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Abstract. There are two responses to global climate change. First, mitigation, which actions to reduce greenhouse gas
emissions and sequester or store carbon in the short-term, and make development choices that will lead to low emis-
sions in the long-term. Second, adaptation, which involves adjustments in natural or human systems and behaviours
that reduce the risks posed by climate change to people’s lives and livelihoods. While the two are conceptually distinct,
in practice they are very much interdependent, and both are equally urgent from a healthy population perspective. To
define the policies to mitigate and to adapt to global climate change, data and information at all scales are the basic
requirement for both developed and developing countries. However, as compared to mitigation, adaptation is an imme-
diate concern for low-income countries and for small islands states, where the reduction of the emissions from green-
house gases is not among their priorities. Adaptation is also highly location specific and the required ground data to
assess the impacts of climate change on human health are not available. Climate data at high spatial resolution can be
derived by various downscaling methods using historical and real-time meteorological observations but, particularly in
low-income countries, the outputs are limited by the lack of ground data at the local level. In many of these countries,
a negative trend in the number of meteorological stations as compared as to before 2000 is evident, while remotely-
sensed imagery becomes more and more available at high spatial and temporal resolution. The final consequence is that
climate change policy options in the developing world are greatly jeopardized.
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Before starting to discuss influence and interac-
tion involving the climate, it is essential to define
what we mean by environment and health. The for-
mer can be defined as the complex of physical,
chemical, and biological factors in which a living
organism or community exists. In simple terms, the
environment refers to the components of the Earth
and includes, but is not limited to: (i) land, water
and air, including all layers of the atmosphere; (ii)
organic and inorganic matter and living organisms;

and (iii) the interaction among and between the
components referred to (i) and (ii). In 1948, in its
constitution, the World Health Organization
(WHO) defined health as follows: “Health is a state
of complete physical, mental and social well-being
and not merely the absence of disease or infirmity”
(WHO, 2006). 

The interaction between environment and health
is well-known since Hippocrates, the father of med-
icine (460-377? B.C.), who was the first we know of
taking a scientific approach towards diseases and
cures. He taught that proper diet is a necessity of
health, and that the climate has a profound influ-
ence on both mind and body. In his writings
Hippocrates says: “Whoever would study medicine
aright must learn of the following subjects. First he
must consider the effect of each of the seasons of the
year and the differences between them. Secondly he
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must study the warm and the cold winds, both those
which are common to every country and those pecu-
liar to a particular locality...... Lastly, the effect of
water on health must not be forgotten. Just as it
varies in taste and when weighed, so does its effect
on the body vary as well. When, therefore, a physi-
cian comes to a district previously unknown to him,
he should consider both its situation and its aspects
to the winds. The effect of any town upon the health
of its population varies according as it faces north
or south, east or west. This is of the greatest impor-
tance” (Airs, Waters, Places, 400 B.C.). 

Due to the link between the environment and
human health, a healthy population is dependent on
a healthy environment and, also, the environment
can be affected by human activities. Any major
change in climatic conditions is likely to have con-
sequences for human population health. On the
other hand, the most recent global climate assess-
ment states that the net effect of human activities
since 1750 has been, with a very high confidence1, a
determinant of the increased global temperatures
(IPCC, 2007a).

The “climate dimension”

While the climate, in a narrow sense, can be
defined as the “average weather”, the more rigorous
statistical description sees it in terms of the mean and
variability of relevant quantities over a period of
time ranging from months to thousands or millions
of years. The classical period is 30 years, as defined
by the World Meteorological Organization (WMO).
These relevant quantities are most often surface vari-
ables such as temperature, precipitation, and wind.
Climate in a wider sense is the state including a sta-
tistical description, of the climate system. 

The climate system is a complex system which,
under the effects of the solar radiation received by

Earth, determines our climate and it consists of five
major components (Fig. 1) and the interactions
between them. The climate system evolves in time
under the influence of its own internal dynamics and
external forces such as volcanic eruptions, solar
variations and anthropogenic forces such as the
changing composition of the atmosphere and land-
use change (IPCC, 2007a). As shown in Figure 1,
the five components of the climate system are:
(i) the atmosphere (gaseous matter above the  sur-

face of the Earth);
(ii) the hydrosphere (liquid water on or below the

surface of the Earth);
(iii) the cryosphere (snow and ice on or below the

surface of the Earth);
(iv) the lithosphere (land surface of the Earth, e.g.

rock, soil and sediment); and
(v) the biosphere (plants and animal life, including

man).

Climate classification

The interaction of the systems produces different
climates on the Earth which can be described at dif-
ferent scales and the global climate is assessed by,
basically, measuring the global average temperature
of Earth’s surface through the analysis of thousands
of records of temperature collected from meteorolog-
ical stations on land and at sea. Although the climate
per se relates only to the varying states of the atmos-
phere, the other parts of the climate system also have
a significant role in forming different climates
through their interactions with the atmosphere (Fig.
2). In considering the interactions of the various com-
ponents of the climate system it is clear that they have
a vertical influence as well as a horizontal one. To
understand those interactions, it is important to
define a climatic scale which links the macro, the
meso, the local and the micro climates (Fig. 3), but
also to link the climatic scale with the meteorological
scale as the climatic phenomena represent the cumu-
lative effect of the meteorological phenomena. 

The climate can be classified according to differ-
ent rules but, in general, it can be divided into a

1 Degree of confidence in being correct: very high confidence: at least

9 out of 10 chance of being correct; high confidence: about 8 out of

10 chance; medium confidence: about 5 out of 10 chance; low confi-

dence: about 2 out of 10 chance; and very low confidence: less than

1 out of 10 chance.
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worldwide system of contiguous regions, each of
which is defined by the relative homogeneity of its
climatic elements. One of the first attempts to do so
was done by Aristotle in ancient Greece (284-322
B.C.). Aristotele hypothesized that the Earth was
divided into three types of climatic zones, each
based on distance from the equator: 
(i) Torrid Zones - from the Tropic of Cancer

(23.5°) in the north, through the equator (0°),
to the Tropic of Capricorn (23.5°) in the south; 

(ii) Frigid Zones - north of the Arctic Circle (66.5°
north) and south of the Antarctic Circle (66.5°

south); and
(iii) Temperate Zones - between the Tropics and the

Arctic and Antarctic Circles. 
The currently most effective classification scheme

is that of Wladimir Köppen (1936) that is based on
the characteristics of the mean annual cycle of tem-
perature and precipitation. Threshold values utiliz-
ing these climatic parameters were defined in order
to designate climate types that reflect major envi-
ronmental characteristics. The resulting five major
climate types are defined as follows:
(i) tropical rain climates (A): the mean tempera-

Fig. 1. The climate system (source: IPCC, 2001a).

Fig. 2. The pathway from the Sun’s radiation to the formation of climates (source: FAO, 2007).
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ture of the coldest month exceeds +18.0°C;
(ii) arid climates (B): on the basis of the average

annual precipitation sum R (cm) and the annu-
al mean temperature T (°C); 

(iii) temperate rain climates (C): the mean tempera-
ture of the coldest month is between –3.0°C
and +18.0°C;

(iv) boreal forest and snow climates (D): the mean
temperature of the warmest month exceeds
+10.0°C and the mean temperature of the cold-
est month is below –3.0°C; and

(v) cold snow climates (E): the mean temperature
of the warmest month is below +10.0°C.

Based on recent data sets from the Climatic
Research Unit (CRU) of the University of East Anglia,
UK, and the Global Precipitation Climatology Centre
(GPCC) at the German Weather Service, a new
Köppen-Geiger world climate classification for the
second half of the 20th century has been defined and
is presented in Figure 4 (Kottek et al., 2006).
According to this, the main zonal climates include: 
(i) latitudinal climates - temperature regimes deter-

mined by the location of a place north or south
of the equator, e.g. polar climate, temperate cli-
mate, sub-tropical climate and tropical climate;

(ii) regional climates - patterns of weather that
affect a significant geographical area and that
can be identified on account of special features

which distinguish them from other climate pat-
terns. The main factors determining regional
climate are: (i) differences in temperature
caused by distance from the equator and sea-
sonal changes in the angle of the sun’s rays as
Earth rotates; (ii) planetary distribution of land
and sea masses; and (iii) the worldwide system
of winds, called the general circulation, which
arises as a results of the temperature difference
between the equator and the poles. Examples of
regional climates are maritime climate, continen-
tal climate, monsoon climate, Mediterranean cli-
mate, Sahelian climate and desert climate.

Climate variability and change 

Climate variability refers to the temporal varia-
tions of the atmosphere–ocean system around a
mean state. Typically, this term is used for timescales
longer than those associated with synoptic weather
events (i.e. months to millennia and longer). The
term “natural climate variability” is used to identify
climate variations that are not attributable to or
influenced by any activity related to humans. 

Climate change refers to a statistically significant
variation in either the mean state of the climate or in
its variability, persisting for an extended period (typ-
ically decades or longer), and may result from:
(i) natural factors, such as changes in the Sun’s

intensity or slow changes in Earth’s orbit
around the Sun; 

(ii) natural processes within the climate system
(e.g. changes in the ocean circulation); and 

(iii) human activities that change the atmosphere’s
composition (e.g. through burning fossil fuels)
and the land surface (e.g. deforestation, refor-
estation, urbanization, desertification, etc.).

The causes of climate variations can be divided into
those due to external forcing and those that occur
because of factors internal to the climate system (i.e.
the natural internal variability). In fact, in the absence
of external forcing, the heat content of the system
would stay constant. However, heat may redistribute
itself geographically, between different reservoirs (e.g.

Fig. 3. Climatic phenomena at micro, local, meso and macro
scale (adapted from Yoshino, 1978). 
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between the oceans and the atmosphere), or between
different thermodynamic states (such as water vapor
to liquid water to ice). Such redistributions occur con-
tinuously on timescales from seconds to millennia.
External forcing effects can be divided into natural
influences and human influences (Wigley, 2003).

Global warming

Earth’s atmosphere functions like the glass walls
of a greenhouse, trapping sufficient solar energy to
keep the global average temperature at about 15°C
instead of 450°C like on Venus’ surface or –53°C on
Mars. The atmospheric gases, mainly water vapour
(H2O), carbon dioxide (CO2), methane (CH4), and
nitrous oxide (N2O), called “greenhouse gases”
(GHGs) function as global insulators and the
trapped heat energy makes Earth warmer than it
would be without these gases. In fact, without an
atmosphere, Earth’s surface temperature would be
far below freezing and life on Earth would not be
possible. On the other hand, an increase in atmos-
pheric GHGs could result in increased trapped heat

and rising global temperatures. However, human
activities are making the blanket “thicker” as the
natural levels of these gases are being increased by
emissions of CO2 from the burning of coal, oil, and
natural gas, by additional CH4 and N2O produced
by farming activities and changes in land use, and
by several long-lived industrial gases that do not
occur naturally. These changes are evolving at an
unprecedented speed and the result is known as the
“enhanced greenhouse effect”, i.e. a warming of the
Earth’s surface and its lower atmosphere. 

By increasing the amount of GHGs in the atmos-
phere through the burning of fossil fuels (coal, oil,
gas) and deforestation, Earth’s natural greenhouse
effect has been enhanced. This means that more of
the Sun’s radiation is now trapped in the Earth’s
atmosphere, and the additional heat in the atmos-
phere causes mean air and sea surface temperatures
to rise all over the globe. This phenomenon is termed
“global warming”. Therefore, global warming is an
average increase in the temperature of the atmos-
phere near the Earth’s surface and in the troposphere,
which can contribute to changes in global climate

Fig. 4. The Köppen-Geiger world climate classification (source: Kottek et al., 2006).



M. Bernardi - Geospatial Health 2(2), 2008, pp. 137-150142

patterns. Global warming can occur from a variety of
causes, both natural and human induced. 

The United Nations Framework Convention on
Climate Change (UNFCCC), in its Article 1, defines
“climate change” as: “a change of climate which is
attributed directly or indirectly to human activity
that alters the composition of the global atmosphere
and which is in addition to natural climate variabili-
ty observed over comparable time periods” (UNFC-
CC, 1992). The UNFCCC thus makes a distinction
between “climate change” attributable to human
activities altering the atmospheric composition, and
“climate variability” attributable to natural causes.

Responses to climate change

There are two main approaches that can be taken
in response to climate change: 
(i) mitigating climate change by reducing emis-

sions and sequestering carbon, i.e. to act on the
causes; and

(ii) adapting to climate change by improving the
quality of information and its use, providing
insurance against climate change risk, adopting
known good practices to strengthen the
resilience of vulnerable livelihood systems, and
finding new institutional and technological
solutions, i.e. to act on the effects.

Mitigation of climate change involves actions to
reduce GHGs emissions and to sequester or store
carbon in the short-term and make development
choices that will lead to low emissions in the long-
term. Adaptation to climate change involves adjust-
ments in natural or human systems and behaviour
that reduce the risks posed by climate change to
people’s existence. While mitigation and adaptation
are conceptually distinct, they are in practice inter-
dependent and both are equally important from a
human health perspective.

Climate is an environmental resource (solar energy,
rainfall, heat, etc.) as well as an environmental haz-
ard and it varies over different time scales. Human
populations have developed ways to cope with the
variability, but climate change is modifying expected

and known variability patterns, sometimes to the
extent that people are confronted with situations that
they are not well equipped to handle. Adaptation is
thus an immediate concern, with mostly immediate
benefits but it is highly location-specific. 

The “human health dimension”

Weather and climate variability can affect human
health through direct and indirect effects: the former
involve physical impacts that cause physiologic
stress (e.g. temperature) or injury (e.g. storms,
floods). Indirect effects, such as impact on food sup-
plies and outbreaks of vector-borne diseases, may
operate through different pathways involving multi-
ple variables. The distinction never exists in reality
as even strong direct effects of climatic factors on
the organism are modified through the impact of
other environmental factors affected by climatic fac-
tors. However, it must be considered that factors
other than the climate are influenced by humans and
they affect the environment and ultimately human
health. They are the contaminants of human activi-
ties released into the air, the water and the soil,
including alteration of vegetation and other land
surfaces (Balbus and Wilson, 2000). Concerning
global climate change, there are five possible path-
ways through which climate change can impact
human health: (i) temperature-related morbidity
and mortality; (ii) health effects associated with air
pollution; (iii) effects of extreme weather events
(and drought) on population health; (iv) water- and
food-borne disease; and (v) vector-borne disease
(Henry, 2002). The main pathways by which glob-
al climate change can affect population health are
schematized in Figure 5 where mitigation mainly
refers to the reduction of GHG emissions while
adaptation concerns interventions to reduce
adverse health effects. 

Most observations of the relation between cli-
mate and health are based on climate variability as
on a day-to-day, month-to-month, and even year-
to-year basis, climatic conditions have a great
impact more than they do on a decade-to-decade
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basis, and even more than is predicted with
enhanced greenhouse effect. In assessing the health
impacts of long-term climate change, a distinction
must be made between health effects that are influ-
enced by short-term climate variability and health
effects that may be influenced by long-term
changes (Balbus and Wilson, 2000). 

Global climate assessment

The first major global assessment of climate
change science in six years (IPCC, 2007b) has con-
cluded that changes in the atmosphere, the oceans
and glaciers and ice caps show unequivocally that
the world is warming. In its report, the
Intergovernmental Panel on Climate Change (IPCC)
stated with “very high confidence” that the increase
in atmospheric concentrations of GHGs since 1750,
70% of which has taken place between 1970 and
2004, is the result of human activities. In 2005 they
exceed by far the natural range over the last
650,000 years and, concerning human health, the

IPCC assessment concluded that climate change cur-
rently contributes to the global burden of disease
and premature deaths with “very high confidence”.
Emerging evidence of climate change effects on
human health shows that climate change has:
(i) altered the distribution of some infectious dis-

ease vectors (medium confidence);
(ii) altered the seasonal distribution of some aller-

genic pollen species (high confidence); and
(iii) increased heatwave-related deaths (medium

confidence).
There is clear evidence that climate change plays a

prominent  role in the spatial and temporal distri-
bution of several diseases like malaria, dengue, tick-
borne diseases, cholera and other diarrhoeal ones as
well as in the seasonal distribution and concentra-
tions of some allergenic pollen species. The project-
ed health impacts of climate change are predomi-
nately negative – most severe impacts affecting low-
income countries – and also positive including lower
climate suitability for vector-borne diseases in some
regions. The assessment put the emphasis on the

Fig. 5. Schematic summary of main pathways by which climate change affects human health (source: McMichael et al., 2003). 



M. Bernardi - Geospatial Health 2(2), 2008, pp. 137-150144

need to develop and implement adaptation strate-
gies, policies and measures at different levels and
scales. 

Climate change, food security and human health

The food security situation of a household is deter-
mined by four factors: food availability, access to
food, stability of supply and accessibility, to which
can be added the degree to which food is nutritious,
safe and contributing to an active and healthy life
(FAO, 1996). Climate change is a real threat to
development and puts additional pressure on already
limited resources and these phenomena are most
likely to affect developing countries, which have the
least capacity to meet these new challenges. Poverty
and hunger are largely interlinked since poverty is
recognized both as the cause and the outcome of
hunger. Poor people are likely to have less access to
healthy, nutritious food, which results in a poor
health status and lower labour productivity. These
two factors then contribute to maintaining the
vicious cycle of poverty and malnutrition. An addi-
tional effect of climate change is the changing pat-
terns of animal diseases and their direct link to
human health and well-being. Temperature changes,
as well as increased air pollution, can enhance
human disease patterns, as does the spread of trans-
boundary animal diseases with their relationship to
pathogens potentially dangerous to humans. Avian
flu2 is the most recent example. Food security and
human health linkages, combined with the most like-
ly effects of climate change, clearly show the global-
ization aspect and the interconnection between
developed and developing countries. Any contribu-
tion made to safeguard the protection of the envi-

ronment in developing countries will have a direct
and a positive effect in the developed countries. 

Meteorological and climatic measurements in rela-
tion to human health 

Detection and measurement of the effects of cli-
mate change on human health are necessary to pro-
vide evidence on which to base policy options at
national and international levels relating to adapta-
tion and mitigation measures. Clear evidence of
health effects, and accurate measurements of their
size, can come only from globally high-quality and
comprehensive observations. Without such baseline
data it is not possible to develop the products need-
ed by policy makers and other stakeholders. Such
undertakings can only be achieved through an inter-
national coordinating mechanism and through the
use of common methodologies and standards. 

Meteorological factors influence health processes
either directly or indirectly. Temperature, relative
humidity, rainfall and wind-speed are perhaps the
most important and can all be predicted (with a
greater or lesser degree of certainty) to affect the
future climate. A network of meteorological stations
covers all countries in the world but, in practice, there
are difficulties in obtaining reliable series of daily
measurements of these variables for all representative
sites due to poor density of these stations particularly
in the developing countries where climate effects on
human health is of particularly great concern. 

As an example, Africa’s conventional synoptic sta-
tions3, fundamental for climate modelling and adap-
tation strategies, are thin on the ground. For exam-
ple, there are just over 1,150 World Weather Watch
stations in Africa giving a density of 1 per 26,000
km2, eight times lower than the WMO minimum
recommended level. The density of meteorological
stations has a very large variation and it can be
assumed that, on average, the density varies from
none to about eight rainfall stations per 1,000 km2

and from none to one synoptic station per
1,000 km2. In many developing countries, the den-
sity has also a negative trend which is underscored

2 Highly pathogenic avian influenza (HPAI).

3 Synoptic station: a station at which meteorological observations are

made for the purposes of synoptic analysis. The observations are

made at the main synoptic times of 00.00, 06.00, 12.00, 18.00 UTC

and normally at the intermediate synoptic hours of 03.00, 09.00,

15.00, 21.00 UTC and are entered into a coded format for further

dissemination. From: http://amsglossary.allenpress.com/glossary
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by Figure 6 showing a decrease in the numbers of
operational stations by-year and by-country in the
Greater Horn of Africa from 1960 to 2005 in
almost all countries of the region. Meanwhile little
of Africa’s – and other world regions – historical
meteorological and climate data is being used to fur-
ther refine climate forecasting and assist in better
adaptation and coping strategies. This is because
much of the historical data remain paper-based and
are inaccessible to scientists who need digital data to
feed global circulation models. 

Meteorological and climate data are essential in
monitoring health impacts such as the evaluation of
the dynamics of vector-borne diseases based on cli-
mate-health modelling and climatic datasets need to
be at a resolution representing in an adequate way
the linkages between climate and human health.
Climate data at high spatial resolution can be pro-
duced by statistical downscaling using historical
observations but the method is limited by the lack of
historical meteorological data at local level. The
kind of needs concerning the climatic and health
data is shown in Table 1. 

In order to estimate missing data for a specific
region, measurements made at the stations can be
interpolated using different methods to derive esti-
mates up to the entire globe at different spatial res-
olutions (Bernardi et al., 2006). Proxy measure-
ments of meteorological variables such as temper-
ature, rainfall and wind speed are also made by
sensors installed on board of geostationary4 and
polar orbiting5 satellites providing a global cover-
age. Concerning rainfall, a technique for estima-
tion of precipitation over Africa has been devel-
oped and implemented by NOAA’s (U.S. National
Oceanic and Atmospheric Administration) Climate
Prediction Center to augment the rainfall data
available from the relatively sparse observational
network of rainfall stations over the continent (Xie
and Arkin, 1997). The final product is a rainfall
estimation (RFE) digital imagery and is regularly
distributed by the U.S. Agency for International
Development (USAID) Famine Early Warning
Systems Network (FEWS NET), an information sys-

tem designed to identify problems in the food sup-
ply system that potentially lead to famine or other
food-insecure conditions in sub-Saharan Africa,
Afghanistan, Central America and Haiti. The RFE
method utilizes METEOSAT geostationary satellite
infrared data, Global tele-communication System
(GTS)6 rainfall stations reports for the computation
of daily estimates of accumulated rainfall (in mm) at
a spatial resolution of about 8 km. The method still
requires an improvement of the accuracy of RFE,
especially in areas with low real-time gauge densities
and complex topography and substantial improve-
ments to RFE accuracy can be obtained with addi-
tional rainfall data (Funk, 2006).

One important application of RFE is the monitor-
ing of current rainfall anomalies in zones at malaria
epidemic risk. Rainfall is one of the major factors
influencing malaria transmission in semi-arid and
desert-fringe areas of Africa. Epidemics may occur

Fig. 6. By-year, by-country counts of meteorological stations
in the Greater Horn of Africa.

Station counts by country for May in the respective years

Years

St
at

io
n 

co
un

ts

4 Geostationary satellite: a satellite in a west-to-east orbit at an alti-

tude of 35,786 km above the equator. At this altitude, it circles the

axis of the Earth once every 24 hours, making its speed in orbit syn-

chronous with the earth’s rotation. From: http://amsglossary.allen-

press.com/glossary 

5 Polar-orbiting satellite: a satellite with an orbit that lies in a plane

passing through the center of the Earth. From: http://amsglossary.

allenpress.com/glossary 

6 Global Tele-communications System (GTS) is the globally integrat-

ed communications that provides for the collection and distribution

of meteorological data within the World Weather Watch of the

WMO. From: http://amsglossary.allenpress.com/glossary 
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after excessive rains, usually with a lag time of sev-
eral weeks during which mosquito vector popula-
tions and malaria infections gradually increase. The
maps based on RFE provide a simple indicator of
changes in malaria risk in marginal transmission
areas based solely on rainfall, showing differences
above and below expected levels7.

Concerning the environmental satellites, they can
certainly have a great capability to deliver global
data on the climate system so that they are particu-
larly useful to study climate change and to validate
and assess the quality of climate models through
the collection of long-term and consistent Earth
observations data sets. These sensors allow the uses
of remote sensing technology beyond vector-borne
diseases such as cholera and schistosomiasis and
the mapping of human settlements at risk (Beck et
al., 2000). However, a review of the use of remote
sensing in health over the last 25 years of their
applications has showed the poor quality of data
sources and processing used, revealing limitations
between theory and practical implementations in
health, and especially epidemiology (Herbreteau et
al., 2006). Most studies are based on the low-reso-
lution images chosen, because they are free of
charge or available at a low cost and not for their
relevance regarding the objectives of the study.
Considering that the choice of scales in mapping
health is a fundamental issue to understand diseases
dynamics, being limited to the resolutions of the
image is obviously a major weakness which is
rarely mentioned. As long as the access to high spa-
tial resolution images at low cost will be not avail-

able, the use of remote sensing will be very limited
in health studies. It must also be considered that,
while remote sensing imagery provides an impor-
tant support in identifying trends – in time – and
patterns – in space – of main climatic variables, the
level of the accuracy of their measurements is
directly linked to the calibration with ground data.

Rate of change and abrupt changes

With regard to adaptation to the impacts of glob-
al warming on human health, one of the most
important factors is the rate at which climate vari-
ables (e.g. temperature, rainfall, relative humidity,
and cloudiness) and GHGs can change. The IPCC
assessment report projected an increase in global
average surface temperature increase of between
1.8°C and 6.4°C for the end of the 21st century
(2090-2099) relative to the period 1980-1999. The
projections consider that these increases will be
gradual in the future so that the effects of global
warming can potentially be manageable for most
countries. However, a hypothesis also suggests  the
possibility that this global warming could lead to a
relatively abrupt change in a shorter period of time,
perhaps a decade, where the climate system either at
the global or at the regional level crosses a threshold
and switches to a new state. Abrupt changes could
be caused by the collapse of the thermohaline circu-
lation8 or by the additional release of GHGs from

Climate

Increased temporal resolution
Increased spatial resolution
Local topography
More input from “user” groups (ecology and health)
Integration of forecasts
Forecasting sequential climate events

Health

Long-term surveillance
Better reporting
Access to historical data
Conversion of data to electronic formats
Demographic and socio-economic information

Table 1. Needs concerning the climatic and health data for interdisciplinary study (adapted from Rose et al.,  2001).

7 FEWS-NET Africa Data Dissemination Service, http://earlywarn-

ing.usgs.gov/adds/index.php

8 The thermohaline circulation (THC) is the part of the large-scale ocean

circulation driven by the fluxes of heat and freshwater at the ocean sur-

face. THC is also called the ocean conveyor belt, the great ocean con-

veyer, the global conveyor belt, or, the meridional overturning circula-

tion (MOC). From: http://amsglossary.allenpress.com/glossary
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permafrost and the oceans or by a rapid rise in sea
level that would result from disintegration of the
West Antarctic Ice Sheet (Arnell et al., 2005).
Paleoclimatic evidence suggests that altered climatic
patterns could last for as much as a century, as they
did when the ocean conveyor collapsed 8,200 years
ago, or, at the extreme, could last as long as 1,000
years as they did during the Younger Dryas, which
began about 12,700 years ago (Schwartz and
Randall, 2003). However, the IPCC assessment
report stated that it is “very likely” that the merid-
ional overturning circulation (MOC) of the Atlantic
Ocean will slow down during the 21st century and
that it is “very unlikely” that there will be a large
abrupt transition of the MOC during the 21st cen-
tury (IPCC, 2007c).

A continuous and accurate monitoring of climatic
elements is fundamental to detect if the rates over
time are incrementally changing so that it is possible
to define health-specific adaptation measures and
put them in practice. If, however, the rates of change
are too fast in order to implement adaptation
options, then it will not be possible to implement
suitable responses in order to get a minimal impact
on human health.

Essential climate variables

Adequate high-quality observations of climate
and climate-related variables are essential if mitiga-
tion- and adaptation-related measures are to be
based on deliberate planning leading to better poli-
cies. Consistent observations acquired over extend-
ed periods make possible an understanding of the
frequency of extreme events as well as average cli-
mate conditions. The Global Climate Observing
System (GCOS), established in 1992 and coordinat-
ed by WMO (1992), focuses on satellite and in situ
climate observations in the atmospheric, oceanic
and terrestrial domain. Ocean climate observing
systems are planned jointly with the Global Ocean
Observing System (GOOS), while terrestrial climate
observing systems are planned jointly with the
Global Terrestrial Observing System (GTOS). 

Changes influence climate-responsive diseases, in
particular parasitic diseases relying on intermediate
hosts and vectors such as for example schistosomia-
sis and malaria, and contribute to the emergence of
new diseases. This could impact both the food chain
and people’s physiological capacity to obtain neces-
sary nutrients from the foods consumed. For the
assessment of  the impact on food security by the cli-
mate, FAO considers a comprehensive definition of
climate change that encompasses changes in long-
term averages for all the essential climate variables
(ECVs) to be the most useful. For many of these
variables the observational record is too short to be
able to state with certainty whether recent changes
represent true shifts in the long-term means (climate
change), or whether they are simply anomalies
around a stable mean (climate variability).

Although climate per se relates only to the varying
states of the Earth’s atmosphere, other parts of the
climate system also have a significant role in form-
ing the climate through their interactions with the
atmosphere. A list of variables essential for moni-
toring changes in the climate system has been devel-
oped by GCOS. The list includes atmospheric,
oceanic and terrestrial phenomena, and covers all
the spheres of the climate system (Table 2).
Specifically the reporting system on ECVs provides
information to:
(i) characterize the state of the global climate sys-

tem and its variability; 
(ii) monitor the forcing of the climate system,

including both natural and anthropogenic con-
tributions; 

(iii) support the attribution of the causes of climate
change; 

(iv) support the prediction of global climate change; 
(v) enable projection of global climate change infor-

mation down to regional and local scales; and
(vi) enable characterization of extreme events

important in impact assessment and adaptation,
and to the assessment of risk and vulnerability.

The mission of GCOS is to ensure the availability
and quality of the atmospheric, oceanic and terres-
trial data needed for climate system monitoring,
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research, prediction, impact assessment and response
actions. Such data obtained both in situ and from
space are required by a wide variety of users for:
(i) climate system monitoring;
(ii) climate change detection and attribution;
(iii) research to improve understanding, modeling

and prediction of the climate system;
(iv) operational climate prediction on seasonal-to-

inter-annual timescales;

(v) assessment of the impacts of, and vulnerability
and adaptation to, natural climate variability
and human-induced climate change;

(vi) applications and services for sustainable eco-
nomic development; and

(vii) requirements of the UNFCCC and other inter-
national conventions and agreements.

GCOS coordinates the data collection from the
world climate observing stations (Fig. 7). At the pres-

Atmospheric (over land, sea and ice)

Surface
Air temperature
Precipitation
Air pressure
Surface radiation budget
Wind speed and direction
Water vapour

Upper-air
Earth radiation budget (including

solar irradiance)
Upper-air temperature (including

MSU radiances)
Wind speed and direction
Water vapour
Cloud properties
Aerosol properties
Composition:

Carbon dioxide
Methane
Ozone
Other long-lived greenhouse
gases, including:
· Nitrous oxide (NO2)
· Chlorofluorocarbons (CFCs)
· Hydrochlorofluorocarbons

(HCFCs)
· Hydrofluorocarbons (HFCs)
· Sulphur hexafluoride (SF6)
· Perfluorocarbons (PFCs)

Oceanic

Surface
Sea-surface temperature
Sea-surface salinity
Sea level
Sea state
Sea ice
Current
Ocean colour (for biological activity)
Carbon dioxide partial pressure

Sub-surface
Temperature
Salinity
Current
Nutrients
Carbon
Ocean tracers
Phytoplankton

Terrestrial

Surface
River discharge
Water use
Ground water levels
Snow cover
Glaciers and ice caps
Permafrost and seasonally-frozen

ground
Albedo (i.e. diffuse reflectivity)
Soil moisture (recognized as an

emerging essential climate variable)
Land cover (including vegetation

type)
Fraction of absorbed photosyntheti-

cally active radiation (fAPAR)
Leaf area index (LAI)
Biomass
Fire disturbance

Measurement units for terrestrial variables

· Runoff (m3/s)
· Ground water extraction rates (m3/yr) and location
· Snow cover extent (km2) and duration, snow depth (cm)
· Glacier/ice cap inventory and mass balance (kg/m2/yr)
· Glacier length (m)
· Ice sheet mass balance (kg/m2/yr) and extent (km2)

· Permafrost extent (km2), temperature profiles and layer
thickness

· Above ground biomass (t/ha)
· Burnt area (ha)
· Date and location of active fire
· Burn efficiency (% vegetation burned/unit area)

Table 2. Essential climate variables (ECVs) for GCOS, GOOS and GTOS.
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ent time, in many countries neither the quality nor
quantity of observations needed by global, regional
and local area models is adequate to support and ver-
ify climate models so as to allow the reliable projec-
tions needed for adaptation purposes. In order to meet
adaptation needs, models will need to be improved
and observation networks and data use will need to be
strengthened, especially in vulnerable areas.

Conclusions

A basic requirement for both developed and
developing countries is to define the policies to mit-
igate and to adapt to global climate change, data
and information at all scales. However, as compared
to mitigation, adaptation is an immediate concern
for developing countries and for small islands states,
where the reduction of the emissions from GHGs is

not among their priorities. An important character-
istic is that adaptation is highly location-specific
and, in many developing countries, the required
ground data to assess the impacts of climate change
on human health are not available. Climate data at
high spatial resolution can be derived by various
downscaling methods using historical and real-time
meteorological observations but, particularly in
developing countries, the outputs are limited by the
lack of ground data at local level which is confirmed
by the negative trend in the number of operational
stations observed in some regions. The use of
remote sensing imagery has been very limited in
health studies due to the lack of high-resolution spa-
tial images at low cost.

This present situation has been clearly indicated
in the IPCC climate assessment report on human
health which underlines the existing gap on
detailed information on trends in climate, health
and environment in low-income countries. Based
on the existing data it is very difficult for these
countries to make their vulnerability assessment
and to define best strategies, policies and measures
at all levels to adapt to the impact of climate
change. Projected health impacts could be largely
underestimated in low-income countries due also
to the large uncertainties linked to the rate and
intensity of future global climate change. Various
key areas have been defined by the IPCC report to
address the major challenges for a better under-
standing of the linkages between climate change
and human health (Fig. 8). However, given the
actual circumstances in low-income countries,
unless a strong effort to improve the meteorologi-
cal observations network – including large urban
areas – is put in place, health monitoring systems
cannot play their key role in protecting human
health from climate change effects.
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