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Physical vulnerability 
This indicator measures the quality and extent of two key components of physical infrastructure – road transport and 
telephone communications. These are extremely important factors in countries’ capacity to assess and respond to 
humanitarian emergencies. To calculate the physical infrastructure component (shown in Figure 21), we combined the 
following datasets, with equal weighting: 

• Length of road per 1000km2 of territory (national)58 

• Fixed and mobile telephones per 1000 population (national)59 

• Proximity to roads based on calculation using the on the VMAP0 Digital Chart of the World dataset (sub-
national)60 

 
Figure 21: Physical vulnerability index 
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Overall vulnerability 
The following figures show the results of an analysis of human vulnerability based on combining the vulnerability 
factors described above. The maps show levels of relative vulnerability for each of the five groups of vulnerability 
factors we identified: natural vulnerability (Figure 22), human vulnerability (Figure 23), social vulnerability (Figure 24), 
financial vulnerability (Figure 25) and physical vulnerability (Figure 26). Individual vulnerability indicators were 
weighted equally within each group. 
We also combined all five groups of vulnerability parameters to produce an overall human vulnerability index. This is 
shown in Figure 27. The weighting of the five groups of parameters within the overall vulnerability index are as follows: 
natural vulnerability (22.5 percent), human vulnerability (22.5 percent), social vulnerability (22.5 percent), financial 
vulnerability (22.5 percent) and physical vulnerability (10 percent). 
Figure 27 shows that the largest regions of high overall human vulnerability are located in Africa, particularly the 
Sahel, Horn of Africa and Central Africa. There are isolated pockets of high vulnerability across much of the continent. 
However, there are other regions of the world that also have large concentrations of high vulnerability, including: 
central and south Asia, particularly Pakistan/Afghanistan/Iran and the Caspian region; parts of southeast Asia 
including Myanmar, Laos and Cambodia; parts of east Asia, including Mongolia and north and west China; and parts 
of South America, especially the Andean region. 
In the following sections we overlay the distribution of climate-hazards (including future projections) with vulnerability 
maps to identify hotspots of humanitarian risk. 
 

 
Figure 22: Natural vulnerability 
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Figure 23: Human vulnerability 

 
Figure 24: Social vulnerability 
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Figure 25: Financial vulnerability 

 
Figure 26: Physical vulnerability
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Figure 27: Overall human vulnerability index 
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6 Recommendations for further research 
Climate change and related human vulnerability have increasingly received attention since the start of this century. New 
studies are becoming available every year building up on knowledge in the relationship between the two. 
Contemporaneously, new datasets are becoming increasingly available and usually available online. This means that a 
study such as this can never be exhaustive and becomes outdated relatively quickly. Moreover, choices have had to be 
made regarding the approach, the actual model used, the spatial coverage and resolution, etc. These choices have been 
influenced in turn by the direct availability of information, datasets, capacity, budget and time. Although this study gives a 
first indication of human vulnerability to climate change and projections with the best information and methodology 
available at the time of writing, this research could be extended to better model and predict current and future trends. This 
chapter lists the key recommendations to extend the research into the interaction of climate trends and humanitarian 
vulnerability and the implications for humanitarian actors.  

Indicators/modelling 
• The set of indicators used to model climate change hazards and vulnerability are outlined in Table 1. Some of could 

be replaced by better or more detailed ones if they become available. The soil degradation dataset dates from 1990 
but is the best global dataset available currently. CIESIN for example is working on the GRUMP range of products, 
which will map population density at a much higher resolution compared to Global Population of the World (GPW) 
which we used. Moreover GRUMP makes a distinction between urban and rural areas, which allows refining of the 
model and hence variation in human vulnerability between rural and urban areas.  

• Populations in coastal and other flood prone areas could be incorporated into the model using global elevation data 
such as NASA’s SRTM. By integrating such a source physical vulnerability could be modelled more accurately. 

• The coverage of primary roads in the VMAP0 dataset is not consistent across all countries and contains some errors. 
VMAP1 is available for certain countries and gives a better picture of road proximity and hence physical vulnerability. 
Development of a cost grid for areas in between roads would give an even better modelling of road proximity, for 
example based on elevation and or land use.  

• The current model takes into account theoretical crop suitability based on the FAO’s GAEZ project and is not based 
on actual land use. Hence the natural vulnerability index gives a more positive picture than when actually taking the 
currently cropped lands into consideration. Though not available at a global scale, actual crop production figures for 
the most important staple crops would further improve the model and hence mapping of natural and deduced human 
vulnerability.  

• A more accurate picture of natural vulnerability could be obtained if regional climate model calculations were 
incorporated in the model. This would involve downscaling of Global Climate Model data taking into account the local 
situation, topography, surface, projections for climate change, extreme weather patterns, water availability, runoff 
patterns, disease transmissions  and compare different model scenarios (e.g. a wet and a dry model).  

Analysis 
• A more regionally constructed model would allow for better predictions of current or future human vulnerability. 

Current humanitarian hotspot areas as well as vulnerability hotspot areas need to be further examined, and 
benchmarked with actual figures from the field in the form of case studies. 

• With a more regionally focussed model it would be possible to overlay hotspot areas with more quantitative data 
(such as population count) in order to be better able to actually quantify the number of people at risk in any given local 
area. The scope and budget of this research have limited the work to a global scale and poses limitations at the 
regional level.  

• In order to better quantify humanitarian implications of the model, results the outcomes of the model need to be 
benchmarked against other studies and or datasets. For example the poverty index could be compared to the night 
time light intensity poverty index or other datasets with a global coverage. 

• Vulnerability indicators could be merged using Principal Component Analysis (PCA) or other methods and compared 
to the current results. Principal components analysis is a technique used to reduce multidimensional data sets to 
lower dimensions for analysis. Although the outcomes of such analyses are sometimes hard to fully understand they 
generally give a more clear result by reducing fuzziness and mapping the most highly correlated variables. 
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Appendix 1: Climate change models 
Introduction 
Climate change projections are carried out using General Circulation Models (GCMs), which are a class of computer 
driven models for weather forecasting, understanding climate and projecting climate change. GCMs consist of 
atmospheric models (AGCMs) and oceanic GCMs (OGCMs). An atmospheric and an oceanic GCM can be coupled 
together to form an atmosphere-ocean coupled general circulation model (AOGCM). The IPCC projections are based 
on AOGCMs that represent the pinnacle of complexity in climate models taking into account as many processes as 
possible. These tools are still under development and are continually being improved.  
Climate models are based on well-established physical principles and have been demonstrated to reproduce observed 
features of recent climate and past climate changes. There is considerable confidence that AOGCMs provide credible 
quantitative estimates for future climate change, particularly at continental and larger scales. Confidence in these 
estimates is higher for some climate variables (e.g. temperature) than for others (e.g. precipitation). More information 
on the differences between climate models can be found in chapter eight of Working Group I contributions to the 4th 
Assessment Report. 61 
Examples of AOGCM are the HadCM3 (Hadley Centre Coupled Model version 3) developed by the United Kingdom 
Met Office and the ECHam4, a fourth-generation AOGCM developed at the Max Planck Institute for Meteorology 
(MPI) in Hamburg Germany. 

Model scale 
As their name implies, GCMs have global coverage and are optimised for global analysis. Most GCMs have a 
resolution of around 2.8 by 2.8 degrees, which resolves to approximately 300km. As a result the results can appear 
very pixelated when zooming into a region of interest. As model results are not available for higher resolutions this 
limits the analysis possibilities of these datasets.  
In order to better estimate regional differences of output results of GCMs it is possible to downscale results to a higher 
resolution. This can be done in various ways and normally involves different means of interpolation of the original 
source data. As downscaled data is not freely available and often introduces new uncertainties in the correct 
interpretation of the data, this process has not been carried out as part of this analysis.  
Regional Climate Models (RCMs) nested within GCMs are in the process of being developed for specific regions and 
will improve performance and resolution for future projections. 

Timeframes 
The different GCM used in IPCC 4th Assessment Report (4AR) all use the same time frames in order to be able to 
compare results of the different models and consist of 20 and 30 year averages. Where possible, the time used in this 
research project is the twenty year averages for the period 2010-2030, relative to AD 2000.  

Choosing a scenario 
The GCMs used in the 4AR include what are known as different emission scenarios. Future greenhouse gas (GHG) 
emissions are the product of very complex dynamic systems, determined by driving forces such as demographic 
development, socio-economic development, and technological change. Their future evolution is highly uncertain. 
Scenarios are alternative images of how the future might unfold and are an appropriate tool with which to analyse how 
driving forces may influence future emission outcomes and to assess the associated uncertainties. The approved set 
of scenarios is described in detail in the IPCC Special Report on Emission Scenarios. 62  
The analysis described in this report is based on what is known as the A1B scenario. The ‘A’ scenarios are generally 
referred to ‘business as usual’ scenarios and have more of an emphasis on economic growth, compared to ‘B’ 
scenarios, which have more emphasis on environmental protection. The ‘1’ set of scenarios assumes more 
globalisation compared with the ‘2’ scenarios, which assume more regionalisation. The context of the A1B scenario 
among the range used in climate models is shown in Figure 28. There is relatively little difference in the results of 
climate projections using different scenarios over the timeframe considered in this analysis. 
The A1 storyline and scenario family describe a future world of very rapid economic growth, global population that 
peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient technologies. Major 
underlying themes are convergence among regions, capacity building and increased cultural and social interactions, 
with a substantial reduction in regional differences in per capita income. The A1 scenario family develops into three 
groups that describe alternative directions of technological change in the energy system. The three A1 groups are 
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distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil energy sources (A1T), or a balance 
across all sources (A1B) (where balanced is defined as not relying too heavily on one particular energy source, on the 
assumption that similar improvement rates apply to all energy supply and end-use technologies). 

Limitations 
The 4AR projections are based on more than twenty GCM as run by the various institutes that participated in the IPCC 
research. Each model has its own characteristics and has been constructed in different ways. Some models are 
known as ‘wet models’, others as ‘drier’ models. Hence the ideal situation requires comparative analysis between all 
the models including the different scenarios. 
Due to the limited scope of this research project it is not possible to compare differences among all the different results 
for the model matrix. As the models indicate a high correlation of trends in climate change projections up to 2030 this 
limitation becomes especially important when looking beyond this timeframe. Calculating multi-model averages would 
be a way to better address model differences if more time would be available, as the source data is not available in 
averaged format. 

 
Figure 28: Total global cumulative CO2 emissions (GtC) from 1990 to 2100 and histogram of their distribution by 
scenario groups. Scenarios are also grouped into four cumulative emissions categories: low, medium–low, 
medium–high, and high emissions. From IPCC Special Report on Emission Scenarios. 63
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