
231POPULATION DATA FOR CLIMATE CHANGE ANALY SIS

time at a given place for various reasons (residence, travel, work, leisure, etc.). This 
idea might be relevant, for instance, for risk management purposes.

Downscaling scenarios: Similar to downscaling actual data, demographic 
projections and scenarios have been spatially disaggregated in recent global as-
sessments. For instance, various models for downscaling the IPCC’s Special Re-
port on Emissions Scenarios (SRES) scenarios to the grid level (0.5° x 0.5°) have 
been developed (Gaffi n et al., 2004; Grübler et al., 2007; van Vuuren et al., 2007). 
These models downscaled drivers of climate change: emissions, population and 
GDP. In the most recent of the examples cited (van Vuuren et al., 2007), 17 world 
regions of the SRES scenarios were downscaled to the national and grid-size  levels 
(0.5° resolution, i.e., 55 km at the equator). In order to achieve the grid estimation 
of population, national growth rates for each of the SRES scenarios have been 
linearly applied to each grid cell of the GPW 2000 data which is used as the base 
grid. The gridded GDPs were obtained by multiplying the national GDP per capita 
by the population grids. GHG emissions were only disaggregated at the national 
level by means of the I = PAT model.

For further sub-regional or national studies, fi ner downscaling might be need-
ed in order to reach decision-making relevance at these scales. In particular, emis-
sions should be disaggregated at the grid level, and more data on land-cover/land-
use change incorporated. This is, for instance, the aim of the recently launched 

Figure 14.7: Compilation of Hazard Data, South and Central America 

Source: ISDR, 2009.
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European Union’s Seventh Framework Progamme’s (EU/FP7) Envirogrids10 re-
search project, which will evaluate the impacts of climate change on the quality 
and uses of water in the Black Sea Basin (covering 2,000,000 km2, 24 countries, 
160,000,000 inhabitants.). Climatic and demographic scenarios will be down-
scaled to 25 km and 1 km resolutions, respectively. Land-cover data already avail-
able at medium resolutions (250 m to 1k m) will be projected up to 2030. The 
main challenge in this modelling process is to keep the models as independent as 
possible (e.g., not to use population scenarios for forecasting land-cover changes) 
in order to allow comparisons between the resulting fi gures.

Data Needs for Long-term Analysis of Impacts, 
Vulnerability and Adaptation

Long-term early warning

Previous sections have introduced the complexity of designing and acquiring appro-
priate data from the thematic and spatial points of view. The time dimension is also 
essential when considering the inherent uncertainties of scenarios and projections, 
but also important for establishing mitigation and adaptation policies. Many peo-
ple seem to agree that the hard distinction between short-term disaster response and 
recovery and longer-term planning is not necessarily benefi cial for policymaking.

Most people think of early warning in terms of immediate and short-term 
concerns such as major weather events (hurricanes, cyclones, tornadoes and the 
like), climatic variation (El Niño events or droughts caused by lack of rainfall) or 
geo-physical events such as earthquakes and tidal waves. These immediate and 
often unpredictable events require specifi c measuring, information and advisory 
systems, as implemented or coordinated by specifi c national and international or-
ganizations. These activities are essential for effi cient response and recovery ac-
tions, but the focus of organizations such as UNEP is also on identifying issues 
which take much longer to develop and might better be identifi ed as ‘emerging 
environmental threats’. These may take the form of environmental degradation 
that increases the vulnerability of ecosystems (including humans, often in combi-
nation with socio-economic stresses); cumulative environmental threats where the 
accumulation of pollutants collectively increases the vulnerability of ecosystems; 
environmental threats that have not been perceived as such in the past, but that 
new evidence indicates might be deleterious to ecosystems; or more speculative, 
long-term issues where scientifi c evidence may be inadequate at present but dis-
cussions and assessments have identifi ed as a possible environmental problem. 
Depending on the relative socio-economic vulnerability of a given community, 
these environmental threats can (drastically) alter ecosystem functioning and have 
a major impact on human security and the biodiversity of the planet. The recog-
nition that environment is a key ingredient of development has made the ability 
to provide early warning on longer-term and cumulative environmental threats 
much more important.
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Global assessment of environmental risks

Such long-term linkages between environment and development is central to the 
recently published Global Assessment Report (GAR) (ISDR 2009), a global study 
of intensive and extensive disaster risk in the context of development and climate 
change. It is a very good example of an integrated approach to a subject (disas-
ter risk) that cannot be analysed in one unique dimension. This report links the 
observed or potential losses to the exposure and vulnerability of population and 
assets towards natural hazards. The conceptual framework of global risk model-
ling is a simple equation proposed by the United Nations Disaster Relief Organi-
zation (UNDRO, 1979):

Risk (losses) = hazard x exposition x vulnerability

The most possibly detailed data on losses (human and economic, from the 
EM-DAT11 and DesInventar12 databases) and hazards (including cyclones, droughts, 
fl oods, earthquakes, tsunamis, landslides) have been compiled (see Figure 14.7).

The hazard maps have been overlaid on the gridded population (LandScan) and 
GDP data in order to calculate human and economic exposures to each of these 
risks. Finally, a statistical analysis of vulnerability indicators (mainly available 
at the national level) enabled the identifi cation of the main risk factors, such as 
poverty, poor governance, urban population growth, isolation of rural areas and 
ecosystem decline. All these factors need to be addressed in the long term.

One other striking conclusion of the report is that risk and exposure are highly 
concentrated and increasing. Despite the successes attained in vulnerability reduc-
tion (through development), risk is still rising because of the growing exposure of 
people and their assets.

Figure 14.8: Tracking Consumption, Production and Health Impacts

Pollutant emissions and impacts do not occur only at place of consumption

Source: Tracking Environmental Impacts of Consumption (TREI-C), a research project 
@ GRID-Europe.
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Effects of climate change were also related to the observed increase in intensity 
of hydro-meteorological hazards such as cyclones. But the evaluation of the im-
pacts of climate change on hazards is only at an early stage and requires further 
investigation. This is particularly important because more than two thirds of the 
mortality and economic losses from reported disasters (1975-2008) are associated 
with hydro-meteorological hazards. Although a large amount of risk, hazard and 
vulnerability data compiled for the GAR report is already made freely available on 
the internet,13 it is expected that more data will be collected on the various dimen-
sions of risk since “there is a growing international commitment to addressing 
disaster risk, poverty and climate change” (ISDR, 2009, p. 14).

Closing the circle: linking consumers, producers and the impacted population

Risk analysis also shows that drivers of climate change in one place (e.g., emissions 
in industrialized countries) may have impacts in other places (e.g., in poor and vul-
nerable countries). In addition, situations today can lead to future vulnerabilities. 
Environmental assessments have to take into account remote distances and futures, 
which, in fact, is in line with the principles of sustainable development. Examples 
of such approaches can be found in the novel ways environmental and economic 
accounting are being carried out. It is now recognized that classical national (e.g., 
Kyoto protocol emissions accounts) or residence-based accounting (e.g., GDP) 
must be complemented by other allocation schemes in order to properly evaluate 
the impacts of the consumption of goods and services throughout the world. Life-
cycle analyses—as well as multi-directional/multi-sectoral trade fl ow data (such as 
the GTAP databases14)—permit the reallocation of emissions among consumers 
and producers. Such models have so far mainly been applied to regional analyses of 

Figure 14.9: Emissions during the Life-cycle of a T-shirt
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global pollutants such as CO2. They have shown large discrepancies in the carbon 
intensities of production between producing and consuming regions.

The recent TREI-C study15 has included emissions of additional pollutants such 
as fi ne particles or heavy metals and assessed their health impacts in terms of disabil-
ity-adjusted life years (DALYs). Such a model thus integrates life-cycle analysis, mac-
roeconomic data on trade and production, pollutant transfer models (through air 
and water) and epidemiological studies about the effects of pollu tants on health.

The integration of such diverse models is required for tracking the complete 
chain of causality from consumption to fi nal impacts through time, space and 
actors (see Figure 14.8).

The life-cycle analysis provides crucial information about where and when most 
pollutant emissions occur during the lifetime of any given item. In the case of a 
T-shirt, which was carefully examined in the TREI-C study, it was demonstrated 
that the use phase can double CO2 emissions due to the frequent use of washing 
machines and electric dryers (see Figure 14.9).

For such easy-to-track examples, mitigation measures appear immediately: 
Consumers have to wash less and/or producers must design clothes that do not 
smell! Unfortunately, other types of goods such as electronic appliances are made 
of a complex mix of components produced in many parts of the world. The life-
cycle analysis of such products would require more data which may be available in 
the future, as the interest in such new types of accounting will grow in the context 
of international environmental negotiations.

Conclusions

The following general conclusions can be drawn from the examples of data anal-
ysis and applications that have been presented in this chapter, as well as from 
the need for more attention to population issues related to the environment and 
climate change:

1.  The role of population data for climate change analysis can be strength-
ened and linked to the reorganization within the IPCC and the lack of 
coverage of population issues in the current debate. 

Population dynamics are at the centre of the climate change issue, yet they re-
ceive little attention. The general debate focuses more on the economic and 
technological aspects. However, there is undoubtedly a strong interest by the 
international and scientifi c communities in better integrating population in the 
analysis and properly assessing the population-related causes and impacts of 
climate change. More and better population data in terms of contents, scale, 
quality and time coverage are needed in order to undertake more relevant and 
rigorous scientifi c assessments that can have a signifi cant infl uence on the po-
litical and societal debates. 

With the reorganization of the analysis and assessment activities for the IPCC 
Fifth Assessment, population and socio-economic scenarios are no longer at the 
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Figure 14.10: Approaches for the Development of IPCC 
           Global Scenarios

Source: Modifi ed from Moss et al. 2008. 
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base of all subsequent sequential analyses (see Figure 14.10), as was the case in the 
IPCC Fourth Assessment. With the newly adopted parallel approach (Moss et al., 
2008), population and socio-economic scenarios are now directly linked to the 
three other components, and therefore the need for improved population data is 
even greater.

2.  There is a need for broader consultation and discussion around the needs 
for data collection and analysis.

Generally speaking, there is a clear need for better identifi cation and expression 
of data needs for addressing climate change and population dynamics. Due to the 
complexity and interlinkages of these issues, conceptual and formal models must 
be further developed, taking into account the availability of data. 

The methods for data creation and estimation must be made more explicit, 
and they must be made more understandable to a wider audience. In particular, 
the distinction between observed and modelled data must be clarifi ed, in order 
to address issues of uncertainties attached to some data, such as projections. The 
IPCC Fourth Assessment Report (AR4) provides a good example of how to present 
synthesized methodologies and evaluation of uncertainties.

In order to support such global assessments with relevant socio-economic 
data (including data on adaptation and mitigation), improved international 
cooperation is necessary. Data is costly to acquire and maintain; priorities must 
be set; redundancy and overlap in the collection and dissemination of data must 
be avoided where possible.

Nevertheless, variety and discrepancies in data sources, in particular between in-
ternational and local scales, will always be observed. Acknowledging and explain-
ing these differences is necessary, i.e., identifying the reasons for such variability, 
whether this is linked to defi nitions of the observation or measurement units or to 
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measurement techniques. Coordination will not necessarily or always lead to the 
consensus and effi ciency, for example, of appropriate and unique data sources in 
each thematic domain (demography, vulnerability, adaptation, etc.). Similar data 
may seem redundant but still have their own rationales for existence. For instance, 
data sets on transportation networks are sometimes acquired and analysed sev-
eral times by many different actors in the same territory (public administrations, 
private companies, specifi c projects, etc.) due to specifi c information needs, differ-
ent levels of application or various copyright issues.

In this respect, participation in evaluation processes and trust-building between 
stakeholders in climate-change assessment activities is important in order to vali-
date the data provided.

3. Quantitative data analysis needs to be integrated with evaluations of 
governance and other qualitative assessments.

When attempting to integrate heterogeneous actors and ways of measuring real-
ity, it is necessary to compare and evaluate numeric data and formal models with 
other types of more qualitative knowledge, including expert opinion, common sense 
and indigenous information. There are conceptual and practical reasons to consider 
subjective evaluations (e.g., governance indicators, perception of risk by local ac-
tors). Many agencies have relevant data to bring to the debate, and it can certainly 
be more effi cient to integrate them early in the assessment process, rather than to be 
confronted with opposition and rejection once the fi gures are published.

4. There are excellent opportunities for strengthening the role of the United 
Nations in moving the population-climate agenda forward.

In the broader participatory and catalysing aspects of data management, the 
United Nations can play an instrumental role by fostering and coordinating data 
collections at global, regional and national levels, as well as by improving the co-
herence, quality and accessibility of population data for a greater knowledge of 
the complex problems at stake. All this, with the ultimate goals of improving the 
science base for sound decision-making and taking sustainable actions.

Notes
  1 According to IPCC (2007), in 2000, UNFCCC Annex I countries (industrialized countries) had 0.683 of kg 

C02-equivalent emissions per US$ of GDPPPP against 1.055 for developing countries.

  2 See: UNEP, 2007.

  3 See: UNEP, n.d., Geodatas.

  4 See website: www.espon.eu/, last accessed 2 October 2009.

  5 The ESPON scenarios A (no immigration) and B3 (with high immigration for a constant age-dependency 
ratio) are unrealistic but illustrate the problems of immigration and fi nancing retirement systems.

  6 See: SEDAC/CIESIN, n.d.

  7 See: Landscan, n.d.
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  8 See the documentation on the LandScan website: www.ornl.gov/sci/landscan/, last accessed 7 October 2009.

  9 See website: http://na.unep.net/globalpop/africa/, last accessed 8 October 2009.

10 See website: www.envirogrids.net/, last accessed 2 October 2009.

11 See Emergency Events Database website: www.emdat.be/, last accessed 3 October 2009.

12 See website of: Corporacíon OSSO, Valle, Colombia: www.desinventar.org/, last accessed 1 October 2009.

13 See: UNEP, n.d., Preview.

14 See: Purdue University, n.d.

15 See: International Academies Network, n.d.
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