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Human-induced climate change threatens ecosystems and human health on a global scale. In order to
withstand the worldwide threats to ecosystems, the concept of sustainable development was introduced
during the 1980s. Since then, this concept has been widely applied to guide and focus policy-making. The
present article reviews the health consequences of human-induced climate change on sustainable develop-
ment, particularly the potential impact of such change on food supply, natural disasters, infectious diseases,
ecosystems, and sea level rise. Discussed is an integrated model containing the key indicators of sustain-
able development. The relevance of climate change, human health, and sustainable development for
international climate change policy is also examined.

Introduction
Population health, as a "sustainable state" (1), re-
quires the continued support of clean air, safe water,
adequate food, tolerable temperature, stable cli-
mate, protection from solar ultraviolet (UV) radia-
tion, and high levels of biodiversity. Socioeconomic
changes and health interventions have improved
population health in recent decades, although there
are still many disparities in fulfilled health potential
on the global level and the existence of amendable
morbidity and premature mortality continues (2).
However, as a countereffect of economic develop-
ment, health changes have started to occur as
the result of deteriorating global environmental
conditions.

The Second Assessment Report of the Intergov-
ernmental Panel on Climate Change (IPCC) con-
firmed that human activities, principally the burning
of fossil fuels, have increased the atmospheric con-
centrations of important greenhouse gases, which
may result in a warming of the Earth's surface (3). It
was also concluded that the increase of 0.3-0.6 0C in
global surface temperatures over the past 100 years
is unlikely to be due to the natural variability of the
climate system and that the balance of evidence
suggests a discernable human influence on global
climate.
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Human-induced climate change is now compro-
mising the sustainability of human development on
the planet, because it threatens the ecological sup-
port systems on which human life depends (4), as
well as human health and well-being, the continuing
improvement of which should be the very goal of the
development process itself.

The concept of sustainable
development
The concept of sustainable development was first
discussed in 1980 in the World conservation strategy
(5), but it took nearly 10 years to become more widely
accepted. In 1987 the report Our common future,
produced by the World Commission on Environ-
ment and Development (6), launched the following
widely cited definition of sustainable development:
"Development that fulfils the needs of the present
generation without endangering the needs of fu-
ture generations". This anthropocentric definition is
based on the intergenerational equity principle,
which stipulates that no avoidable environmental
burdens should be inherited by future generations.

In this review article, sustainable development
is defined from a more ecocentric perspective: "Im-
proving the quality of human life, while living within
the carrying capacity of supporting ecosystems" (7).
This definition has the advantage of admitting that
development is a process intended to improve living
conditions for people, while at the same time recog-
nizing that the capacity of the environment to sup-
port this endeavour is limited. Accordingly, the
WHO Commission on Health and Environment
stated very explicitly that no development can be
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called sustainable if it inflicts damage to human
health and well-being (8).

The United Nations Framework Convention on
Climate Change (FCCC) has as its ultimate objective
(Article 2) the stabilization of greenhouse gas con-
centrations at a level that would prevent "danger-
ous" interference with the climate system and it
specifically requires that this must be achieved
within a time frame sufficient ". . . to ensure that
food production is not threatened and to enable
economic development to proceed in a sustainable
manner". Further, the principles of the convention
(Article 3) specifically require that in achieving
this objective, special account should be taken of
those countries that are particularly vulnerable to
the adverse effects of climate change. The conven-
tion's principles also acknowledge each country's
right to sustainable development.

Climate change and human health:
a sustainable development?
All ecosystems and socioeconomic systems vital to
human development and well-being, including hu-
man health, are sensitive to both the rate and magni-
tude of climate change (9). An Interagency Task
Group established to assess the potential health im-
pacts of climate change (10) recognized that such an
assessment needs to be undertaken against a back-
ground of multiple, global-scale, environmental
changes, not all of which are related to climate. King
has pointed out that numerous developing countries
are "demographically trapped" in that communities
have exceeded or are projected to exceed the carry-
ing capacity of their local ecosystems, their ability to
migrate, and the ability of the economies to produce
goods and services in exchange for food and necessi-
ties (1). These failures in sustainable development
are taking place independently of climate change
and are marked by the health patterns associated
with infectious diseases, malnutrition, and starvation
(partly relieved by food aid), and genocidal acts of
mass aggression.

Climate change could inflict severe additional
stress on already overburdened ecosystems. Glo-
bally, the Interagency Task Group expects that some
of the severest effects of temperature increase and
precipitation change, increased frequencies of ex-
treme climate events, and sea level rise worldwide
might be inflicted on some of the least developed
countries. Also, region-specific hunger is expected
to increase significantly under any of the IPCC-
accepted global climate scenarios, even if allow-
ance is made for the effect of population growth
per se. At present, roughly 530 million people are at

risk from hunger each year: by the year 2060 there
could be an extra 40-300 million (relative to an
estimated 640 million people at risk of hunger by
then in the absence of climate change) depending on
several factors, including population growth. This
expectation, which may be optimistic (11), is based
on projections of shifts in agricultural potential for
the main staple crops and the resulting changes in
productivity under each of the IPCC climate-change
scenarios (12).

Around 250000 people are killed every year as
a result of natural disasters, with about 95% of these
deaths occurring in poor countries. This distribution
is probably a good reflection of the differences in
disaster mitigation and preparedness levels between
richer and poorer countries. It is therefore not diffi-
cult to envisage where most of the additional damage
will arise if extreme climatic events are to occur
more frequently or when rising sea levels destroy
more coastal zones. Since several of the countries
most sensitive to the impacts of natural disasters
(India, Bangladesh, and sub-Saharan Africa) are al-
ready overpopulated, there is little or no room for
mitigation of these effects by enforced evacuation or
restricted land-use planning.

Sea level rise, flooding, and coastal erosion will
have direct impact on the viability of many coastal
populations. Estimates suggest about 46 million peo-
ple are currently at risk from storm surges. Not tak-
ing into account expected population growth and
adaptation measures, a 50-cm rise in sea level (cur-
rent projected range: 15-115cm over the next cen-
tury) would increase this to 92 million people (9).
Such a sea level rise could threaten entire cultures
and force internal or international migration of
populations (13).

Changes in the distribution of infectious diseases
and an increased frequency of new and resurgent
infections are expected under all of the IPCC climate
change scenarios. For example, the net world burden
of malaria (current population at risk: 2.4 x 109)
might increase, even if falling soil humidities reduces
its incidence in some areas. One estimate suggests an
additional 100-700 million people could be at risk
from malaria caused by human-induced climate
change by 2050 (14, 15) and by 2100 an additional
1000 million people could be infected.

Natural ecosystems provide many goods and
services that are important to sustainable develop-
ment, including the following: food, fibre, medicines
and energy; processing and storing carbon and other
nutrients; assimilating wastes, purifying water, regu-
lating run-off, and controlling floods, soil degrada-
tion and beach erosion; and recreation and tourism
(9). Climate change may alter the composition
of many ecosystems and so reduce biodiversity
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and the services that ecosystems provide (9). Some
forest and mountain ecosystems may disappear
altogether and desertification is likely to become
more severe and less easily reversible. Aquatic and
marine ecosystems important to tourism, fresh-
water supplies, fisheries and biodiversity, such as
coastal wetlands, coral reefs and river deltas will be
at particular risk from climate change and sea level
rise.

Whether all the potential public health implica-
tions of climate change will be realized depends on
the assumptions made, the correctness of the models
used, and the degree of mitigation and adaptation
that will be feasible, acceptable, and economically
affordable. A country with falling agricultural pro-
duction, but with sufficient potential for industrial
growth can expect to feed its population from food
imports. A nonmalarious country with a well-
functioning public health system may contain the
threat of malaria without even increasing health
sector expenditures. However, for vulnerable
populations the effects of climate change may be
cumulative: malnutrition may exacerbate disease
and death from infectious diseases, some of which
contribute to malnutrition. Anthropogenic climate
change is likely to influence both malnutrition and
infection.

Sustainability indicators
How is "sustainability" to be measured? What indi-
cators are there for sustainable development (an in-
dicator being defined as a characteristic of the status
and behaviour of a dynamic system) and what targets
and reference values are there for those indicators?

Conventional health indices such as life expect-
ancy and mortality rates neglect to take into consid-
eration the fact that the foundations of human health
depend upon the integrity and productivity of an
ecosystem's life supporting processes (particularly
those relating to climate stability and food produc-
tion) (4). The health of human populations is one
component in the complex interactions that occur
between demographic, biological, ecological, social,
and economic processes. In the model experiment
described below, which is based on an analysis of
climate change impacts on malaria (16,17), we show
a simple example of how economic, ecological and
health indicators can be evaluated simultaneously
within one framework.

Temperature change can be thought of as a sim-
ple ecological risk indicator: a global rate of tem-
perature change of 0.1 °C per decade is the upper
limit beyond which the risks of considerable damage
to ecosystems and sensitive coastal areas and of

unexpected sudden changes in the climate system
are expected to increase rapidly (18). The process
leading to the impact of a human-induced climate
change on malaria incidence can be represented by
the possible changes in the disease burden caused by
malaria. Ideally the disease burden associated with
malaria should be zero, although this level will prob-
ably never be reached. For health, the target pro-
posed here is therefore a zero change in disease
burden (expressed as the number of disability-
adjusted life years) (DALYS) lost (19). This implies
that any increase in disease burden is considered to
be an unsustainable development. The amount of
resources allocated to health services may serve as
a buffer against the adverse health effects of global
climate change. The dynamics and the level of eco-
nomic development, expressed as GNP per capita
growth, can be considered to be an indicator of the
means placed at the disposal of the public health
sector (20).

Fig. 1 depicts changes in malarial disease bur-
den, rate of temperature change, and economic de-
velopment, based on three IPCC scenarios (IS92a,
IS92c and IS92e). The highest greenhouse gas emis-
sions result from the IS92e scenario, which
combines, among other assumptions, moderate
population growth, high economic growth, and high
fossil fuel availability. The lowest greenhouse gas
emission results from IS92c, which assumes that
population grows, then declines by the middle of the
next century, that economic growth is low, and that
there are severe constraints on fossil fuels supplies
(21).

The relative global mean temperature target of
0.1 °C per decade is exceeded throughout the simula-
tion period (1990-2050) under the three scenarios
used. The target of no increase of healthy life years
lost due to malaria is not met in any of the calcula-
tions, with most healthy life years being lost in the
IS92e scenario. Projections of GNP per capita
growth per year over the period 1955-1989 in
malarious regions varied from 1.0% for sub-Saharan
Africa to 4.6% for Asia. The economic growth
assumptions in the IS92a and IS92c scenarios fall
below historical rates; the IS92e scenario shows
an increase in economic growth. However, since
mitigation and adaptation options for countries, at
least in part, depend on their economies, develop-
ment trajectories which already compromise sustain-
ability (as is the case with most poor developing
countries), the disease burden of climate change
will be left unmitigated or be mitigated at a high
cost to the economy. In either case, development
sustainability will be in greater jeopardy than it
would have been in the absence of human-induced
climate change.
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Fig. 1. Three IPCC-1992 scenarios related to health,
ecological, and economic Indicators (IS92a, IS92c,
IS92e). The health indicator is expressed as the excess
DALYs lost per 1000 population, relative to the reference
scenario (no temperature change); the ecological indicator
as the relative temperature increase (0C per decade); and
the economic indicator as the difference between the GNP
per capita growth (% per year) and the baseline growth
(1955-89; 2% per year). The three indicators are plotted
two-dimensionally. For sustainable development, changes
in the health, ecological, and economic indicators should
not exceed the plane spanned by the target values (i.e.
system boundaries). It is important to note that this
strongly depends on the choice of the indicators and
reference values as well as on the assumptions and un-
certainties associated with the modelling experiment.

Safeguarding population health
Planning for the protection of human health from
the potential impacts of global climate change (and,
although not discussed in detail here, the related

human health effects caused by increased levels
of UV radiation as a result of ozone depletion and
urban air pollution) requires a much improved
understanding of the disease-inducing mechanisms
involved, possible synergetic effects, and vulnerabil-
ity of populations. It is essential to develop valid
indicators for changing environmental health condi-
tions, both related to modelling experiments (as dis-
cussed in this article) and to the monitoring of
environmental health indicators in sensitive areas.
For example, monitoring the spread of malaria
mosquitos or other vectors to areas currently free of
the diseases they carry and improved early warning
systems for weather extremes and natural disasters
will assist in implementing emergency prepared-
ness measures. The refinement of climate forecas-
ting systems and their application to agricultural
planning could assist in improving food security
and avoid large-scale starvation owing to crop
failures.

Research areas that should be encouraged in
the medium term include the following: develop-
ment of improved integrated assessment models for
ecosystem-related human health risks caused by
climate variability and climate change; the relative
significance of technical adaptations, such as air-
conditioning and other adaptive responses to
climate extremes; and the interactions between
increasing temperatures and UV radiation levels
and outdoor air quality (particularly in urban
areas). At the national level, countries should be
encouraged to undertake an overall assessment of
population vulnerability to the potential health
implications of the various components of climate
change, including increasing UV radiation and urban
air pollution.

If the long-term impacts of climate change on
human health are as serious as suggested, the most
effective long-term basis for mitigation lies in reduc-
tion of greenhouse gas emission (9). The health
sector can play an active role in ensuring that
governments give priority to strategies that substan-
tially reduce emissions of carbon dioxide, focusing
particularly on energy efficiency measures and the
development and use of renewable energy sources
(22). Most assessments of the impact of climate
change are based on scenarios in which the level of
atmospheric carbon dioxide is twice that of pre-
industrial levels; the potential health impacts of cli-
mate change and the precautionary principle provide
a rationale for stabilizing atmospheric concentra-
tions at a level below this concentration. There is a
need also for energy-efficient technology transfer to
ensure that short-term economic development is not
derailed and the health needs of today's generation
are not compromised.
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Conclusions
This brief review demonstrates that the debate on
the health impacts of climate change and sustainable
development should proceed both at global and
country levels, within a holistic integrated frame-
work. Individual countries should assess their cur-
rent health situation in the light of economic
development and climate factors, and subsequently
assess their vulnerability to health impacts from cli-
mate change and their potential for mitigation and
adaptation. Population, agricultural, and industrial
policies should subsequently be adapted to ecologi-
cally acceptable targets for population welfare and
economic effects on other countries, as well as being
subjected to rigorous sustainability criteria.

Although uncertainties remain that are relevant
to assessing what constitutes "dangerous" climate
change, the projected international health effects of
climate change clearly threaten sustainable develop-
ment, especially in the world's poorest nations, and
thus provide a compelling case for the acceleration
of negotiations and actions now underway to reduce
greenhouse gas emissions. As the IPCC note: "If
carried out with care, these responses would help to
meet the challenge of climate change and enhance
the prospects for sustainable economic development
for all peoples and nations."
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Resume
Changements climatiques, sante et
developpement durable
Les changements climatiques provoques par
I'homme menacent les 6cosystemes et la sante a
I'echelle mondiale. Afin de r6sister aux menaces
mondiales qui pesent sur les 6cosystemes, le con-
cept de d6veloppement durable a ete introduit au
cours des ann6es 80. Depuis lors, on se sert large-
ment de ce concept pour guider et orienter la prise
de decisions politiques. Le present article examine
les consequences pour la sante des modifications
climatiques provoqu6es par I'homme pour le deve-
loppement durable. 11 insiste particulierement sur
l'impact potentiel des changements climatiques sur
l'approvisionnement alimentaire, les catastrophes
naturelles, les maladies infectieuses, les ecosys-
temes et l'e61vation du niveau de la mer. 11 6tudie
egalement un modele int6gr6 des indicateurs cl6s

du developpement durable et examine l'importance
des changements climatiques, de la sant6 et du
d6veloppement durable par rapport a la politique
internationale relative aux changements clima-
tiques.
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