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Over the past three decades, scenario analyses have occupied a central role in assessments of the 
potential impacts of climate change on natural and human systems at different scales during the 21st 
century. Whereas early studies used scenarios to explore the impacts of climate change on the physical 
system alone, from the late-1990s onwards there was an increasing recognition of the need to integrate 
the human dimensions of global change into impact studies. Social, economic, and technological 
changes and vulnerabilities will be fundamental determinants of future natural and human system risks 
and responses under a changing climate (Carter et al., 2007; Carter et al., 2001). However, extant 
socioeconomic scenarios are often limited by constrained time horizons, lack of spatial specificity, and 
limited dimensionality.  

Impact studies analyze the impacts and risks of climate changes for human and natural systems, with 
the aim to estimate the character, magnitude and rate of impacts across a number of contrasting 
scenarios and to investigate the effectiveness of various mitigation or adaptation measures in reducing 
risks or exploiting opportunities. Studies focusing on adaptation require scenarios that characterise the 
conditions, incentives or barriers that affect adaptation options and adaptive capacity. Here, different 
socioeconomic scenarios can be combined with different climate scenarios to estimate the effectiveness 
of adaptation, residual damages after mitigation and adaptation, and the associated costs. In research 
on vulnerability, scenarios can be used to enhance understanding of the key factors predisposing 
systems and communities to potential adverse impacts of climate change, exploring how causal 
relations between those factors might develop or change in the future.  

The applications of scenarios for IAV studies pose high demands on socioeconomic scenarios in terms of 
delivering specific information at the scale of analysis and for the number of variables required to 
describe future vulnerability and adaptive capacity. The selection of appropriate variables to describe 
the different dimensions of vulnerability and adaptive capacity is still under discussion. Factors 
describing vulnerability are often highly context specific, and one formidable challenge is to translate 
these into general variables that can be flexibly applied across different contexts. Further difficulty is 
introduced in attempting to quantify factors that are inherently qualitative, such as the quality of 
governance or levels of participation in decision-making. Several new vulnerability indices have recently 
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been developed, such as the indicators for susceptibility, coping capacity and adaptive capacity in the 
World Risk  Index (WRI) (Birkmann et al., 2011) and the Global Adaptation Index (GAIN: Global 
Adaptation Institute, 2011).  In this regard it is important to note that some of these risk, vulnerability 
and adaptation index approaches use various indicators that are also applied in the SSPs and global 
impact models, hence it would be possible to explore more intensively the usefulness of scenarios in 
these vulnerability and risk assessments (see Birkmann et al., in review). Nevertheless, the above 
challenges remain relevant and the utility and legitimacy of such indices is still contentious (Barnett et 
al., 2008; Hinkel, 2011).  

The new scenarios provide an opportunity to reduce several of the limitations identified above for the 
use of scenarios in IAV work, including benefiting from lessons learned in the recent efforts. The 
scenarios also can include a richer set of elements more useful to projections of vulnerability and 
adaptive capacity.   Here we briefly discuss a few considered highly important. 

Income distribution 

Adaptation studies take place at scales from national to household, with inequalities at each scale. 
Indicators that capture sub-national inequalities are important to guide location-based assessments of 
vulnerability and impact differentials. Past efforts to assess impacts locally have often had to rely on 
downscaling methods (Grübler et al., 2007; van Vuuren et al., 2007). 

In response to growing demand by the IAV community for sub-national indicators, the new scenarios 
aim to provide quantitative projections of within-country income inequality and educational attainment. 
Literature on drivers of income inequalities stress the importance of structural and demographic 
change; physical and human capital accumulation; global trade and financial market integration and 
liberalization; technological progress; and policy and institutional factors (OECD, 2011).  

Spatial population 

Spatial population projections are highly relevant for IAV analyses, where the location of people is one 
factor determining climate change risk (see e.g. Balk et al., 2012). Although there is lack of coherence 
between present-day datasets (Seto et al., 2011; Zhang and Seto, 2011) and many different approaches 
exist (Angel et al., 2011), recent methods strengthened the connection between qualitative storylines 
and projected population outcomes. In contrast to earlier methods based on trend extrapolation and/or 
proportional scaling techniques, newer methods based on geographic gravity models can be calibrated 
to reflect spatial patterns of change in the historical data (Jones, 2012).  Furthermore, these models can 
be adjusted to reflect varying assumptions regarding the socioeconomic conditions that may impact 
future spatial patterns of development. Moreover, recent models project the urban/rural components 
of population and separately replicate urban and rural population dynamics. Additional improvements 
include improved spatial resolution, inclusion of geophysical spatial data (e.g., elevation, slope, surface 
water, and protected land) to better model habitable land, and exploration of the relationship between 
national socioeconomic indicators and sub-national population distribution (e.g. Nam and Reilly, 2013).  

Human health 
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Projections of access to public health and health care services and burdens of diseases are relevant for 
vulnerability and adaptation assessments (McCarthy et al., 2010; van Lieshout et al., 2004). The new 
scenarios could be enriched with projections based on methods such as the WHO global burden of 
disease (GBD) approach and the methods included in models, such as GISMO and International Futures 
(IFs). The GBD approach uses linear regression of mortality with GDP per capita, human capital, 
technological change and tobacco use for major disease clusters (Mathers and Loncar, 2006). This 
approach makes no specific assumptions about the relationships between more distal socioeconomic 
factors and more proximate determinants of morbidity and mortality, such as environment, lifestyle, 
and physiological risk factors. The GISMO (Hilderink and Lucas, 2008) and IFs (Hughes et al., 2011) 
models complement the GBD approach to address some of these issues. Both models include 
approaches to simulate the health system and to address morbidity and mortality as a result of exposure 
to distal and proximate socioeconomic and environmental health risks.  

Governance 

Elaborating on governance is crucial to application of the new scenarios for IAV research. The current 
SSP narratives include only a basic description of governance at the international and national level 
(O'Neill et al., forthcoming). It is difficult to include governance dimensions in global integrated 
assessment models, although several attempts exist (e.g. Hughes et al., 2013). For global scenario-
analysis, it seems more fruitful to have different governance parameters influencing model input 
parameters rather than including these in the models (de Vos et al.). A key-issue for elaborating 
governance is not only to find quantitative indicators for governance itself, but also to elaborate on how 
different scientific perspectives on governance and potential future development in governance 
scenarios play out in terms of quantitative indicators for development, vulnerability, and adaptive 
capacity. A joint effort of the Earth System Governance project (Biermann et al., 2009) and the scenario 
process aims to provide more elaborate descriptions of governance that reflect recent trends in 
governance thinking, from government to governance, and distinguishing multi-actor, multi-level 
governance.  

Conclusion 

The new scenarios will be crucial for improved projections and assessments of the risks of and options 
to manage climate change risks. They can improve coherence in the growing body of regional scenario 
studies, provide global boundary conditions to regional studies, and inform large-scale impact, 
adaptation and vulnerability assessments. Strategies to reduce vulnerability and increase adaptive 
capacities of societies facing climate change risks have to account for a variety of potential changes in 
societal conditions. The usefulness of the new scenarios would be enhanced for IAV researchers by 
adding a richer set of elements to the projections – including income distribution, spatial population, 
human health, and governance – and by improving the application across spatial and temporal scales. 
This paper suggests a research agenda to start this process.  

 



4 
 

Cited References 

Angel S, Parent J, Civco DL, Blei A, Potere D (2011) The dimensions of global urban expansion: Estimates 
and projections for all countries, 2000–2050. Progress in Planning 75:53-107. 

Balk D, Montgomery MR, Liu Z (2012) Urbanization and Climate Change Hazards in Asia.  Population 
Association of America, 2013 Annual Meeting, New Orleans, LA. 

Barnett J, Lambert S, Fry I (2008) The Hazards of Indicators: Insights from the Environmental 
Vulnerability Index. Annals of the Association of American Geographers 98:102-119. 

Biermann F, Betsill MM, Gupta J, Kanie N, Lebel L, Liverman D, Schroeder H, Siebenhüner B (2009) Earth 
System Governance Science Plan. The Earth System Governance Project, Bonn. 

Birkmann J, Krause D, Setiadi NJ, Suarez D, Welle T, Wolfertz J, Dickerhof R, Mucke P, Radtke K (2011) 
WorldRiskReport 2011. Alliance Development Works, Berlin. 

Carter TR, Fronzek S, Bärlund I (2004) FINSKEN: a framework for developing consistent global change 
scenarios for Finland in the 21st century. Boreal Environment Research 9:91-107. 

Carter TR, Jones R, Lu X, Bhadwal S, Conde C, Mearns LO, O'Neill BC, Rounsevell MDA, Zurek M (2007) 
New Assessment Methods and the Characterisation of Future Conditions. in Parry ML, Canziani OF, 
Palutikof JP, van der Linden PJ, Hanson CE (eds.) Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK, pp. 133-171. 

Carter TR, La Rovere EL, Jones R, Leemans R, Mearns LO, Nakicenovic N, Pittock AB, Semenov SM, Skea J 
(2001) Developing and Applying Scenarios. in McCarthy JJ, Canziani OF, Leary NA, Dokken DJ, White KS 
(eds.) Climate Change 2001: Working Group II: Impacts, Adaptation and Vulnerability. Cambridge 
University Press, Cambridge and New York, pp. 145-190. 

de Vos MG, Janssen PHM, Kok MTJ, Frantzi S, Dellas E, Pattberg P, Petersen AC, Biermann F Formalizing 
knowledge on international environmental regimes: A first step towards integrating political science in 
integrated assessments of global environmental change. Environmental Modelling & Software. 

Global Adaptation Institute (2011) Global Adaptation Index (GAIN) - Measuring What Matters. Global 
Adaptation Institute, Washington, DC. 

Grübler A, O'Neill B, Riahi K, Chirkov V, Goujon A, Kolp P, Prommer I, Scherbov S, Slentoe E (2007) 
Regional, national, and spatially explicit scenarios of demographic and economic change based on SRES. 
Technological Forecasting and Social Change 74:980-1029. 

Hilderink HBM, Lucas PL (eds.) (2008) Towards a Global Integrated Sustainability Model: GISMO 1.0 
status report, Netherlands Environmental Assessment Agency (PBL), Bilthoven, the Netherlands. 

Hinkel J (2011) “Indicators of vulnerability and adaptive capacity”: Towards a clarification of the science–
policy interface. Global Environmental Change 21:198-208. 

Hughes BB, Joshi DK, Moyer JD, Sisk TD, Solórzano JR (2013) Strenghening Governance Globally:  The 
Next 50 Years. Paradigm Publishers, Boulder, CO. 

Hughes BB, Kuhn R, Peterson C, Rothman DS, Solórzano JR (2011) Improving Global Health. Vol. 3 of the 
Patterns of Potential Human Progress Series. Paradigm Publishers and Oxford University Press, Boulder, 
CO and New Delhi, India. 



5 
 

Jones B (2012) Assessment of the potential-allocation downscaling methodology for constructing spatial 
population projections.  NCAR Technical Note. National Center for Atmospheric Research, Boulder, CO. 

Mathers CD, Loncar D (2006) Projections of global mortality and burden of disease from 2002 to 2030. 
Plos Medicine 3:2011-2030. 

McCarthy MP, Best MJ, Betts RA (2010) Climate change in cities due to global warming and urban 
effects. Geophys. Res. Lett. 37:L09705. 

Nam K-M, Reilly JM (2013) City Size Distribution as a Function of Socioeconomic Conditions: An Eclectic 
Approach to Downscaling Global Population. Urban Studies 50:208-225. 

OECD (2011) Divided We Stand- Why Inequality Keeps Rising. OECD, Paris. 

O'Neill BC, Kriegler E, Kemp-Benedict E, Ebi KL, Kok K, Levy M, Rothman DS, van Vuuren DP, Riahi K, van 
Ruijven BJ, Birkmann J, Mathur R, Moss R, Pelling M, Ibarraran M, Solecki WD (forthcoming) The Shared 
Socioeconomic Pathways: Narratives. 

Seto KC, Fragkias M, Güneralp B, Reilly MK (2011) A Meta-Analysis of Global Urban Land Expansion. PLoS 
ONE 6:e23777. 

van Lieshout M, Kovats RS, Livermore MTJ, Martens P (2004) Climate change and malaria: analysis of the 
SRES climate and socio-economic scenarios. Global Environmental Change 14:87-99. 

van Vuuren DP, Lucas PL, Hilderink H (2007) Downscaling drivers of global environmental change: 
Enabling use of global SRES scenarios at the national and grid levels. Global Environmental Change 
17:114-130. 

Zhang Q, Seto KC (2011) Mapping urbanization dynamics at regional and global scales using multi-
temporal DMSP/OLS nighttime light data. Remote Sensing of Environment 115:2320-2329. 

 


	Human health

