
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/279210085

Map-Based	Web	Tools	Supporting	Climate
Change	Adaptation

Article		in		The	Professional	Geographer	·	June	2015

Impact	Factor:	1.41	·	DOI:	10.1080/00330124.2015.1033670

CITATIONS

2

READS

68

5	authors,	including:

Tina-Simone	S	Neset

Linköping	University

32	PUBLICATIONS			365	CITATIONS			

SEE	PROFILE

Anna	Lilja

Swedish	Meteorological	and	Hydrological	I…

3	PUBLICATIONS			24	CITATIONS			

SEE	PROFILE

Jimmy	Johansson

Linköping	University	/	Norrköping	Visualiza…

51	PUBLICATIONS			457	CITATIONS			

SEE	PROFILE

All	in-text	references	underlined	in	blue	are	linked	to	publications	on	ResearchGate,

letting	you	access	and	read	them	immediately.

Available	from:	Jimmy	Johansson

Retrieved	on:	05	July	2016

https://www.researchgate.net/publication/279210085_Map-Based_Web_Tools_Supporting_Climate_Change_Adaptation?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_2
https://www.researchgate.net/publication/279210085_Map-Based_Web_Tools_Supporting_Climate_Change_Adaptation?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Tina-Simone_Neset?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Tina-Simone_Neset?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Linkoeping_University?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Tina-Simone_Neset?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Anna_Lilja3?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Anna_Lilja3?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Swedish_Meteorological_and_Hydrological_Institute?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Anna_Lilja3?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Jimmy_Johansson2?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Jimmy_Johansson2?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_5
https://www.researchgate.net/profile/Jimmy_Johansson2?enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ%3D%3D&el=1_x_7


Map-Based Web Tools Supporting Climate Change Adaptation 

 

Tina-Simone Neset 
Linköping University 
 
Tomasz Opach 
Norwegian Institute of Science and Technology 
 
Peter Lion 
Linköping University 
 
Anna Lilja  
Swedish Meteorological and Hydrological Institute 
 
Jimmy Johansson 
Linköping University 



 

Abstract 

This paper discusses the state of the art in geovisualization supporting climate change 

adaptation. We reviewed twenty selected map-based web tools, classified by their content 

and functionality, and assessed them by visual representations, interactive functions, 

information type, target audience, and how vulnerability and adaptation to climate change are 

addressed. Our study concludes that the tools (1) can be classified as data viewers with basic 

functionality and data explorers offering more sophisticated interactive functions; (2) mostly 

feature moderate or high richness of data content; and (3) predominantly target expert users.  
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          Growing concern about climate change and its impacts implies an increased need for 

easily available web tools that could facilitate adaptation to evolving natural conditions 

(Lengoasa and Castonguay 2012). Such tools have different data sources as well as target 

users, and thus play different roles depending on their purpose. Sometimes they serve as data 

providers for specialists, sometimes, they make lay users more aware of changing conditions. 

Since climate change data are predominantly spatial, these tools frequently feature solutions 

typical for geographic visualization (geovisualization), such as interactive maps or data 

displays.  

Cartographic visualization can provide decision support (Hallisey 2005), and in recent years, 

more visualization tools that target an increasingly public user group have been developed. 

Numerous regional and international institutions and agencies, such as the European 

Environment Agency (EEA), have launched map-based web tools presenting climate data, as 

access to sufficient information is a prerequisite for climate change adaptation. Although 

demand for map-based climate change adaptation tools is gradually increasing (Overpeck et 

al. 2011), cartographic community interest in this domain seems to have remained low, with a 

lack of studies examining aspects of climate change visualization. This study initiates debate 

on essential aspects of geovisualization supporting climate change adaptation and on critical 

issues such as the effective visualization of multivariate climate data.  

The overarching objectives of this study are to critically assess the content, functionality, and 

design of a selection of existing map-based tools in the field of climate change adaptation, 

and to identify issues needing more scientific attention in the cartographic and geographic 

information science communities. The selected tools all focus on climate adaptation or 

vulnerability, though they originate from different approaches and contexts, ranging from 



generic displays of climate change effects to detailed sector-specific information.  

 

Background 

Map-Based Visualization Tools Supporting Climate Change Adaptation 

          In recent decades, increasing demand for access to climate change information has led 

to new requirements for efficient communication channels such as visualization tools. 

Although climate data are still predominantly used by scientists, “an increasing number of 

resource managers … need and are seeking access to climate data to inform their decisions, 

just as a growing range of policy-makers rely on climate data to develop climate change 

strategies. Quite literally, climate data provides the backbone for billion-dollar decisions” 

(Overpeck et al. 2011, 700). The Intergovernmental Panel on Climate Change (IPCC) special 

report on the risks of extreme events and disasters, compiled to advance climate change 

adaptation (IPCC 2012), notes the particular requirements for the communication of local 

risk-based climate information. The scale of this information, which is central to any 

geographic visualization, in the case of climate information often depends on the level to 

which a climate model can be downscaled. The credibility of both the climate information 

and the data provider as well as information accessibility are of great importance. 

Furthermore, the assessment of local adaptive capacity, prior knowledge and experience, as 

well as attitudes and receptiveness regarding climate information is required to ensure 

successful communication.  

Visualization as a particular dimension of climate communication and decision support has 

frequently been used as a research method in studies of local or regional climate impacts and 

climate adaptation decision making (Salter et al. 2009; Shaw et al. 2009; Sheppard et al. 

2011; Meier et al. 2014). Further evaluation is needed to gain an “understanding of how to 
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most effectively communicate future risks of extreme events” (IPCC 2012: 302) and to assess 

the general perception of various audiences of climate data and climate risk information.  

Along with the demand to communicate climate change information, various graphical 

representations, particularly maps, have been designed to represent scientific data. The first 

maps visualizing climate datasets were static and primarily targeted expert users and 

scientists who could interpret advanced modeling outcomes. Although societies have adapted 

to changing conditions in the past, increasing access to relevant knowledge enhances the 

possibility of reducing societal vulnerability (Stroup 2011). The growing complexity and 

number of climate models (IPCC 2013), the increasing amount of climate-related data, and 

the changing profile of the users of these data have called for new tools to support 

communication, exploration, and analysis. A good answer to this call are tools where either 

natural hazards data (e.g., Chesneau 2004; Tate et al. 2011) or vulnerability data (e.g., 

Battersby, Mitchell, and Cutter 2011; Opach and Rød 2013) are shown by means of 

interactive map-based displays . 

Web-based visualization tools supporting climate change adaptation have been created by 

national and international agencies and organizations and, to some extent, as part of research 

intended to communicate results to a wider audience. Research assessing and evaluating these 

tools is scarce and dispersed. Hence, design and content assessments and user-oriented 

studies are required to analyze the full potential and epistemological consequences of 

applying these tools in climate communication and decision processes (Wibeck, Neset, and 

Linnér 2013). 

The literature contains various well documented recommendations on how to design and 

develop map-based web tools addressing climate change-related issues, mainly linked with 

hazard mapping. Tate et al. (2011), for example, describe a user-friendly WebGIS tool for 
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successfully disseminating hazard-related information to emergency managers. Opach and 

Rød (2013) in turn claim that complex geovisualization consisting of choropleth maps 

dynamically linked to a parallel coordinate plot might be a proper approach for visualizing 

multivariate natural hazard exposure and vulnerability data. Existing examples of map-based 

tools addressing climate-related issues differ greatly in functionality, design, and the 

visualization strategies used. They range from one-view simple geovisualization to complex 

tools with multiple linked views (Roberts 2005) encompassing several interactive datasets or 

map displays. This lack of a common visualization strategy among existing map-based web 

tools supporting climate change adaptation presents a challenge for comparative studies of 

their effectiveness. 

 

User-focused studies on tools supporting climate change adaptation  

          User studies of map-based web tools supporting climate change adaptation are scarce 

in the cartography and geographic information science literature. Accordingly, relevant 

knowledge is highly dispersed, being discussed in various domains and based mostly on 

feedback collected during workshops or software demonstrations. Additionally, user studies 

generally address experts, e.g., spatial planners and policy makers  (Goosen et al. 2013) or 

emergency managers and land use planners (Opach and Rød 2013) rather than laypeople, 

when supporting the visual exploration of climate and natural hazard data. In the context of 

hazard mapping for emergency specialists, Tate et al. (2011) gathered reflections on user 

needs while demonstrating the Integrated Hazards Assessment Tool (IHAT) to county 

emergency managers and regional planning officials. IHAT was considered helpful since it 

does not require that users possess high GIS expertise or costly software, and the study 

concluded that reliable data inputs along with user-friendly interfaces are desired by most 
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users. Battersby et al. (2011) investigated a tool for natural hazard education with in-service 

teachers, concluding that the learning materials should not be too complex or contain too 

many elements, in order to avoid cognitive overload (Harrower 2007). The teachers stated 

that the data used in a tool should be reliable and consistent, whereas a tool’s layout should 

be designed using cartographic principles. Opach and Rød (2013) described a session with 

emergency managers and land use planners from national, regional, and local authorities. 

These specialists were invited to express their needs for a tool that had multiple and 

coordinated views of natural hazard exposure and vulnerability data and to discuss more 

generic aspects of climate impacts. The session revealed that even if a particular user group 

can understand complex data, not all will necessarily be equally able to interact with the tool.  

Despite the fragmentation of the corpus of research into user needs for geovisualization tools 

supporting adaptation, the lessons learnt from the studies mentioned above offer some 

common suggestions. First, regardless of a tool’s main purpose, reliable and consistent data 

content is always a key issue. Second, no matter how complex map displays are, they should 

be logical, user friendly, and designed according to cartographic principles. If a tool is 

difficult to learn or overloaded with content and/or interactive functions, users might give up 

on it and leave the website. Finally, the range of potential user preferences makes it 

impossible to fulfill all expectations, so it is naïve to believe that a tool can be attractive to 

everyone.  
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Figure 1  The map-use cube (based on MacEachren 1994). 

 

Given that map-based web tools supporting climate change adaptation vary greatly in their 

interactive functions, expected target users, and knowledge presented, the map-use cube 

shown in Figure 1 (MacEachren 1994) appears to supply a suitable theoretical approach for a 

critical analysis. Thus, our analysis follows the three dimensions of the map-use cube: (1) the 

user dimension, ranging from private (i.e., expert) to public (i.e., non-expert) users; (2) the 

knowledge dimension, ranging from the known to the unknown; and (3) the tool’s level of 

interactivity. We systematically analyzed map-based tools for the dimension of knowledge, 

users, and interactivity including visualization features, guided by the classification 

framework introduced in the following chapter.  

 

Methodological Framework: Selected Tools and Their Classification  

          The tools that we selected all address climate adaptation or vulnerability, using various 

approaches ranging from generic displays of climate data to detailed sector-specific (e.g. 

agriculture) information. As existing tools supporting climate change adaptation vary greatly 
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in their functionality and design, the criteria set for the critical review had to be generic 

enough to encompass various implemented geovisualization approaches. Furthermore, 

generic criteria were also needed to enable assessment of advantages and shortcomings of 

tools featuring different contexts and purposes. To fulfill these requirements, we designed a 

four-step review: (1) selection of tools based on precise selection criteria; (2) classifying the 

selected tools to acquire a comprehensive overview of their features and capabilities; (3) 

assessing their suitability to support climate change adaptation in the context of user needs; 

and (4) analyzing the selected tools, applying MacEachren’s map-use cube (1994) to identify 

their overall cartographic advantages and shortcomings. 

To identify tools supporting climate change adaptation, an extensive web search was 

conducted in the summer and fall of 2013 including the larger institutions and universities 

working in this field. Furthermore, a literature search of peer-reviewed journals as well as 

conference publications and abstracts was conducted using databases such as Science Direct, 

IngentaConnect, and IEEE Xplore to identify relevant research into tools and possible links 

to web-based tools supporting climate change adaptation. From the tools identified, several 

were selected using the following criteria:  

i) focus on adaptation to climate change,  

ii) inclusion of geovisualization features, 

iii) open access on the web (i.e., non-commercial applications), and  

iv) availability in English (with two exceptions). 

While various open-access websites treat climate change, the number of map-based tools 

focusing on climate change vulnerability and adaptation is limited. The inclusion of geovisual 

features broadly referred to the inclusion of map displays of any kind displaying climate-

related spatial data; any additional visual features are specified and described in the analysis. 



Our final selection included tools (non-commercial only) from international and national 

research institutions and authorities and was limited to the English, Scandinavian and 

German language. Several tools that were part of more comprehensive climate information 

websites are discussed to acknowledge differences in content and design. 

 

Overview of Selected Tools 

          Twenty tools selected as fitting the criteria are briefly outlined in Table 1. Several were 

created by research institutions or universities as part of research projects, eight by national 

or international authorities, one by an organ of the German insurance sector, and one by the 

IPCC as a tool for data distribution. 

Table 1  Selected tools and their basic characteristics (all web-links last accessed 22 august 

2014) 

No

. 
Name and website 

Responsible 

organization 

Country/ 

region 
Data content 

1. 

IPCC Data Distribution Centre (DDC) 

Visualization Tools 

http://www.ipcc-data.org/maps/  

IPCC Global  

Climate parameters (e.g., temperature, 

precipitation, pressure, and wind) for 

multiple climate scenarios and global 

circulation models (GCMs) as well as 

historical observations 

2. 

CHANGE Viewer 

http://climatechangehumanhealth.org/change

viewer  

Institute for the 

Application of 

Geospatial 

Technology (IAGT) 

and Center for 

International Earth 

Science Information 

Network (CIESIN) 

Global  

Datasets covering five themes: food 

security, water resources, climate 

projections, natural disasters—cyclones, 

and sea level rise; tool also includes 

additional data hosted by CIESIN and 

IAGT   

3. 
The impact of a global temperature rise of 

4°C (7°F) 

Met Office Hadley 

Centre, 
Global 

Geographic location and information on 

specific climate impacts (e.g., water 



http://www.metoffice.gov.uk/climate-

guide/climate-change/impacts/four-degree-

rise/map  

HM Government availability, permafrost, drought, 

extreme temperatures, and sea level 

rise) based on AR4 for a global 4°C 

temperature rise 

4. 

Mapping the Impacts of Climate Change 

http://www.cgdev.org/page/mapping-

impacts-climate-change 

 

Center for Global 

Development 
Global 

Climate impacts: extreme weather, sea 

level rise, agricultural productivity loss, 

and overall 

5. 
KNMI Climate Change Atlas 

http://climexp.knmi.nl/plot_atlas_form.py  

Individual 

researcher 
Global  

Climate-related parameters (e.g., 

temperature, precipitation, pressure, 

solar radiation, and soil moisture) for 

multiple climate scenarios and GCMs as 

well as historical data 

6. 

The Global Climate Change Viewer 

(GCCV) 

http://regclim.coas.oregonstate.edu/visualiza

tion/gccv/cmip5-global-climate-change-

viewer/index.html 

USGS 

Global 

Climate parameters (temperature and 

precipitation) for multiple GCMs and 

scenarios 

7. 

Regional Climate Change Viewer 

(RCCV) 

http://regclim.coas.oregonstate.edu/visualiza

tion/rccv/index.html  

 

U.S.A. 

Climate data (e.g., temperature, 

precipitation, snow, soil moisture, 

growing degree days, and 

evapotranspiration) for multiple models 

8. 

Regional Climate Downloader (RCD) 

http://regclim.coas.oregonstate.edu/visualiza

tion/rcd/regional-climate-

downloader/index.html#   

U.S.A./North 

America  

Climate data (e.g., temperature, 

precipitation, wind, and humidity)  

9. 

Derived Downscaled Climate Projection 

Portal (DDCPP) 

http://cida.usgs.gov/climate/derivative/  

U.S.A./North 

America 

Climate parameters (e.g., precipitation 

and temperature projections for 

selectable thresholds) for multiple 

scenarios and models 

10. 

Cal-Adapt: 

Local Climate Snapshots (LCS) and eight 

additional tools 

http://cal-adapt.org/tools/  

Public Interest 

Energy Research 

(PIER) Program 

California, 

Idaho, 

Nevada, and 

Oregon 

(U.S.A.) 

Climate parameters as well as 

snowpack, wildfire risk, and sea level 

rise projections 

11. Wisconsin Initiative on Climate Change Wisconsin Initiative Wisconsin  Spatial analogue representation of 



Impacts Viewer (WICCIV) 

http://www.wicci.wisc.edu/climate-map.php  

on Climate Change (U.S.A.)  locations whose current climate is 

comparable to the selected location’s 

future climate 

12. 

Plan2Adapt 

http://www.pacificclimate.org/analysis-

tools/plan2adapt Pacific Climate 

Impacts Consortium 

(PCIC), University 

of Victoria 

British 

Columbia 

(Canada) 

Climate parameters (e.g., temperature, 

precipitation, snowfall, and growing 

degree days) and potential impacts 

13. 

Regional Analysis Tool (RAT) 

http://www.pacificclimate.org/analysis-

tools/regional-analysis-tool 

Pacific and 

Yukon 

Region 

(Canada)  

Climate and climate-related parameters 

(e.g., temperature, precipitation, 

humidity, cloud cover, and degree days) 

for a large range of scenarios and 

models 

14. 

EEA Interactive maps and data viewers: 

set of four tools similar in layout and 

functionality 

http://www.eea.europa.eu/themes/climate/int

eractive/#b_start=0  

EEA Europe  

Climate-related data for annual 

precipitation and temperature changes, 

heat waves, and flood risks for 

European cities  

15. 

CLIMATE-ADAPT  

http://climate-

adapt.eea.europa.eu/web/guest/map-viewer   

EEA/EC European 

Climate Adaptation 

Platform 

Europe  

Selection of climate impacts (e.g., 

flooding, sea level rise, water scarcity, 

and storms) for different adaptation 

sectors 

16. 

CEDIM Risk Explorer 

(local exploration tool in German) 

http://cedim.gfz-potsdam.de/riskexplorer/ 

 

Research project Germany  

Risk data for winter storms, 

earthquakes, floods, and man-made 

hazards 

17. 

ViewExposed 

http://setebos.svt.ntnu.no/tomasz/gallery/Vul

16/ 

NTNU and 

Nord-Star 
Norway  

Vulnerability and exposure indices 

(e.g., floods, storms, landslides, and 

social vulnerability) 

18. 

CARAVAN, online mapping tool (Nordic 

EU project) 

http://www.iav-

mapping.net/CARAVAN/CARAVAN.html 

Finnish 

Environment 

Institute (SYKE), 

EU research project 

Finland, 

Norway, and 

Sweden  

Vulnerability and exposure indices, 

including climate scenarios and specific 

parameters for two sectors: agriculture 

and the elderly 

19. 

Klimatilpasning.dk 

http://www.klimatilpasning.dk/kort/nedboer.

aspx 

 

Danish Ministry of 

the Environment 

and the Danish 

Nature Agency 

Denmark 

Climate parameters (e.g., temperature, 

precipitation, and heat waves) for 

multiple climate scenarios 

20. 
ZÜRS Public (GDV) (in German) 

http://www.zuers-public.de/zuerspublic/  

Organ of the 

German insurance 

Germany 

(specific data 

Risk mapping for flooding zones (for 

Saxony and Lower Saxony) as well as 



industry and the 

Potsdam Institute 

for Climate Impact 

Research 

available only 

for Sachsen) 

national risk maps (e.g., for heavy 

rainfall, storm/hail, and earthquakes) 

 

Classification of the Tools 

          To distinguish between the multiple types of tools for climate change adaptation, we 

analyzed the selected tools using two criteria: data content and functionality. Based on their 

basic characteristics (see Table 1), the following four categories of tools were distinguished: 

(1) Climate Data Viewers (e.g., IPCC DDC tool [1] and the Regional Climate 

Downloader [8])—These enable users to display and sometimes export projected 

climate data and to some extent include historical data or climate-related data. They 

feature map displays with basic interactive functions, without additional data displays.  

(2) Impact Viewers (e.g., CEDIM Risk Explorer [16] and ZÜRS Public [20])—These 

present hazard, vulnerability, and risk data such as exposure and vulnerability indices, 

climate impacts, natural hazards, and risk zones. Like climate data viewers, these 

tools do not offer support or more sophisticated interactive functions. 

(3) Climate Data Explorers (e.g., Cal-Adapt [10] and Plan2Adapt [12])—Besides 

enabling users to display climate data on an interactive map, these offer additional 

interactive functions; for example, they feature coordinated view functionality with 

extra map or data displays, providing users with more information on the modeled 

climate data and multivariate signatures for selected areas.  

(4) Impact Explorers (e.g., ViewExposed [17] and CARAVAN tool [18])—These offer a 

set of interactive functions enabling users not only to display data on vulnerability, 

exposure, risk, etc., but also to analyze or even modify this data content.  



The twenty tools are sorted in Figure 2, which is divided into quadrants for the four identified 

categories; the horizontal division is based on the data content, and the vertical division is 

based on the functionality. While the horizontal division was straightforward to determine, 

the vertical division was somewhat problematic since the tools featured various, sometimes 

non-comparable, interactive functions. The tools have therefore been sorted in ascending 

order within each quadrant based on level of functionality.  

Two of the tools did not really fit any category. The CHANGE Viewer [2] enables users to 

display various thematic layers presenting both climate and non-climate data and was thus 

placed between two categories (see Figure 2). The Wisconsin Initiative on Climate Change 

Impacts tool [11] offers a spatial-analogue approach (Retchless 2014) and might not fit any 

category; however, since it essentially displays climate data, we classified it as a climate data 

viewer. 

 

 

Figure 2  Classification of the tools. 

 



Critical Review 

          The critical analysis conducted in this study is structured under split into four sections, 

describing (1) the way in which way the twenty tools support climate adaptation, and then 

following the three dimensions of the map-use cube (MacEachren 1994): (2) knowledge (3) 

interactivity and (4) users.  

Supporting Climate Change Adaptation 

          Several selected tools focus explicitly on climate adaptation, which either is mentioned 

in the tool’s name or description or is obvious from the content, while others refer only to 

climate impacts or vulnerability indicators relevant to climate adaptation more broadly. The 

selected tools differ significantly in the support they provide for climate change adaptation 

measures. While adaptation or other dimensions of vulnerability, including exposure, 

sensitivity, and adaptive capacity, are addressed by all selected tools, recommended 

adaptation measures are often limited to information provided elsewhere on the host website, 

and are not integrated into the tool itself.  

Several of the selected tools, however, do include direct support for climate change 

adaptation. For example, the Danish tool Klimatilpasning [19] is comprised of a map-based 

tool and a separate site, “the resilient house,” in the same web portal that identifies explicit 

adaptive actions for a generic house. As another example, the British Columbia-based tool 

Plan2Adapt [12] enables users, after selecting a particular area, to explore specific 

information on the potential impacts and affected sectors in the area. In addition, Plan2Adapt 

provides information on climate change scenarios for the selected area. The remaining tools 

offer limited information related to adaptation. The Cal-Adapt tools [10], Regional Analysis 

Tool [13], two USGS tools [6 and 7], and the Wisconsin tool [11] offer functionality whereby 

users can explore multiple climate parameters for a selected area. Furthermore, the Wisconsin 

https://www.researchgate.net/publication/238321619_Some_Truth_With_Maps_A_Primer_on_Symbolization_and_Design?el=1_x_8&enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ==


tool is embedded in the website of the Wisconsin Initiative on Climate Change Impacts, 

which includes a specific site on climate adaptation and adaptation sciences as well as the 

Wisconsin adaptation working group, providing information on adaptation for multiple 

sectors, though not interactively linked to the map tool.  

The European Environment Agency has two sets of web portals, i.e., the European Climate 

Adaptation Platform (CLIMATE-ADAPT) [15] and the EEA interactive maps and data 

viewers [14]. While these portals are cross-linked and can be reached via the same website, 

the CLIMATE-ADAPT tool has the most prominent link to information related to climate 

adaptation, featuring an Adaptation Support Tool as well as a clearing house for adaptation 

information containing links to multiple publications, databases, and other related content.  

Overall, the scope of adaptation was mostly limited to generic information related to the 

parameters included in the tools, rather than providing adaptation measures linked to the 

climate impacts of a selected scenario.  

Knowledge  

          Several tools assessed here present mainly readily available data, such as temperatures 

or other climate indicators, for a number of predefined scenarios or regional settings. In 

contrast, some tools, such as CARAVAN [18] and ViewExposed [17], explicitly allow data 

exploration and new knowledge creation. In other words, although the core data and content 

of most tools appear to be fairly similar, the tools themselves range from supporting the 

acquisition of knowledge “already known” to supporting the construction of “unknown” 

knowledge. These two aims appear in the two vertices of the vertical scale of the map-use 

cube (MacEachren 1994) (see Figure 1). 

All but two of the assessed tools include climate parameters representing changes in 

https://www.researchgate.net/publication/238321619_Some_Truth_With_Maps_A_Primer_on_Symbolization_and_Design?el=1_x_8&enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ==


temperature and precipitation as well as specific climate indices such as snow cover, heat 

waves, growing degree days, and storms/wind. These parameters or indices are expressed 

either as units for a specific period or point in time or as the change from a baseline value to 

the time period of a future scenario. Most tools allow the selection of different climate 

scenarios, although only a few allow the visual comparison of multiple scenarios. The IPCC 

[1] and USGS tools [6–9] do not present ensembles of multiple global circulation models 

(GCMs), but rather ask the user to select a specific GCM. This option demands greater user 

comprehension of the various GCMs and their specific (abbreviated) names.  

The Wisconsin tool [11] enables the user, after selecting an area, to recognize other areas 

whose current climate conditions resemble the conditions projected for the future for the 

selected area (Figure 3), in what is referred to as a spatial-analogue approach (Retchless 

2014; Veloz et al. 2011). 

Figure 3 Screenshot of the Wisconsin Initiative on Climate Change Impacts Viewer 

(WICCIV) [11] . The user selects a future scenario, climate model(s) and a time frame, as 

well as a specific location on the left hand map, for which the spatial-analogues for a future 

climate is displayed in the right hand map.  

https://www.researchgate.net/publication/271938412_Communicating_climate_change_Spatial_analog_versus_color-banded_isoline_maps_with_and_without_accompanying_text?el=1_x_8&enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ==
https://www.researchgate.net/publication/271938412_Communicating_climate_change_Spatial_analog_versus_color-banded_isoline_maps_with_and_without_accompanying_text?el=1_x_8&enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ==
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The CHANGE Viewer tool [2] has multiple categories that go beyond climatic indicators - 

for example, sea level rise, water resources, and food security indicators, which are provided 

to fulfill the intended educational purpose of this tool. The tools of the European 

Environment Agency [14 and 15] provide separate map interfaces for precipitation and 

temperature changes, heat waves, and flood risk for cities from heavy rainfall events on the 

interactive maps and data viewers, while the CLIMATE-ADAPT platform includes a map-

based tool featuring climate impact and vulnerability indicators for Europe and a wider scope 

linking to working groups, reports, and websites related to climate change adaptation in 

Europe.  

Among the tools that do not cover any climatic parameters is ViewExposed [17], a tool for 

assessing vulnerability indices, which provides specific flood, storm and landslide exposure 

indices, as well as social vulnerability indices for comparing Norwegian municipalities. 

National vulnerability in various areas (e.g., extreme weather, sea level rise, and agricultural 



productivity loss) is ranked by the tool Mapping the Impacts of Climate Change [4]. The 

four-degree interactive map of the UK Met office [3] is based on a global temperature change 

map, but the data are presented via circles indicating areas of concern for specific climate 

impacts. Information on these impacts is shown by text linked to each parameter. ZÜRS 

Public [20] aims to include multiple risk hazard parameters; however, on a local scale, flood 

risk zones can be explored for only two German states as of the time of writing. 

 Six tools [1-6], provide data on a global scale. Aside from the GCCV tool [6], all of these 

fall under the category ‘data viewer’ (see fig 2). The tools that cover a regional scale, e.g. 

North America [8,9] or Europe [14,15] are also predominantly data viewers, while both 

categories are frequent among the tools that cover the national to local scale 

[7,10,11,12,13,16-20]. Data availability as well as data quality are common factors that limit 

the downscaling of climate information, both in terms of the accessibility of regionally 

downscaled climate data, and local information on, for instance, adaptation measures or data 

resolution. In particular for downscaled climate scenario data (Foley 2010), the 

communication of uncertainty remains a significant challenge. 

Uncertainty in data and results is addressed indirectly in most of the tools, either by including 

multiple scenarios and thus addressing the uncertainty of future climate impacts, or by having 

a disclaimer or other text mentioning future uncertainties and the function of multiple 

scenarios in climate science. Several tools allow the comparison of scenarios for specific 

parameters directly in the map display (e.g., Cal-Adapt [10]) or the further exploration of 

uncertainties in a separate chart (e.g., Plan2Adapt [12]). 

 

Interactivity 

          Interaction plays an important role in visualization, particularly when performing 

https://www.researchgate.net/publication/240729051_Uncertainty_in_Regional_Climate_Modelling_A_Review?el=1_x_8&enrichId=rgreq-cac64c21309b48f0ee1b3780f3f44bea-XXX&enrichSource=Y292ZXJQYWdlOzI3OTIxMDA4NTtBUzoyNzA5NjQ3OTc3MzQ5MjZAMTQ0MTYxNDQ1MDkyMQ==


exploratory data analysis tasks. The assessed tools vary significantly in their support for 

interactive visualization, which ranges from basic functionalities such as “zoom” and “pan” 

to more advanced brushing techniques. All the selected tools feature elements of geographic 

visualization, thematic and, in particular, color gradient and choropleth maps frequently 

being used to display climate or vulnerability data. 

 

Visualization Techniques  

          Various visualization techniques are used in the tools’ map and data displays. Most of 

the map displays present raster datasets in the form of continuous raster cell values visualized 

using a gradual color ramp. Two basic issues are associated with this strategy. Although the 

use of a stretched color scale is appropriate for rendering continuous raster datasets, not all 

color schemes used in the selected tools are successfully presented, and not all color schemes 

are correctly used according to cartographic principles (e.g., Brewer 2008; Krygier and Wood 

2011). For example, the hypsometric tint color scheme used for all climate datasets in the 

IPCC’s DDC tool [1] is typically used in traditional cartography for elevation maps and is 

considered unsuitable for sequential data (Slocum et al. 2010). Since this scheme is used in 

the IPCC tool for non-relief data, green sometimes indicates negative temperatures which are 

typically presented in blue, whereas dark red indicates high precipitation, which in traditional 

cartography is presented in dark blue (surprisingly, in the IPCC tool dark blue indicates very 

low precipitation). Divergent or sequential color schemes like those implemented in 

Plan2Adapt [12] or the Global Climate Change Viewer [6], however, are more successful. 

Similar shortcomings can be found in other tools as well, for example, in the EEA interactive 

maps [14] of heat wave risk in European cities (i.e., the spectral scheme for “hot days and 

warm nights”) or in Cal-Adapt [10]. In the latter example, the legend of the decadal average 



temperature map should be considered more closely. The debatable way the color scheme has 

been used in this map (5°C represented by dark blue instead of e.g. light green) as well as 

inconsistent legend labels (°F is used above the color bar whereas the values beside the bar 

are given in °C) partially impede information interpretation. 

Another mapping technique commonly used in the selected tools is choropleth mapping, 

which is employed in such tools as CARAVAN [18], CEDIM Risk Explorer [16], the 

Regional Climate Change Viewer [7], and ViewExposed [17] (Figure 4). Some challenges 

can be detected in the use of this technique as well. For example, in the CEDIM Risk 

Explorer [16], the choropleth mapping technique which is appropriate, as cartographers claim 

(e.g., Jenks 1976; Pravda 1983), for relative data applied to the entire area of enumeration 

units, is used for absolute data. In turn the specific design of the CARAVAN tool’s [18] 

legend impedes map interpretation, and might subsequently inhibit its use. Apart from 

choropleth maps and gradient maps used for raster datasets, the remaining mapping 

techniques used in the tools play somewhat less important roles. 

Figure 4 The ViewExposed [17] tool uses choropleth mapping (A) to represent exposure and 

vulnerability indices. The parallel coordinates display (B) shows the parameters for all 

municipalities in Norway, while the datagrid view (C) shows the specific data on each 

parameter for each of the 430 municipalities. 



 

Besides map displays, some of the selected tools also have data displays. Various 

visualization techniques are employed in these tools to present univariate or bivariate 

attribute data, however, except for the parallel coordinate plot in the ViewExposed tool [17] 

and the scatterplot in the Cal-Adapt application [10], the visualization techniques used in all 

remaining cases are fairly straightforward. For instance, the line graphs in Cal-Adapt make it 

possible to analyze temporal changes of observed and projected temperatures, whereas the 

line graphs in the Regional Climate Change Viewer facilitate comparing the present and 

future average values of various climate parameters. 

 

Interaction Techniques  

          The selected tools allow users to display and view a variety of spatial climate data. In 

this sense, these tools are spatial data viewers offering basic interaction techniques for 

associated map displays. Although some tools lack sophisticated interactive techniques, for 



example, the KNMI Climate Change Atlas [5], CEDIM Risk Explorer [16], IPCC DDC [1], 

and EEA interactive map [14] tools, the user can still zoom in and out, pan the maps, display 

different layers, set opacity, and obtain more detailed information after clicking on map 

objects. Additional interaction techniques have been implemented in the CHANGE Viewer 

[2] since this tool uses a 3D global view that allows users to change 3D view settings, e.g., 

shift the camera view (viewer position) or alter vertical exaggeration. 

Apart from typical spatial data viewer functionality such as zooming or panning, some tools 

provide more extensive functionality, offering a broader range of interaction capabilities. 

Such tools as ViewExposed [17] and Cal-Adapt [10] enable users to select an object on the 

map, and have a corresponding description provided or supplementary data displays adjusted 

to the selection made. This issue can be illustrated in the context of dynamic linking 

capabilities. For example, line graphs are modified after making a selection on the choropleth 

maps of the Regional Climate Change Viewer [7] and the Global Climate Change Viewer [6]. 

Similar interactivity has been implemented in Cal-Adapt [10], where graphs are adjusted to 

the selection made on the main map. 

More original interaction techniques have been implemented in the Wisconsin Initiative on 

Climate Change Impacts Viewer [11] and ViewExposed [17]. While the first tool allows 

users to select a location on the map to highlight places whose current conditions resemble 

the future climate conditions projected for the selected location, the latter tool offers an 

extensive range of interaction techniques. In ViewExposed the users can, for instance, brush 

the multivariate data in the parallel coordinate plot or search for a municipality in the datagrid 

view. 

Though one may conclude that most tools feature fairly basic interaction techniques, the 

simplicity of these tools makes them easily accessible—not only to more proficient users. 



However, the understanding of complex climate data is still an obstacle for those not 

proficient in climate change science. 

 

Users  

          Some of the tools explicitly provide information on the targeted user groups. For 

example, according to the Pacific Climate Impacts Consortium, Plan2Adapt [12] and the 

Regional Analysis Tool [13] are expected to be used by “climate stakeholders as they 

develop plans for adapting to the impacts of climate variability and change.” The CHANGE 

Viewer [2] is intended to be “accessible to teachers and students” and aims to “provide 

students with a better understanding of climate change related human health issues globally 

and regionally and better preparing them to be effective leaders in the future.” However, as 

most of the remaining tools do not specify their target audiences, there is no basis for 

assessing how well adapted the tools are to their user groups’ capabilities. Assessment of the 

data content and the nature of interactivity is therefore necessary to determine the tools’ 

potential target audiences. These two features are critical in determining whether a climate 

change adaptation tool meets the demands and capabilities of a particular expert user group 

or might serve as a tool for a general audience. 

The Danish Klimatilpasning [19], ZÜRS Public [20], EEA interactive maps [14], and 

MetOffice map [3] tools, for example, feature high user-friendliness (i.e. easy to learn and 

use) and moderate data content complexity. These tools are useful to a wide range of users, 

but even though a tool’s layout is intuitive and its interactivity easily understandable, it might 

still be challenging to interpret the presented information correctly. For example, the 

CLIMATE-ADAPT [15], IPCC DDC [1], and USGS Regional Climate Downloader [8] tools 

have user-friendly interfaces making them theoretically easy for even non-experts to use; on 



the other hand, they are rich in sophisticated data content, making them incomprehensible to 

lay users and effectively appropriate for qualified users only.  

Some of the tools feature sophisticated data content along with demanding functionality. For 

example, the ViewExposed [17] and CARAVAN [18] tools require a qualified user to be 

truly effective. This claim also applies to tools offering less demanding interactive 

visualization, but featuring data content tailored to the capabilities of more qualified users, 

for example, the Cal-Adapt [10], Regional Climate Change Viewer [7], and USGS Derived 

Downscaled Climate Projection Portal [9] tools. For these more demanding tools, the help 

menus and functions can facilitate their use by novice users and can help overcome users’ 

reluctance to use the tools. Tutorials, “take a tour” functions, labeling, and other “help” 

solutions are common in the selected tools. Users are therefore provided with ample advice 

on how particular visualization and interaction techniques can be used and are given 

suggestions on how to interpret indices. It is however not a guarantee of efficient use.  

Conclusions 

          For this critical analysis, a large variety of web-based tools was assessed and 

categorized for content and functionality. In general, most tools provide few integrated 

adaptation guidelines, but rather information relevant to climate change adaptation, including 

adaptation projects or links to other websites, which was provided elsewhere on the websites. 

Most tools include climate-related information (see Figure 1) and feature data on the most 

common issues, such as scenario data for changes in temperature and precipitation. Some 

tools use a different approach and provide vulnerability indices or geospatial information on 

environmental hazards. Although there are plenty of map-based tools showing either climate 

model data or data on hazards, vulnerabilities, and risks, few tools directly help users with 

concrete climate change adaptation: the information provided by the tools cannot be easily 



transformed into adaptation measures leading to actual adaptation activities.  

The general challenges facing map-based tools supporting climate change adaptation appear 

to be: (1) integrating information on adaptation measures with climate change- and impact-

related information and (2) maintaining a balance between representing the inherent 

complexity and vast information, on one hand, and the fairly broad user profile of most tools, 

on the other.  

The assessed tools can be split into two generic groups in terms of the functionality offered. 

The first group comprises data viewers, which allow users mainly to display and view 

climate-related data. The second group comprises data explorers, which offer more 

sophisticated functionality, allowing users to both display and analyze selected data, click on 

geographic objects, and display supportive graphs. The tool developed by the Wisconsin 

Initiative on Climate Change Impacts [11] provides an example of innovative functionality, 

where users can obtain, instead of climatic parameters, a suggested location that the selected 

place may resemble in the future according to projected climate changes. 

Apart from a few tools using advanced visualization techniques (e.g., ViewExposed [17] and 

Cal-Adapt [10]), the visualization and interaction techniques are predominantly 

straightforward and easily understood. In this sense, the tools seem to be suitable for even 

less experienced users. However, many features included in the assessed tools are not 

intuitive and could likely be improved by incorporating input from user evaluations. In 

particular, specific information about the target audiences could greatly facilitate improved 

tool use, in terms of both the targeted users and the knowledge and experience required from 

them. This type of information is rare in the selected tools.  

Although this study produced insights that could guide the future development of map-based 

tools supporting climate adaptation, there are still several issues that should be addressed in 



future research. Practical advice on the cartographic design of Web tools supporting climate 

change adaptation is of great importance. More studies focused on using various 

symbolization methods for multivariate climate data, on linking map displays with data 

displays, and finally, on equipping the tools with suitable interaction techniques should be 

conducted in the future. 

One main feature of the assessed tools is the large amount of climate data, including multiple 

selected climate scenarios. While this might be a way of conveying the uncertainty about 

alternative climate futures, direct visualization of data uncertainty is rare. This issue should 

be addressed in future research e.g. involving empirical studies with end-users, since, 

although technically feasible, the visualization of large amounts of climate data as an 

approach to uncertainty representation might be illegible and thus inefficient.  

Linking climate information directly to relevant adaptation measures would improve several 

tools that provide relevant adaptation information on separate parts of the websites. However, 

many good examples of the interactive visualization of climate information exist in the 

selected tools, although many could be further adapted to the intended user group, in terms of 

knowledge, user profile, and interactivity.  
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