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Barriers to use of geospatial data for adaptation to climate
change and variability: case studies in public health
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Abstract. This paper presents two case studies of the barriers to the use of geospatial data in the context of public health adap-
tation to climate change and variability. The first case study is on the hazards of coastal zone development in the United States
with the main emphasis on Hurricane Katrina. An important barrier to the use of geospatial data is that the legal system does
not support restrictions on land use intended to protect the coastal zone. Economic interests to develop New Orleans and the
Mississippi River, both over the long term and the short term, had the effect of increasing the impact of the hurricane. The
second case study is epidemics of climate-sensitive diseases with the main emphasis on malaria in Africa. Limits to model accu-
racy may present a problem in using climate data for an early warning system, and some geographic locations are likely to be
more suitable than others. Costs of the system, including the costs of errors, may also inhibit implementation. Deriving soci-
etal benefits from geospatial data requires an understanding of the particular decision contexts and organizational processes
in which knowledge is developed and used. The data by themselves will not usually generate a societal response. Scientists

working in applications should develop partnerships to address the use of geospatial data for societal benefit.
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Introduction

Barriers to societal use of scientific information
emerged as a theme at the Inter-American Institute
for Global Change Research (IAI) Training
Institute on Climate and Health in the Americas
held on November 7 — 18, 2005 at the University
of the West Indies (UWI) in Kingston, Jamaica
(Aron, 2006).

Hurricane Katrina had devastated New Orleans
and a great swath along the U.S. Gulf Coast in late
August in that year of a very active North Atlantic
hurricane season. Katrina caused the deaths of an
estimated 1,330 people, 80 percent of whom were
in the New Orleans metropolitan area. The storm
also damaged an estimated 96 billion dollars of
property, far more than any previous natural or
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man-made disaster (Office of the White House,
2006). How could the hurricane cause such great
loss of life and property in the United States with
so much scientific information about the hazards?
Although Katrina is a particularly dramatic exam-
ple, it is by no means unique in demonstrating a
gap between scientific data and societal use.

The purpose of this paper is to discuss barriers
to use of geospatial data for adaptation to climate
change and variability with a focus on two case
studies in public health. The ultimate objective is
to encourage scientists to appreciate and study the
particular decision contexts and organizational
processes in which knowledge is developed and
used (Pulwarty et al., 2004).

A brief overview of the concept of adaptation to
climate change and variability for public health is
necessary to set the stage. The case studies address
hazards of coastal zone development in a highly
developed country and epidemics of climate-sensi-
tive diseases with a principal focus on the devel-
oping world.
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Public health adaptation to climate change and vari-
ability

Adaptation is a process to moderate, cope with
and take advantage of the consequences of climate
events (Ebi et al., 2005a). In the climate community,
climate variability refers to change in the climate
system on time scales that are seasonal to inter-
annual and decadal while the term climate change is
reserved for centuries, millennia and longer periods.
Adaptation to short-term climate variability is
important in its own right and serves as a starting
point for reducing vulnerability to long-term climate
change. Five generic objectives of adaptation to cli-
mate change and variability are as follows (Niang-
Diop and Bosch, 2005):

(i) increasing robustness of infrastructure designs
and long-term investment;

(ii) increasing the flexibility of vulnerable managed
systems;

(iii) enhancing the adaptability of vulnerable natural
systems;

(iv) reversing trends that increase vulnerability; and

(v) improving societal awareness and preparedness.

Public health depends on climate. There is grow-
ing recognition that vulnerability to climate change
and variability is a concern for a variety of health-
related issues: infectious diseases, natural disasters,
food and nutrition security, water resources, heat
stress, air pollution and asthma as well as interac-
tions with stratospheric ozone depletion (McCarthy
et al., 2001). The long history of public health inter-
ventions provides valuable information for adapta-
tion (Ebi et al., 2005b). Approaches to adaptation
involve both established interventions, such as the
control of mosquitoes that transmit disease, and
new strategies, such as incorporating projections of
climate change into infrastructure development.

Hazards of coastal zone development
The U.S. Congress finds a national interest in the

effective management, beneficial use, protection,
and development of the coastal zone in the Coastal

Zone Management Act of 1972 amended through
the Coastal Zone Protection Act of 1996. This leg-
islation encourages states to manage coastal devel-
opment to “minimize the loss of life and property
caused by improper development in flood-prone,
storm surge, geological hazard, and erosion-prone
areas and in areas likely to be affected by or likely
to be vulnerable to sea level rise, land subsidence,
and saltwater intrusion, and by the destruction of
natural protective features, such as beaches, dunes,
wetlands, and barrier islands” (U.S. Congress,
2004).

A key U.S. Supreme Court decision, however, lim-
its the ability of states to manage the coastal zone
(U.S. Supreme Court, 1992). In Lucas v. South
Carolina Coast Council in 1992, the Court ruled
against a 1988 South Carolina ban on permanent
habitable structures that was intended to reduce
erosion on barrier islands. The ban deprived Lucas
of economically viable use of his property. The
Court agreed that the ban amounted to a “taking”
that called for “just compensation” under the Fifth
and Fourteenth amendments to the U.S.
Constitution. The principle that the rights of indi-
vidual property owners to the economic value of
coastal land take precedence over hazard manage-
ment is an important barrier to the use of geospatial
hazard information.

Long before the 1992 Supreme Court decision,
alliances among business interests, the U.S.
Congress and the U.S. Army Corps of Engineers
have supported environmentally-damaging engi-
neering projects with questionable economic bene-
fits. “All modern presidents have tried to rein in the
Corps, but Congress has jealously protected it”
(Grunwald, 2006). This political support for eco-
nomic development has limited the societal use of
geospatial hazard information and a critical exami-
nation of Corps projects. The Corps is responsible
for the floodwalls that were supposed to protect the
City of New Orleans but failed during Hurricane
Katrina in 200S. Economic interests in Louisiana
supported the Mississippi River Gulf Outlet, an
alternative shipping channel built by the Corps,
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which appears to have amplified the storm surge
from Hurricane Katrina.

The destructive power of major storms does offer
opportunities for building new infrastructure.
During Hurricane Mitch in 1998, Belize suffered
tremendous damage of coastal infrastructure. The
project coordinator for Belize’s assessment of cli-
mate change impacts under the Framework
Convention on Climate Change wrote to the
Ministry of Works about the projected increase in
sea level (Niang-Diop and Bosch, 2005). The result
was that the design for the new seawall took sea
level rise into account and was built higher than
originally planned.

It remains to be seen if the wake-up call by
Hurricane Katrina changes the political dynamics of
the U.S. Congress and the U.S. Army Corps of
Engineers. Engineering over many decades protect-
ed cities from flooding all along the Mississippi
River but reduced the silt for building marshes and
swamps in coastal Louisiana, which help to buffer
the region from hurricane impacts (Grunwald,
2006). New Orleans itself is sinking at an average
rate of 6 mm per year but at a rate as high as 29 mm
near the edge of its levees (Reaney, 2006). The
National Oceanic and Atmospheric Administration
has predicted an active hurricane season in 2006, a
pattern likely to continue for several years because
the development of North Atlantic hurricanes is in
an active phase of a multi-decadal pattern (National
Oceanic and Atmospheric Administration, 2006).
Global warming may lead to more intense hurri-
canes (Emanuel, 2005; Pielke et al., 2005). Global
sea level is projected to rise due to climate change
(Houghton et al., 2001).

Epidemics of climate-sensitive diseases

The use of climate data in early warning systems
for epidemics is attracting a great deal of attention.
Technical advances in forecasting seasonal to inter-
annual variability due to the El Nifio/Southern
Oscillation (ENSO) and other factors have generat-
ed interest in using climate forecasts to improve dis-

ease control. Long-term climate change has the
potential to alter the dynamics of disease transmis-
sion, such as shifting the geographic regions where
a disease is endemic.

For an early warning system, it is critical to con-
sider both prediction and response (Woodruff,
200S5). Problems in either of these areas may present
a barrier to the use of geospatial data. Mosquito-
borne diseases are particularly amenable to this
analysis and will be used to illustrate the issues.
Changes in climate can have a major effect on the
habitat of mosquitoes transmitting diseases, the
development of infectious agents within mosqui-
toes, and the activities that bring people into contact
with mosquitoes.

Model accuracy is an essential component of pre-
diction. The level of accuracy must be clearly
defined and related to objectives for disease control.
One problem is that highly-detailed spatio-temporal
predictions of disease may not be technically feasi-
ble. An additional complication is that model accu-
racy depends on the ecological setting. For mosqui-
to-borne diseases, early warning systems may be
more suitable in areas with strong inter-annual vari-
ation (Woodruff, 2005). Botswana is such a loca-
tion. Skillful seasonal climate forecasts for rainfall
have been successful in predicting malaria epidemics
in Botswana, adding up to four months lead time
(Thomson et al., 2006). It may be difficult, howev-
er, to extend those results to Kenya where both sea-
sonal rainfall and seasonal temperature are major
factors in determining the appearance of malaria
epidemics (Odhiambo, 2006) and there is evidence
of a significant warming trend at high altitudes
(Pascual et al., 2006). For longer time scales, uncer-
tainties about climate change predictions are serious
impediments. A general understanding of the role of
climate and seasonality in disease transmission is
complicated by effects that operate at different spa-
tial scales and multiple seasonal drivers working in
concert as well as concomitant biological and social
changes, such as the emergence of antimalarial drug
resistance and the population pressure to create new
human settlements in areas highly suitable for
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malaria transmission (Pascual and Dobson, 2005).

In some settings, simpler systems to assign poten-
tial for transmission may be useful even in the
absence of detailed predictions. There is also a
tradeoff between timeliness and specificity. In gener-
al, predictions at longer lead times are less specific
and reliable (Woodruff, 2005). It is important to
clearly define what is meant by a successful predic-
tion when linked to an early warning system.

The establishment of an early warning system
must consider the costs and benefits of responses.
The costs of operating an early warning system may
exceed the benefits for disease control. An analysis
of costs should include estimates of false positive
predictions (false alarms) and false negative predic-
tions (an epidemic appears that is not in the fore-
cast). An attempt to identify all true epidemics may
result in many false alarms. Conversely, an attempt
to reduce false alarms may miss epidemics. These
errors can impede the effectiveness of an early warn-
ing system despite some individual years in which
predictions prove to be highly accurate. The error
rate has implications for the credibility of the mes-
sage as well. Maintaining credibility is essential. If
there are serious communication errors, it may be
difficult to win back the public’s trust despite high-
ly accurate forecasts (Institute of Medicine and
National Research Council, 2005).

It should be noted that the perception of costs and
benefits may be altered by the development context.
The implementation of climate services in sub-
Saharan Africa serves as an example (International
Research Institute for Climate and Society, 2006).
Providing the infrastructure for climate services in
sub-Saharan Africa is a huge undertaking. However,
climate services have been proposed as a sound
development strategy to aid sub-Saharan
economies, which are especially sensitive to climatic
fluctuations because of their agrarian structure.

The establishment of an early warning system
must be linked to a response mechanism that is
acceptable to stakeholders in the disease control
decisions. For example, the public may be opposed
to the spraying of insecticides on a large scale.

Decisions to expend funds for early stages of pre-
paredness must have public support in order to
succeed.

Finally, a successful disease control program may
contain the seeds of its own demise. If cases of dis-
ease are prevented, then the benefits of disease
control may not be obvious and the costs of a con-
trol program may appear to be excessive. Dengue
has resurged as a public health problem in the
Americas in recent decades (Gubler and Wilson,
2005). During the 1950s and 1960s, an eradica-
tion campaign targeting the mosquito species
Stegomyia aegypti (formerly Aedes aegypti), which
transmits dengue and yellow fever, eliminated epi-
demics of these diseases in the tropical Americas.
This success led to complacency and redirection of
resources to other public health problems.
Increased urbanization and deteriorating health
infrastructure permitted the expansion of popula-
tions of the mosquito S. aegypti. International
movements of people aided the spread of dengue
viruses.

Conclusion

Geospatial data can be very useful in the context of
public health adaptation to climate change and vari-
ability but there are barriers to translating scientific
results into policies. The case study on coastal zone
development in the United States highlighted the
Supreme Court decision that does not support restric-
tions on land use intended to protect the coastal zone.
The case study on epidemics of climate-sensitive dis-
eases in Africa emphasized how costs of an early
warning system, including the costs of errors, may
exceed the benefits although the perception of costs
and benefits may be altered by plans for economic
development. Deriving societal benefits from geospa-
tial data requires an understanding of the particular
decision contexts and organizational processes in
which knowledge is developed and used. Scientists
are therefore urged to develop partnerships to
address the use of geospatial data for societal benefit.
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