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ABSTRACT
Numerous studies have concentrated on developing user-centered designs for hazard zone
maps but rarely for hazard-oriented geomorphological maps, named as Geomorphological
Hazard Thematic Maps (GHTMs) in this study, which provide more detailed information
about natural hazards. This study developed a user-centered mapping design for GHTMs for
nonexperts in geomorphology. We invited civil engineers and high school educators to
evaluate a sample GHTM’s design in group and focus group panel interviews. The civil
engineers preferred maps with more geomorphological features, whereas the educators
preferred simple designs. Both groups indicated that the inclusion of essential facilities and
road networks is essential. The map was also adjusted by adding hillshade layer and by
changing the symbology for mass wasting, fault scarps, and fluvial features to increase
clarity and simplicity. This case study is the first step toward developing user-centered
mapping designs for hazard communication that will deepen their understanding of natural
hazards.
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Highlights

. This study developed and explored a user-centered design for a geomorphological hazard
thematic map.

. Civil engineers and educators were invited to provide feedback.

. The engineers preferred detailed designs, and the educators preferred simplified designs.

. Both groups considered essential facilities and roads useful reference points.

. This study offers a geomorphological mapping design for nonexperts in geomorphology.

1. Introduction

Maps are essential tools for hazard communication.
Mapping geomorphological hazards involves compil-
ing environmental characteristics, identifying
hazard-related geomorphological features, and deli-
neating the hazard zones that are the most relevant
to stakeholders and users in hazard assessment and
management. Because many natural hazards are
associated with geological and geomorphological
characteristics, maps delineating geomorphological
features are often used to evaluate related hazards
(Chelli et al., 2021) such as landslides (Bera et al.,
2019; Segoni et al., 2018), debris flow (Blais-Stevens
& Behnia, 2016; Farabollini et al., 2021), and floods
(Dottori et al., 2016; Mandarino et al., 2021). For the
purpose of geomorphological hazard management
and effective communication, a variety of hazard-
related maps are created to cater to the diverse needs

of different users (Figure 1). Geomorphological
experts collect and compile primary and secondary
data to delineate geomorphological features on these
maps. On the other hand, government agencies take
the responsibility of preparing hazard zone maps
that are simplified and contain limited information,
ensuring easy understanding and accessibility for the
general public. Take landslide for example, geological
and geomorphological data obtained from field sur-
veys, remote sensing data, and survey maps can be
used to interpret the movement of bedrock and
develop a geomorphological map showing various
landslide features, such as landslide types and depos-
its. For nonexperts of geomorphology, landslide
hazard zone maps can be created to visualize danger
in each zone with colors and symbols (Griffiths &
Abraham, 2008). While geological and geomorpholo-
gical maps may appear complex and challenging for
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non-experts to interpret, there are specific user
groups, such as civil engineers and hazard educators,
whose work is closely linked to hazard management.
These professionals would greatly benefit from acces-
sing more detailed and comprehensive information
provided by these maps. Therefore, the development
of a user-centered hazard-oriented geomorphological
map is crucial for effective hazard management and
communication. It is named as the Geomorphological
Hazard Thematic Map (GHTM) in the current
research.

Priori studies have focused on developing user-cen-
tered designs for hazard zone maps for first responders
and the general public. Because hazard maps are cre-
ated by experts, they can be difficult to interpret for
nonexperts and stakeholders (Haynes et al., 2007; Hen-
stra et al., 2019; Marti et al., 2019). One case study
involving seismic hazard mapping in Switzerland
suggested that nonexperts could distinguish areas
with higher degree of hazard from the lower areas.
However, they struggled to completely understand
the magnitude because of color designs (Marti et al.,
2019). Henstra et al. (2019) used nine criteria to analyze
239 flood maps of Canadian communities and
suggested 62% of the maps did not meet half of the cri-
teria. Numerous studies have focused on user-centered
mapping designs to increase the efficiency of hazard
communication and thereby improve emergency
responses and decision-making (Haynes et al., 2007;
Luke et al., 2018; Morrow et al., 2015; Morss et al.,
2017; Thaler & Seebauer, 2019). For example, Sanders
et al. (2020) collected fine-resolution geospatial data
and invited experts and residents of Newport Bay and
the Tijuana River Valley in the United States to

participate in collaborative flood modeling based on
the residents’ sense of place to increase awareness of
hazards and improve decision-making. Meyer et al.
(2012) conducted five case studies in Europe involving
interviews, workshops, and eye-tracking tests to evalu-
ate maps created for strategic planners, emergency
planners, and the general public. They identified
required elements of maps in each group, namely infor-
mation density and complexity, consequences and risk,
and additional information for emergency manage-
ment. Most studies have targeted designs for hazard
zone maps of one specific type of hazard. To date, pre-
vious studies have rarely investigated user-centered
designs for GHTMs, which offer comprehensive infor-
mation on various geomorphological hazards.

Geomorphological mapping involves interpreting
and delineating terrain into conceptual spatial units
on the basis of the morphological characteristics, geo-
morphological processes, and/or geomorphic evol-
ution. Map markers convey multidisciplinary
information, including field survey data, remote sen-
sing data, and other cartographic products (Bishop
et al., 2012). Several European countries have devel-
oped national mapping systems and map symbols
for geomorphological mapping, such as the British
Geomorphological Maps and the German Geomor-
phologische Karte (Otto et al., 2011; Paron & Claes-
sens, 2011). Since the 1960s, the Commission on
Geomorphological Survey and Mapping of the Inter-
national Geographical Union has hosted multiple
meetings and compiled the ‘Manual of Detailed Geo-
morphological Mapping.’ The objective of this endea-
vor was to establish a standardized mapping
framework for classification schemes and symbology

Figure 1. A conceptual diagram is presented to illustrate the relationship between maps utilized in geomorphological hazard
management and the corresponding map users. The double-head arrow symbolizes the varying levels of expertise in geomorphol-
ogy. It is important to note that this diagram illustrates the relative relationships between different maps and end-users in hazard
communication. However, it does not explicitly indicate any limitations or constraints on their usage.
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designs (Demek, 1972; Klimaszewski, 1982). Thus far,
an international standard for geomorphological map-
ping is still lacking (Seijmonsbergen, 2013). Paron and
Claessens (2011) reviewed various geomorphological
thematic maps and reported that most were primarily
used by experts. This indicates that effective dialogue
between geomorphologists and other professionals is
required.

GHTMs present more detailed information than do
hazard zone maps, which illustrate only the degree of
hazard. GHTMs can help users proceed with a more
comprehensive understanding of the natural hazards
of a given area. For instance, point bars and back-
swamps, despite both being susceptible to flooding,
require distinct management practices due to their
differing characteristics, such as flow energy, sediment
structures, and water drainage. Map users, who may
have basic training in environmental sciences but
not be geomorphological experts, can benefit from
experience with and knowledge of GHTMs. To
develop a user-centered design for GHTMs targeting
non-experts in geomorphology, we focused on two
user groups. The first group comprised civil engineers
involved in designing structures to mitigate hazards
and conducting hazard response and prevention.
The second group consisted of geography teachers in
senior high schools, who shared the duty on natural
hazard education in Taiwan. We obtained their
opinions through group interviews and a focus
group panel interview. This study introduces
GHTMs designed to offer non-experts in geomorphol-
ogy detailed insights into geomorphological hazards,
facilitating their practical application in hazard plan-
ning, management, and education.

2. Study area

Because of its unique location and geological and geo-
morphological setting, Taiwan has multiple natural
hazards (e.g. tropical cyclones, debris flows, landslides,
and earthquakes) that can lead to considerable loss of
life and property damage. An analysis based on a glo-
bal database indicated that approximately 97% of Tai-
wan is exposed to more than three natural hazards
(Dilley et al., 2005). Taiwan is located in the zone of
collision between the Philippine Sea Plate and Eura-
sian Plate, which results in strong folding, faulting,
and uplifting that leads to steep slopes and a high fre-
quency of earthquakes. During summer and fall,
typhoons (tropical cyclones) cause extensive precipi-
tation, which often causes landslides, debris flow,
and floods (Chang, 1996; Teng et al., 2006) with extre-
mely high sediment discharge. This combination of
natural hazards has considerably affected Taiwan.
For example, on September 21, 1999, Taiwan experi-
enced a 7.7-Mw earthquake known as the Chi-Chi
Earthquake, with a Richter magnitude of 7.3. This

seismic event resulted in loosened soil and the for-
mation of rock fragments on mountain slopes. Two
years later, in late July 2001, the loose sediment trig-
gered by the earthquake, combined with heavy rainfall
from Typhoon Toraji, led to devastating debris flows
and floods in multiple regions. The catastrophic
event resulted in 103 casualties and 111 people
reported missing (Cheng et al., 2005).

Our study area was the midwest of Taiwan, at the
middle reach of the Wu River (Figure 2(A)). The
most populous town in the region is Caotun in Nan-
tou County. Wu River is the sixth largest river in Tai-
wan, and the watershed area and river length are
approximately 2025 km2 and 119 km. We selected
this area because of the diversity of its landforms,
hazard-related geomorphological features, and land
use and land cover. The landforms in this region
include mountainous hilly areas, floodplains, river ter-
races, and various fluvial landforms (i.e. creeks, tribu-
taries, and the mainstem; Figure 2(B)). The major
geomorphological zones are Pakua Tableland and Tai-
chung Basin in the west; the middle reach of Wu River
Terrace and Floodplain in the center; and hill zones in
the east, including Fengyuan Hill and Nantou Hill on
either side of the Wu River (Yang & Shen, 2010). For
the geochronology of the study area, the ages of Fen-
gyuan and Nanton Hills are classified as Pliocene,
Pakua Tableland andWu River Terrace as Pleistocene,
and Taichung Basin and Wu River Floodplain as
Holocene, arranged in order from oldest to youngest
epochs. This region experiences several natural
hazards, such as earthquakes, landslides, debris
flows, and flooding, which have potential for recur-
rence. The Chelungpu Fault, which is associated
with the Chi-Chi Earthquake in 1999, is located at
the front edge of the hill area (red lines in Figure 2(B)).

3. Methods

3.1. Data preparation and sample map

Creating GHTM from a geomorphological perspective
is a novel method in Taiwan. Although government
agencies have developed geographic information sys-
tem databases that include abundant information on
natural and human environments (e.g. topographical
maps and environmental geology maps), the outcomes
of geomorphological studies are rarely systematically
integrated into government map series or databases.
Shen et al. (2017) initiated a study to develop a series
of geomorphological maps illustrating surface pro-
cesses, topographic relief elements, and geological fea-
tures that can be applied to environmental and hazard
management. Shen et al. (2017) selected the Muzha
area in northern Taiwan (Figure 2(A)) as the pilot
study area and adopted a mapping design (e.g. the
symbology and order of the layer overlapping) based
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on the Geomorphology Map of the Istituto Superiore
per la Protezione e la Ricerca Ambientale of Italy (Ser-
vizio Geologico d’Italia, 1994, 2007) and the Land
Condition Map of Japan (Geospatial Information
Authority of Japan, 2010). The sample map, which
had a scale of 1:25000, was mainly based on secondary
data, and the researchers conducted several site visits
to identify mapping error and reduce uncertainty. In
addition, landform features (i.e. minor fluvial terraces,
debris flow fans, floodplains, and flat-bottom valleys)
associated with geomorphic hazards that were not
included in the secondary data were interpreted, digi-
tized with reference to aerial photos and a digital
elevation model, and verified in the field. We used
the map developed in Shen et al. (2017) (Figure 3) as
a sample for the group and focus group panel inter-
views and used the findings of the interviews to
develop a GHTM for the Caotun area in central Tai-
wan. Similar to Shen et al. (2017) we acquired second-
ary geospatial data for the Caotun area, which
comprised topographic maps, land use, land cover
data, aerial photos, a digital elevation model, an
environmental geology map, and other feature layers.
Mass wasting, neotectonics, and fluvial landform fea-
tures that are associated with geomorphological
hazards, as well as anthropogenic landforms were
selected for mapping. We also conducted additional
digitalization and verification in the field (Table 1).
For example, some minor river terraces were

visualized with reference to aerial photos which were
not included in previous studies (Chang et al., 2002,
2003).

3.2. Group and focus group panel interviews
with civil engineers and educators

Professionals associated with civil engineering and
natural hazard education in Taiwan were interviewed.
We carefully selected civil engineers from various insti-
tutes involved in designing structures for hazard pre-
vention and control, as well as engaging in hazard
response and prevention activities at the local level.
The engineers encompassed researchers from hazard
management centers in research organizations, man-
agers from slopeland hazard or disaster research insti-
tutes, geotechnical engineers, water and soil
conservation technicians, and skilled professional civil
engineers. Involving professionals engaged in hazard
education, we extended invitations to geography tea-
chers from senior high schools (10th–12th grade),
recognizing their pivotal role in delivering natural
hazard education within Taiwan’s school system.
Both groups of professionals had received foundational
training in environmental sciences, although they did
not possess expertise in geomorphology.

The process of obtaining information from civil
engineers and educators consisted of three stages, con-
ducted between June and October 2018. In stage 1, two

Figure 2. (A) Map of Taiwan’s elevation and the indication for location of sample map (Muzha) and study area (Caotun), and (B)
geomorphological zones and landform features related to natural hazards in the study area.
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separate group interviews were conducted with civil
engineers and educators to gather suggestions for
adjusting the map designs. In stage 2, a focus group
panel was formed, comprising representatives from
both groups, where the modified GHTM was pre-
sented, and feedback from the participants was
obtained. In stage 3, the subsequent version of the
modified GHTM was presented during a group inter-
view conducted in the field with civil engineers, while

educators were sent the print-out map by mail to
gather further comments (Table 2).

In the two group interviews in stage 1, the intervie-
wees were provided the sample geomorphological
map of Muzha (Figure 3) and related information.
The interviews lasted approximately 2 hours and
were video recorded. The interview groups comprised
two to three people. The group interviews focused on
the aspects of the sample map requiring adjustment

Figure 3. Sample map used in group and focus group panel interviews. The map was retrieved from the geomorphological map-
ping study of Shen et al. (2017). The enlarged area (A) on the right provides a closer look at the original symbology and feature
designs of the sample map. The red rectangular frame on the left indicates the proximate location of the enlarged area. For a more
detailed and higher-resolution map, please refer to the supplement included with this study.

Table 1. Resolution and mapping scale, source of secondary data for Caotun GHTM.

Position Data
Resolution/

Mapping scale Source/Notes

Main
map

Digital elevation model (LiDAR-derived) 6 m Central Geological Survey (Unpublished)
Mass wasting landform features original scale

1:25000
Central Geological Survey (2008)

Potential debris flow torrents (PDFTs) N/A Soil and Water Conservation Bureau (2019)
Major fluvial terraces; floodplains and abandoned channels original scale

1:25000
Chang et al. (2002, 2003); Shen et al. (2005); Shen et al.
(2018)

Geomorphic features of active faults original scale
1:25000

Shen et al. (2005)

Geomorphological features of fluvial landforms (minor fluvial
terraces, debris flow fans, and flat-bottom valley)

≧1:5000 Most minor fluvial features were not available or were
inadequately described in the secondary data. Some
features were digitized and subsequently verified in the
field.

Rock formation original scale
1:25000

Central Geological Survey (2008)

Roads, rivers, administrative boundaries, building footprint,
place names, landmarks, spot elevation, public facilities, and
land use and land cover map

1.25 m National Land Surveying and Mapping Center (2018)

Side
maps

Geological map (including geological profile) 1:25000 &
1:50000

Central Geological Survey (2019, August 1)

Inundation probability maps N/A Water Resources Agency (2016)
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and the interviewees were asked to answer following
open-ended questions:

Q1. Considering the purpose of GHTMs, what are the
necessary information and features in the main
map?

Q2. What should be highlighted or added to the main
map?

Q3. What should be included as a side map?
Q4. Do you have any other suggestions?

The engineers were also asked to offer their
opinions regarding the applicability of the sample
map to their field work, and the educators were
asked to offer their opinions regarding using the
map in indoor and outdoor classes.

In stage 2, we hosted a focus group panel event and
invited the civil engineers and educators from the
group interviews. A revised sample map was provided,
and the panel was asked to provide suggestions to
modify the map. We also invited professional carto-
graphers, geomorphologists, and geologists to the
panel discussion to provide their opinions regarding
the layout, font, and symbology of the map. The par-
ticipants were four civil engineers, five educators, five
cartographers, and six geomorphologists and geol-
ogists. In stage 3, a final group interview with the
engineers was conducted in the field to obtain their
feedback on the revised map. We also mailed each
educator the revised map and requested their feed-
back. We used the findings of the group and focus
group panel interviews and secondary data layers to
create a new map – Caotun GHTM.

4. Results

4.1. Group and focus group panel interviews

The engineers preferred the maps to have more details
related to the tasks they were performing (Table 3).
During the group interview in the field (stage 3), the

engineers offeredminor suggestions regarding the design
and suggested a larger scale map to visualize the details.
The engineers also suggested adding catchment bound-
aries and fault lines, which are related to civil engineering
design, to the main map. The engineers’ suggestions for
symbology (i.e. the landslide categories, lithology, and
attitudes) and side maps (i.e. the landslide probability
and slope activity) were also related to civil engineering
design and hazard mitigation. They recommended add-
ing major roads and critical facilities to help readers
identify their relative location, too.

The educators were most concerned with whether the
map would be clear and easy to interpret (Table 4). Some
of the educators’ concerns related to the readability of
the map because senior high school students may
struggle to interpret complex features. The educators
suggested that grid lines shall be added to both the
main and side maps to ensure users can easily locate
and compare features. The educators also offered sugges-
tions regarding the symbology and side maps, namely
differentiating geomorphological zones by using colors
and replacing the lithological layer with hillshade layer
to improve the stereoscopic sense of depth. The educa-
tors also reported that although the sample map could
be used for teachers to prepare the classes, the map
required further simplification for students.

4.2. Caotun GHTM design

The information from the group and focus group
panel interviews were compiled, and the suggestions
were analyzed and applied to the final version of the
Caotun GHTM (Figure 4). The group and focus
group panel interviews revealed that two groups had
different preferences. To increase the applicability of
the GHTM for stakeholders, we applied more sugges-
tions from the educators (Tables 3 and 4), who pre-
ferred simpler designs. To determine the order of
the map’s layers, we considered the geometric charac-
teristics, importance, and size/extension of each layer.
We overlaid place names, geological and

Table 2. Date, purpose, and number of attendees of the group and focus group panel interviews.
Stage / Date
(in 2018) Event Purpose

Number of
attendees

1 / June 22 Group interview with engineers . Evaluating the design of the sample map and identifying directions for
improvement.

. Evaluating the map’s usability in the field.

12

1 / July 22 Group interview with educators
(in field and indoors)

. Evaluating the design of the sample map and identifying directions for
improvement.

. Evaluating the map’s usability for teaching (indoor and outdoor).

20

2 / Aug 20 Focus group panel with both civil
engineers and educators

. Reviewing the adjustments made to the sample map based on the group
interviews and providing recommendations for further improvement.

. Evaluating processes for future mapping.

. Panel discussion with professional cartographers, geomorphologists, and
geologists.

20

3 / Oct 26 Group interview with civil
engineers (in the field)

. Experiencing utilizing the revised map in the field.

. Providing feedback on user experience and suggestions for improvement.
16

3 / Oct 30 Interview with educators (through
mail)

. Offering feedback on the updated map design. 10
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geomorphological profile lines, roads, potential debris
flow torrents (PDFTs), facilities, and landmarks onto
the layers (Figure 5).

4.2.1. Symbology
Symbology should account for spatial dimensions,
visual variables, and levels of measurement (Slocum
et al., 2008). We used the suggestions from the
group and focus group panel interviews to simplify
the symbology by

1) Applying hillshade layer to the bottom layer: Hill-
shade can be used to illustrate surface relief for var-
ious features, such as gullies, which can help users
identify these features and understand the steep-
ness of landform features.

2) Adding public facilities: Public facilities, such as
schools, police departments, local government
offices, fire departments, and hospitals, which are
essential in hazard response management, were
labeled on the map. These facilities can also help
users identify relative location.

3) Simplifying mass wasting landform categories: To
reduce the complexity of the symbols and increase
the map’s readability, a single symbological design
was used for rock fall scarps, debris slide scarps,
and rock slides (Table 5).

4) Replacing low-certainty fault lines, ephemeral
streams and abandoned channels with dashed
lines: Because the certainty of the fault lines varied
across the study area, certainty was differentiated
through four symbological styles. To differentiate
ephemeral streams and abandoned channels from
the perennial rivers, we used dashed lines as sym-
bology (Table 5).

5) Establishing a standard for road network place-
ment: The density of road networks varied across
the study area. Major roads were prioritized in
the plain areas, and most road networks were
included in the hilly and mountainous areas to
help users identify locations and features. The
standards were peculiarity, continuity, and impor-
tance. (i) Peculiarity: The road was included if only
one road was present in an area and if the map
could be misinterpreted if the road were omitted.
(ii) Continuity: The road was connected to adja-
cent regions or the road was long and its omission
would cause the map to be misinterpreted. (iii)
Importance: The road was a local landmark or
strongly associated with local characteristics.

6) Differentiating landform categories with colors:
To clearly distinguish landforms, colors were
assigned to each category. Purple, red, blue, and
gray and black were used for the neotectonic,
mass wasting, fluvial, and anthropogenic land-
forms, respectively.

4.2.2. Side maps
After considering the suggestions of the civil engin-
eers and educators, we created a geological and geo-
morphological profile and three side maps, namely
(1) geomorphological zone map, (2) hazard map,
and (3) rock formation map. The geological profile
(A-A’; location indicated in Figure 4) was based on
the geological map, and the geomorphological
zones were listed at the top of the profile. Three
hazard zone layers associated with mass wasting,
debris flow, and flooding hazards were presented in
the hazard map. The mass wasting hazards were
those of rock fall, debris slump and slide, and rock

Table 3. Civil engineers’ suggestions from group interview and panel discussion. The asterisks (*) accompanying the numbers in
the ‘Applied in Caotun GHTM’ section indicate two possibilities: (1) the suggestion was partially implemented, or (2) the
suggestion was applied to the side map instead of the main map, or vice versa.

Question Suggestion
Applied in

Caotun GHTM

Main
map

Q1. What are the necessary
features of the map?

1. Roads and bridges are essential reference points for location in the field.
2. Public facilities, such as government offices, police stations, and schools, should be

included.
3. Knowing where watershed boundaries are is useful in civil engineering.
4. Knowing the location of fault lines helps locating the electrical grid and estimating

its lifespan.
5. Geological data facilitate the identification of sediment sources and the estimation

of grain size.

1
2
4
5*

Q2. What should be highlighted
or added?

1. Road networks should be delineated in red, as their depiction in standard
topographical maps.

2. Bridges should be labeled.
3. The direction of gully erosion should be indicated.
4. The symbols for steep and gentle slopes should be removed.
5. Information on geological attitudes should be added.
6. The categorizations for rock sliding and debris slump and slide should be more

detailed to enhance the map’s utility in engineering design.

2
4

Side
maps

Q3. What should be included as
a side map?

1. A probability map of slopeland hazards should be included.
2. The degree of slope activity should be included.

1*

Others Q4. Do you have any other
suggestions?

1. Data sources should be included in the reference list. 1
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slides. Six PDFTs were presented in the study area,
and all torrents were in the Fengyuan Hill area.
The PDFTs were government designated because of
their proximity to settlements, and all of the debris
flow fans, regardless of whether they were designated
as PDFTs, were illustrated on the main map. We
included an inundation layer indicating which areas
will be inundated based on modeling of rainfall
amount up to 650 mm within 24 h. In addition, the
rock formation layers were generalized on the basis
of the thickness of the primary and secondary for-
mations in a rock formation side map.

5. Discussion

5.1. User-centered GHTM design

The purpose of this study was to create a user-cen-
tered GHTM design for users who were not

geomorphological experts (i.e. civil engineer and
educators) and could benefit from experience with
knowledge of geomorphological maps. The outcomes
of the group and focus group panel interviews indi-
cated that the two targeted user groups had different
preferences for mapping designs. The engineers
suggested including more detailed information (i.e.
landform genesis, age, lithology, structure and mor-
phology, and hazard-related features) associated with
their work. For example, rock lithology is essential
for debris source identification and size estimation
(Table 3). Engineering designs involve variability
and uncertainty, and other studies have suggested
that a comprehensive geomorphological investi-
gation is required for large-scale construction or
alteration projects (Griffiths, 2014; Griffiths & Lee,
2021) because these projects can have prolonged
effects on the environment (Kondolf, 1997; Mossa
& Chen, 2022; Surian, 1999). As geospatial

Table 4. Educators’ suggestions from group interview and panel discussion. The asterisks (*) accompanying the numbers in the
‘Applied in Caotun GHTM’ section indicate two possibilities: (1) the suggestion was partially implemented, or (2) the suggestion
was applied to the side map instead of the main map, or vice versa.

Question Suggestion
Applied in

Caotun GHTM

Main
map

Q1. What are the necessary
features of the map?

1. Arrange geomorphological and geological maps on each side of the map; move
information of geological structures (i.e. faults, anticlines, and synclines) to side
maps.

2. The symbols for steep and gentle slopes should be removed. Contour lines would be
adequate.

3. Including the road networks in mountainous areas would help identify locations.
However, the delineation of the road networks in towns and cities should be
simplified.

4. Adding numbers for county and city roads would help identify locations.

1
2
3
4*

Q2. What should be
highlighted or added?

1. The ridge layer is unnecessary.
2. The mass wasting categories can be more general or combined into a single

category.
3. Dip slopes should be included.
4. The symbology for river terraces should be adjusted.
5. The lithological boundary is difficult to understand.
6. Alluvial fans should be used to indicate the location of fluvial and debris fans if they

are difficult to identify.
7. The symbology of the flat-bottomed valleys, roads, gullies, and artificial dams

should be improved; the respective symbols look too similar.
8. The symbol for waterfalls is difficult to understand.
9. PDFTs should be labeled with their assigned number.

10. Buildings should be represented individually but not as aggregated blocks.
11. The landforms discussed in high school classes should be included on the map.
12. The hillshade layer should be the bottom layer of the map.
13. Key facilities and settlements should be included on the map.
14. More grid lines should be included on the main map.

1
4
5
7
10
11
12
13
14

Side
maps

Q3. What should be included
as side maps?

1. Hillshade layer can help students understand landforms.
2. The data source of the geological profile diagram should be listed.
3. A probability map of soil liquefaction and land subsidence should be included.
4. A geological map displaying strata should be included. However, lithological

information is not covered in high school classes, and is better to show on a side
map.

5. The land use and land cover layer can either be removed or generalized.
6. A layer for active faults should be included.
7. The labels for the geomorphological units (i.e. basins, hills, and mountains) are

difficult to read. Using distinct colors could address this issue.

1
2
4*
5
6*
7*

Others Q4. Do you have any other
suggestions?

1. The symbol for fan-shaped landscapes from apex to toe should be adjusted.
2. Debris flow is categorized as a mass wasting landform in high school textbooks.

Similar colors could be used for debris flow and mass wasting landforms instead of
debris flow being represented as a fluvial landform.

3. Active fault lines should be distinguished from other types of fault lines.
4. The first version of the map was too complicated for students but could be a great

supplemental resource for class.

3 4
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Figure 4. Layout of Caotun GHTM.

Figure 5. Layers of Caotun GHTM.
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techniques have improved, geomorphologists have
begun to work with engineers to identify geomor-
phological features and quantify risks (Griffiths &
Lee, 2021). Lee (2001) reported that three major
forms of geomorphological mapping including
regional surveys of terrain conditions, general assess-
ments of geohazards and resources, and specific pur-
pose surveys, are applicable to engineering design.
Unlike large scale (i.e. 1:1000), specific purpose sur-
vey maps, the Caotun GHTM is medium scale
(1:25000) and has a simple design (Figure 4). There-
fore, it can serve as a regional survey map that pro-
vides a more holistic view of the region. In Taiwan,
managers and planners associated with hazard man-
agement often have backgrounds in civil engineer-
ing, and their work is associated with the response
and recovery stages of hazard management. By
employing a GHTM, these managers and planners
can effectively differentiate the dynamics of
landform features to develop more comprehensive
mitigation plans.

The educators reported that clear and simple maps
suited teaching. In the group interview, the educators
provided opinions regarding the applicability of the
GHTM to indoor and outdoor class settings. Because
the educators were high school geography teachers,
their main concern was that the maps would be under-
standable to students. Most educators indicated that
the background of the sample map was overly compli-
cated because it had too many geological and geomor-
phological features and colors. Unlike civil engineers,

who are familiar with reading survey maps, high
school students are not familiar with interpreting
complicated information on maps. While the inter-
views revealed that the two groups had distinct prefer-
ences for the GHTM design, we used more suggestions
from the educators (Tables 3 and 4) because our goal
was to create a mapping design for nonexperts in geo-
morphology. The Caotun GHTM offers a general geo-
morphological background and provides
intermediate-level information in a clear manner.
The Caotun GHTM design was similar to that rec-
ommended for strategic planners in Meyer et al.
(2012) because it has high information density and
complexity. According to Meyer et al. (2012) strategic
planners are professionals who make decisions regard-
ing flood risk management and protection measures
and have a sufficient amount of time to interpret
maps.

5.2. Limitations and implications

Because the participants in the group and focus group
panel interviews were asked open-ended questions,
quantitative analysis could not be performed. A
detailed questionnaire with a standard question design
would enable quantitative analysis. Thompson et al.
(2015) conducted a quantitative online survey to
determine the effects of the design elements (e.g. fea-
ture classification and color scheme) of probabilistic
volcanic hazard maps. Their quantitative survey indi-
cated that red–yellow gradients are suitable for

Table 5. Adjustment to symbology.
Landform type Original design in sample map Adjusted design in Caotun GHTM

Rock fall scarp

Debris slide scarp

Rock slide

Fault scarp Certainty – High

Certainty – Medium

Certainty – Low

Location can only be vaguely estimated

Gully and ephemeral stream

Abandoned channel
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volcano hazard thematic maps. While we consulted
only engineers and educators, additional stakeholders,
such local authorities and nongovernmental organiz-
ations, should be involved in GHTM design (Marti
et al., 2019; Meyer et al., 2012; Thompson et al.,
2015). Input from a range of users would enable the
development of an integrated design. Studies should
consider using research techniques other than individ-
ual and group interviews, such as work observation,
think-aloud protocols, and task analysis, to encourage
the engagement of stakeholders and other users (de
Sherbinin et al., 2017; de Sherbinin et al., 2019).

We applied secondary open-access data layers
covering the entirety of Taiwan (Table 1). Therefore,
the Caotun GHTM could protentially serve as a
starting point for a GHTM series for Taiwan. Sys-
tematic national geomorphological hazard thematic
mapping was used to develop the Land Condition
Maps and Landform Classification Map for Flood
Control Map series by the Geospatial Information
Authority of Japan. This map series presents natural
and anthropogenic landforms linked to flood related
hazards (Geospatial Information Authority of Japan,
2007). Studies should consider developing a GHTM
on an online platform to offer flexibility with respect
to comparing features associated with geomorpholo-
gical hazard across time, space, and demographic
areas, and the managers of such a platform can
update the data layers. A multilayer, interactive
user interface would enable stakeholders to explore
the potential effects of hazards across the hierarchy
of administrative divisions (Retchless et al., 2021)
and customize the layers to suit their needs.

Hazard management and communication maps
can be presented as a series (i.e. survey, GHTM, and
hazard zone maps). Although this study solely focused
on GHTM, investigating other hybrid maps that con-
tain hazard-related information would improve
hazard communication. For example, the Land Con-
dition Map by the Geospatial Information Authority
of Japan includes both hazard-related geomorphologi-
cal features and hazard zones and a detailed manual
describing how users can determine the degree of
risk (Geospatial Information Authority of Japan,
2007). This enables stakeholders to retrieve infor-
mation to facilitate decision-making.

6. Conclusion

Maps are crucial for hazard communication, and
employing user-centered map designs can enhance
the effectiveness of this communication process.
Whereas most studies on user-centered design have
focused on hazard zone maps, we investigated the
designs of geomorphological hazard thematic maps
(GHTMs) for nonexperts in geomorphology. We tar-
geted civil engineers who designed structures and

managed natural hazards, and educators who taught
geography in high school as users, and invited them
for group and focus group panel interviews. The inter-
viewees were asked to answer open-ended questions
regarding the design of the main and side maps of a
sample map of Muzha in northern Taiwan developed
in another study. The suggestions of the two user
groups and professional cartographers were used to
create a GHTM for Caotun in central Taiwan.

The group and focus group panel interviews
revealed that the two groups had distinct preferences.
The civil engineers favored details regarding geomor-
phological features, whereas the educators preferred
clearer and simpler designs that would facilitate
interpretation. Both groups reported that essential
facilities and road networks are crucial on maps
because they serve as reference points to determine
location in the field. Because we sought to create a
more generalized GHTM, we used more suggestions
from the educators than from the engineers. Major
adjustments we made to the sample map included
hillshade layer, essential facilities, and road networks
and changing the symbology for mass wasting, fault
scarps, and fluvial landform features. With GHTMs,
stakeholders can obtain a holistic understanding of a
region and more comprehensively manage hazards.
In addition, user-centered maps can be used to
improve communication with the public and
increase awareness of natural hazards. This study
may serve as reference for user-centered geomorpho-
logical maps used for hazard assessment, manage-
ment, and education.

Software

ESRI® ArcMap 10.X and ArcGIS Pro 2.X were applied
to process vectors and raster data, and create main
map and side map elements. CorelDRAWwas utilized
to compile map elements and enhance details for the
final map product.
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