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ABSTRACT 

This study aims to design a route planner functionality that includes real-time context information from physical 
sensors and citizen observations to support pedestrian navigation in urban areas exposed to extreme heat and 
floods. Urban population is growing and people living in urban areas are especially exposed to heat and urban 
flooding, which are two of the anticipated effects of climate change. Route planning functionality can be of value 
to individual citizens, especially those with limited mobility, as well as for healthcare professionals and authorities 
who are responsible for crisis response and management. Although the route planner functionality is to be 
experimentally implemented in a specific tool with the use of broadly available web technologies and real time 
data, a major generic outcome is the framework that can be used to develop the functionality as part of a decision 
support tool of any kind. 
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INTRODUCTION 

Route planning functionality has become a common element of various decision support and management systems 
dedicated for different purposes, including crisis response and management. Although many solutions exist (Bauer 
et al., 2010) and even more implementations have been undertaken, there are still challenges to be addressed for 
the development of route planner systems to support navigation in specific environmental conditions, such as 
heavy rain or snowy roads, and for specific target groups. Firstly, previously developed solutions have typically 
limited applicability due to either sophisticated methods or lack of easily available data and technology (e.g., 
Rußig and Bruns, 2017). As a result, some solutions exist only as proof of concept implementations limited to 
certain areas and specific conditions. Therefore, any attempt to make such solutions available is appreciated by 
practitioners. Secondly, although context-aware route planners have already been considered by scientists more 
than two decades ago (Abowd et al., 1999), they seldom employ recently collected context information or crowd-
sourced real-time data (Rafidi, 2013). An exception, of course, is the broadly known Google Maps Traffic API 
that permits route planning based on road traffic. Nevertheless, Google Maps Traffic does not engage users for 
data collection since GPS positions are collected automatically from people using Google Maps apps on certain 
mobile devices.   

Aim, research questions, and contribution  

We call the pedestrian route planner we develop for WayFinder, and it constitutes part of the CitizenSensing web 
application (see below) that is available for the project’s four partner cities: Norrköping in Sweden, Porto in 
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Portugal, Rotterdam in the Netherlands, and Trondheim in Norway. Our generic aim is to design a framework for 
map-based decision support tools that facilitate pedestrian navigation in hazard exposed urban areas. As hazards, 
we so far have included heat and pluvial flooding since these are the hazards identifyed by our participating 
stakeholders. Our long-term ambition is to include multiple types of climate – or environmental  hazards. 
Furthermore, the primary assumption is to integrate a typical route-planning functionality with real-time 
environmental measurements and citizen observations. Our study is guided by three research questions (RQs): 

(1) How can a pedestrian route planner system make use of real-time observations volunteered by citizens 
to support navigation in urban areas exposed to heat and inundation? 

(2) How can a pedestrian route plannermake use of real-time context information about environmental 
conditions such as climate parameters? 

(3) How are the interactive functions and content of a pedestrian route planner to be designed? 

By addressing these three research questions, our contribution to the field of information systems for crisis 
response and management are both conceptual and operational suggestions on how a route-planning functionality 
to support pedestrian navigation in hazard exposed urban areas can be designed and implemented. We also 
formalize some development steps to further facilitate other similar implementations in information systems for 
crisis response and management of any kind. 

RELATED RESEARCH AND CONTEXT 

Route planners  

Route planners, based on the classic Dijkstra algorithm (1959) or on its derivatives and more sophisticated 
methods (Bauer et al., 2010), are commonly used for military purposes (e.g., Björkbom et al., 2013), fleet 
management, as well as in applications for other civil use such as scenic route planners (Teslya, N., 2014; Gavalas 
et al., 2017; Novack et al., 2018), bicycle route planners (Hochmair, 2004), and wayfinding and navigation in 
specific places (Arenghi, 2018) or during specific events (Yin et al., 2019). Route planners work as separate 
decision support tools and serve as part of complex systems, e.g., geospatial technologies used in crisis and 
emergency management such as traffic evacuation (Tan and Chan, 2008). Then, a route planner can constitute 
part of a common operational picture (COP) or a situation awareness system to be used either in a portable device 
by a mobile emergency unit, or in a wall display in a command room. However, no matter what their main 
purposes are, route planners have one feature in common, they all suggest routes based on multivariate 
optimization, taking into account specific conditions that concern directly the route to be passed (route length, 
time distance) and the environment (physical context) the route is to pass by (e.g., land cover, terrain steepness, 
climate conditions, population density, noise). The information about the environment can concern its present 
state, as well as its historical characteristics or forecasts for the future.  

Pedestrian navigation in exposed areas  

Pedestrian routing has its specific set of challenges and opportunities. One of such is the necessity of including 
detailed sidewalks data in routing algorithms and the problems algorithms have to model the possibility of 
traversing parks and plazas (Andreev et al., 2015). Another challenge is accessibility/inaccessibility of locations 
due to, for example, steepness or stairs, particularly important for routing algorithm for users with walking 
disabilities (Holone et al., 2007). Regarding opportunities, the use of photos can facilitate wayfinding in unusual 
situations where the user has to walk through a specific gate or along a certain path. In these cases, photographs 
can provide information and reassurance to support the navigation decision (Beeharee and Steed, 2006). A large 
body of scientific literature reports on studies by architects and urban planners on mapping areas that are either 
recommended or excluded for pedestrians or other public space users during specific extreme events (e.g., 
Martins et al., 2016; Melnikov et al., 2017; Rußig and Bruns, 2017), including outdoor thermal comfort 
(Yoshida et al., 2019) and pluvial flooding (Russo et al., 2013). 

Heat is a risk to human health and wellbeing, and heatwaves have been frequently addressed in urban climate 
adaptation studies, which however must be defined by thresholds that correspond to local weather conditions and 
their impact on human health and systems (Huttner et al., 2009). Hirschi et al. (2011) argue that extreme heat 
waves become more frequent and more intensive in Central Europe due to climate change. Therefore, getting 
insight into how people react on heat (what Yoshida et al., 2019, term ‘thermal perception’) along with their 
activities in public urban spaces helps architects and city planners to test their concepts and to design smarter and 
more liveable cities (Melnikov et al. (2017). For instance, Martins et al. (2016) suggested to integrate vegetation 
with strategically placed water fountains to improve the outdoor thermal comfort of pedestrians. However, 
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extreme heat can occur over large geographic areas and can in combination with other factors such as humidity 
increase the risk of negative health impacts and death. Therefore, public urban spaces can be only partially adapted 
to extreme heat and citizens also require other support, especially vulnerable groups such as the elderly or children. 
Pedestrian navigation tools that facilitate planning daily activities during heat events serve as a good example of 
such (Rußig and Bruns, 2017). 

During another extreme event type—urban flooding—the safety of citizens can be compromised when they are 
exposed to flows that exceed their ability to remain standing or to traverse flow paths (Russo et al., 2013). It 
happens if uncontrolled runoff flows on streets, creating a significant hazard for pedestrians. More frequently, 
pluvial flooding leads to less extreme situations, e.g., when a cloudburst or meltwater create flood conditions that 
block streets and sidewalks. Such conditions can become even worse, if there are snow and ice traces remaining 
on the streets. In such cases, pedestrian navigation tools can support citizens helping them to avoid inundated 
areas by displaying “blue spots” (Balstrøm and Crawford, 2018), i.e., modeled data on places where surface water 
accumulates. Since exposed areas might be larger than those shown by models, the tools can include real time 
data and observations. 

The vast majority of prior studies on human exposure to extreme conditions, such as heat stress, are mostly based 
on already collected data (e.g., Rußig and Bruns, 2017). However, since hazard exposure conditions may change 
relatively quickly, it is of importance to assess the potential of real time observations and measurements and 
incorporate such information into a map based interactive tool that provides users with a typical routing system.  

The Citizen Sensing project  

A pedestrian route planner functionality is being designed under the umbrella of the Citizen Sensing project 
(http://citizensensing.eu/). The project’s main deliverable is a participatory risk management system that 
incorporates place-specific information and functions as an integrative platform for citizens and relevant 
organizations at different scales. The system is co-developed with stakeholders and consists of a database, a web 
app, a sensor network, and a web portal. The web app (Figure 1A) enables citizens to investigate real-time climate 
parameters derived from open access weather station networks in a certain area, act as sensors that report on 
critical parameters, and that obtain recommendations on how to behave during an extreme event. All reports are 
stored in the project’s database and can be examined through the web portal that has two instances: a simplified 
public version, and a password protected version (Figure 1B), enabling access to all collected data.  

 

A     B  

Figure 1. The CitizenSensing web app (A) enables citizens to investigate real-time climate parameters in a certain 
area, act as sensors reporting on critical parameters and obtain an advice on how to behave during an extreme event; 

whereas the CitizenSensing web portal (B) enables investigating user observations submitted to the project’s 
database (example shows submissions for the city of Trondheim, Norway) 

 

The web app also features a pedestrian route planner functionality to provide added value to the app users. For 
instance, during a heat event, a citizen – or a visiting tourist – can use the app to report on how extreme heat 
affects them. Such engagement might be triggered by the fact that exposure or vulnerability mapping seldom 
“measures” how various hazards affect people. After reporting, the user obtains the recommendation to drink 
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water (and where to get it), and is provided with the link to a map display which shows where to go to find cool 
places. Such a map display can be accessed regadless of the willingness to report on weather events and redirected 
to automatically if the climate parameters from the sensor network exceed critical values. Such a map display has 
been experimentally implemented as the pedestrian route planner “WayFinder” guiding users to the nearest park 
or other place with less asphalt and brick, and with more shadow and wind, or to a museum or other air conditioned 
public building. 

PASSIVE AND ACTIVE ROUTE PLANNER FRAMEWORK 

The concept of a passive route planner 

A passive system integrates a typical routing system with background information; however, the routing system 
in itself is not context-aware. Although context information, such as auxiliary thematic overlays, real-time sensor 
data with climate parameters, and citizen observations can be provided in the tool, it is not taken into account by 
the routing algorithms (Figure 2). The system is referred to as passive because it only displays information without 
“actively” using it to calculate an optimized route. Therefore, the way how provided information is merged into a 
meaningful message depends on the interpretation by the user, and thus, depends on user skills and experience. 

 

 
Figure 2. The pipeline in a passive routing system 

 

A passive route planner benefits from including crowd-sourced real-time observations (see RQ1), by displaying 
them directly as map markers on a map display along with the calculated route suggestions or by processing them 
and displaying the resulting data as, e.g., a kernel density estimation map. When it comes to equipping the tool 
with real-time and up-to-date contextual information about environmental conditions (RQ2), a passive system 
displays such information as thematic overlays, allowing users to be aware of real time environmental conditions. 
Finally, the design of the functionality and the content of a passive system (RQ3), depends on user tasks and 
planned use scenarios. 

A good example of passive route planners are common operational picture tools supporting situational awareness. 
Such tools, typically complex and multicomponent, provide route planning functionality along with background 
information depending on the target users’ needs and requirements. 

The concept of an active route planner 

An active system differs substantially from a passive one. Here, routing algorithms include context-specific 
information that, similar to the passive approach, can concern past or present conditions, or can include forecasts. 
However, the active routing system, “actively” incorporates auxiliary information and optimizes route calculation 
taking into account local conditions (Figure 3). As a result, although the user is provided with suggestions, the 
user engagement and interpretation are significantly reduced.  
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Figure 3. The pipeline in an active routing system 

 

An active route planner benefits from including real-time crowd-generated observations (RQ1) by incorporating 
them directly in routing algorithms. When it comes to equipping the tool with real-time and up-to-date context 
information about environmental conditions (RQ2), an active system also includes such information in routing 
calculations. The functionality and the content of passive system (RQ3) can be extensively limited and simplified 
as the system provides users with ready-to-use solutions. 

There are a number of studies that exemplify the concept of an active routing system. Nurgazy (2019) investigated 
a pollution-based route planning and presented CAVISAP, a context aware visualization of air pollution with IOT 
platforms. In turn, Rußig and Bruns (2017) proposed an approach to reduce heat stress for individuals by creating 
a decision support system that computes heat-optimal paths to locations as well as the optimal points in time to 
perform a desired action. Although their system “actively” considers available context information, users can 
decide for themselves whether the trade-off between additional distance and heat stress reduction is acceptable. 
Another example of the active approach is a routing cost function that helps to evaluate a number of trips (origin–
destination pairs) in terms of their attractiveness according to specific criteria, e.g., more “social”, greener, and 
quieter than the respective shortest routes (Novack et al., 2018). Finally, real-time trip planning with the crowd 
(Rafidi, 2013) also exemplifies an active approach by giving travelers a quick and convenient travel planning 
assistance based on crowd-powered trip planning. 

PRELIMINARY RESULTS 

The route planner WayFinder has so far been developed as a passive system and experimentally implemented in 
the CitizenSensing web application (see Figure 1A), while an active version is currently under development. 
Therefore, in this work-in-progress article, we report on the outcomes of our conceptual investigations (i.e., on 
the framework briefly presented in the previous section) and, in this section, on the current passive system. The 
active extension is briefly sketched out in the two use case scenarios and in the discussion section along with the 
plans for the future. 

Proof-of-concept implementation  

Technical details  

The WayFinder protype system has been developed in JavaScript and TypeScript using the Angular web 
framework, a front-end web application platform. WayFinder uses Google Maps API for a route planner 
functionality supporting pedestrian navigation. It also uses the data stored in the CitizenSensing project’s database. 
The data comprises real time measurements from weather station networks and voluntarily generated information 
on selected weather events (high temperatures, low temperatures, heavy rainfall, drought, snowfall, strong wind, 
storm, storm surge, and seasonal observations) as well as information regarding how those events affect citizens 
and environment, along with image files and textual descriptions.  

The architecture of the CitizenSensing system is presented in Figure 4. We used JavaScript to develop the system 
since it has become the most common technology in modern web development. Numerous JavaScript free libraries 
make the web design and development process easy and quick. The CitizenSensing server-side architecture (back-
end) has been impleneted in JavaScript using Node.js in combination with the Express.js framework. In turn, the 
system’s web application (front-end) has been developed with Angular and Google Maps API has been used for 
the mapping functionality. The routing mechanism is so far based on Google Maps API; nevertheless, there are 
other routing libraries such as Leaflet Routing Machine or OpenLayers Routing Machine that we consider to use 
in our application and will be tested along with the progress in the active routing system. 
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Figure 4. CitizenSensing architecture 

 

WayFinder makes use of past and real time data. Currently, we do not plan to use forecasts neither in the passive 
nor in the active version. Regarding historical data, WayFinder incorporates blue spots modeling for Trondheim 
and urban heat island data for Norrköping and Porto. The data is stored in the CitizenSensing project’s database. 
In the following section, we report on the collection of real time data as well as on the decisions regarding the 
functionalities implemented in the WayFinder system.  

Weather station networks to gather context specific real time measurements 

There is a growing body of scientific research regarding terrestrial or remote methods that enable collecting real 
time measurements. Volunteered geographic information plays a specific role in this context since with the advent 
of private weather station networks, more high-resolution data are now available within cities to better analyze 
various weather events such as extreme heat or cold (Seebacher et al., 2019). In our study, we make use of such 
voluntarily collected climate parameters (i.e., air temperature, pressure, and humidity) gathered from an open 
access weather station network. Additionally, we have also integrated data from a weather station network 
administrated by a municipal initiative (Porto), and from a few weather stations established in Norrköping and 
Trondheim as part of the CitizenSensing project.  

Climate parameters are collected for the partner cities every half hour and presented on the application’s map 
display as map markers. The markers are color-coded based on the temperature parameter. Additionally, we use 
a Javascript library with the ordinary kriging algorithm1 to calculate, every half hour, a statistical surface with 
interpolated air temperature. The surface is displayed in the web application as a raster thematic overlay together 
with the map markers. Figure 5 shows the markers for the city of Norrköping along with the raster overlay. The 
color-coding of the markers and the raster overlay is experimental and will evolve along with the tool development. 

 
1 https://www.npmjs.com/package/@sakitam-gis/kriging 

522



Opach et al. Towards a Route Planner Supporting Pedestrian Navigation 
 

WiP Paper – Geospatial Technologies and Geographic Information Science for Crisis Management (GIS) 
Proceedings of the 17th ISCRAM Conference – Blacksburg, VA, USA May 2020 

Amanda Lee Hughes, Fiona McNeill and Christopher Zobel, eds. 

 
Figure 5. Map markers represent a subset of a weather station network for the city of Norrköping; the raster overlay 

has been generated based on measured air temperature 

Citizen science and participatory mapping to gather context specific real time observations  

The CitizenSensing web application primarily enables users to report on their observations. Collected data on 
ongoing weather events and their effects are next displayed in the web application and in the web portal (Figure 
1B). The primary aim of displaying collected data on maps is to increase awareness by triggering citizen 
engagement. However, we also make use of collected data, especially those real time, to support users in their 
pedestrian navigation during a heat event and, in particular, if a pluvial flooding occurs. The latter case is of 
special interest to us since open access weather station networks do not provide real time “measurements” on 
flooded areas. Therefore, voluntarily reported observations of real time blue spots as those included in the 
screenshot from the web portal presented in Figure 6 can significantly facilitate selecting unflooded walking paths. 

 

 
Figure 6. A reporting on a heavy rainfall that occurred on November 21, 2019 in Trondheim that resulted in 

inundated streets and sidewalks  

Real time observations are so far used “passively” as a background overlay for optimized routing suggestions. In 
the next attempt, voluntarily reported data will be “actively” incorporated into routing algorithms. However, with 
such an approach, not the whole content of reports can be directly incorporated into routing algorithms. For 
instance, textual and graphical annotations need to be first “transcribed” into variables that can be next used by 
routing algorithms. Textual annotations need to be checked for words / phrases that suggest avoiding specific 
areas. Next, such words / phrases are to be granted scores that can be incorporated in the routing algorithms. In 
turn, image recognition methods need to be used to detect inundated / exposed to sunlight areas that should be 
avoided in the routing algorithms. 

Functionalities 
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If a route planner is to provide users with final route suggestions with no extra information or with very limited 
auxiliary content, then the WayFinder’s map display can be simple and equipped with basic interactive functions. 
However, since the passive system aims to show routing options along with background information, it is 
necessary to equip the tool with necessary interaction techniques.   

In its current passive version, the WayFinder prototype’s map display presents a user position (if a client location 
is enabled) and a number of target POIs from a predefined list of objects (park, cafe, museum, library, supermarket) 
within an arbitrarily set distance threshold (as for today it is 1 km). These settings can be easily customized and 
the current parameters have been set as a proof of concept. The target POIs can be selected and then, a shortest 
route suggestion is being displayed between the user position and the selected POI along with a route length tag. 
The suggested path can be modified by adding waypoints that can be dragged by the user across the street network. 
Of value to such modification is access to auxiliary overlays, i.e., users can enable map layers with markers 
showing real time temperature, markers showing submitted observations on high temperature and heavy rainfall, 
and a raster overlay with air temperatures interpolated from real time measurements. Moreover, three of the 
partner cities have own specific thematic overlays: an urban heat island map is available for Norrköping, heat 
zone mapping for Porto, and for Trondheim – a blue spots mapping. 

As the study is still in progress, more sophisticated geographic visualization techniques are also under 
consideration to make the passive system usable and useful. For example, route suggestions, apart from the map 
display, can also be presented in an adjacent visual component that shows them as cross-sections of specific 
attribute space such as terrain steepness, temperature, or noise.  

Use case scenarios: child care and tourism 

We exemplify the WayFinder functionality with two use case scenarios. The first case concerns decision support 
for child care staff during inundation, while the second case illustrates how WayFinder can support tourists in the 
urban area during a heat event. 

Case 1: Planning daily activities for children in a kindergarten in the city of Trondheim, Norway 

In the Norwegian context, kindergarten personnel are encouraged to arrange outdoor activities regardless of 
weather conditions. There are of course certain constraints if extreme weather events occur; nevertheless, the 
threshold for considering weather conditions as unsuitable for taking children for outdoor activities might be 
considered as less restrictive than in other countries. As a result, rainy weather is not an obstacle for kindergarten 
personnel to organized outdoor activities for the children. However, even if such practices are common, it does 
not mean that proper planning and safety issues are neglected. As there is a long tradition is Norway to organize 
outdoor activities, inhabitants know how to prepare equipment and appropriate clothing. In this particular case, 
the WayFinder would offer support by optimizing a walking route to get to a specific place if water accumulates 
in low-laying places in the nearby area due to, for instance, melting snow. In this specific case, the WayFinder 
display suggests a walking path along with a thematic overlay that shows a blue spots mapping (Balstrøm and 
Crawford, 2018). Users can see the shortest path (Figure 7A) and manipulate it if necessary (Figure 7B), for 
instance in case the presented path crosses inundated areas, e.g., due to melting snow and ice or resulting from a 
heavy rainfall preceding the walking trip.  
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 A        B   

Figure 7. WayFinder suggests a walking path (A) where users can take into account the blue spots mapping and 
modify the path (B) to avoid areas that are shown as being inundated 

 

An active extension of this routing system would include the blue spot maps directly in the routing algorithm. The 
algorithm would also include voluntarily collected citizen observations about water flow. Additionally, the active 
version could enable the child care personnel to supply spatially explicit information in relation to observations 
of local impacts, such as validating existing data overlays, submitting information or uploading images on 
additional flooded areas, or annotating textual information that supports other citizens or child care professionals 
to select safer routes, avoid specific places or plan for different pathways on their trip.   

Case 2: Supporting tourists in the city of Norrköping, Sweden 

Temperature based routing approaches to mitigate heat stress in daily activities have been presented by Rußig and 
Bruns (2017) and have the potential to enable heat sensitive groups to avoid urban heat islands. This is in particular 
relevant for groups that lack local knowledge, such as tourists. Our second example would imply that a group of 
visitors in the city of Norrköping is planning a walking trip through the city. The group is not prepared for the 
extreme heat development that occurs in the inner city during the early afternoon. The group of tourists uses the 
WayFinder in this case either to locate the nearest place that offers shade, such as a city park and a freshwater 
fountain, or to locate indoor air conditioning in a place where the visitors can wait for a train, such as a café at the 
railway station. WayFinder displays the closest route to such a selected location (Figure 8A) with a thematic 
overlay showing urban heat island effect, so that the user can manipulate the route in case it leads through an area 
with increased risk for heat. As a result, a modified route can lead along the river as in Figure 8B.   
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A    B  

Figure 8. WayFinder suggests a walking path from the place A to the Espresso House at the railway station in 
Norrköping, Sweden (A), or users can take into account the urban heat island effect and modify the route to a cooler 

walk along the river (B) 

 

An active version of this routing system would include the data on the urban heat island effect directly in the 
routing algorithm. The algorithm would also include real time temperature measurements and voluntarily 
collected citizen observations. An active system, after displaying optimized routing suggestions, could further 
enable users to add information regarding local heat islands – either validating given information, adding more 
spatially explicit information to the map, annotate with either images or text. This type of information could 
further include suggestions for adaptive action, such as where to reach a shaded park area, cool down in a fountain, 
or providing additional examples of activities that can be conducted in the city during heat waves.  

DISCUSSION AND CONCLUSION 

Table 1 juxtaposes the features of the two conceptual route planner frameworks for pedestrian navigation with 
regard to the three research questions. If a pedestrian route planner system is to be developed with the passive 
routing framework, then the benefit from including real-time weather observations volunteered by citizens (RQ1) 
concerns displaying them along with route suggestions. Then, if the observations concern (extreme) air 
temperature, such information can help to modify the suggested route by adding waypoints that enable the user to 
avoid areas exposed to extreme heat (extreme temperatures measured by specific weather station units). Similar,  
“automatized” mechanism, can be implemented in an active routing system, as in the study by Rußig and Bruns, 
(2017). With regard to urban flooding, to the best of our knowledge, there is no accessible observation network 
that provides real time data on inundated areas.  

 

Table 1.  Passive vs active route planner framework 

Short RQ Passive routing system Active routing system 

RQ1: How can a pedestrian route 
planner system make use of real-time 
observations volunteered by citizens?  

Can display such information along with 
route suggestions 

Can include such information in 
context-aware routing algorithms and 
also, to a minor extent, display it along 
with route suggestions 

RQ2: How can a pedestrian route 
planner system make use of real-time 
context information about 
environmental conditions? 

Can display such information along with 
route suggestions 

Can include such information in 
context-aware routing algorithms and 
also, to a minor extent, display it along 
with route suggestions 

RQ3: How are the interactive 
functions and content of a pedestrian 
route planner be designed?  

Content-rich approach with extensive 
functionality  

Simplified content and limited 
interactive functions 
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The essential shortcoming of including voluntarily contributed real time climate data in a routing system is the 
validity of such data. This is the critical limitation of the system. Firstly, there is no control over how citizens 
perform their volunteer observations, whether their private weather stations are properly calibrated and deployed 
in proper places, and whether the provided data are real. Secondly, the stations are typically deployed in inhabited 
areas so uninhabited areas such as parks or city green areas are often not covered by weather station networks. 
Therefore, for example, a statistical surface with interpolated air temperature is biased as there are no, or very few, 
recordings in potential cooler areas such as in parks. Such issues impede making use of real time weather 
observations, especially if the system is to be developed with an active framework. Then, all nuances need to be 
included in the algorithms since any outlier may lead to false route suggestions. One solution can be the use of 
historical climate data, for instance, on heat records to validate measured data. Several of these methodological 
challenges have been identified in the scientific literature (e.g., Resch, 2013). 

Crowd-generated real-time observations on weather events and their impacts on human beings and environment 
(RQ2) can be used in a similar way as the information gathered from voluntarily administered weather stations 
(see Table 1). Thus, the advantages as well as shortcomings are similar to the previously described. For example, 
the primary limitation is an uneven distribution of reported observations, with a possible lack of data for certain 
areas. In these cases, data on historical events such as floods can help determine areas that should be avoided. 
However, there are two basic differences. Contrary to the data from weather stations, citizen observations can 
provide direct information about inundated areas, which can be either displayed or included in the routing 
algorithms. The second difference concerns the data format. While private weather stations collect specific climate 
parameters, usually, air temperature, humidity and pressure, crowd-sourced real-time observations can encompass 
not only standardized answers, but also comments and photos. While these can provide significantly more 
information, they might require verification. Particularly challenging is the inclusion of comments and photos 
directly in routing algorithms as proper techniques need to be employed to translate qualitative description into 
quantitative results (Srnka and Koeszegi, 2007) to be included in the algorithm formulas. 

As such, the third RQ, focusing on the functionality of route planner systems, is the most challenging. Generally, 
the functionality of a passive system depends on user capabilities. The tool can provide users with available 
information and can be equipped with various interaction techniques. However, it is the user who determines 
whether the tool is not cognitively overloaded (Bunch and Lloyd, 2006) and to what extent the provided 
functionality is comprehensible. In turn, if the route planner is developed based on an active routing framework, 
citizen observations are incorporated in the route calculations. A successful functionality then depends on the 
algorithms being able to provide the user with a smart final routing suggestion without necessarily offering any 
additional background information. In practice, of course, such information can be conveyed; nevertheless, as 
already incorporated during the algorithmization stage, does not need to be considered so attentively by the users.  

With the progress in web technologies, more and more sophisticated solutions are available for routing 
multivariate optimization. The bottleneck is access to reliable and freely available real-time volunteered weather 
data covering large geographic areas that can be incorporated in route planners supporting pedestrian navigation 
in hazard exposed urban areas. 
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