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Preface 

The original intention of this final Deliverable of WP2 was to provide an overview and synthesis of the 

multi-scale climate and socio-economic scenarios produced within WP2. Over the course of 

IMPRESSIONS, however, it became clear that integration of climate and socio-economic scenarios can 

only be meaningfully attempted when accounting for differences in the nature of data (qualitative 

stories and quantitative models) and to some assessment of climate change impacts. In IMPRESSIONS, 

this is the objective of WP3 related to development and application of a range of climate change 

impact, adaptation and vulnerability models. As a result, the final deliverable of WP2 has a stronger 

focus on the analysis of the climate and socio-economic scenarios across the multiple scales of the 

IMPRESSIONS case studies and discusses modelling as a crucial tool to integrate climate and socio-

economic scenarios, although with other forms of scenario integration are also presented.  
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Summary 

The final objective of WP2 is to develop multi-scale, integrated climate and socio-economic scenarios 

for five case studies. This deliverable builds on socio-economic and climate scenarios as documented 

in Deliverable D2.2 (Kok and Pedde, 2016) and Deliverable D2.3 (Madsen et al., 2016), respectively. 

The main objective of this deliverable is to report on the final set of integrated climate and socio-

economic scenarios across scales, including tipping points.  

The analysis of the climate scenarios concludes that model uncertainty is high and that model 

selection is not a straightforward task as there is no single set of performance metrics. When using 

multi-model ensembles, care should be taken to avoid uncertainty being overestimated as climate 

change in one region is not independent of change in other regions. The sub-sampling of GCMs for 

impact shows that model spread is larger for the smaller regions and larger in summer. A number of 

large-scale tipping points are identified, even though there is a very low level of agreement between 

climate models on their occurrence. 

The analysis of the socio-economic scenarios shows that there are strong differences, as well as 

similarities, across scenarios expressed in different worldviews in the narratives and/or different 

quantifications of key model parameters and/or different actor capacities. Within the set of scenarios, 

SSP1 has the most positive future outlook based on an egalitarian worldview, with high levels of capital 

and actor capacities, which is reflected in a rather low population pressure. SSP3, in contrast, has the 

most negative future outlook based on a fatalist worldview, with low levels of capital and actor 

capacities and a high population pressure. SSP4 and SSP5 take intermediate positions. In general, 

differences across scales are smaller than across scenarios. 

The climate and socio-economic scenarios were integrated and presented as a set of synthesising 

stories. The most important manner to integrate scenarios in IMPRESSIONS was through the use of a 

cross-sector model (the IMPRESSIONS Integrated Assessment Platform 2, IAP2). Results show that the 

IAP2 captures the complexity of the system beyond a simple addition of separate input parameters. 

Scenarios were also integrated by stakeholders adjusting SSPs based on climate change impacts. 

Introducing these impacts led to changes in the SSPs. Most changes related to a more rapid 

institutional and organisational change, while maintaining the overall logic of the scenario narratives. 

Four synthesising stories of combinations of RCPs and SSPs show four extremely diverse futures. 

Overall, it is concluded that a wealth of innovative methods and resulting (integrating) scenarios have 

been produced that deserve to be further tested and used beyond the duration of IMPRESSIONS. The 

set of selected SSP×RCP combinations proved sufficient to create a diverse set of high-end integrated 

scenarios. The main recommendation is to use mixed methods when integrating socio-economic and 

climate scenarios, but to use (improved) models as the main tool for integration. 
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1. Introduction 

The final objective of WP2 is to develop multi-scale, integrated climate and socio-economic scenarios 

for five case studies: Europe, Scotland, Iberia, Hungary and Central Asia (as part of an EU external 

(EUx) case study). This deliverable builds on socio-economic and climate scenarios as documented in 

Deliverable D2.2 (Kok and Pedde, 2016) and Deliverable D2.3 (Madsen et al., 2016), respectively. Both 

deliverables describe the scenarios produced, with a short analysis and cross-case comparison. The 

two types of scenarios consist of different types of products, reflecting the different domains that they 

analyse. The climate scenarios analysis relates to uncertainties in physical systems by using model 

simulations at multiple scales. The robustness of these scenarios, therefore, is strongly linked to the 

choice of modelling projections with multiple spatio-temporal trade-offs. The socio-economic 

scenarios analysis relates to uncertainties in the social system and its interaction with the 

environmental system. These scenarios have a stakeholder-determined qualitative component and an 

expert-based modelling component (Pedde et al., 2018).  

Because of their different nature, the methods to perform a multi-scale analysis of socio-economic 

and climate scenarios also differs, which relates to different epistemologies, approaches and 

perspectives. Methods to develop (multi-scale) climate scenarios aim at sub-sampling and 

downscaling GCMs and minimising spatio-temporal model spread across case studies and for changes 

in annual and seasonal temperature and precipitation. Multi-scale socio-economic scenarios relate to 

downscaling existing scenarios (Kok et al., in review), during participatory workshops. Compared to 

the methodological downscaling focus of climate scenarios, the socio-economic scenario methodology 

can be defined as άŎǊƻǎǎ-ǎŎŀƭŜέΣ ǿƛǘƘ Ǝƭƻōŀƭ {{t ǎŎŜƴŀǊƛƻǎ defining the boundaries for developing 

multi-scale nested stories (as in Deliverable D2.2) or as starting point for interrogating the role of local 

information to understand European-scale scenarios. For both climate and socio-economic scenarios, 

we discuss tipping elements in the systems as critical thresholds beyond which transitions to a 

different state occurs.  

Partly because of the separate methods, results and analyses, this deliverable starts with a number of 

sections that present a separate analysis rather than an integration. Sections 2, 3 and 4 are the core 

of the analysis. Each section introduces what type of uncertainty is analysed with the scenario 

products (sections 2.1, 3.1. and 4.1), and the different methodological angles for the cross-scale 

analysis (2.2 and 2.3, 3.2, 4.2). Scenario integration is undertaken in three ways. In sections 2 and 3, 

the climate and socio-economic scenarios are analysed separately. In section 4, climate and socio-

economic scenarios are analysed together, and different methods of integration are introduced and 

results analysed. In section 5, products, methods and applications are synthesised. Section 6 provides 

key methodological recommendations.  
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2. Analysis of climate scenarios 

Climate scenarios have been developed for all five case study regions in IMPRESSIONS. The global 

scenarios are based on a sub-set of global climate model simulations available from CMIP5 (Coupled 

Model Inter-comparison Project Phase 5, Taylor et al., 2011). For the European and local case study 

regions it was decided to make use of the higher resolution regional climate model simulations 

available from Euro-CORDEX with a resolution of 50 km. Table 1 provides a list of scenario data 

available for each region.  

 

Table 1: IMPRESSIONS scenario data. List of scenario data available for each region. 

Region Scenario/Impact model Horizontal 
resolution 

Time resolution Climate model 
data 

Global GCM data (bias adjusted for -60-
60°E, 0-90°N) 

0.5° Daily data GCM 

Europe Bias-adjusted RCM data лΦрϲ ŀƴŘ млΩ Daily data RCM 

Europe Needed by impact model: rIAM  млΩ Decadal time 
slices 

RCM 

Europe Needed by impact model: IAP2  млΩ 
 

30-year time 
slices 

RCM 

Scotland Needed by impact model: IAP2 ς 
Scotland 

5km 30-year time 
slices 

RCM 

  

A subset of climate models were selected from the CMIP5 ensemble to represent high as well as 

moderate climate change. The selected sub-set of climate models is shown in Table 2. 

 

Table 2: The core set of climate models selected for use in IMPRESSIONS. The last column denotes 

the magnitude of projected global temperature change (2071-2100 vs. 1981-2010) for each of the 

selected GCMs; high-end is above 4°C, intermediate is 2-3°C, and low-end is between 1 and 1.5°C. 

 

 

 

 

 

 

The selection criteria were described in detail in Deliverable D2.1 (Kok et al., 2015). In Deliverable D2.3 

(Madsen et al., 2016) we presented the seasonal mean changes of temperature, precipitation, short-

wave radiation, humidity (specific and relative) and wind speed for each of the selected GCMs (and 

RCMs) to illustrate model spread within the IMPRESSIONS core set of climate models. We also 

described the bias-adjustment methods in detail and provided a comparison of the GCM vs. RCM 

climate change signal before and after the bias-adjustment.  

In this deliverable we address how multi-model ensembles can be used to interpret the uncertainty 

of climate change projections at local, regional and global scales. We also investigate how well the 

 GCM RCM Climate change 

RCP8.5 HadGEM2-ES RCA4 High 

CanESM2 CanRCM4 High 

IPSL-CM5A-MR WRF High 

GFDL-ESM2M RCA4 Intermediate 

RCP4.5 HadGEM2-ES RCA4 Intermediate 

MPI-ESM-LR CCLM4 Low 

GFDL-ESM2M RCA4 Low 



8 |  Page  D2.4: Integrated multi-scale scenarios 
__________________________________________________________________________________ 

selected subset of global climate models represent the spread in temperature and precipitation 

projected by the full CMIP5 ensemble for each of the IMPRESSIONS case study regions (i.e. Europe, 

Scotland, Iberia, Hungary and Central Asia). The implications of climate tipping points are also 

discussed.  

It is generally advised to use as many climate models as possible and to use at least the core subset of 

the seven RCP-GCM-RCM combinations. However, for practical reasons, only the HadGEM2-ES-RCA4 

projections (RCP4.5 and RCP8.5) were included in the IMPRESSIONS stakeholder workshops and some 

of the IMPRESSIONS studies rely on only these projections. We explore how well these models 

represent the climate model uncertainty in the various case study regions. 

2.1.  Uncertainty in climate scenarios across spatial and temporal scale  

Uncertainty in climate model projections arise from three main sources: (i) scenario uncertainty (i.e. 

the uncertainty in future emissions); (ii) model uncertainty; and (iii) internal variability of the climate 

system. Uncertainty in future emissions becomes increasingly important for long-term projections and 

dominates towards the end of the century. This uncertainty may be explored by performing 

simulations for a range of emission scenarios. As IMPRESSIONS focuses on high-end climate change, 

we use RCP4.5 and RCP8.5 to represent intermediate and high-end emission scenarios. 

Model uncertainty represents the imperfect representation of climate processes in models and it is 

advised to use as many climate models as possible to account for the uncertainty due to model 

inconsistencies. For near-term and local scale projections, the uncertainty is dominated by the internal 

variability in the climate system. As model agreement is better at larger scales, results from global 

climate models are more robust when presented as means over larger regions. Models agree quite 

well on the patterns and magnitude of climate change when the external forcing is strong. For weaker 

forcings, internal variability plays a larger role and models agree less well. Inter-comparison of models 

also shows a systematically better agreement for temperature than precipitation. 

Global Climate Models (GCMs) are coarse resolution models that are used to gain knowledge about 

large-scale interactions and feedbacks in the climate system. For GCMs, present-day biases in 

temperature and precipitation are smaller at larger scales (Masson and Knutti, 2011). Because of the 

higher spatial and temporal resolution, regional climate model (RCM) projections usually have smaller 

biases than GCM data (i.e. compare better with present-day observations).   

The multi-model mean generally provides a more robust estimate than a climate change projection 

from a single climate model (e.g. Gleckler et al., 2008). However, multi-model averages show less 

spatial variability and less extreme local values than single model projections (Knutti et al., 2010) and, 

for impact assessments, the large-scale average is most often not a sufficient representation of the 

local climate conditions. Instead, internally consistent time series of a number of climate variables are 

often needed, and in this case climate scenarios are most often based on results of single climate 

models that are selected from the full ensemble.  

Model selection is not a straightforward task as there is no single set of performance metrics that can 

be applied to discriminate between good and bad performing models (Reichler and Kim, 2008; 

Gleckler et al., 2008). Also, there is no indication that models that simulate present-day climate most 

realistically will also be the models that perform best with respect to future climate. In fact, feedback 

processes that could have a large impact in a future climate (e.g. by affecting tipping elements) could 

be described poorly in a model that performs very well for present-day conditions far away from the 
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tipping point. Therefore, model selection is often done using ad-hoc procedures based on regional 

model spread to ensure that the selected sub-set represents a sufficiently large fraction of the model 

uncertainty. 

2.2. Uncertainty in multi-model ensembles 

The regional model spread in an ensemble of climate models is often (e.g. IPCC, 2013) illustrated by 

collecting all model information and evaluating the statistics grid point by grid point. As part of the 

cross-scale analysis in IMPRESSIONS, we have investigated how this way of using model ensemble 

information contributes to the uncertainty at various scales. The following analysis is based on the 

material published in Madsen et al. (2017).  

Figure 1 shows the spread in projected changes in mean annual temperature and precipitation (2081-

2100 vs 1986-2005) derived from 39 CMIP5 simulations using the RCP8.5 emission scenario. The figure 

compares the grid point approach (Figure 1a, upper panel) with an approach where statistics are 

evaluated at the model level (i.e. each panel shows the change projected by one single model). For 

temperature, the differences between the two approaches are evident for the minimum and 

maximum rankings but also visible for the 25th and 75th percentiles (Figure 1, lower panel). For 

precipitation, the total spread (min to max) is very large for grid point statistics, and the patterns 

derived at the grid point level are very different from those based on individual models (Figure 1b, 

upper and lower panels).  

 

 

 

Figure 1: Grid point and model statistics for temperature (upper) and precipitation (lower) changes 

(2081-2100 vs 1986-2005) for the RCP8.5 scenario (Figure adapted from Madsen et al., 2017). 

 

When aggregated to the global scale, we find that the range of the temperature change was 

significantly larger for grid point statistics (1.9 ς 5.8K) than for model statistics (2.5 ς 5.0K) and the 

difference between the two approaches is significantly larger for precipitation. This clearly shows that 
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care needs to be taken if information for different grid points is extracted from different models as 

the total uncertainty may be inflated at larger scales (Madsen et al., 2017).  

Grid point statistics are most often used to visualize the spread in climate change, but a similar way of 

regional ranking is often applied when a sub-set of climate models is selected for use in impact studies. 

Figure 2 compares the spread in climate change signal for temperature and precipitation for Europe 

applying global and regional ranking as well as grid point statistics. As before, the differences between 

the three ways of ranking are significantly larger for precipitation than for temperature. For Europe, 

the regional ranking is a balance between the increase in precipitation in northern Europe and the 

decrease in southern Europe and there are clear differences between the grid point approach and the 

regional ranking. 

        

    

Figure 2: Grid point and model statistics for temperature (a-c) and precipitation (d-f) changes (2081-
2100 vs. 1986-2005) for Europe (Figure adapted from Madsen et al., 2017). 
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Figures 3 and 4 compare the three methods for Iberia and Scotland, respectively. For Iberia, the 

regional ranking is very similar to the grid point ranking for temperature as well as precipitation. For 

precipitation, the regional ranking shows that at least one of the models projects a small increase in 

precipitation at least locally in parts of the region (Figure 3d and 3e). From the global ranking we find 

that the model with the highest increase in global precipitation projects less precipitation for Iberia. 

Very similar issues occur for Hungary (data not shown). 

 

 

Figure 3: Model and grid point statistics for temperature (a-c) and precipitation (d-f) changes (2081-

2100 vs. 1986-2005) for the Iberian Peninsula. Note that the form of the coastline is not well-

represented in the low resolution GCM data. 
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Figure 4: Grid point and model statistics for temperature (a-c) and precipitation (d-f) changes (2081-

2100 vs. 1986-2005) for Scotland. 

 

For Scotland, the regional ranking shows that there is a possibility for reduced precipitation. This is 

not captured in the global ranking approach as the model with the smallest increase in global 

precipitation is relatively wet over Scotland. Figures 3 and 4 illustrate that for small regions, regional 

ranking is quite similar to the grid point approach and exhibits the same issues when it comes to 

consistency at larger scales. This shows that model ranking at the very local scale is very similar to the 

grid point approach and thus may lead to similar inconsistencies. If the model with the most extreme 

local climate change is selected everywhere, this would result in a larger uncertainty than projected 

by any individual model when aggregated globally or even regionally. 






































































































