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Abstract:

The growing frequency of significant flood events as one of the effects of global climate change, highlights the
increased importance of using appropriate communication methods to inform the general public about the risks to human life
and to the environment (Hagemeier-Klose & Wagner, 2009). To raise public flood risk awareness, authorities typically
produce 2D flood hazard maps. In the U.K., however, only 45% of the population living in flood risk areas are indeed
aware of this hazard, for instance (Rollason et al. 2018). Perhaps current 2D flood hazard maps have limited impact in
raising public risk awareness because the target audience may have difficulty in interpreting abstract, static, 2D displays
of a dynamic volumetric process (Haynes et al., 2007)? Current research is still undecided on whether static, abstract
2D or more realistic, interactive 3D visualizations should be used to communicate environmental hazards or risk
(Macchione et al. 2019, Leskens et al., 2017). We aim to move a step closer towards closing this research gap, by
empirically studying how the display perspective of static flood maps might influence human risk perception, thus
purposefully excluding interactivity, and any other 3D visualization options. More specifically, we set out to firstly
empirically assess human risk perception of static, orthographic perspective (2D) and oblique perspective (2.5D) flood
maps (between-subject), and secondly, how individual risk attitudes might influence risk perception of the visualized
floods. Using two viewing perspectives, Figure 1 depicts a set of test map stimuli of an identical flood event in Virginia
Beach, USA, inspired by the U.S. Federal Emergency Management Agency (FEMA) Flood Risk Products?.
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Figure 1. (a) orthographic 2D flood map stimulus (b) perspective 2.5D flood map stimulus

Map stimuli were developed with ArcGIS Pro 2.3.0 and ESRI’s Flood Impact Analysis package 1.0, using flood depth
data obtained from FEMA’s flood risk database®. The building footprints were downloaded from the City of Virginia
Beach’s Open GIS Data Portal (2019). Except for the viewing perspective (a:1), the information content was kept
identical across the randomly ordered trials in each display condition. The stimuli contained a smaller scale inset map
(a:3), classed flood depths levels (meters) in blue, from lighter blue for shallower flood levels to darker blue showing
deeper flood levels (a: 1&2). An interactive slider (a:4) allowed participants to indicate their risk assessments on a
Likert-style scale ranging from “minimum” (=1) to “maximum” (=7) risk with respect to a house location marker
shown in the map.

Thirty-four people (f=14, m=16; 16-47 yrs.; avg.= 26.2 yrs.) participated in person during the COVID-19 pandemic,
following safety regulations issued by Swiss authorities. Participants provided University of Zurich ethical-board
approved informed consent prior to completing the task. We removed two people who only took part in the pilot
experiment, and two more needed to be excluded from data analysis, because their German language skills were
insufficient for the task. The experiment took place at a quiet location in participants’ homes, in and around Lucerne,
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Switzerland, running PsychoPy on an ASUS ZenBook UX430UN-GVO060T laptop equipped with a 14” color display,
set to 1920x1080 pixel resolution.

After filling in a background questionnaire, participants completed a modified version of the Balloon Analogue Risk
Task (BART) to assess their risk behavior (Lejuez, 2002). This task involves inflating digital balloons with different
maximal inflation points using a virtual pump. Each pump action earns participants virtual money until the balloon
reaches its maximal inflation point when it will explode, and all earned money is lost. Participants can decide to stop
the game at any time and keep collected money if the balloon does not pop. They were not told that their risk attitude
was measured for this task, and they could take as much time as they needed. Following that, participants were
randomly assigned to either the 2D or 2.5D condition to complete 16 map trials (plus 2 practice trials), asked to rate the
risk of building their home at a given house marker location (Figure 1, a:1).

We hypothesized that participants would perceive flood risks shown on 2D maps to be smaller compared to those
shown in 2.5D (Macchione et al., 2019), and that participants would take less time for their risk assessments for the
2.5D maps, because of the lower cognitive load and the lesser need for interpretation compared to the more abstract 2D
maps (Leskens et al., 2017).
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Our collected data (Figure 2) suggests little credible evidence to support any of above stated hypotheses. The non-
parametric Wilcoxon-Mann-Whitney test (Z= 1.87, p >.05) does not yield significant results for participants’ averaged
(non-normally distributed) risk ratings across display conditions (2a). A linear mixed effect analysis on task completion
time (2b), also reveals no significant differences (p > .05) in response time between experimental groups, even when
controlling for the influence the individual factors of risk attitudes (BART) and map use experience. In the sense of
parsimony, we might interpret this to mean that the common 2D perspective will serve its purpose equally well to the
oblique perspective, with the assumption, of course, that the 2D maps need to be well designed.

We included three post-test think-aloud trials in our study to get further qualitative insights on what kinds of strategies
participants might have applied to solve the test task. This analysis reveals interesting future research avenues: Firstly,
houses at the border of different flood depth classes were mentioned more often in the 2D group compared to the 2.5D
group. Inferences about the relief and water flow direction was equally considered across map conditions. The inset
map was consulted more often in the 2.5D group compared to the 2D group.

Our empirical evidence on how viewing perspective might influence measured risk perception is in line with prior
inconclusive research on the utility and usability of adding a third viewing dimension (Lieske et al., 2014). Still, the
think-aloud analysis turned out to be very useful to verify that participants understood the task correctly. Lieske et al.
(2014) suggest that additional cognitive effort to imagine the real world in a 2D and 2.5D abstraction may lead to
misunderstandings of the displayed information. In this sense, the think-aloud portion of the test ensured that only data
from participants who had understood the task correctly were examined in our statistical analysis.

With additional empirical evidence on how static 2D and oblique 2.5D hazard maps might influence the public’s risk
perception and decision making, we hope to further inform policy and decision makers on the critical importance of
well-designed cartographic displays for effective and efficient hazard and risk communication. We also provide an
open-source code repository for making reproducible experiments with our static maps (https://osf.io/meznc/).
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