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Milestone MS34 aims to outline the key tools to be developed by Work Package 8 of the 

CLIP-C project, namely the tools for comparison and aggregation of impact indicators, for 

scenario-based exploration of impact indicators and for the assessment of uncertainty of 

impact indicators.  

For each tool the document outlines the background, defines the specific objectives and 

outlines key features of the planned tools before discussing key challenges and linkages with 

other tasks and work packages of the CLIP-C project. 
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1. Objectives 

 

Milestone 34 (MS34) of the CLIP-C project is a constituent part of Work Package 8 

(WP8), which aims to develop interactive tools for the CLIP-C web portal that allow 

users to compare, aggregate, explore scenarios and assess uncertainties of climate 

impact indicators. Within this framework MS 34 provides an integrated overview for 

the work in tasks 8.2, 8.3 and 8.4 of WP8. 

 

The overall objective of MS 34 is to outline the key tools to be developed by WP8, 

namely the tools for comparison and aggregation of impact indicators, for scenario-

based exploration of impact indicators and for the assessment of uncertainty of 

impact indicators.  

In particular the milestone aims to 

 Describe the background and justification for each tool, 

 Define the specific objectives of the tools, 

 Outline the key features of the planned tools, 

 Identify key challenges for the development of the tools and 

 Indicate the main linkages with other work packages of CLIP-C. 

 

MS 34 marks only the first step in the development of WP8 tools. It will be followed 

up by three milestone documents that describe in detail the methodology of 

implementation for each tool: MS 35 for the scenario-based exploration tools, MS 36 

for the comparison and aggregation tools and MS 37 for the uncertainty assessment 

tools.  

Thus MS34 sets the stage and opens up a framework for discussing the 

development of WP8 tools. The document therefore tries to define both obligatory 

functionalities but also outline optional, more advanced modes that are envisaged. 

Both will be subject to further discussions among all involved CLIP-C partners, 

leading to the follow-up milestones mentioned above and subsequent piloting and 

testing of the tools.  
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2. Outline of comparison and aggregation tools 

2.1 Background and problem definition 

When it comes to accessing and visualising data on climate change impacts different 

users have quite different information needs and interests. Specialised scientists 

may be interested in particularly highly differentiated climate change impact 

indicators, while other scientists as well as planners, consultants or policy-makers 

may be more interested in aggregate information and in relating various impacts to 

each other. Beyond having only access to ‘ready-made’ data many users want to be 

able to explore and interact with data and e.g. apply their own weighting to different 

indicators that are then related to each other – and to quickly see visual results of 

their interactions with the data. Against this background WP2 of the CLIP-C project is 

solely devoted to exploring the different user needs in regard to climate impact 

information and to identify key user groups and their specific requirements in order to 

offer a set of tailor-made online tools and data services within the framework of the 

future CLIP-C web portal. 

Of course many comparable climate related web portals already exist, each with 

their own specific focus and functionalities. Examples with a pronounced European 

focus (though sometimes encompassing even non-European regions) include 

Climate Impacts Global and Regional Adaptation Support Platform (ci:grasp), the 

European Climate Adaptation Platform (Climate-ADAPT), KlimafolgenOnline 

(klimafolgenonline.com), the European Climate Assessment and Dataset (ECA&D), 

the Climate Change Challenges of the Regions 2020 study (Regions 2020), the KNMI 

Climate Explorer (climexp.knmi.nl), the Climate Change Integrated Assessment 

Methodology for Cross-Sectoral Adaptation and Vulnerability in Europe (CLIMSAVE) 

and User-based Climate change Impacts, Adaptation and Vulnerability mapping tool 

(U-C-IAV). These web-based information services employ very different conceptual 

frameworks, methodologies, indicators, data and visualisation tools (Carter et al., 

2014; Holman et al., 2013; McCallum et al., 2013; Carter et al., 2010; Van Engelen 

et al., 2008). Nevertheless, most of them allow users to choose from a limited set of 

indicators, to select time periods, temporal aggregation levels, underlying emission 

or GHG concentration scenarios and to visualise the results of their selections as 

maps or diagrams. However, owing to their specific genesis and disciplinary focus 

these information portals also have a number of shortcomings when seen vis-à-vis 

the user interests outlined above: They might for example focus primarily on climate 

indicators in a narrow sense (i.e. do not include bio-physical or socio-economic 

sensitivities), encompass only one or a limited number of European countries, show 

only results maps of an underlying research project or do not allow users to really 

interact with or influence the combination of indicators.  

An especially inspiring example is the U-C-IAV online mapping tool developed by the 

Finnish Environment Institute SYKE (that is part of the CLIP-C consortium). The tool 

allows users to select and relate exposure, sensitivity and adaptation indicators to 

each other and then calculates and maps the resulting overall vulnerability. While 

http://www.pik-potsdam.de/cigrasp-2
http://www.climate-adapt.eea.europa.eu/
http://www.klimafolgenonline.com/
http://www.ecad.eu/
CLIP-C_Temp/regions202.oir.at
CLIP-C_Temp/climexp.knmi.nl
http://www.climsave.eu/
http://www.iav-mapping.net/
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building on this example, the CLIP-C tools will eventually be more flexible and 

differentiated and also be linked with additional functionalities (see Chapter 3 and 4). 

Also, instead of being limited to a few topics and Scandinavian countries the CLIP-C 

tools will also encompass a much wider set of indicators and have full European 

coverage. 

Reviewing and adopting the methodology and technical implementation of this and 

some of the other examples listed above will form the basis for the indicator 

comparison and aggregation tools to be developed in WP8. 

 

2.2 Objectives of the tools 

The tools to be developed in this Task should as much as possible reflect and 

incorporate the user needs and requirements that are explored in WP2 in order to 

develop tailor-made yet flexible data exploration tools that are useful for a wide 

range of potential users. In particular the tools should aim to allow users to 

 choose from and explore a wide range of tier 1, tier 2 and tier 3 indicators  

 compare indicators both statistically and graphically, 

 determine key parameters (e.g. in terms of temporal and spatial coverage as 

well as underlying scenarios) that are of special interest to the user, 

 combine climate exposure and sensitivity indicators to arrive at tier 2 and tier 

3 impact indicators based on user preferences, 

 aggregate several impact indicators e.g. for a complete sector,  

 enable the visualization of results through WP 4 visualization tools. 

 

2.3 Key features of the tools 

Indicator combination and aggregation tool 

This tool makes use of existing indicators on climate change exposure and 

corresponding sensitivity indicators and allows users to combine them interactively in 

order to calculate potential tier 2 and tier 3 impact indicators. Users will be able to 

select from a list of indicators and determine which time periods, temporal resolution, 

spatial resolution, underlying emission scenario (SRES) or greenhouse gas 

concentration scenario (RCP) and socio-economic and land-use scenario (see 

Chapter 3) according to their own preferences. If ensembles of data are available for 

an indicator, then the user can choose the mean, max, min or e.g. 15th or 85th 

percentiles. If several exposure indicators or several sensitivity indicators are 

selected then users will be able to determine which weighting they want to attribute 

to the individual indicators.  

The tool will then calculate averages of the normalised values of all selected 

exposure and of all selected sensitivity. After further normalisation the combined 

exposure and combined sensitivity values will be aggregated to combined potential 

impacts. Hence the highest impact values belong to those regions with the highest 
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relative combination of climate changes and socio-economic or environmental 

sensitivities to these climatic changes. These calculations are performed in real time 

and all intermediate results (combined exposure, combined sensitivity, overall 

impacts) are visualised side by side as maps so that the user can quickly gauge how 

changing his selections influences the results (see Figure 1). 

The selection panel above the maps contains drop-down lists or levers that allow the 

user to make the selections mentioned above. The information panel underneath the 

maps contain short descriptions of the chosen indicators, links to more detailed 

methodological descriptions, the legend of the depicted classes of values, a simple 

histogram as well as a download link for data, diagrams and the map image. It would 

also contain a link to an uncertainty matrix that indicates the types of uncertainty 

inherent in the respective indicator (see Chapter 4). 

  

Selection Panel

Exposure

Information Panel

+ =

Selection Panel

Sensitivity

Information Panel

Selection Panel

Impacts

Information Panel
 

Figure 1: Outline of possible visualisation of the combination and aggregation tool 

 

It is planned to offer three different modes for the above outlined combination of 

indicators: A ‘ready-made mode’ would contain pre-packaged sets of indicators 

including a combination of settings that are scientifically sensible. This is also where 

the aggregation functionality of the tool is fully utilised: The tool would for example 

offer  

a) aggregated impacts on a particular sector (e.g. economy, or population)  

b) aggregated impacts of a particular exposure indicator (e.g. heavy rainfall 

days) 

c) aggregated impacts of one sensitivity indicator (e.g. persons older than 65 

years) 

A second ‘guided mode’ would – upon an initial selection - make further suggestions 

e.g. what might be suitable sensitivity indicators for the exposure indicator(s) that the 

user already selected – or vice-versa. The user would still have a choice and also 

determine e.g. weights or other parameters. As much as possible a user would be 

provided guidance that would allow him to make an informed selection, e.g. whether 

he is making fairly mainstream or extreme choices.  
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Finally, in what may be termed the ‘sandbox mode’ users can select any combination 

of indicators and freely determine key parameters. Of course the results will be 

marked accordingly as being the results of completely unguided user choice.  

 

Indicator comparison tool 

This tool concentrates on a side-by-side comparison of indicators. These could be 

individual indicators or combined indicators produced and then saved in the previous 

combination and aggregation tool.  

In a similar user interface as before the two indicators to be compared are visualised 

in the form of European maps with a corresponding information panel underneath 

(see Figure 2).  

 

Figure 2: Outline of possible visualisation of the combination and aggregation tool  

 

The information panel for the two indicators will contain information on the content 

and (with a link) the indicator methodology, a legend of the classes of values, a 

histogram, minimum and maximum value as well as standard deviation. It would also 

be linked to the uncertainty matrix with more detailed information on underlying 

uncertainties (see Chapter 4).  

The comparison panel couched in between the two indicators could present the 

results of a number of statistical tests, for example correlations, comparison of one 

or multiple means, comparison of variances and comparison of statistical 

distributions.  

Selection Panel

Indicator A

Information Panel A

Selection Panel

Indicator B

Information Panel BComparison Panel



CLIP-C Milestone 34 

 

 
 

8 

Furthermore a special correlation matrix panel is planned which would present a 

matrix with correlation coefficients based on a number of selected indicators. This 

matrix would give users a quick overview of how several indicators are statistically 

related to each other. By clicking on a particular cell of the matrix whose coefficient 

might look especially interesting users would then be directed to the side-by-side 

comparison interface presented above, which contains more detailed comparative 

data on the two respective indicators.  

 

All of the tools outlined above will be integrated into the overall user interface jointly 

developed by WP8 and WP4. Users will be able to save the results of their 

combinations, aggregations or comparisons and download underlying data and 

created maps or diagrams.  

 

 

2.4 Challenges and contingencies 

Key challenges for the tools outlined above relate to the input data and to the 

specific methodologies for the two tools.  

A key challenge is that many indicators compiled in D7.1 and assessed in D8.1 are 

so far not compatible or only partially compatible with each other. More efforts are 

necessary for closing metadata gaps to conclude the compatibility assessment and 

hopefully increase the number of compatible indicators. In any case the comparison 

and aggregation tools need to include a component that checks the compatibility of 

selected indicators and warns the user in this regard. 

Several Tier-1 (and Tier-2) climate indicators are currently being calculated and the 

respective bias-corrected data will be fully available in the coming weeks. On this 

basis the methodological and technical specifications of the comparison and 

aggregation tools can be developed, tested and fine-tuned.  

The calculations to be performed ‘on the fly’ could possibly be very data-intensive 

and consume more time than a user would be willing to wait for. This can only be 

assessed once the mathematical algorithms have been created and technically 

implemented. It would then need to be checked - if necessary – whether 

simplifications are possible to speed up calculation times.  

The ‘guided mode’ of the combination and aggregation tool will most likely be the 

most difficult one to implement because it requires to anticipate a large number of 

possible indicator combinations and to provide tailor-made guidance for each 

combination. In case this becomes too complicated it might be tested if the guided 

mode needs to be simplified or more restricted in scope. 

 

2.5 Linkages to other tasks and work packages 

It is clear from the above outlines that user input options and the visualization of 

corresponding results will be key determinants for the usefulness and success of the 
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indicator comparison and aggregation tools. Close collaboration between WP8 and 

WP4 in particular will be critical in developing tools that are at the same time user-

friendly and scientifically robust.  

Inputs in the form of pre-processed climate data are required from WP5 & 6 

respectively.  

For the selection of indicators to be included in the tools and in particular for the pre-

packaged impact indicators the tool will draw on results of the user survey and user 

consultations of WP2.  

For the combination and aggregation of indicators WP8 will seek conceptual and 

methodological advice from WP7 and e.g. consult the methodological metadata 

contained in the D7.1 indicator database and the impact chains used for the 

calculation of new impact indicators in WP7. 

The comparison and aggregation tools provide a main user interface framework for 

the scenario tools that will actually be embedded (by clicking on the ‘scenario button’ 

in the selection panel). The tools will also integrate the uncertainty assessment 

whose key results are displayed in the respective information panels and more 

detailed results can be reached through a dedicated link in the information panels.  

 
 

3. Outline of scenario-based exploration tools 

3.1 Background and problem definition 

Scenarios are and have been an important element of climate change studies. They 

featured prominently in the IPCC’s modelling approach of the 1990s which 

culminated in the Special Report on Emission Scenarios (SRES). The SRES 

scenarios consisted of key driving forces and resulting global CO2 emissions until 

the end of the 21st century. At their core were internally consistent ‘storylines’ that 

described different combinations of driving forces, greenhouse gas emissions and 

other substances as well as their evolution over time. The driving forces entailed 

different demographic, social, economic and technological developments. Four main 

storylines and a total of 40 different scenarios were developed and quantified. These 

SRES scenarios became the major reference point for the scientific community 

working on climate change issues and were used as inputs for the various climate 

models that research institutes were working on.  

Since the SRES scenarios were created new approaches and methods for 

demographic and socioeconomic projections have emerged. Thus methodologically, 

but also in terms of real climatic, demographic and economic changes since the 

1990s the SRES scenarios are slowly becoming dated. For these reasons and in 

order to allow more flexibility in the exploration of societal and climatic changes the 

IPCC recently adopted a new approach. The climate community first agreed on a 

small number of ‘representative concentration pathways’ (RCPs) of future 

greenhouse gas concentrations (Van Vuuren et al. 2011). On this basis – and in a 

parallel process – climatologists and social scientists are developing climate change 
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projections and socioeconomic pathways that are consistent with the concentration 

pathways (Moss et al. 2008 and 2010). Follow-up workshops reated a framework for 

developing a small set of ‘shared socioeconomic pathways’ (SSPs) and different 

‘shared policy assumptions’ (SPAs). While RCPs, SSPs and SPAs are interlinked, a 

great variety of combinations is possible for exploring different future developments 

(Kristie et al. 2014; Van Vuuren et al. 2014).  

In most studies that assessed the impacts of climate change on social and land-

based environmental systems (tier 3 in CLIP-C terminology) scenarios were only 

present ‘in the background’, i.e. the SRES scenarios that drove the climate models. 

The modelled future climate was then related to the most current data on socio-

economic and environmental systems – as if these systems would not change by 

themselves, i.e. that they were inherently static and that they only changed/were 

impacted by climate. This is a major weakness of most existing (Tier-3 focussed) 

climate impact studies. The new IPCC approach outlined above puts renewed 

emphasis on addressing these issues and leads to a new generation of impact 

studies that use dynamic socio-economic and environmental projections (Hunter, 

O’Neill 2014; Wilbanks, Kristie 2014). A number of current EU research projects are 

also exploring how to integrate socio-economic projections into climate change 

impact assessments (e.g. Climate, ClimateCost, Impressions). 

 

3.2 Objectives of the tools 

Many existing datasets on climate change impact indicators identified and compiled 

in WP 7 are still based on the SRES modelling approach. Other datasets only 

address Tier-1 and Tier-2 indicators and have not yet been related to the sensitivities 

of socio-economic and land-based environmental systems. In order to allow at least 

a first, simple exploration of future climate impacts on tier 2 and tier 3 levels that 

incorporate dynamic projections of socio-economic and environmental sensitivities, a 

set of interactive tools and optional advanced modules shall be developed, which 

aim to allow the user to 

 choose from a limited set of development pathways (including underlying 

policy assumptions) regarding future demographic, economic and land-use 

development at national levels, 

 disaggregate these socio-economic and land-use development pathways to 

subnational (regional) level, 

 explore the impacts of future climate conditions on key sensitivity indicators 

based on the chosen future socio-economic and land-use development 

pathways, 

 visualise and compare results of different pathways using the WP 4 

visualization tools. 
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3.3 Key features of the tools 

The scenario tools outlined below are all based on the latest scenarios regarding 

both climate change exposure and socio-economic sensitivities. Thus regarding 

climate the projections that are currently being developed by WP 5 & 6 on the basis 

of the RCPs will be used. Regarding socio-economic sensitivities the ‘shared socio-

economic pathways’ (SSPs) based projections compiled by IIASA for the IPCC’s 5th 

Assessment Report concerning Gross Domestic Product (GDP), demography and 

urbanisation rate will be used. It is not clear yet, if further land-use change 

projections announced by IIASA will also be available shortly so that they could also 

be integrated in the WP8 tools. These ‘official’ RCP and SSP scenarios are chosen 

because they will ensure internal consistency across all climate impact indicators.  

   

Scenario exploration tool 

The scenario exploration tool is actually embedded in the indicator comparison, 

aggregation and visualization tools described in Chapter 1. This means users can - 

in the selection panel – choose which indicators and which scenario-based data 

(RCP or SSP depending on the indicators) and time period they want to explore. 

Based on this scenario choice users can combine e.g. climate indicators (Tier-1 and 

Tier-2) with socio-economic and environmental sensitivity indicators in order to see 

combined potential impacts in the form of a map or other diagrams. The scenario 

tool would ensure that the user can only select the same or compatible scenarios.  

In the comparison tool the user can of course choose different scenarios for one 

indicator and then explore the differences between scenarios for this indicator. Or 

the user wants to choose and compare different time periods in the past or future for 

this indicator. Alternatively the user would choose several indicators but the same 

time periods and scenarios and compare the differences.   

 

Beyond this ‘standard’ scenario tool it is envisaged to develop two additional 

modules that provide advanced users more flexibility and interactivity. These 

modules are both methodologically and technically more innovative and challenging 

to implement. If and how they can be implemented will only be decided on the basis 

of further discussion among all involved partners on the basis of this milestone and 

the more detailed methodological descriptions contained in Milestones MS35 and 

MS36.  

 

SSP regionalisation module 

Since the shared socioeconomic pathway (SSP) projections have only been 

developed at the country level, the scenario tool could strictly speaking also only 

calculate Tier-3 impact indicators at the country level – despite the fact that RCP 

based Tier-1 and Tier-2 indicators will be available at much finer raster resolutions. 

Thus the country level would be the default mode for the scenario exploration tool.  

An advanced SSP regionalisation module is therefore planned and would attempt to 

spatially disaggregate the national level socio-economic projections to the regional 

level (NUTS 2 or even NUTS 3 level). This would be done on the basis of the current 
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spatial distribution and then (a) their dynamics in the last 10-20 years (using a simple 

trend extrapolation) or (b) regional convergence or divergence trajectories that are 

broadly in line with the chosen SSPs (e.g. greater disparities for a competitive growth 

SSP) or (c) user input (e.g. offering five degrees of regional convergence or 

divergence to choose from). The usability, validity and feasibility of these options will 

be assessed and corresponding technical proposals outlined in MS 35. 

 

 
SSP combination module 

Each of the four Shared Socioeconomic Pathways that are the basis for the IIASA 

projections of GDP, population and urbanisation rate use the respective SSP across 

all countries. This might be justified by the interdependencies between countries and 

that all countries are e.g. subject to the same global development conditions (e.g. 

global economic growth or recession). Consequently, in the standard CLIP-C 

scenario tool the user can only choose from the four SSPs and his choice is then 

applied to all countries of Europe.  

An optional module for advanced users is therefore envisaged that lets users choose 

and combine different SSPs for each country or for a group of counties (e.g. 

Scandinavia or Southern Europe). This rests on the realisation that each country is 

also free to enact different policies for example in regard to economic incentives, 

energy production and consumption or taxation – all of which influence specific 

aspects of socio-economic development. Thus different countries’ development 

‘models’ and resulting development paths differ quite substantially and do not all 

follow the same socio-economic pathway. Therefore the SSP combination module 

attempts to give users the opportunity to flexibly choose which SSP development 

path each country or group of countries would follow. Users could choose one of the 

SSPs for each European country (or group of countries) which would then be used 

for all subsequent calculations.  

The scenario combination module allows advanced users a high degree of flexibility 

and lets them explore different combinations of socio-economic scenarios. Of course 

this comes at the cost of consistency of the SSPs. Explaining these trade-offs to 

users will be an essential element of the user guidance of this module. Furthermore, 

the module will warn users, if e.g. the total European GDP that results from their 

country-level choices is incompatible with the RCP the user has selected for the 

climate data. Users can then adjust their choices to bring them back in line in order 

to ensure basic consistency between exposure and sensitivity projections.  

 
 
 

All of the features outlined above would be integrated into the standard user 

interface jointly developed by WP8 and WP4. Thus users’ choices regarding 

scenarios will be made in a similar way as all other user inputs and the results of the 

scenario choices will displayed and made available for download using the same 

general visualization and download interface.  
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3.4 Challenges and contingencies 

A key challenge for the scenario exploration tool obviously concerns data availability. 

For Tier-1 and Tier-2 climate indicators the required data are developed within the 

CLIP-C consortium. A first set of indicators are currently being calculated and the 

respective data will be bias-corrected in the coming weeks. Data concerning key 

socio-economic projections have been obtained from IIASA, which compiled and 

calculated them for the last IPCC Assessment Report. Data on land-use projections 

have been announced to be available shortly and need to then be tested as to 

whether and how they can be utilised in WP8 tools. Data regarding sensitivities other 

than GDP and population are available from the recent ESPON Climate Update 

project (ESPON 2014), but in general do not comprise time series, which are 

necessary for the SSP regionalisation tool. However, for many sensitivity indicators 

such time series can be obtained (or adapted) from Eurostat. Challenges of data 

availability and comparability usually relate mainly to new EU member states and 

non-member states for which Eurostat and other international statistical institutions 

do not always have complete or reliable time series data.  

 

The combination of different socio-economic scenarios across Europe is an 

innovative module that poses new challenges. These relate mainly to the conceptual 

validity of allowing users to create a ‘patchwork’ of socio-economic development 

paths across countries. This of course comes at the cost of cross-European 

consistency of the SSPs and needs to be carefully tested and assessed. Therefore, 

the detailed methodology or a first test version of the module is planned to be 

discussed with knowledgeable experts in this field for critical feedback. On this basis 

a final decision will be taken whether or not and how to fully implement this module 

and make it available through the CLIP-C portal. 

Obviously, the standard scenario exploration tool as well as the envisaged advanced 

modules present difficult challenges in regard to uncertainty assessment. For 

example, combining RCP and SSP scenarios might create an entirely new source of 

uncertainty that would need to be classified and described in the CLIP-C uncertainty 

assessment tool (see Chapter 4).  

 

3.5 Linkages to other tasks and work packages 

Like for the comparison and aggregation tools it is clear that user input options and 

the visualization of corresponding results will be key determinants for the usefulness 

and success of the scenario exploration tools. Close collaboration between WP8 and 

WP4 in particular will be critical in developing tools that are at the same time user-

friendly and scientifically robust.  

Inputs in the form of pre-processed climate data are required from WP5 & 6 

respectively.  
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In the development of the scenario tools WP8 will seek conceptual and 

methodological advice from WP7 on the design and combination of various climate 

impact indicators. 

Obviously the scenario tools build on and are interrelated with the other tasks of 

WP8, namely the comparison and aggregation tools (Chapter 2) and the uncertainty 

assessment tool (Chapter 4). This concerns also the flow of data and intermediate 

results between the tools.  

 

 

 

4. Outline of uncertainty assessment tools  

 

4.1 Background and problem definition 

 

A major difficulty in the study of climate change impact indicators is dealing with the 

numerous sources of uncertainties of climate and non-climate data. Its assessment, 

however, is needed to communicate to users the degree of certainty of climate 

change impact indicators (Déandreis et al., 2014).  

To structure the abundance of indicators, CLIPC has opted for a meta-classification 

of impact indicators into three clusters: Tier-1 indicators are intended to give 

information on the past and future evolution of the climate system. Tier-2 indicators 

attempt to quantify the impacts of climate change in bio-physical systems. Tier-3 

indicators primarily aim at providing information on the socio-economic systems 

affected by climate change. These indicators usually build on previous ones and 

make the bridge from a bio-physical change to social or economic loss/gain. This 

meta-classification of climate change impact indicators in CLIPC will serve as basis 

for the uncertainty assessment.  

The structural identification of uncertainties is challenging for this project. When only 

considering the Tier-1 indicators, there already are several sources of uncertainty. It 

depends on whether the indicator is calculated with modelled climate data or 

observed climate data, or combined climate data, so-called re-analysis data. 

Uncertainties of modelled climate data contain in turn different sources of uncertainty 

– depending on whether the modelled climate data result from historical (Gleckler et 

al., 2008) or future climate simulations (e.g. Fischer et al., 2013). Sources of 

uncertainty of climate observations can be divided into two main-categories: in-situ 

(e.g. Kennedy 2014) and remote sensing data (e.g. Geogdzhayev et al., 2014) which 

in turn contain specific sources of uncertainty. Re-analysis data do not only inherit 

the sources of uncertainty of modelled and observed climate data but also add other 

uncertainties (e.g. Compo et al., 2011). 

Additional sources of uncertainties originate from the combination of climate data 

with non-climate data and impact models (e.g. Petr et al., 2014; Thuiller et al., 2009, 

Falk and Hempelmann, 2013; Fronzek and Carter, 2007; Olesen et al., 2007). On 
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the global scale, the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) 

has started to quantify the range of uncertainties of global climate and global impact 

models and found that uncertainty arising from the global impact models is 

considerably larger than that from the global circulation models (Piontek et al. 2014).  

There is a lack of a systematic classification of uncertainties arising from the whole 

range of climate change impact indicators. The aim is to gather - as much as 

possible - all the different sources of uncertainties and get a complete picture of the 

range of uncertainties of climate and non-climate data. To structure the sources of 

uncertainties of climate change impact indicators, available uncertainty analyses will 

be applied (e.g. Warmink et al., (2010) for environmental models; Refsgaard et al., 

(2007) for water resource management) to CLIPC climate change impact indicators. 

The framework intends then to clarify the potential sources of uncertainty of a given 

indicator. In addition, possible solutions how to quantify the uncertainties are 

provided.  

 

4.2 Objectives of the tools 

 

The CLIPC project will attract attention both from the policy and science community - 

either via the exploration of the indicators themselves or via the discovery of the 

underlying data. Thus, the calculation of climate impact indicators requires a good 

representation of its quality and robustness. 

WP8 develops a framework for specifying the sources of uncertainties of climate 

change impact indicators and provide methods how to possibly quantify these 

uncertainties. The framework identifies the number of sources but it is not able to 

quantify the overall uncertainty (Walker et al., 2003). If possible, the framework will 

show users where their attention is needed and how the robustness of a chosen 

climate change indicator could be estimated. The aim is to turn the outcome of the 

framework into a description for the user to give him/her the possibility to judge the 

robustness of each climate change indicator. 

The objectives of the tool are: 

- to identify and list all possible sources of uncertainty raising from climate and 
non-climate data 

- to summarise them in categories and clusters 

- to find methods how to quantify the uncertainties 

- to develop a visual framework and guidance for the users  

 

These objectives lead to a matrix that intends to clarify what the potential sources of 

uncertainty of a given indicator are. The visual framework will be similar to a heat 

map showing only the relevant uncertainty categories that are important for a specific 

indicator (Figure 3 and 4). Once this framework is developed, a future step could be 

to quantify the magnitude of the overall uncertainty of climate and non-climate data 

(which could be displayed in the framework by the colour intensity). 
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4.3 Key features of the tools 

 

The concept of the framework for the uncertainty assessment tool is inspired by the 

graphical representation of data in a heat map. A heat map represents individual 

values contained in a matrix by colours. The CLIPC uncertainty matrix consists of the 

different sources of uncertainty arising from the climate and non-climate data. The 

colours stand for the sources of uncertainty: a field gets a colour assigned, if this 

source of uncertainty is relevant for a certain indicator. The field is grey if this source 

of uncertainty is not relevant for a certain indicator. 

A so-called 'cascade of uncertainty' has been applied to modelled data (Jones, 2000; 

Reyer, 2013) to demonstrate how uncertainty of data accumulates and propagates 

from one level to the next. The CLIPC uncertainty assessment tool will also consist 

of levels (referred to as rows of a matrix) but it is left open, whether the uncertainties 

may amplify or cancel out within one level and inherited from one level to the next 

level.  

The matrix of the CLIPC uncertainty assessment tool will consist of three main rows 

which correspond to the CLIPC meta-classification of impact indicators (Figure 3): 

Tier-1 indicators are mainly derived from climate data. Tier-2 indicators use as input 

climate data and non-climate data, thus Tier-2 combines the sources of uncertainties 

arising from climate data, i.e. Tier-1 indicators, and non-climate data. Tier-3 

indicators are calculated with sets of economic non-climate data associated with 

specific sources of uncertainty. Tier-3 indicators are often derived from Tier-1 and 2 

indicators, thus embodying also much of the a priori climate-driven uncertainty and 

non-climatic-driven uncertainty.  

The first row of the framework presents the uncertainties associated with Tier-1 

indicators derived from climate data (Figure 3). Climate data will include data from 

satellite and in-situ observations, climate models and re-analyses. These types of 

climate data come along with specific sources of uncertainties. To take these 

sources into account each row is subdivided into categories representing the 

columns of the matrix of the CLIPC uncertainty assessment tool. For Tier-1 possible 

categories could be ‘satellite observations’, ‘in-situ observations’, ‘simulations’, 

‘projections’, ‘re-analysis’. Not only the climate data but also the processing of the 

climate data adds sources of uncertainty. Therefore an additional category could be 

‘processing’.  

Each category will comprise several sources of uncertainties. These sources of 

uncertainty will be grouped into clusters and each cluster will appear as a cell in the 

framework (Figure 3). Each cell gets a certain colour assigned depending on 

whether or not this cell contains a cluster of sources of uncertainty applying to a 

certain climate change impact indicator. 
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The framework mainly identifies the number of sources of uncertainty (grouped into 

categories and clusters) but it is not able to quantify the overall magnitude of 

uncertainty of the climate and non-climate data. However, if possible, the framework 

will provide solutions to quantify the uncertainties of single sources. This is mainly 

the case for uncertainties originating from statistical uncertainty. However, the 

collection of uncertainties will also comprise other sources of uncertainty. The less a 

particular uncertainty is purely statistical in nature, the less likely it is to find explicit 

methods to quantify the uncertainties (see Walker et al., 2003, Fig. 5, ‘The 

progressive transition between determinism and total ignorance’). In this case, only 

the sources of uncertainty are specified. 

There will be a link in the information panel of the other WP8 tools to the respective 

matrix of the uncertainty assessment tool, thus providing a direct linkage from the 

indicator(s) a user is focusing on at a particular point in time. 

In the following the framework is illustrated by using a simple climate change impact 

indicator: ‘summer days’. The number of summer days is the annual count of days 

with maximum air temperatures ≥ 25°C. In this example, ‘summer days’ are derived 

from climate projections.  

The result of the uncertainty assessment tool for ‘summer days’ is displayed in 

Figure 4. Only the relevant categories and clusters of sources of uncertainty for this 

indicator are shown. This categorisation of uncertainties is not complete but shall 

serve as an example how the framework intends to work. 

The category ‘projections’ contains three clusters of uncertainty. The first source 

arises from estimates of how future greenhouse gas emissions will change. The 

prescribed greenhouse gas emissions are based on assumptions about driving 

forces such as patterns of economy and population growth. All sources of 

uncertainty related to this are summarised here under the cluster ‘scenarios’.  

The second source of uncertainty comes from the limitations in the ability to perfectly 

model the climate, here called ‘model’. This cluster combines all sources of 

uncertainty arising from the usage of a climate model such as model 

parameterisation, model resolution, model configuration, etc. The third source arises 

from the natural internal variability (i.e. El Niño-Southern Oscillation) and natural 

external variability (i.e. volcanic eruptions or solar variations) of the climate system. 

This natural variability is considered as one source of uncertainty following Walker et 

al. (2003). The authors define variability uncertainty as one nature of uncertainty 

which is the ‘inherent randomness of nature’ (Walker et al., 2003). This source is 

called here ‘variability’ (see Figure 4).  

There are methods to quantify uncertainties by assessing the range of values. These 

methods are listed in the legend of Figure 4. A ‘multi-scenario analysis’ may help to 

define the range of future climate change. The usage of different models (‘multi-

model analysis’) is a common method to sample model uncertainty. A ‘multi-

realisation analysis’ of a model may help to define the spread of natural variability.  
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For the development of the final uncertainty assessment tool we will extent this 

framework to the climate change indicators of the CLIPC meta-classification ranging 

from Tier-1 to Tier-3. Example indicators of the documentation for deliverable 7.1 will 

be used. A total of 89 (10.3.2015) climate change impacts indicators were 

consistently documented according to the criteria about the method, usability, 

relevance and scope of use of the indicators. Representative indicators of each Tier 

will be selected and it will be started with listing all sources of uncertainty arising 

from the calculation of the indicators. A next step will be to define categories and 

corresponding clusters for Tiers-1, Tier-2 and Tier-3. The last step will be to find 

solutions for how to quantify uncertainty of the single clusters.  
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Figure 3: Framework for uncertainty assessment tool to specify uncertainties of climate 

change impact indicators developed accordingly to the meta-classification of indicators in 

CLIPC. 

Tier-1

cluster 

of sources of

uncertainty 

projections

legend
methods to quantify or reduce uncertainty

level 1

(1) multi-scenario analysis

(2) multi-model analysis

(3) multi-realisation analysis

level 2

---

level 3

---

Tier-2

cluster 

of sources of

uncertainty 

category category category category

Tier-3

cluster 

of sources of

uncertainty 

category category category category

category category category

scenarios (1)

 model (2)

variablity (3)

Tier-2

Tier-3

 
 

Figure 4: Example for the application of the uncertainty assessment tool for a simpleTier-1 

climate change impact indicator derived from climate projections: ‘summer days’. 
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4.4 Challenges and contingencies 

 

Although CLIPC makes use of a meta-classification of indicators, this classification 

cannot represent the entire abundance of climate change impact indicators. Thus, 

the assessment of uncertainties will comprise only the uncertainties of certain groups 

of climate change impact indicators. The assessment will reflect the heterogeneity of 

methodological approaches existing within the climate change and impact 

communities. This heterogeneity will also be a challenge because it means an 

abundance of different sources of uncertainty. 

Although many uncertainty frameworks exist, their application for different climate 

change impact indicators and climate data sets may not be as straightforward as one 

might think. Previous studies (Refsgaard et al., 2007; Warmink et al., 2010) report 

that it often is not clear when to stop with including sources of uncertainty in the 

analysis and how to cluster uncertainties and that many uncertainties cannot be 

uniquely classified. Furthermore, it is reported that often it is not straight forward 

which methodology should be used to quantify the uncertainty of the data or indicator 

(Warmink et al., 2010).  

Even when focussing only on the meta-classification of CLIPC and the indicators that 

were collected and reviewed for Deliverable 7.1 (89 indicators as of 10.03.2015), it 

might be necessary to find a system how to pre-cluster these different indicators. It 

might be too ambitious to analyse all of them in detail. A related challenge (and 

solution) concerns the ability of the user of the CLIPC portal to choose and combine 

indicators, thus leading to a combination of uncertainties that cannot be anticipated 

completely beforehand. 

It will be a challenge to provide solutions for the quantification of uncertainties and 

how to cope with or reduce them. In the case of the comprehensive climate change 

indicators (Tier-2, mainly Tier-3) it will be a challenge to make a statement about 

how the uncertainties may amplify or cancel out within one level and inherited from 

one level to the next level.  

 

4.5 Linkages to other tasks and work packages 

 

The assessment of uncertainties will be the backbone for the work packages (WP) 

that deal with climate data and the calculation and development of climate change 

impact indicators: Tier-1-climate change indicators are mainly developed in WP6. 

The main transformation of climate data and bias correction of climate model data 

will also be done in WP6. Tier-2 and Tier-3 climate change impact indicators are part 

of WP 7 and WP8. Another link is to the communication of uncertainty in WP2 and 

the visualisation of uncertainties which is part of WP4.  
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