices on the levels of desirable
is interested in the organic food industry and hamtural constituents that are biosynthesized by
a special love for organic green tea. He hopi® plant.
to work on solutions that address human and Tea contains a group of polyphenol
environmental health after graduation. compounds known for their antioxidant
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Figure 1. Chemical
structure of

HiC. N 0 0 epigallocatechin gallate
()J\N | N/> Hac/\pl' " "OH (1, EGCG), calein@)and
CH M L-theanine §).

properties (Gradisar et al. 2007, Morley et @hzymatic antioxidants for this purpose, such as
2005). One such compound is epigallocatechstorbic acid (vitamin C), reduced glutathione
gallate (1, EGCG) often reported as the m¢&SH), tocopherols, carotenoids, "avonoids,
abundant of its class found in tea leaves (Dallpigenols, and aromatic amines (Halliwell 1999,
et al. 1998; Lu et al. 2009). Ca#eine (2) aidhllick and Mohn 2000). A variety of assays
L-theanine (3) (Figure 1), one of the biosyntheliave been developed to measure the contribution
precursors of catechins like EGCG (Kimuraddt speci$c antioxidants, as well as the total
al. 2007), are two other naturally occurriraptioxidant activity present within living cells.
substances also reported to have positive healthNumerous studies have been conducted to
e#ects. Ca#eine is best known for its abilitydetermine how levels of the catechin polyphenols
stimulate the central nervous system (Lovetttea vary according to the tea varieties,
2005). L-theanine is an amino acid that hagricultural conditions and processing.
been found to reduce mental and physical stté@sever, there have not been similar studies
(Kimura et al. 2007), and may act as an immuhat evaluate changes in polyphenols, ca#eine
system booster by increasing production aoid L-theanine using a single analytical method.
anti-bacterial proteins (Rios et al. 2001).  lis current study aimed to develop a high-
Recent studies of tea leaves have revegbeeisaure liquid chromatography (HPLC)
relationship between leaf age and concentratiorthod to further investigate young tea leaves
of natural compounds. Young leaves are de$imedompare the concentrations of one speci$c
as the bud and the two leaves underneathpblyphenol, EGCG (1), as well as ca#eine (2)
bud; all other leaves are considered to beanld L-theanine (3) in extracts of the bud and
leaves (Lu et al. 2009, Chiu et al. 2005, Rioghet $rst and second leaves of selected tea plants.
al. 2001, Lin et al. 1996). 'ree of these studieA second aim was to assess and con$rm that
clearly demonstrated that young leaves conEBTCG levels in all investigated samples and
more antioxidants than older leaves (Chiu gngdle compounds were correlated with
Lin 2005, Lin et al. 1996, Rios et al. 2001). antioxidant activity. It was hoped that the
To counteract the deleterious e#ects rebults would provide de$nitive evidence of
potentially harmful reactive oxygen speadidsether compounds having positive e#ects on
(ROS), aerobic cells have developed complexman health are found in the bud in higher
antioxidant systems based on low-molecwancentrations than in the leaves underneath.
weight scavengers and speci$cally adafiech a $nding could be useful to growers in
enzymes. le major enzyme systemsNalidating claims that certain tea products are
superoxide dismutase (SOD), catalase, hatter for human health than others. For
peroxidase (Halliwell 1999, Halliwell andxample, Osilver needleO white tea or Yin Zhen
Gutteridge 1999)Nare the primary intracellulaea contains only the buds and is claimed to be
antioxidant defenses in living organisnme of the healthiest teas on the market. To the
However, cells also maintain a variety of ndwest of our knowledge there has been no study
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of tea undertaken that has looked speci$callysato select the Mauna Kea Tea farm, whc
concentrations of the three natural produciwners granted us permission to use their ple
investigated as we report here, and certainlyinahis investigation.
for tea grown in Hawaii.

Some prior studies have also shown tiaa leaf collection
higher shade levels seemed to increase theFresh leaves were collected from t
L-theanine and ca#eine levels in tea ledMesina Kea Tea farm on the Big Island ¢
(Hirai et al. 2008, Ohta et al. 1996, Suzuki etawaii. !e farm is owned and operated by
al. 1985), while causing a decrease in Ta&ahiro and Kimberly Ino and is located ¢
catechin (polyphenol) levels (Saijo 1980). 46-3870 Old Mamalahoa Highway, Honokae
further investigate these $ndings for plants ubkedvaii 96727, USA. !e average elevation it
in the current study, a speci$c selection of le®8&s m and atmospheric temperature typica
was grouped and analyzed according to sHallie between 10 and 25jC. Annual rainfe
levels in order to determine whether or notanges from 196 to 245 mm per year and fa
similar trend could be observed. Such $ndimgsstly between December and April.
could have ecological implications arising from !e selected study area on the plantatior
the agricultural conditions used irat had an approximate area of 300 and a

production. northeast-facing slope. Young seedlin

generated from cuttings in order to maintai
Materials and methods varietal characteristics (variety: Mauna Kea :
Study site selection MK1), were transplanted from nursery int

On the Big Island of Hawaii, favorabléhis $eld, and had never been harvested. !
geography and climate in certain regions h&gkl was mostly open to the sky, except on 1
allowed many small tea farms, run by dedicatedhwest and southwest sides where ohia le
and enthusiastic growers, to produce $(detrosideros polymoyphees form a canopy
locally grown tea products. For this study it wa&r some tea plants.
essential to select a study site that was growingSamples were collected on July 12 a
tea in an area that had varying shade levelslahd25, 2010. e weather on both days wa:
was also producing a green tea consideredldydy. !ree sets of replicate samples wel
local growers to be an above average prodwnttected on July 12 and nine on July 2!
Several farms were visited and those vB#mples were grouped according to prevalil
too little or too much shade were ruled owhade conditions of the parent plant. Sha
Discussions with local experts and growerslés@| (canopy closure) was determined witl

A Figure 2. Diagram
<1> showing positions of
WEST oy EAST tea plants relative to

Noon

A AaAY shade trees and pro
(el (= - ;

VA o5 gression of sun from

hi h .

'%ZZ ’ Morning morning to afternoon.

Afternoon

Tea Plants

DONN RO RRARDD

T T Y
3342% shade 16-18% shade 9-11% shade
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70-75% of their weight, assumed to be loss of
water. After leaf stems had been removed, dried
samples were powdered and resultant material
was accurately weighed. Weighed powders
were extracted with a mixture of methanol
and water (70:30 v/v, 10 mL) for 30 minutes
at room temperature. At the end of this period
samples were $ltered employing 8um 2V grade
Whatman prepleated qualitative $lters (Fisher
Scienti$c Co.) prior to HPLC analysis.

Chemicals and reagents
References standards of L-theanine
(>99%), epigallocatechin gallate (EGCG,
>95%), and ca#eine (>99%) came from the
_ Sigma Chemical Company (St. Louis, MO).
T ooy . ' o ! Ultrapure water was prepared using a Millipore
— = Direct-Q puri$cation system and used in
HPLC analyses as mobile phase A. HPLC-
concave densiometer. Leaves collected fgoade acetonitrile was purchased from ACROS
areas of heavy shade were from the edge dDtganics (New Jersey) and used in HPLC
northwestern canopy. !ose collected fronanalyses as mobile phase B.
areas of less shade were further away from the
canopy, and thus had more time exposedHBLC-PDA analysis
direct sunlight (Figure 2). A Shimadzu HPLC system consisting of a
All leaf samples were collected from tgasser, a liquid chromatograph, auto-sampler,
plants ranging in height from 0.8 B 1.0 m. Adlphotodiode array detector, column oven, and
samples were undamaged by pests, and ke@cBolution software was used for all HPLC
contained a complete bud and the $rst twoalyses. A 150 & 4.6 mm, 5 um Ultra 1l C-18
fully expanded leaves underneath. Samptdamn (Restek, Bellefonte, PA) was used for all
were carefully labeled with ribbons and pla¢#elLC separations. !e elution program used
into a bamboo bag that allowed good aeratitor. all analyses was: 0-2 min: 2% acetonitrile,
Samples were kept cool and well aerated @8f%b ultrapure water; 2-20 min: percentage of
returned to the laboratory for processing wittanetonitrile increased linearly from 2% to 20%;

Photograph 1. Collecting tea samples in the 'eld.

5 hours of collection. 20-25 min: percentage of acetonitrile increased
linearly from 20% to 21%; 25-35 min: 50%
Leaf preparation acetonitrile, 50% ultrapure water; 35-40 min:

A microwave oven (Sanyo, model: ENdercentage of acetonitrile decreased linearly
S2589S) was used to quench all enzyme actirgtyn 50% to 2%; 40-45 min: 2% acetonitrile,
in collected leaves (Zee et al. 2003); each safg§ie ultrapure water.
was microwaved three times for 30 seconds For all analyses the injection volume was
each time. After all enzyme activity had bedEhplL/min, with a "ow rate of 1 mL/min and
guenched, samples were dried in an oven (Fiskien temperature of 25;C. !le PDA detection
Scienti$c, model: 3511-1FS) until they had lagavelength range was set between 190 and 290

nm.
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HPLC method validation powdered tea leaves of various ages. With the
Individual calibration curves were- crequipment available the methods of choice were
ated for each of the standards, which weregd-employ a PDA detector, a stationary phase
theanine, ca#eine and EGCG, dissolved imfeC-18 reversed phase material, and a gradient
mixture of methanol and water (70:30 v/v). Felution employing a mobile phase consisting
each standard, a range of stock solutions efaswater and either methanol or acetonitrile.

prepared. After several trials a system was selected that
generated good peak shape, produced excellent
FRAP antioxidant assay baseline separation of the three compounds of

le FRAP assay employed was modi$edterest, had a recycle time of approximately 45
from a previous protocol (Benzie and Straminutes, and used water and acetonitrile as the
1996, 1999). !e working FRAP reagent wasnobile phase components.
produced by mixing 300 mM acetate bu#er
(pH 3.6), 10 mM 2,4,6-tripyridyl-S-triazineldenti!cation and quantilcation of L-theanine,
(TPTZ) solution, and 20 mM Fe@H20 ca"eine and EGCG in tea leaves
in a 10:1:1 ratio and heated to 37;C prior to Peak, and hence compound, identi$cation
use. 'e 300 mM acetate bu#er was prepared tea leaf extracts was achieved by comparing
by mixing 3.1 g of sodium acetate trihydrat#’LC retention times, and peak shapes in
(NaOAc.3H20) with 16 mL glacial acetic acidhromatograms of standards with those found
and made to 1 L with doubly distilled (ddn the chromatograms of prepared extracts.
H,O. 'le TPTZ solution was prepared by Quanti$cation was done through calibration
mixing equal volumes of 10 mM TPTZ witlof external standards by HPLC. Calibration
40 mM HCI. curves of EGCG and ca#eine were obtained

For the actual assays 150 pL of FRAPa detection wavelength of 280 nm, while for
reagent was added to each well of a 96-wdheanine the wavelength employed was 200
microtiter plate. A blank reading was them. All calibration curves were linear over the
taken at 595 nm using a Bio-Rad microtiteange of concentrations examined. !e relative
plate reader. To each well 20 uL of samptandard deviation percent (RSD%) values were
(tests were done in triplicate) was then addeslpw 5% in the test of inter-day repeatability,
incubated for 8 min at room temperature amahd below 5.09% for intra-day repeatability.
read at 595 nm. Triplicate standards of knowrs, it was concluded that the employed
Fell concentrations were run simultaneoushgethod was reliable and reproducible. Here,
using concentrations between 50 to 10@0should be noted that it is likely that any
UM of FeSQ.7H20. A standard curve wasgatechin polyphenol that has the same overall
plotted and the FRAP values, in uM, for eaetPLC characteristics as EGCG will probably
sample were determined. Since results maytribute to all of the measurements related to
vary between plates, a new standard curveB@SG.
prepared for each plate.

Results and Discussion
HPLC method development Relationship of natural component levels, leaf

For the investigation an analytical HPL&ge and shade
method was required that would enable the Using the developed HPLC method,
unequivocal determination of the amount®ncentrations of L-theanine, ca#eine and
of L-theanine, ca#eine and EGCG in tHeGCG were determined in the aqueous
aqueous methanol extract made from dried amethanol extracts made from the buds, $rst,
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Table 1. Mean level of theanine, caleine, and EGCG as % of dry weight (+
SD) of green tea leaves of various ages.
Bud 1st leaf 2nd leaf

Mean % Theanine of

. 0.71x0.19 0.51+0.13 0.40+0.11
dry tea leaf weight

Mean % Caffeine of

dry tea leaf weight 2.86 +£0.52 258 +0.53 1.92+0.39

Mean % EGCG of dry

. 598+132 715+190 7.18+1.82
tea leaf weight

*EGCG - Epigallocatechin gallate
®SD - Standard deviation

and second leaves of di#erent tea samplesihe levels of ca#eine (Table 1, Figures 4A and
results of these analyses are shown in TaBle !ese $ndings clearly show that the con

1 and Figures 3-4. le mean percentage akntrations of both L-theanine and ca#eine de
each compound re"ects the weight of eamiease in going from the bud to the second leaf
compound extracted from dried and powderefithe plant and that there is no obvious cerrela
leaves. tion with shade level.

From the data presented in Table 1 the dif From the information in Table 1, Table 2,
ferences in % L-theanine extracted from d&md Figure 4C, the di#erences in % EGGG ex
green tea leaves of various ages and shadettagtds from dry green tea leaves of various ages
were found to be statistically signi$cant, as waeré shade levels were found to be statistically

signi$cant. lese results show that the levels of

RSB EGCG increase with leaf age when correlated

Al with shade level. When shade is not considered

v Caffeine | EGCG as a variable there appears to be no statistical
0 /

ly signi$cant correlation between leaf age and
EGCG levels in the leaves examined.

~ L-]|/Th°a"‘“el LIl | Many tea experts worldwide suggest that
green teas of the $nest quality and "avor are
o w e s s« = | made from selecting the bud and the next two
- p— = leaves, or simply the bud alone, from actively
- growing plants. Our results suggest that the lev
- els of L-theanine, ca#eine and EGCG are, due
1 Cafteing. to their concentrations, playing a signi$cant
ﬂ | ~EGCG role in helping determine this quality. Indeed,

there is some suggestion that of all the amino
acids founds in tea, L-theanine is the one re
sponsible for the exotic "avor of green tea (Lin
et al. 1996). At this stage optimal levels of the
Figure 3. Typical HPLC-RP18 chromatogram ofsubstances examined in this study for produc
tea leaf bud extract showing detection at 200 ing $ne quality tea are not known. A next step
nm (A) and 280 nmB). would be to compare these levels among teas

o

1 ‘l _~Theanine
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Figure 4. Levels ofA) theanine, B) caleine, and C) epigallocatechin gallate (EGCG) at various leaf
ages and various shade levelB)(Total antioxidant activity of green tea extracts from tea leaves of
various ages and shade levels presented as FRAP value in uM/pg dry tea leaf.

that are agreed upon by a group of professi@tedin  1999). le antioxidant activities of

tasters to be of low, medium and high qualityltBtheanine, ca#eine, EGCG and ascorbic

assess if these three substances are in sonseidagre given in Table 2 and Figure 4D, and

determinant. show that, among the compounds examined in
Also associated with the quality of tea

and tea products are their reputed antioxidamtble 2. Total antioxidant activity presented

properties. le ferric reducing antioxidant as mean FRAP value in #M per #g dry tea

power (FRAP) assay is a direct test thiaf (+ SD) at various leaf ages compared to

measures the total antioxidant levels in theanine, caleine, EGCG, and ascorbic acid.

given sample (Benzie and Strain 1999). le Vean ERAP value
FRAP assay uses antioxidants as reductants (UM pg* dry tea leaf)
in a redox-linked colorimetric method. In Bud 308+ 11.1
this method the reduction of Felll, as part of 1st leaf 93.7+22.6
the ferric tripyridyl-s-triazine (Felll-TPTZ) 2nd leaf 114.2 + 46.2

complex, to Fell is measured colorometrically.

le assay was selected because it is considered Theanine 0.09+0.04
a robust and direct method of assessing the Caffeine 0.09 £0.04
EGCG 71.3+0.0

OtotalO antioxidant activity of a given system,, i ciq 506 + 6.3
as no activity-changing interactions betwesacs - Epgaiocatechin gallate
antioxidants occurs in the system (Benzie aswol- standard deviation
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this study, only EGCG can be considered st protect themselvesNespecially their most

antioxidant. vulnerable sections and actively growing partsN
In this respect, the amount of EGC&om predators and disease. !e three natural

present in the extracts when compared to pheducts investigated in this study, particularly

levels of L-theanine and ca#eine may alsadeine (Nathanson J.A. 1984) and L-theanine,

signi$cant. Clearly, levels of EGCG increasay be playing a role in defending young

with leaf age but this is only signi$cant whiaves and the growing tips from predation.

correlated with shade. Not surprisingly, the concentrations of these two compounds

antioxidant activity of extracts examined usithgcrease as leaf age increases, suggesting that

the FRAP assay correlates well with the letheds role is less important in more mature

of EGCG found. !at is, the di#erences inleaves than in younger ones.

antioxidant activity of extracts made from green

tea leaves of various ages and shade levels Futtke Investigations

2 and Figure 4D) were statistically signi$cant. lis study was primarily undertaken

lis $nding shows that antioxidant activity, liketo provide a basis for quality evaluation of

EGCG concentrations, increases with leaf dlgevaiian tea samples and to determine if there

when associated with shade. was a relationship between tea leaf age, chemical
content (ca#eine, L-theanine and EGCG),
E"ect of shade shade levels, and antioxidant activity.

Another interesting observation from le ultimate aim is to use these data and
this study is that natural shade has a dieabsequent methods to compare this and other
positive correlation with the concentratiorarieties of tea grown in other parts of Hawaii
of only one of the three natural chemicalader di#erent conditions. !e results of this
investigated. Natural shade not only in"uencady are a starting point for more detailed
the amount of sunlight received by tea leawegestigations of tea grown in Hawaii. Future
but also a#ects other environmental conditistadies should be attempted at di#erent
such as air temperature, humidity, and doitations with more precise control of shade in
chemistry. lese factors are also importamrder to see if these observed trends are more
for the actively growing tea plant and coulddespread. We also plan to examine volatile
in"uence leaf chemistry in di#erent ways. donstituents of tea as well as other chemical
has been suggested that shade levels inaweag®nents that can help inform professional
the L-theanine and ca#eine concentration dasessments of tea quality.
tea leaves (Hirai et al. 2008, Ohta et al. 1996, !e developed HPLC method was shown
Suzuki et al. 1985), while at the same tinebe a reliable and reproducible way for the
cause a decrease in the catechin levels (&stgpmination of the chemical components
1980). 'e results of the current study neitheL-theanine, ca#eine, and EGCG found in
support nor refute the deductions concernirgjatively high concentrations in young tea
L-theanine and ca#eine but seem to be contlaaf extracts. From this determination it was
to the $ndings concerning the catechin EGC&ncluded that leaf age has an obvious e#ect
Future studies will further investigate these the concentrations of the three compounds
variables for other leaf selections and at offresent in the bud and $rst two leaves of the

locations. plants investigated. L-theanine concentrations
decrease when going from the bud, to the $rst,
Ecological implications to the second leaf of the plant. In contrast,

In order to survive and reproduce, planta#eine concentrations do not decrease

50 Volume 30, Spring 2011



Hawaiian Tea

signi$cantly in going from the bud to the $rst measurement of total antioxidant power and
and second leaves. !e reasons underlying this ascorbic acid concentration. Methods Enzymol
variation will need to be studied further. In the 299: 15-27.

absence of shade as a variable, EGCG levelhidoF. L.; Lin J. K. 2005. HPLC Analysis of
not vary signi$cantly with leaf age. However, Naturally Occurring Methylated Catechins,
when shade is considered as a variable,30- and 40-Methyl-epigallocatechin Gallate,
concentrations of EGCG clearly increase with in Various Fresh Tea Leaves and Commercial
leaf age. !e signi$cance of these $ndings isin Teas and leir Potent Inhibitory E#ects
showing that certain chemical components of on Inducible Nitric Oxide Synthase in
tea can potentially be used as markers for the Macrophages. Journal of agricultural and food
age, quality and authenticity of various teas, and chemistry 53: 7035-7042.

may possibly be manipulated by the agricultupalluge, J. J.; Nelson, B. C.; lomas, J. B.; Sander,

conditions of the tea plant. L. C. 1998. Selection of column and gradient
elution system for the separation of catechins
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Household level adaptation in the Yucatan Peninsula

[1l. ADAPTATION TO CLIMATE CHANGE

Household Level Adaptation in the Southern
Region of the Yucatan Peninsula

Ana Karla Perea Buez, MEM 2011
Abstract

le negative impacts of climate change are expected to a#ect the poorest-communi
ties least able to cope with the increasing alterations in the weather (Hug and Reid 2007). In
Mexico, projections show that the amount of total annual rainfall will decrease in many parts
of the country towards the end of this century (INE-SEMARNAT 2010). One of the major
impacts that farmers will face is the changing cycles of rain and rainfall patterns that in"uence
their crop and harvest success (Jennings et al. 2009).

lis research project identi$es the ongoing adaptation strategies of ten small-scale
farming communities in the southern Yucatan Peninsula. e interviews conducted in these
communities show that the predominant strategies are changes in the agricultural calendar,
diversi$cation of productive activities, and migration. Delays in the rainfall season may be
critical to the livelihoods of families or households dependent on seasonal agriculture. For
that reason, it is important to better understand the existing adaptation mechanisms of local
farmers and analyze if these can be complemented with additional adaptation practices and/
or technologies.

Introduction

Impacts associated with climate change@editions (Baas and Ramasamy 2008), look
expected to primarily a#ect the poorest comnfior o#-farm incomeenerating activities, de-
nities least able to cope with the increasingirgtensify agriculture, or perform a combination
terations in the weather (Hug and Reid 2000¥. all the above. For that reason, it is impor
Delays in the rainfall season may be criticataot to better understand the existing adapta
the livelihoods of families or households depton mechanisms of local farmers and analyze if
dent on seasonal agriculture. In places wthikese can be complemented with other practices
drought is becoming more frequent, farmensd/or technologies.
need either to adjust their agricultural practic  During the months of May B August 2010,
es to the changing environmental and climatevorked with the College of the Southern
Frontier (ECOSUR) on a project that aims to
Ana Karla Perea Blfzquez is from Mexico aukéntify ongoing adaptation strategies in rural
holds a BA in Environmental Engineering. Befaector communities of the Southern Yucatan
beginning her MasterOs at Yale, she workedPéminsula. lis project was designed as part of
MexicoOs National Forest Commission, managira larger project that is being conducted between
trust fund that !nances forestry research projectECOSUR, Clark University, Rutgers Universi
She graduated with a Master of Environment#y, and the University of Virginia named ONew
Management in May 2011, focusing on climaténowledge About Ecosystem-Level Response to
change adaptation in Mexico. Increased Frequency of Large-Scale Natural Dis
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turbance Driven by Climate Change (EDGY)£D02]) because climate is a strong determinant
EDGY Oseeks to understand the social and @cagricultural productivity (Adams et al. 1998).
logical impacts of natural disturbances achbss expected that the Yucatan Peninsula will
the Yucatan Peninsula of MexicoO and inclut®ee the highest annual temperature anomalies
as one of its research objectives learning almouhe country towards the 2080s. lese
Ohousehold responses, social impacts- vuytmejections include also enhanced probabilities
ability, and adaptability for maize subsistermfedrought in the region (Anderson et al.
farmers in the regionO (EDGY 2010). 2008), de$ned as the decrease in rainfall and
My research project describes threcrease in the dry period compared to the
ongoing agricultural adaptation strategi@gerage or normal rainfall or length of the dry
at the household level in ten small-scakriod (INEDSEMARNAT 2009). Historically,
farming communities in the southern Yucatdnought in the Yucatan Peninsula has been
Peninsula. e analysis focused on maizssociated with water scarcity, crop failure,
cultivation because of the high cultural afmabd scarcity and increases in the prices of basic
economic value that it holds for farmers in tlismmodities (Mendoza et al. 2007).
region. le research also addresses the topic Adaptation, de$ned as Oa process, action or
of potential drought-adaptation policies amitcome in a system (household, community,
practices, such as the dissemination of imprayexlip, sector, region, country) in order for the
weather forecasts, that could be implementedyigtem to better cope with, manage or adjust to

the region. some changing condition, stress, hazard, risk or
opportunity®O (Smit and Wandel 2006) will be
Background critical for dealing with the impacts of climate

Agriculture is among the most vulneraltbange, especially increased and variable
sectors to climate change (Parry and Cartenfall.
1989, Reilly [1995] as cited in Smit and Skinner Rainfall variability and changing seasonality

Photograph 1. Harvested maize in one of the households in Laguna Kant.
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10: Buenavista

® Ejido (communal land)

—

Guatemala | 1
] Belize lt @ Meteorological station
| /
Figure 1. The "gure shows the communities that were chosen in the study region as well as the
climate stations in the region. Source: ECOSUR.

are two of the main impacts that subsistemgges should consider the uncertainties-associ
farmers in developing countries will face oaéed with local and regional climate (Risbey et
the next decades (Jennings and Magrath 208P)1999) as well as unintended social, environ
For small-scale agriculturalists, perceptionsnehtal, and economic impacts of the adapta
climactic variability are combined with soci#&n techniques (Adams et al. 1998). In order to
and economic factors (Smit and Skinner 200&)ccessfully implement agricultural adaptation
such as access to markets, capital and techstieaibgies, it is crucial to understand these un
assistance (Adams et al. 1998), to produegtainties, as well as the links among farmersO
appropriate self-adaptation strategies. practices, potential adaptation options, current
lese self-adaptation strategies are al&rm-level and government decisi@king
informed by institutional adaptation approachgscesses, and perceptions and management of
and policies. le institutional approach to copeisks (Smit and Skinner 2002).
with drought in Mexico has included Oa complex
set of agricultural subsidies and emergebite
relief measuresO (Liverman 1999) that failed to lis project was conducted in the context
bring an adequate response in the context ofdhethe EDGY project which included 22
countryOs agricultural policy. In the last decacmsmunities in the southern part of the Yucatan
$nancial restructuring and the liberalizatidteninsula. !le communities are located in the
of markets and trade have intensi$ed thath of 20070s Hurricane Dean. From these 22
environmental and economic uncertainties aswmmunities this adaptation research project
risks while reducing the productive capacitysefected 10 communities, based on centrality of
poor farmers and increasing their dependemagze production to economic activities as well
on purchased maize (Liverman 1999; Appendinithe presence of climate stations in the region.
and Liverman 1994). le 10 communities included in the
Institutionally-designed adaptation straproject are: Nuevo Becal, Cancabchen, Chun
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Ek, Laguna Om, Laguna Kana, Santa Mahmthis swidden, or rotational, system, maize is
Poniente, Los Divorciados, Blanca Flor, Migdietquently grown in combination with other

Alemin, and Buenavista. crops, mainly beans and squash. !e adaptation
strategies identi$ed in the communities relate
Methodology mainly to adjustments in the agricultural

My research focused on 150 househotddéendar, income diversi$cation, and water
from the ten communities described aboamd maize storage. Other activities that were
all of which were previously included in thmeentioned as ways of coping with climate
EDGY project. Because of EDGYOs ongaihgnge-related drought included planting
research, | was able to access existing baselinegardens, saving money, and/or changes
data about my sample population in termstof planting techniques. 'e main adaptation
land tenure, economic activities and membshniques identi$ed in the communities are
in each household. explored in detail below.

To learn about the adaptation techniques in
each household, a questionnaire was desighdfustments in the agricultural calendar
In addition to the questionnaire, the research !e 10 communities in the study lack
team and | conducted informal interviews witltigation systems and thus depend on rainfall
the authorities in each community to learn mdog their crop success. For this reason, the
about their participation in federal prograntisning of planting and the type of maize
(such as the environmental services progralanted are important factors that may a#ect

ecotourism, reforestation, training, etc). the success of the milpa. Adjustments in the
agricultural calendar mainly include delaying
Results the start of the planting, secondary planting

Farmers in the 10 communities produde the same season, or adjusting their planting
maize through a traditional system caliggth dates according to what they observe in the

Photograph 2. Farmers in the study site produce maize through a traditiomallgavidden system called
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yearOs weather. le number of farmers tHacome diversilcation
mentioned that they have been adjusting their !e productive activities of the majority of
agricultural calendar in response to the rainfiaé farmers in the study region have historically
variability represents 57% of the total farmémsluded the cultivation of milpa, forest
interviewed. Some farmers added that they hahagement, beekeeping, small-scale livestock
begun to divide their milpa in plots that thegyroduction, charcoal, and gum production.
would plant in di#erent months in order télowever, there is an increasing dependence
reduce climate risk. of wage labor to generate cash income. When
Only 17% of the farmers stated that theasked about if they had to $nd another job
have made changes to their planting technigestmanent or temporary) to cope with
le principal change noted by researchedrought, 74% of the farmers answered yes. le
involved the adoption of thmecanizagdoa main options chosen by farmers are to engage
program promoted by the government, whighjornaleg¢wage labor) in other milpas or cattle
involves agriculture that uses hybrid maieches both within and outside their own
machinery and fertilizers on the same paljao(communal land). In some communities
of land over time. !e program contrasts witlcattle and honey production have become
the traditional system of the milpa whiamore important economic activities than maize
includes land rotation and a fallow period. production, while in others, these activities
regard to the farmerOs crop choices, 57% optbeide alternative income for some maize
farmers interviewed said that they knew abtarmers.
maize varieties that needed less water for their
development. From this group however, oMyeather forecasts
44% of the farmers mentioned using those One of the alternatives to promoting

varieties. adaptation to drought is the use of climate
forecasts to provide early warnings that allow
Water storage farmers to make decisions related to the type of

About 40% of the farmers in the sampézops and best time for planting. Personnel from
store water as a way to cope with droughie National Institute of Forestry, Agriculture,
Water storage activities were in"uenced doyd Livestock Research (INIFAP) mentioned
the characteristics of the community (etbatthe institute had already started an extension
some communities have natural lagoons whmgyram with the objective of communicating
farmers take their cattle for water) and theiinfall forecasts to allow farmers to plant in the
productive activities, mainly because the watast suitable month. However, in the case of
storage spoken of by farmers relates to stdi@ngpers in the sample, 85% said that they did
water for cattle, bees or animals. not get advance warnings of drought.

Water storage involves makijagueys When asked whether having this type of
(small lagoons to store water for cattle) andfdformation would make a di#erence in the
storing water in containers and water fountaitisiing of their plantings, 62% of the farmers
Farmers did not think that storing water fanswered that having information about a
irrigation would be feasible because of the laxg@ing drought would not change their decision
areas of the milpas. !ey did, however, consider plant. One of the farmers responded, OHow
implementing irrigation systems as the meash someone know if a drought is coming?
likely solution to address rainfall variability. Only God knows about that.O Other farmers
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stated that even when a forecast predictedfénmers to engage in agricultural activities that
lack of rain, they would still plant, hoping thattherwise would be unavailable (Eakin 2006).
the forecast was not accurate: OWe are farmersough income diversi$cation was
you see, our job is to plant maize.O On ttlentied in this study as a strategy for
other hand, 30% of the farmers said that th@gaptation to drought and rainfall variability,
would modify their planting dates if they weiteis impossible to state that the farmers are

provided with drought forecasts. engaging in di#erent and additional economic
activities exclusively because of climate change.
Analysis In fact, it is very di%cult to isolate climate

Based on the local adaptation strategibange impacts from economic globalization
described above, government policies #0BdBrien et al. 2000). Other studies such
programs for adaptation should complemeas the one conducted by Radel et al. (2010)
existing mechanisms. Areas of focus shauidgest a tendency of smallholder households
include income diversi$cation strategi¢s, withdraw from agriculture to engage in
water storage, training, and disseminatioommercially oriented activities such as cattle
of information. In terms of livelihoodranching and intensi$ed maize production on
diversi$cation, adaptation policies coulgrger areas. !e authors mention the possible
involve creating new markets for cash crdp&ience of education, expectations and cash
livestock, honey, and gum. Milpa, livestock aimtome requirements in the tendency to leave
honey production are complementary activittezditional agricultural practices.
in each annual cycle not only because they Livelihood diversi$cation outside the
utilize common resources (e.g. nearby forestamunities may also promote the extinction
are a food source for bees, and milpa falloWgraditional agricultural activities. !ough
can be planted with grasses) but also becaos® farmers mentioned how important it
the timing or labor requirements may allowas to plant a milpa each year, and 77% of
farmer to successfully engage in all of themthem stated that they would continue to do

Adaptation policy might alsoso in the future, the younger generations are
encourage livelihood diversi$cation througbt as interested, $nding agriculture a high
non-agricultural activities, as this processrigk activity which involves a lot of investment
already underway in the studied region. Poli@es work but provides little in return. le
and programs focused on forest conservationnger generations may very well decide to
and restoration through payments fevork outside of their communities, migrate
environmental services may constitute tananother country, and lose the traditional
important source of income. Another exameowledge associated with milpa.
of diversi$cation of economic activities is wage In terms of water storage, adaptation
labor and work outside the communitiepolicies and programs might want to explore
According to Eakin (2006), the diversi$cati@iternative water storage systems or assess the
into o#-farm activities may be considered fasibility of di#erent irrigation systems that
adaptation strategy depending on the frequeocoyld provide farmers with water to reduce
in which these activities are carried out.thie risk of rainfall variability. Other adaptation
agricultural households engage in o#-fastnategies include training and agricultural
activities on a permanent basis, the additiomaiension focused on the advantages and
income may help farmers reduce househdishdvantages of traditional agriculture versus
vulnerability to climate risks and changmechanized agriculture, allowing farmers to
le reduction of vulnerability will also allow make informed decisions. Dissemination of

58 Volume 30, 2011



Household level adaptation in the Yucatan Peninsula

information, training and agricultural extensian the region include the lack of information,

may help to $ll gaps in the information thatincertainties related to climate and markets,

farmers have about varieties and crop optiand the lack of an appropriate institutional

and should be directed to empowering farmdramework. For these reasons, the success of
Improving the dissemination ofertain adaptation techniques will depend

information and communication of weathem the extent to which farmers are involved

forecasts that could help farmers plan thand their necessities, experiences, and

planting dates might be another policy levexpertise acknowledged. Success may also be

However, one of the main challenges relateéhtoienced by the synergies that can be created

the use of weather forecasts is the issue of @tighe institutional level and in the way that

farmers should be aware that the forecast is agtjcultural uncertainties are addressed.

a probability and that it may be inaccurate. An

inaccurate forecast in a given year may dedtckyowledgements

the farmersO trust in the validity of the forecastsle Compton Foundation  Fellowship

in subsequent years. le farmers that stated tifatancially supported this research. !e project was

they would be willing to make decisions basiedigned and conducted in collaboration with Dr.

on a weather forecast constitute an opporturitygit Schmook and So$a Mardero from ECOSUR.

to improve the communication of climate author would like to acknowledge and thank all

information. the farmers who participated in the interviews.
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Farming the Fouta Djallon: The Effects of Climate
on Agrobiodiversity and Household Economies

by Stephen Wood, MESc 2011

Abstract

le Fouta Djallon is a region of northern Guinea and southern Senegal that contains
a dramatic topographically-driven climate gradient over a relatively small land area. Despite
this variation in climate, the region is inhabited by a single dominant ethnic group whose
agricultural and land use practices are fairly common across the area. !e natural climatic
variation in the Fouta Djallon paired with fairly uniform agricultural and natural resource
use creates a natural experiment in which to explore the e#ects of di#erences in climateN
which vary across the regionNon agriculture and household economies. In this paper | use an
original data set to study the e#ects of a variation in climate on agricultural biodiversity and
household economies.

Introduction

Research in the climate sciences shalug, to dependence on vulnerable economic
almost unequivocally, a change in glolsactors; much of the continentOs population
climate by 2100. !ough the precise patteriives in rural areas and depends on agriculture
of this change is not certain, some warmif@geger 1991).
is expected (IPCC 2001, IPCC 2007). Given It is now apparent that changes in climate
this likelihood, it is important to ask what theegatively a#ect African agriculture at the
e#ects will be on humanityOs well-being andctivetinental level (Kurukulasuriya et al. 2006,
ecosystems on which we depend. Schlenker and Lobell 2010). !ese results

Poor communities are particularlzold for high-resolution, national-level studies
vulnerable to climate change, given thairSouth Africa and Cameroon (Deressa et al.
sparse economic resources available to i/268%, Gbetibouo and Hassan 2005, Molua
in adaptation. !ese communities, especiall®009), though the direct mechanism through
in developing countries, are often engagedvimnich climate a#ects agricultural pro$tability
economic activities that are directly a#ectedidyot clear. lough national level studies give
changes in climate. More than any continemtsight into dynamics that continent-wide
AfricaOs population is at risk from climate chaagyses might miss, analysis at the national level
in Africa may miss important sub- and inter-
Stephen Wood is a PhD student in the Departmeng@tional factors, such as ethnicity. Countries
of Ecology, Evolution, and Environmental Biologgnd to be bad proxies for cultural groups; the
at Columbia University. He earned an MESc frbiorders established in the colonial era re"ect
the Yale School of Forestry and Environmentdlonial economic interests more than real
Studies in 2011. Originally from Needham, MA, ¢ltural, ethnic, or geographic divisions. Sub-
holds a BA from the George Washington Universitgtional studies of the e#ect of climate on
Before Yale he served as an agriculture extensd@riculture have not been conducted in Africa
agent for the US Peace Corps in southeastern $®mcause the variation needed to conduct such
egal, and has worked for the Brookings Institutianstudy generally occurs on a large spatial scale.
in Washington, DC. In this study, | use an original, sub-national
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Figure 1. Map of the study area.

data set for a region of northern Guinea afuhction models by allowing farmers to adju
southern Senegal with a drastic climate gradibatr crop choices over time and in response 1
to examine a hypothesis for the mechanisndigierence in climate, thus maximizing revent
the e#ect of climate on household economie® Iproduction function approach, because
posit that climate negatively a#ects agricultutalgnored crop transitions, overvalued th
biodiversity, which positively determinetamages to agriculture from climate change.
household well-being (Cavatassi et al. 2011, According to theory, each farmer wil
Netting 1993:146-156) as well as providingaximize net revenue given various exogen
public bene$ts, such as genetic resources forcsgestraints on his farm, such as climate a
breeding or developing medicines (Heal etsdlils. !e farmer will choose a particular crog
2004, Oldseld 1989). le natural topographicaland inputs that maximize net revenue for the
and climatic variabilities within the study zotend. lis is given as:
capture the e#ects of changes between climate
zones on agricultural bipdiversity while oth | p Pq;Qf(X[.L.-,K.-.C.S,G)—foX,-—fP.Li.
important factors remain constant, such «.
ethnicity.
where R is annual net revenue, P_qi is t

Conceptual Model market price for crop i, Q_i is a productior

Much prior research on the e#ect d@fnction for crop i, for which X _iis a vector o
climate on agricultural pro$tability in Africa hasputs, such as seed and fertilizer, L_i is a ve:
employed a Ricardian model. lis Ricardiarmof labor (hired and owned), K_i is a vector «
approach improves upon previous producticapital, such as plows, C is a vector of clim
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variables, S is a vector of soil characteristiocsjers collected from 38 villages. Sixteen
G is a vector of socioeconomic variables, Rillages are from the prefecture of Mali in
is the price for inputs X, and P_l is the pricerthern Guinea, four villages were from the
for labor L (Mendelsohn et al. 1994, Seo arafjion of Tambacounda in eastern Senegal, and
Mendelsohn 2008, Wang et al. 2009). !e goahe remaining 18 villages were from the region
of the Ricardian technique is to look at changé&edougou in Senegal ($gure 1). le surveys
in net revenue of land for agricultural landere conducted between June and September
across climatic gradients, particularly variat2iil0. Although this is the most di%cult time
in temperature and precipitation. of year to access villages and many farmers are
| use a similar hedonic-based approachbtsy working in their $elds, we were able to
study the e#ects of climate on agrobiodiversityiect data on all of the sales from previous
by substituting three measures of crop diverdigrvests. Had we conducted the survey at the
the number of crops grown, number of varietlesight of the dry season, we would not have had
known, and number of varieties grown, forformation on the large amount of goods sold
net revenue. | apply similar control variabtesbuy materials for planting early in the rainy
to the regressions for agrobiodiversity. | thesason. !e surveys were conducted by the
regress net revenue on the three measuresitbbr with the help of two research assistants,
agrobiodiversity to test the hypothesis tlmate based in the town of Kedougou, Senegal
increased on-farm diversity is associated il the other based in Mali, Guinea.
higher household well-being (Cavatassi et al. !e villages surveyed span a topographical,

2011, Netting 1993). ecological, and climatic gradient, ranging in
elevation from sea level to 1,300m, in mean
Data and Methodology annual temperature from 17;C to 30jC, and

| used a spatially explicit data set of 1@/ precipitation from 400mm per year to

Mean Growing Season Temperature (°C)
2003-2009

=== Kedougou

Maali

May June July ' Aug r Sept Oct

Figure 2. Monthly temperatures of the study sites.
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Figure 3. Monthly precipitation at the study sites

2,000mm per year ($gures 2 and 3). !e studyillage was asked to identify two large volume
zone was strati$ed into three zones along filnismers and two small volume farmers as
ecological gradient. Koussanar is the furthesl as one average farmer to be surveyed.
north in Senegal and has a Sahelian climatefardhers were surveyed as long as a minimum
topography: it is "atter, hotter, and drier thaof three identi$ed farmers were available. If
the region of Kedougou in southern Senedaé minimum number were not available,
Kedougou shares the border with Guinea, hdiseasurveyors returned later in the day or at
slightly higher elevation of about 300m and te®other date. !e survey included questions
higher precipitation than Koussanar, although production levels, inputs, demography, local
temperature is similar. 'e prefecture of Mali innfrastructure, soil, environmental change,
northern Guinea reaches an altitude of 1,300mage rates, and other socio-economic variables.
Precipitation in Mali is much higher than in  Climate data were taken from weather
Kedougou and temperatures are much lowtations throughout the study zone. !ese data,
($gures 2 and 3). while fairly precise, are somewhat inconsistently
le surveyed villages were selected ecorded and span only a $ve year period.
random from regional village lists provided l®se data, therefore, are supplemented with
local health workers and agricultural extensiemperature and precipitation data from the
agents. !ese lists are more thorough and up-tafrican Rainfall and Temperature Evaluation
date than the existing government lists, whigistem (ARTES) (World Bank 2003).
exclude smaller villages and seasonal farmingPrevious studies have divided climate data
communities. according to the four seasons that are familiar
In each community, the chief of thén the northeast United States. In this study
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zone, however, there are three seasons, $mdy that climate has a strongly signi$cant
two of which are arguably relevant: the rainypact on the level of biodiversity on a farm in
season and the dry season. Climate data therstudy area.
categorized according to these seasons, sincéor the number of crops grown, | $nd
the climate data generally exhibit collinearihat a ten degree increase in temperature is
between months (Mendelsohn et al. 1994ksociated with an increase in one and a half
Previous climate studies in Africa have facedctiops, controlling for the number of children in
challenge of trying to compare seasons acossolNa proxy for household well-being © and
the equator (Kurukulasuriya et al. 2006). lisvhether or not the farm is on a hillNa proxy for
relative seasonal simplicity is an advantagth@fjuality of the land (table 1). For the number
this study. of total varieties known, | $nd that a ten degree
le analysis of climate in these data waacrease in temperature is associated with an
based solely on temperature. Precipitatinorease in 4.1 varieties known, using the same
has an obvious e#ect on agriculture, but weastrol variables (table 1). For the number of
excluded from the analysis because of correlat@wieties grown, | $nd that an increase in ten
with temperature. lis correlation is due todegrees is associated with an increase in 1.3
the fact that the climate di#erence betwe®etal varieties grown (table 1), using the same
southern Senegal and northern Guinea is drigentrol. Although the e#ect of temperature on

exclusively by a topographical gradient. crop diversity is highly signi$cant, the e#ect
of precipitation is not. lis is shown in the
Results regression tables.

Using three separate measures of Also, consistent with some of the
agrobiodiversityNnumber of crops grown, totahthropological literature on crop diversity,
varieties known, and total varieties grownNI$nd that higher crop diversity is clearly and

@ ) ®3)

VARIABLES numberCropsGrown totalvVarsknown  totalVarsGrown
meanStationTemp 0.154 0.410 0.130
(0.0296) (0.115) (0.0671)
meanStationPrecip 0.00107 0.00293 -9.63e-05
(0.000555) (0.00224) (0.00107)
kidsInSchool 0.0889 0.278 0.307
(0.0344) (0.176) (0.1000)
farmOnHill 0.830 1.364 1.157
(0.188) (0.723) (0.525)
Constant -2.443 -7.453 -0.0128
(1.354) (5.225) (2.752)
Observations 127 116 89
R-squared 0.357 0.187 0.196

Robust standard errors reported in parentheses
Key covariates in bold

Table 1. Elects of climate on agrobiodiversity. The table shows the elect of a unit increase in the in
dependent variables in the "rst column on three dependent variables (columns 2-4), each of which
is a dilerent measure of agrobiodiversity. Results in bold indicate key results of the elect of-tem
perature on agrobiodiversity.
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Table 2. Elects of agrobiodiversity on net revenue, reported in the West African CFA franc. The
table shows the elect of a unit increase in the independent variables in the "rst column on net
agricultural revenue. Columns 2-4 each represent a dilerent model speci“cation, each with-a dif
ferent measure of agrobiodiversity. Results in bold indicate key results of the elect of agrobiodi
versity on net revenue.

1) ) 3)

VARIABLES Net Revenue Net Revenue Net Revenue
numberCropsGrown 54,562
(25,574)
Guinea 133,674 152,753 92,812
(47,289) (50,612) (63,702)
householdsInCommunity 1,630 1,656 1,875
(750.7) (794.4) (1,087)
timeToClosestMarket 1,078 1,396 1,046
(456.4) (474.7) (553.5)
agWorkersinHH 28,683 25,791 24,461
(8,813) (8,115) (12,269)
totalVarsknown 23,580
(7,397)
totalVarsGrown 26,832
(12,969)
Constant -355,773 -380,219 -247,651
(126,506) (125,875) (115,426)
Observations 96 87 68
R-squared 0.329 0.358 0.302

Robust standard errors reported in parentheses
Key covariates in bold

signi$cantly associated with higher incomesder range of crops and, thus, have higher crop
For an increase in one crop grown, there isdarersity. !ese results show, however, that in
associated increase in annual net revenuwawsimer climates a wider range of crops are grown
$100 US (table 2). An increase in one variatyd, less signi$cantly, a wider range of varieties.
known about is associated with an increas&\iny might a warmer climate support a wider
annual net revenue of $50 US (table 2). Arahge of crops? One possible explanation is that
an increase in one variety grown is associaéey few farmers in northern Guinea grow millet
with an increase in annual net revenue of $@ sorghum varieties because it is too cool and
US (table 2). All of these analyses control doy. Also, the wide variety of agroecological
country, village size, the time required to trazehes in northern GuineaNwithin the same
to the nearest market, and household labbmate zoneNmean that although there is a

supply. wide variety of crops grown in northern Guinea,
any given farmer is quite specialized in the
Discussion crops that are within his agroecological zone.

le primary $nding that higher Another possible explanation is that farmers in
mean temperature is associated w&buthern Senegal could be growing more crops
greater agrobiodiversity may seem to ibeorder to bu#er against shockNin a warmer
counterintuitive. One might think that moreegion, seasonal temperature increases might be
temperate climates would be able to suppomaere likely to negatively a#ect some crops, in
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7
Photograph 1. A farmer in his carrot and parsnip garden in Medina, Senegal.

which case it would be advantageous to hdimate, such as economic development. After
a wider variety of crops. More research in twatrolling for some of the di#erences in
social and natural sciences needs to be domedoomic development, there is strong reason
determine the precise explanation of the directhink that climate does play a role, in and
e#tect of climate on agrobiodiversity. of itself, on agricultural diversity. However, it is
le observed e#ect of climate onlikely thatthere is an as-of-yet unobserved e#ect
agrobiodiversity could also be an indiragftclimate covariates on agrobiodiversity. Future
e#ect, due to unobserved factors that co-vagearch in economics and ecology needs to be
with climate. For instance, Senegal is warmdene in order to tease out more precisely the
than Guinea, but it also happens to be maosetative e#ects of climater seand economic
economically developed. Because Sendgatlopment on agrobiodiversity.
has more developed market infrastructure, e e#ectof agrobiodiversity on household
there is a greater number of crops with higkepnomies, however, is clear and signi$cantly
economic value. Farmers therefore choose mosttive. Depending on the measure of crop
diversity on their farm in order to maximizdiversity, an increase in one more crop or crop
their net revenue. | controlled for this e#eefariety is associated with an annual increase in
to some extent, by including a measure nett revenue of between $50 and $100 USD.
household well-being: the number of childr&y contrast, the negative e#ect of climate on
in school. lere is likely, however, a stillhet revenue is predicted to be around $28
unobserved e#ect of economic developme®D per annum (Kurukulasuriya et al. 2006).
on agrobiodiversity that is independent of thecreasing on-farm diversity, therefore, could be
number of children in school. an e#ective tool for climate adaptation.
Although there is a clear and signi$cant
relationship between climate and temperatur€oinclusion
isnotcleartowhatextenttherelationshipisdriven If a change in global and local climates
by climate per se or by factors that co-vary visthexpected in the future, decision makers
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need to think carefully about how to proteBeressa, T., Rashid M. Hassan and D. Poonyth. 2005.
the most vulnerable populations to these Measuring the Impact of Climate Change on
changes. For small-scale West African farmers,South African Agriculture: !e Case of Sugar-
climate adaptation programs have focused on Cane Growing Regions. Agrekon 44.
diversifying revenue developing agricultuGietibouo, G.A. and R.M. Hassan. 2005.
practices and inputs that are less sensitive toMeasuring the economic impact of climate
climate variability than traditional practices. change on major South African $eld crops:
le results from this paper show that increasing a Ricardian approach. Global and Planetary
on-farm diversity could be an e#ective strategy Change 47: pp. 143-152.

for adapting to climate change. It is unlikelyeal etal. 2004. Genetic diversity and interdependent
however, that species richness itself matterscrop choices in agriculture. Resource and
as much as increasing the number of crops Energy Economics 26: pp. 175-184.

that play important functional roles, such #3CC. 2001. Impacts, Adaptation, and Vulnerability,
nitrogen $xation or drought resistance. More in Climate Change 2001. Contribution of
research is needed in both the natural and Working Group Il to the lird Assessment
social sciences to determine what the important Report of the Intergovernmental Panel on
functional roles are in this agroecosystem, how Climate Change (IPCC), eds. J. McCarthy, O.
local communities value them, and how they Canziani, N. Leary, D. Dokken and K. White,.

are likely to change with climate. Cambridge, UK: Cambridge University Press.
IPCC. 2007. Summary for Policymakers, in
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Guilherme DePaula

Distribution of Climate Change Impacts on
Household Electricity Consumption in Brazil

Guilherme DePaula, MESc 2011

Abstract

lis paper analyzes the interaction between income distribution and climate change
impacts in the Brazilian energy sector. e research $ndings suggest that an emerging middle
class with growing per capita incomes will increase sensitivity of the household electricity
sector to a warming climate. In Brazil the analysis identi$es the southeast state of S<o Paulo
as the most sensitive for its relatively high-income levels, low average temperatures, and low
ownership ratio of air conditioners. When considering income distribution e#ects, mitigation
policies resulting in higher electricity generation costs could reduce adaptation capacity and
increase expenditures in electricity subsidies to low income consumers.

Introduction

What is the economic impact of increasisgctor.
temperatures on residential energy use in Regional economic inequality, an
developing countries? How are these e#egfanding middle-class, and global warming
distributed across income classes? Selaval a combined e#ect on the energy sector
studies have investigated the e#ects of globa developing country. As BrazilOs economy
climate change (GCC) on energy consumptigmows, the middle-class expands and electricity
as the energy sector is both sensitive to climatesumption grows rapidly (Achao et al.
change and central to the policy debate 2009). A warming climate as a result of global
reducing emissions of greenhouse gases. Adithate change also drives growth in household
research on the impacts of GCC transitioglectricity consumption for air conditioning.
from developed to developing countridg, combination of these di#erent drivers
the distributional aspects of GCC impacssiggests a signi$cant and unequally distributed
across social classes become more relevampszt on energy consumption in Brazil. Figure
the discussion of adaptation and mitigatidnillustrates the climate and income variations
strategies, due to the large income inequalitieBrazil in the context of energy use. Brazil has
in these developing countries. !e objectiv8ve regions with distinct climate conditions
of this paper is to analyze these distributio(@pendix A). !e di#erence in mean annual
aspects focusing on the household electri@imperatures between state capitals in the
north and south regions is around 8;C. Average
Guilherme DePaula is from Brazil and graduatashnual temperature is approximately 26 iC in
from F&ES with a Master of Environmenttie north region and 18;C in the south region.
Science in 2011. Guilherme studied environmenfahigh income household consumes almost six
economics and focused his research on the impatitaes more energy in the north region during
of climate change in Brazil. He will continue Hike summer than a low income household. 'e
research work in F&ESOs doctoral program stardi#gerence is much smaller but still signi$cant in
in the fall of 2011, and will study the interactiorthe south region. !e data also suggests a large
between economic development and climatdi#erence in the climate sensitivity of energy
change in Brazil. use for di#erent income classes. A high income
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Figure 1. Average household electricity consumption in Brazil during summer months by income
class and geographical region. Calculated by author from POF 2003 data for 27 capitals in Brazil
(IBGE, 2003). Households classi"ed into income classes by monthly income calculated in number of
minimum wages (MW). Minimum wages in Brazil are de"ned in monthly basis.

family living in the warmer north region uses Electricity consumption is sensitive
almost three times more energy than a htgh climate variations especially for space
income family in the south region. In contrasbnditioning. As temperatures increase as
there is little di#erence in energy use for lawresult of GCC, consumers will adapt in
income households living in di#erent regiodgterent ways to a warmer climate. Consumers

with diverse climates (Appendix A). can change their thermostat and accept warmer
internal temperatures. Families can purchase
Economic Model air conditioning equipment or increase the

le analysis presented on this paper isse of existing space conditioning systems.
based on the results of an econometrics enénggr the long term consumers could adjust
expenditure model applied to Brazil. A detailledilding characteristics such as more re"ective
background on the economic model used as voelfs and better insulation systems. As
as model speci$cations and econometric resoitsumers adapt in di#erent ways to higher
can be found in DePaula and Mendelsobtemperatures, the resulting changes in energy
(2010). lis section summarizes the intuitionuse and expenditures will vary depending on
behind the models and key results. climate and socioeconomic conditions. le

Households consume electricityconometric models estimate the variation on
through appliances and equipment, such hasisehold electricity expenditures as a result of
air conditioners, furnaces, refrigerators, adithate di#erences.
computers. Electricity expenditures of a family l!e analysis used cross-sectional data
depend on its stock of appliances, electri¢iym two surveys on household expenditures
prices, income levels, building characteristompleted by the National Institute of
such as insulation and size, and temperat@eography and Statistics, the 0%cial statistics
Families from di#erent socioeconomagency in Brazil (IBGE 2003, IBGE 2009),
conditions and geographical locations harel station level climate data from the Brazilian
di#erent levels of electricity consumptioridational Institute of Meteorology (INMET)
re"ecting di#erent habits and uses of equipmgRamos, A. M., L. A. Rodrigues dos Santos, L.
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T. Guimar<es Fortes 2009). e socio-economitemperature for each household with energy
data from the household surveys was integratquenditures and other socio-economic
with climate data from INMET by city. Normalinformation. Of the 27 state capitals in the
temperature (30-year average temperature fsample, 11 are metropolitan regions with more
1961 to 1990) data from INMET is availablthan one city.

from meteorological stations at the city level Figure 2 replicates graphically the results
and the data from the POF survey allows for three econometrics models (DePaula
identi$cation of households located in staed Mendelsohn 2010). !e green and red
capitals and the national capital, totaling Hies represent the long run and short run
cities and metropolitan regions. Since takmsticities of electricity expenditures to normal
POF survey does not disclose city informati@mperature based on models using interaction
other than state capitals, we did not includariables for climate and income, and the blue
household data from other municipalities nlime represents the elasticities for a discrete
rural households. !e bene$t of focusing omodel by income class. !e elasticity shown in
the 27 capitals is to closely match the norriglire 2 represents the sensitivity of electricity

I I
0 10 20 30 40
Monthly income (number of minimum wages)*

Discrete ® |nteraction LR
° Interaction SR

Temperature Elasticity of Electricity Expenditures

*The monthly income is stated in number of minimum wages and ranges from 0 to 40 minimum wages per month. A mini
mum wage in Brazil is about R$400 per month, so a household that earns 10 minimum wages earns R$4,000 per month.

Figure 2. The temperature elasticity of low income households is not signi“cantly dilerent from zero,
but middle and high income families have a long run temperature elasticity of 0.8 and 1.6 respectively
(DePaula and Mendelsohn 2010). The climate income relationship indicates that as the middle class,
in an emerging economy such as Brazil, expands and average household income grows, the impact
of warming in the energy sector will become substantial.
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expenditures in percentage terms to a b¥gh through the year. In contrast, the cooler
increase in average temperature. le grapities of S<o Paulo and Curitiba, with the

shows that temperature elasticity of electrititghest variations in monthly temperatures,
expenditures grows with income and is largehave surprisingly low levels of AC ownership,

the long run model. despite their relatively high household incomes.
AC ownership is also low in Fortaleza, which has
Geographical Distribution of Impacts the highest mean annual temperature and one

le city level statistics in Table 1 illustrateof the lowest household income averages. e
the variation in the sample and the complexstytistics for Fortaleza suggest that the coastal
of the relationship between climate and enelapgation with higher wind intensities has an
expenditures. City level mean temperatuediect on household adaptation to climate, and
vary by approximately 13 degrees Celstas, ownership could be the primary adaptation
with a high of 30.1 in the northeastern city afethod for low income families.

Fortaleza and a low of 16.8 in the southern city Climate change impacts will vary
of Curitiba. Other climate variables also hayeographically according to income levels and
signi$cant variations. !e two cities locatedlimate conditions in di#erent cities. Figure
close to the equator, Manaus and Fortaleza, I3asbows the estimated electricity demand for
little variation in mean monthly temperaturégesmperature sensitivity for 5 cities in Brazil
during the year. In contrast, southern citizs comparison to the countryOs average. Local
such as S«<o Paulo and Curitiba have a mgelnsitivity is estimated using mean income and
larger di#terence between summer and wirinperature for each city. Since the econometric
temperatures. le average wind intensity of thmodels were estimated for the entire country,
coastal city of Fortaleza is three times higloeal elasticities are good approximations only
than the wind intensity of Cuiab¥, locatddr small climate variations.

inland. Figure 3 illustrates the large distribution

Households adapt to changes in climatedfyresidential energy demand vulnerability to
buying air conditioners and fans. !e highesincreasing temperatures. Fortaleza, located
level of air conditioning (AC) ownership is in the relatively poorer and warmer northeast
Manaus, where temperature and humidityregyion is about three times less sensitive than

Table 1.City Statistics.

Sample B: POF 2009

North Northeast Midwest Southeast Southeast Soutr
Manaus Fortaleza Cuiaba Rio de Janeiro  Sao Paulo Curitil
Electricity expenses (R$/month) 75 53 116 95 80 75
Household income (R$/month) 2,434 2,151 3,367 3,542 3,866 3,148
Climate
Normal temperature ( C) 26.7 30.1 25.8 23.8 18.5 16.8
Temperature difference (C) 1.7 1.2 4.6 5.2 6.5 7.7
Wind Intensity (ms-1) 25 3.2 17 24 2.7 2.3
Relative humidity (%) 83.1 78.8 73.1 79.1 78.4 80.7
Appliance Ownership
Air conditioning 48% 5% 28% 34% 2% 1%
Fan 79% 70% 86% 89% 49% 39%
Number of observations 556 548 376 946 1,095 405

Notes:Climate variables represents annual means based on data from meteorological stations for 1969 to 1990 (INMET,
First word of column headings indicates region and second word indicates city. Temperature difference is measured as tl
difference between the highest and the lowest monthly mean temperatures for a city.
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Comparison of Temperature Sensitivity by Cities
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Figure 3. Temperature sensitivities in parentheses. Figures calculated using 2009 LR temperat
elasticity of electricity expenses. Temperature sensitivity is de"ned as the percentage change
electricity expenditures resulting from 1 degree Celsius increase in mean annual temperature. C
sensitivity reported for a household with average income.

S<o Paulo, the richer metropolitan area in Brazpacity of low-income households to adapt
located in a subtropical climate. !e calculatiomcreasing temperatures. Secondly, the nege
of local sensitivity assumes uniform warmiiegdback of warming on energy consumptis
resulting from GCC. !e vulnerability of S<o is largely concentrated in middle to higlt
Paulo is surprising given its relatively higheome households and varies geographic:
income levels but consistent with S<o Paule@ding towards more di#erentiated policies
low air conditioning and fan ownership ratios.come and location. Policies that account f
Sao PauloOs relatively larger winter/sumigribution of income and GCC impact coulc
temperature di#erence and relatively loweduce negative impacts in energy a#ordabi
relative humidity, considering mean annuahd increase electricity conservation potentie
temperatures, help explain its low di#usion of Low-income households have lowe
AC ownership. le rates of appliance ownershgdaptation capacity to increasing temperatu
in S<o Paulo indicates that additional sociard will likely have to accept higher intern.
economic factors including housing standartdsnperatures in their homes. lis unmeasure!
appliance technology, AC installation costs, avelfare e#ect for low income househol

consumption habits a#ect AC di#usion. could be signiscant, especially in warm
regions. Mitigation policies that increas
Policy Implications electricity prices through the use of expens

le distribution of climate change impactssupply technologies, such as wind and sc
in the energy sector has implications for G@@ergy in urban areas, could have the adv
mitigation policies in emerging economiestect of reducing a#ordability of electricit
First, mitigation policies can a#ect a#ordabilily increasing government expenditures
of energy services, which is important not oelgctricity subsidies. Targeted policies such
for economic development but also for tle@ergy e%ciency programs for low-incor
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households and conservation incentivB&E 2009. Brazilian Institute of Geography and

di#erentiated by consumption levels are a better
$t for economies with large variation in income

Statistics. Source for household expenditures
survey (POF B 2008/2009).

and GCC impacts. Ramos, Andrea Malheiro, Luiz Andre Rodrigues dos

Finally, the results indicate there is
an opportunity for emerging economies
to in"uence their future pattern of energy
consumption ahead of a signi$cant expansion
of the middle class in the next few decades.
le analysis above suggests that measuring and

Santos, Lauro Tadeu Guimaraes Fortes (2009),
ONormais Climatologicas do Brasil 1961 D
19900, Instituto Nacional de Meteorologia

IINMET), Brasilia, DF, 2009

targeting e%ciency of end-use energy services

for low to middle-income households are an
important tool for policy design. Policy analysis
would bene$t from additional cost-bene$t
studies of targeted regulations and technological
solutions as well as quanti$cation of energy
service e%ciencies for middle class families in
emerging economies.
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Announcing the 2011 Fellows

TRI Endowment Fellowships are designed to support Masters and Doctoral students who
conduct independent research in tropical countries.'lis year 27 students received TRI Fellowships
for summer research.''e 2011 recipients and the countries where they conducted research are:

Alaine Ball
Stephen Brooks
Luisa Cortesi
Shereen DOSouza
Christopher Dutton
Tania Ellersick
Sarah Federman
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le Compton FoundationOs Program aims to contribute to the capacity-building of young

professionals from Central and South America and Sub-Saharan Africa, to improve policies and
programs relating to peace, population, sustainable development, and the environment in their
home countries."lis yearOs recipients and their countries are:

Home Country

Paulo Barreiro-Sanjines Bolivia

Carla Chizmar
Rita E#ah
Daniela Marini

Panama
Ghana
Argentina

County for Summer Research

Costa Rica
Brazil
Ghana
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le Andrew Sabin International Environmental Fellowships support the education and
training of international students from less-developed countries, who intend to return to their
home region or country to work in the $eld of conservation and development. lis yearOs recipients
and their home countries are:

Paulo Quadri Barba
Lakshmi Krishnan
Jing Ma

Munjed Murad
Kavita Sharma
Kanchan Shrestha
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