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A B S T R A C T   

The capacity to utilize geographic information is a critical element of disaster risk management. Although access 
to and use of geographic information system (GIS) technology continues to grow, there remain significant gaps in 
approaches used by disaster risk management stakeholders to understand geographic information needs, sources, 
and information flow—ultimately limiting the efficacy of management efforts. To address this problem, we 
introduce the concept of geographic information capacity (GIC) to measure and analyze the ability of stake-
holders to understand, access, and work with geographic information for disaster risk management. We propose 
a framework for assessing GIC, the GIC Profile, which we situate within a review of disaster risk management- 
relevant frameworks. We evaluate the GIC Profile using two case study countries at the first (sub-national) geo- 
administrative boundary level. Chi-square analyses suggest GIC across equivalent regional units within each 
country is relatively uniform, and that this uniformity is comparable between nations despite significant dif-
ference in overall capacity. Contributions of the GIC Profile to disaster risk management research are twofold. 
First, this is a first attempt to develop a profile based on key indicators for quantifying GIC highlights critical 
areas for capacity improvement, allowing decision makers to identify and prioritize pathways to strengthen 
disaster risk management programs. Through this initial effort, a decision tool has been developed which may 
enhance decisions on how to utilize GIS in support of disaster risk management. This tool is iterative and can be 
updated as new events occur to maximize GIS benefits, ultimately reducing disaster risks and their potential 
consequences.   

1. Introduction 

1.1. Conceptual background 

The scope, intensity, and frequency of disasters are increasing at a 
global scale; and with them the cost of social, economic, and 

environmental damages [45]. Contemporary approaches to disaster 
mitigation, response, recovery, and preparedness (collectively, disaster 
risk management) have in many cases come to rely heavily on the use of 
geographic information systems (GIS). Several well-established and 
widely accessible initiatives and mechanisms at the international sca-
le—such as Copernicus, the International Charter Space and Major 
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Disasters, Sentinel Asia, SERVIR, the Regional Service for Remote Image 
Processing (French: SERTIT), and the United Nations Operational Sat-
ellite Applications Programme (UNOSAT)—currently provide access to 
and analysis of geographic information for this purpose [15,19,41,75, 
87]. The application of GIS software and technology for disaster risk 
management (as opposed to the broader scientific field of Geographic 
Information Science and Technology which is not tied to a specific 
application domain such as disaster risk management) is also wide-
spread in scientific literature. For instance, Cutter [18] made an early 
call for the use of GIS for emergency management. Tomaszewski [75] 
provides a comprehensive examination of GIS adaptation policy, insti-
tutional issues, datasets, and technology related to the four phases of 
disaster risk management. Likewise, Tomaszewski et al. provide an 
in-depth review [76] of the application of GIS to the disaster response 
phase specifically. 

Despite the availability of these tools, however, disasters continue to 
expose inadequacies in the capacity of government agencies and other 
stakeholders to capture, communicate, and work with geographic in-
formation. In particular, insufficient availability of digital geographic 
information, lack of awareness about geographic information among 
disaster risk management actors, and computing resource limitations (i. 
e. hardware and GIS software) considerably impede the efficacy of 
disaster risk management efforts [17,76]. Ultimately, these shortcom-
ings translate directly into untold economic damages, environmental 
compromise, and lost human lives. For example, with nearly 22,000 
casualties and $10 billion in damages, the 2015 earthquake in Nepal 
demonstrated these consequences clearly. Commenting on the event, 
disaster risk management leaders posit that “Lack of information on 
affected peoples’ location can jeopardise the success of post-disaster 
relief operations. Such information is the most critical emergency pre-
vention tool [4] …”. 

While most research in this space focuses on the development and 
implementation of GIS tools (e.g. datasets, software, and application 
integrations), research regarding geographic information capacity (GIC) 
specifically as an indicator for how well strategic decision makers are 
able to leverage geographic information and subsequent GIS tools for 
disaster risk management remains scarce. For example, the well- 
established Geographic Information Science and Technology Body of 
Knowledge (GIS&T BoK) does not include an entry on GIC [47]. Addi-
tionally, few studies attempt to define GIC, its impacts, or the methods of 
its assessment, and none do so with any robust sense of contextual 
adaptability. Yet, capacity as such is widely cited in seminal interna-
tional diplomatic agreements as a critical foundation upon which the 
development of effective disaster risk management strategies invariably 
rely. The Paris Agreement under the UN Framework Convention on 
Climate Change, for instance, unifies member states in ambitious efforts 
to combat climate change and adapt to its effects, highlighting gover-
nance, technical, and data sharing capacities as essential to achieving 
these ends. Likewise, several other United Nations agreements—such as 
the Sendai Framework for Disaster Risk Reduction, the Sustainable 
Development Goals, the New Urban Agenda, and the Convention to 
Combat Desertification—also call for such capacity development at the 
national level, and in many cases explicitly highlight geographic infor-
mation capacity as a central tenet of their priorities for action (Section 
1.2). Despite this recognition, however, these frameworks function in 
practice as high-level policy guidance documents, and thus do not pro-
vide specific direction on how such capacity might be monitored, 
measured, or developed. As non-exhaustive, representative examples, 
specific guidance on how to measure and evaluate institutional and 
community capacities to utilize geographic information for disaster risk 
reduction. Further details on how the GIC profile can work in conjunc-
tion with high-level policy frameworks are discussed in section 1.2 Thus, 
there remains a significant lack of broadly applicable mechanisms by 
which national parties may operationalize their commitments under 
these various agreements. To that end, we propose the GIC Profile as 
both a unified guideline to support the implementation of these 

high-level frameworks and an operational instrument for measuring, 
monitoring, and developing geographic information capacity for 
disaster risk management in pursuit of various framework goals. The 
GIC Profile methodology we propose identifies key practical, techno-
logical, and administrative guidelines that support the use of geographic 
information and GIS tools for disaster risk management, and synthesizes 
a means to assess their presence in a given case, providing quantitative 
metrics to describe categorized facets of disaster preparedness. This 
paper outlines the development of the GIC Profile methodology, and 
illustrates how the information provided via the GIC Profile might be 
used in both the system administration and operational deployment of 
disaster risk management programs. 

In Section 1.2 below, we describe five of the most relevant and 
widely recognized United Nations policy frameworks broadly related to 
disaster risk management. We selected these specific policy frameworks 
as each framework is (a) well known and accepted by the international 
disaster risk management community and (b) demonstrate the need for 
unified and adaptable methodology for capacity development, such as 
the GIC Profile. Fig. 1 outlines the relationship between the five 
frameworks discussed in section 1.2 and the five categories of GIC we 
discuss in further details in section 2.1.3. 

1.2. United Nations framework imperatives 

1.2.1. UN Sendai Framework for disaster risk reduction (SFDRR) 
Sendai Framework for Disaster Risk Reduction 2015–2030 (Sendai 

Framework) is the first major agreement of the post-2015 development 
agenda aiming to provide a unified blueprint for policy and governance 
strategies that mitigate economic, environmental, and human health 
losses in the face of natural hazards and human-made disasters. The 
framework highlights four driving priorities for action [82]: 1) under-
standing risk, 2) strengthening governance and management ap-
proaches, 3) investing in resilience measures, and 4) enhancing response 
preparedness. Geographic information is specifically referenced as a 
critical element in achieving these ends, particularly with regard to the 
first priority—understanding risk [1.24f, 1.24f, & 1.25c]. The frame-
work also extensively mentions the need for methods to assess capacities 
for information collection, communication, analysis, and management 
[2.16g; 4.24a, 4.24j, & 4.27c]. 

Furthermore, many of the framework’s technical recommendations 
for risk reduction actions align squarely with—and thus depend upon 
measuring and developing—the five geographic information capacities 
we outline later in section 2.1.3. Sendai specifically cites critical needs in 
understanding populations [83] [1.6, 4.30f, 4.33c, & 4.33i], developing 
institutional expertise [2.17, 3.19a, 4.22.4.25e, 4.26e, & 5.36b], 
strengthening and leveraging the role of communities [3.19d, 4.24i], 
improving stakeholder collaboration [1.7, 3.19b, 3.19e, 4.25d, 4.31a, 
4.31f, & 6.48a], and building and optimizing environmental resource 
knowledge [4.30f, 4.33c, 6.48b]. 

Even at the basic conceptual level, Sendai calls for exactly the kind of 
capability the GIC Profile aims to provide, highlighting the need for 
“means...to stimulate and contribute to developing knowledge and ca-
pacities for disaster risk reduction,” “methodologies and standards for 
risk assessments,” identification of “research and technology gaps...for 
priority areas,” and “support of the interface between policy and science 
for decision making” [4.22, 4.25g, 5.36b]. 

Although the Sendai Framework is a useful document for aligning 
international priorities for disaster risk reduction, it does not provide 
specific guidance on how these priorities might be practically imple-
mented, measured, or ultimately achieved. Efforts that are building 
upon the Sendai Framework, such as the United Nations Committee of 
Experts on Global Geospatial Information Management (UN-GGIM) are 
working to implement Sendai priorities by making GIC a top-level pri-
ority in strategic frameworks: “Priority 2: Awareness Raising and Ca-
pacity Building Risks and impacts of disasters will be properly managed 
if Member States and other stakeholders are fully aware of their 
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respective geospatial data and information holdings [81].” 
In this sense, the GIC Profile can function as an instrument for 

operationalizing the Sendai Framework’s key priorities for action, 
highlighting need areas, and tracking progress towards member states’ 
commitments. 

1.2.2. UN Sustainable Development Goals 
Part of the United Nations 2030 Agenda, the well-known Sustainable 

Development Goals (SDGs) are a set of 17 goals that reflect conditions 
necessary for a socially, environmentally, and economically stable 
global society, see Ref. [20]: for the complete list of SDGs. Geographic 
information is most explicitly cited within the SDGs as a requisite tool 
for implementation (SDG 17: Partnerships for the Goals) of the SDG 
framework into existing national policy and technology structures. 
Target 18 within SDG 17 specifically cites geographic information 
covering population and settlement statistics, which is most applicable 
to SDGs 1–5 (poverty hunger, health, education, gender), 8 (work and 
economic growth), and 10 (reduced inequality). In addition, SDG 11 
(sustainable cities and communities) specifically highlights the need for 
policies toward climate change adaptation, resilience, and disaster risk 
management in building Sustainable Cities & Communities, making 
direct reference to the Sendai Framework as a guideline for strategy 
development. In a similar vein, geographic information relating to 
environmental resources—an equally important data category within 
the GIC Profile—is also essential to achieving ecologically-focused 
SDGs, including 6 (water/sanitation), 8 (work and economic growth), 
and 12–15 (responsible consumption/production, climate action, life 
below water, life on land). Focusing on water, energy, climate change, 
and ecosystem health, these goals serve to preserve and strengthen 
natural environmental systems that inherently function to mitigate 
disaster risk by reducing the likelihood and impact of disaster events 
[73]. 

It is clear that the ability to utilize geographic information for policy 
development is an essential competency in enabling national-level 
progress on the SDGs at large and disaster risk reduction specifically 
in that context. Developing a consistent means by which to assess (and 
thereby stimulate the improvement of) the capacity to access and work 
with such information is a vital first step in developing such competency 
and achieving these goals. By providing national entities with a tool to 
assess their own geographic information capacity, the GIC Profile tool 
may thus help such states improve their understanding about the value 
of geographic data and information holdings, engendering progress to-
ward more effective risk management. 

1.2.3. Paris Agreement 
The Paris Agreement is an international policy instrument under the 

UN Framework Convention on Climate Change (UNFCCC) that calls on 
its parties to commit to both mitigating and adapting to the effects of 
anthropogenic climate change through investment, technology devel-
opment, information and resource sharing, and internal policy. Without 
major and rapid action, such climate change is widely understood to 
profoundly increase the frequency and intensity of extreme weather 
events, as well as compromise critical ecological systems that support 
global environmental stability [46]. In other words, climate change is 
itself a major driver of natural disaster risk, to such an extent that in 
many ways it threatens the very social and economic structures upon 
which global societies widely depend. In response to this threat, the 
Paris Agreement holds parties accountable for their contributions to 
such change, and serves as a primary reference point for global efforts in 
cooperative sustainable development. 

Although the central objective is a large-scale reduction of green-
house gas emissions (GHGs), the agreement highlights several critical 
competencies requisite to the achievement of its goals. These include 
clarity and transparency in information communication [4.8, 7.7b, 9.5, 

Fig. 1. International diplomatic frameworks (shown as rounded rectangles) each call for categories of GIC (as seen in the gray rounded rectangles and discussed 
further in section 2.1.3), both explicitly in their text, and implicitly in the nature of their underlying goals. 
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9.7, 11.1], technical capacities for data gathering and analysis [7.7b, 
11.1–3, 11.5], and involvement of the public and communities in 
implementing change [6.4b, 6.8b, 11.1]. Each of these themes aligns 
with a core capacity identified within the GIC Profile (information 
communication, institutional, and community capacities, respectively), 
suggesting, in turn, that the proposed tool may be an effective means to 
assess, monitor, and improve these competencies. 

In addition, the Paris Agreement’s underlying mission—mitigation 
of and adaptation to climate change—inherently necessitates under-
standing the location and interaction of GHG sources and sinks, as well 
as the location and characteristics of at-risk settlements, populations, 
and environmental features. In this way, geographic information 
(particularly with respect to populations, settlements, and environ-
mental resources) is implicitly essential to the Paris Agreement’s core 
mission. By extension, then, a unified mechanism by which the Agree-
ment’s parties can assess and improve their capacity to gather, 
communicate, and work with such information is a necessary compo-
nent of a globally-consistent implementation approach. 

1.2.4. New Urban Agenda 
As a part of the United Nations Conference on Housing and Sus-

tainable Urban Development (Habitat III), the New Urban Agenda 
(NUA) provides a blueprint for characteristics of safe, affordable, and 
sustainable cities. With nearly two thirds of the world’s population ex-
pected to live within urban areas by 2050, the NUA seeks to establish 
developmental guidelines that allow for this growth to empower, rather 
than impoverish, such populations [53]. To that end the NUA cites six 
basic principles for urban development: nondiscrimination in housing 
access; poverty elimination; equitable standard of living (with respect to 
water, food, housing, and education quality); 
environmentally-conscious promotion of social interaction; promotion 
of culture through preservation; and generation and use of affordable 
and renewable energy. 

Geographic information is, of course, an absolutely essential 
component of sustainable urban development. Population and settle-
ment data, in particular, hold important information about drivers of 
poverty, at risk populations, barriers to socioeconomic mobility, and 
their resultant effects on housing, education, and social quality [Para-
graphs:11, 13, 14a, 25–26, 31–34, 36–37, 39–40, 43–46, 50, 54–56, 
61–62]. Recognizing this, the NUA calls for member states to develop 
technical competencies at the institutional level—i.e. government 
agencies, university research centers, and private sector stake-
holders—that enable them to better understand population dynamics 
and thus best allocate resources towards development priorities [Para-
graphs:15b, 15c.i-ii, 23, 29, 40–42, 47–48, 77, 82, 86, 104, 140, 
142–144, 147–149, 157]. In the same vein, the NUA highlights the 
criticality of effective and transparent data sharing in order to create a 
compatible interface between science and policy [Paragraphs: 13g, 14c, 
21, 47, 50, 87, 92, 101, 117, 123, 150, 156, 160]. 

Across all of these priorities, however, the NUA recognizes that the 
most sustainable and equitable cities are and will be those that minimize 
their vulnerability to, and maximize their resilience against, disasters 
that are likely to emerge as the global climate change trajectory con-
tinues to fall short of published recommendations. Disaster risk reduc-
tion is specifically mentioned as a key element in urban development 
strategy that inherently supports all of the NUA’s qualitative goals 
[Paragraphs: 6, 13g, 19, 29, 63]. In this sense, geographic information, 
and the ability to analyze it, plays an even more important role in 
shaping development. To that end, the NUA calls for data access and 
analysis capabilities with respect to, inter alia, natural resources and 
environmental threats [Paragraph 65], risk distribution throughout 
variable built environments [Paragraph 67], and critical infrastructure 
for both vulnerability reduction and resilience building. 

In this light, it is quite clear that the capacity to collect, analyze, and 
work with geographic information of all kinds is essential to achieving 
the goals of the NUA, and therein supporting sustainable development of 

global human society at large. Like each other framework mentioned 
above, then, the parties to the NUA stand to benefit immensely from a 
unified tool that enables them to assess, monitor, and improve their 
capabilities for geographic information management. By providing just 
such a tool, the GIC Profile creates a contextually adaptable platform for 
implementing and executing not just the mission of the NUA, but each 
other international commitment here outlined as well. 

1.2.5. UN convention to Combat Desertification (UNCCD) 
The United Nations Convention to Combat Desertification (UNCCD) 

2018–2030 Strategic Framework is another global commitment under 
which the proposed GIC Profile can serve as a tool for practical imple-
mentation of priorities for action under the GIC Profile, but other in-
ternational commitments are outlined here as well. The UNCCD 
Framework is a legally binding international agreement linking envi-
ronment and development to sustainable land management. Its main 
goal is Land Degradation Neutrality, a state wherein the amount and 
quality of land resources supporting ecosystem functions, services, and 
food security remains stable or increases. This is an important, but often 
overlooked element of disaster risk reduction. Because desertification 
increases vulnerability to and the impacts of flooding, decreases food 
and water security, displaces populations, and compromises ecosystems, 
it is widely considered in the same category as natural hazards and other 
disasters [71]. 

To combat these effects, the framework establishes five strategic 
objectives that focus on 1) land-based ecosystem health, 2) human 
health in vulnerable ecosystem areas, 3) drought mitigation and resil-
ience, 4) generating global environmental benefits, and 5) creating 
resource partnerships to facilitate implementation. The first four, of 
course, fundamentally depend upon the ability to access and analyze 
geographic information to support land management decisions. In 
particular, geographic information about environmental resources, 
including ecosystems, soil types, watersheds, and biological productiv-
ity are central to objectives one, three, and four. Likewise, spatial data 
concerning population and settlement characteristics, built infrastruc-
ture, and centers of economic productivity are imperative to both the 
second and third objectives. 

Thus, it is clear that implementing and executing the priorities of the 
UNCCD Framework critically depends on each party’s geographic in-
formation capacity. Although the fifth objective calls for partnerships in 
analysis tools, decision mechanisms, and funding, the value of such 
partnerships remains dependent upon the quality of data to which they 
have access. Further, actionable decisions are typically made at the in-
dependent national level, suggesting that each party must itself maintain 
some institutional competencies. In this sense, there is a clear need for a 
mechanism by which parties can assess their GIC and identify key areas 
for improvement; such a mechanism, in turn, will ensure that parties can 
provide high-value spatial data to inform resource allocation, technol-
ogy development, and policy decisions at the national level. 

1.3. Related frameworks 

It is important to note too that other, important, quantitative indices 
have been created to evaluate specific metrics of countries to assess the 
need for context-specific improvement related to natural disasters and 
risks. The World Risk Index (WRI) and Human Development Index (HDI) 
have been successful in highlighting areas in need of assistance to 
improve the resilience and standard of living in countries through col-
laborations with the United Nations, governments, and non- 
governmental organizations (NGOs) [12]. As a result of the increasing 
disasters from climate change, a climate risk index (CRI), for example, 
was created at the country-level in Italy to help with policies and 
emergency response plans using equal weighting of indicators that pulls 
from existing knowledge [52]. The Geospatial Readiness Index assesses 
the geospatial preparedness of 50 countries focusing on geospatial 
technologies and policies available from a commercial geospatial 
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industry perspective [27]. Additionally, the Disaster Deficit Index (DDI) 
was developed for the United Nations Development Programme (UNDP) 
to assess the economic vulnerability of a country quantified by disaster 
fatalities. However, this index has only been populated for the Carib-
bean and Latin American regions and thus cannot compare countries 
globally. The Value of Geoinformation for Disaster and Risk Manage-
ment (VALID) report addresses the need for coping capacity throughout 
the disaster risk management cycle [1], underscoring the importance of 
proactively assessing the GIC at different spatial levels. 

At the city level, in Mumbai, for example, a disaster risk index (DRI) 
was created using the World Risk Index (WRI) and spatial pattern 
analysis to rank the vulnerability of groups in the city [4]. Combining 
disaster risk reduction and climate change adaptation, a city resilience 
framework followed by a city resilience index was created to commu-
nicate ways to increase community resilience in the face of multiple 
hazards and compare cities rather than rank them [34]. All of the 
aforementioned indices provide awareness and information to support 
decision-making at different spatial levels. However, the goal of the GIC 
Profile is to identify areas of improvement to help facilitate increased 
GIC, identify areas for GIC improvement through internal development 
in a given country and/or global partnerships. 

1.4. Applications of GIC 

Thus, it is clear that although understudied, GIC is vital across con-
texts—from climate change to land use to sustainable development—to 
enable the deployment of beneficial GIS tools in support of global 
diplomatic and developmental goals as per the previously discussed 
frameworks and indices. To these ends, In Section 2, we propose a means 
by which to measure GIC using a set of 63 key indicators reflective of 
competencies found to be most critical to successful application of 
geographic information for disaster risk management activities. These 
indicators are derived from both insights developed through field 
experience in disaster risk management initiatives at the United Nations, 
as well as a review of critical topics discussed in disaster risk manage-
ment literature [3,13,16,18,21,39,42,62,78] (Table 2). Section 3 pro-
vides a case study of applying the indicators at the sub-national level, 
including statistical analysis of GIC Profiles both within and between 
representative developed and developing nations. Section 4 provides 
discussion on the implications of these analyses in both the specific 
cases, as well as the broader context of global disaster risk management. 
Finally, Section 5 considers the role of this work in achieving human 
resilience, security, and sustainability through various global initiatives, 
and suggests how this work might provide a foundation for future 
development of GIS competencies toward that end. 

2. Methodology 

This section provides a background and analysis of the GIC indicator 
framework, as well as a methodology for developing a GIC Profile for a 
given context. While we use the first administrative level (FAL, i.e. sub- 
national regions, whether states, provinces, departments, or other [30] 
as a case study here, the GIC assessment framework and profile analysis 
concepts can be applied at any administrative scale and across any 
context. It is important to highlight that GIC is assessed in this manu-
script for the purpose of disaster risk management. If GIC was assessed 
for another purpose (e.g. business opportunities), different datasets and 
indicators would be necessary. 

2.1. GIC profile development 

2.1.1. GIC definition 
The United Nations Office for Disaster Risk Reduction suggests that 

an organization’s capacity is in the aggregation of all strengths, attri-
butes, and resources present within the community, society, or organi-
zation that can be utilized to achieve an agreed goal [83]. Similarly, the 

Sendai Framework for Disaster Risk Reduction makes geospatial infor-
mation a key priority, highlighting the criticality of an ability to 
“develop, periodically update, and disseminate… location-based 
disaster risk information…to decision makers, the general public, and 
communities at risk of exposure to disaster by using geospatial infor-
mation technology [83].” Combining conceptual elements from these 
authoritative sources, we define GIC as: 

The overall ability of a community, society, government, or other 
organization to support disaster risk management initiatives by utilizing 
geographic information to make informed, evidence-based decisions 
and achieve agreed upon goals. This ability requires both awareness of 
and access to geographic information as well as the practical knowledge 
to use geospatial technologies effectively in its capture, analysis, and 
communication. 

2.1.2. Technical approach 
Using this definition of GIC, we define five constituent categories of 

geographic information capacity: 1) high-level population and settle-
ment location data; 2) community capacity for information access and 
use; 3) institutional and industrial capacity for information access and 
use; 4) regional capacity for information flow between these sectors, 
communities, and institutions; and 5) environmentally-related data. 
These categories reflect the information types, user classifications, and 
relationships most critical not only to building GIC, but to societal sys-
tems analysis more broadly. Within each category, we identify key sub- 
categories of data (e.g. population demographics data), and then specific 
informational variables (e.g. data on the spatial distribution of racial 
groups) that together constitute a capacity to work with geographic 
information. In section 2.2.1, we then apply the GIC categories into 
practical use via a binary question-based method adapted from other 
disciplines [42,68,74] to assess capacities for each variable. Binary 
values are then aggregated into a capacity score for each GIC category, 
and then for GIC overall. GIC values are then analyzed using ArcGIS 
software to visualize the GIC Profile at the first administrative boundary. 
Finally, Chi-square statistical inference is used to validate the GIC 
Profile. 

2.1.3. GIC categories 
Using an indicator selection process modeled on that of the UN 

Development Programme [60], we derive from existing literature five 
categories of geographic information types and capacities we describe 
here as GIC Categories. These categories are suitably high-level to enable 
adaptability between geospatial contexts and across administrative 
scales. The dataset example list is also not exhaustive and could have 
included datasets such as roads for transportation of hazardous goods, 
distribution points for food and water, and many others. However, for 
this first attempt in estimating GIC they are sufficiently narrow in scope 
to ensure that the metrics of their constituent elements are specific, 
measurable, attainable, relevant, and trackable. The five GIC Profile 
categories discussed in the subsequent sections are briefly summarized 
in terms of their purpose in Table 1. 

While these categories are designed to guide assessment of a 
comprehensive and specific GIC Profile, we recognize the need for 
adaptive flexibility. Thus, we promote a standardized framework, but 
acknowledge that these categories may not be immutable in application. 
Although this work advances a specific arrangement of GIC categories 
and sub-categories, that is, practical application of GIC by stakeholders 
may require adjustment. 

2.1.3.1. Population and settlement statistics. This category assesses the 
capacity to produce, collect, access, and analyze statistics and other 
geographic information about people and the places in which they live. 
Many countries still struggle with the capacity to provide basic, 
descriptive, and useable census data, let alone higher-resolution sub- 
national analysis [43,61,80]. Such data is not only essential in 
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identifying the distribution and location of the most vulnerable pop-
ulations, but also in managing infrastructure systems critical to popu-
lation mobility and economic resilience. In a disaster event, access to 
this information can aid in saving lives and resources in the most direct 
sense. 

A particular challenge in this space is that vulnerable settlements and 
population groups can be difficult to accurately locate precisely because 
their vulnerability factors make it difficult for them to self-identify or be 
reached by modern data collection resources. Local knowledge is 
therefore a critical supplement to conventional data [77]. Collecting 
such local knowledge can simultaneously be a pathway for community 
engagement, adding value to a managing entity’s GIC by developing 
community awareness of disaster risks and associated reduction strate-
gies [88]. Understanding the location, stability, and output of key 
agriculture fields or fishing ports, for example, can strengthen GIS-based 
disaster risk reduction both in physical planning (because these places 
are particularly vulnerable to destruction) and economic resilience 
building (as such resources are key income generators) [78]. 

2.1.3.2. Community. The capacity of community members themselves 
to utilize geographic information for ground-level disaster risk man-
agement is often undervalued and overlooked. Community GIC is 
manifested in several forms. Access to and utilization of local knowledge 
of hazard geographies and the demographic composition of commu-
nities, for example, is an essential aspect of GIC because it provides in-
formation not otherwise available in base maps, traditional earth 
observation tools, or census data [56]. Thus, the ability to collect spatial 
community information is itself an important community capacity both 
before and after a disaster occurs. In this context, a clear indicator for 
community capacity might be Public Participation GIS (PPGIS) pro-
grams in local communities that complement conventional methods of 

Table 1 
Summary table of GIC Profile categories that are discussed in the subsequent 
sections.  

Capacity Category Example Spatial Features Geographic 
Scale 

Population and 
Settlement Statistics 

The capacity to utilize and the 
availability of information that include 
but are not limited to disabled, minority, 
elderly, children, impoverished, and 
total populations, settlement quality, 
type, physical infrastructure, as well as 
any reference datasets that provide a 
capacity to understand population and 
settlement statistics 

Local 

Community The availability of information to 
determine the percentage of population 
with spatial awareness, education, or 
past disaster experience (e.g. 
participatory mapping). 

Local 
Regional 

Institutional Information availability for awareness of 
geo-capability, availability of GIS 
training/trained personnel, availability 
of GIS technologies (commercial and 
open-source), integration of GIS with 
relevant institutions that include but are 
not limited to, hospitals and emergency 
responders, and government 
management and coordination ability. 

Local 
Regional 
National 

Information and 
Communication 

The availability of information to assess 
early warning systems, historical 
disaster data, map quality standards, 
data protection services, metadata, 
access to satellite imagery, effective grid 
infrastructure for data sharing. 

Local 
Regional 
National 

Environmental Information availability for climate, 
topography, hydrology, land use land 
cover, ecosystem services, fire flow, 
hydrographs/flood records, and 
impervious surfaces. 

Local 
Regional 
National  

Table 2 
Binary questions used to determine GIC values.  

Sub-Categories and 
Justification Sources 

Variables Binary Questions 

1. Population and Settlement Statistics 
1.1 Demographics 

Sources: [16,18,24, 
37] 

Population Density Do you have data on population 
density? 

Persons with 
Disabilities 

Do you have data on where 
persons with disabilities reside? 

Minorities Do you have data on where 
minorities reside? 

Elderly Populations Do you have data on where 
elderly persons reside? 

Children Do you have data on where 
children reside? 

1.2 Economics 
Sources: [39,78] 

Economic Status Do you have data on the 
economic status of residents? 

Schools Do you have data on school 
locations? 

Health Insurance Do you require your residents to 
have health insurance? 

Property Insurance Do you require your residents to 
have property insurance? 

Tourist Attractions Do you have data on where 
tourist attractions are? 

1.3 Settlement Data 
Sources: [13,48,56, 
62] 

Housing Type Do you have data on the 
locations of different housing 
types? 

Housing Quality Do you have data on locations of 
different quality housing? 

Road Type Do you have data on locations of 
different road types? 

Traffic Do you have data available on 
the current traffic situation? 

Transportation 
Infrastructure 

Do you have data on the 
locations of different 
transportation infrastructures? 

Traffic Signals Do you have data on the 
locations of traffic signal 
systems? 

Transportation Modes Do you have available data on 
the locations of different modes 
of transportation? 

1.4 Services 
Sources: [18,48, 
78] 

Emergency Services Do you have data on the 
locations of emergency services? 

Shelters Do you have data on the 
locations of shelters? 

2. Community Capacity 
2.1 Education 

Sources: [11,13,34, 
50] 

Level of Education Do the majority (>50%) of your 
residents have at least a high 
school equivalent education? 

GIS/Geography 
Programs (Primary) 

Do you offer GIS/Geography 
Programs (Primary Level)? 

GIS/Geography 
Programs (Secondary) 

Do you offer GIS/Geography 
Programs (Secondary Level)? 

GIS/Geography 
Programs (Tertiary) 

Do you offer GIS/Geography 
Programs (e.g. soft GIS skills) 
(Tertiary Level)? 

2.2 Previous Disaster 
Experience 
Sources: [3,14,17, 
21,35–37,76,78] 

Disaster Patterns Has your community identified a 
pattern in the occurrence of 
disasters (e.g. monsoon season)? 

Disaster Frequency Is your country ranked in the 
lowest 100 countries for the 
“exposure” portion of the World 
Risk Index? 

2.3 Community 
Leadership 
Sources: [20,21] 

Local Groups Do you have any local groups 
that practice spatial thinking (e. 
g. scouts, recreational 
geocaching, orienteering clubs)? 

Designated Observers Do you have a designated 
observer/group to report any 
early signs of a disaster? 

Community 
Responders 

Do you have data on individuals 
with disaster applicable training 
(i.e. military, first responders)? 

3. Institutional Capacity 

(continued on next page) 
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information collection, organization, and use [48]. PPGIS brings end 
users together with professionals in a collaborative environment to help 
focus attention where it is needed; in this model, feedback on key focus 
areas is derived from the public, and policy action decisions are driven at 
the agency management level in response [39]. In many cases, the link 
between community knowledge on vulnerability and policy action on 
risk reduction is an external facilitator that assumes responsibility for 
the technical aspects of a community mapping project—another indi-
cator of community GIC [13]. 

Ultimately, community capacities of all kinds not only strengthen 
GIC, but also create a sense of place within the community, empowering 
people to take more meaningful actions in disaster planning and 
response [55,56]. This sense of place and empowerment, in turn, en-
ables the mobilization and management of more on-the-ground re-
sources during disaster response and recovery phases, creating 
potentially significant impacts on risk reduction and resilience [62,69, 
70,77]. 

2.1.3.3. Institutional. Institutional capacity reflects the ability of in-
stitutions including local and national governments, international 
NGOs, university research centers, and others to utilize geographic in-
formation. Public health organizations, for example, are increasingly 
recognizing GIS technology literacy amongst employees as a necessity in 
effectively managing priorities and achieving mission objectives in 
disaster scenarios [50]. While such technical literacy is a GIS compe-
tency, achieving such requires the capacity to develop it—indicated by 
things like strategic-level support for employee training, accessibility of 
technology resources (e.g. commercial and open-source software) in a 
constrained environment, and availability of technical expertise to 
support literacy and new tool development. 

It is important to note that because these kinds of institutions are 
often understood to be the primary developers and users of GIS tech-
nologies (i.e. key decision makers in disaster risk management), most 
contemporary GIC research focuses on this level specifically as a driver 
of capacity. While this focus has helped developed nations increase GIC 
over time, developing nations worldwide continue to struggle with GIC 
despite support for institutional capacity building. Obstacles in tech-
nology and resource availability, geographic complexity, and cultural 
diversity are often compounded by challenges rooted in the foundations 
of institutional structure—e.g. systemic focus on socioeconomic devel-
opment, relative instability of administrative leadership, and difficulty 
in accessing or developing requisite technical expertise [11]. As a result, 
implementation of practical GIS education and training programs—in 
support of increasing GIC—is in many cases a more complicated 
endeavor for developing nations. 

To this end, many of the existing GIS and GIC tools and indices 
engineered by institutions in developed nations are designed specifically 
to be useable by and for the benefit of developing nations. The Inter-
national Charter Space and Major Disasters, for example, enables its 
members to request real-time satellite imagery of a disaster event from a 
unified system of collaborating national space agencies [21]. For nations 
without their own space agency, this program provides rapid access to 
decisional information about the geographic effects and development of 
a disaster—markedly increasing institutional GIC without necessitating 
local development of advanced technologies and new institutions. The 
GIC Profile assessment tool is intended to work in a similar fashion. As 

Table 2 (continued ) 

Sub-Categories and 
Justification Sources 

Variables Binary Questions 

3.1 Government GIS 
Capability 
Sources: [13,54, 
81] 

Presence of GIS 
Department 

Do you have a governmental GIS 
department? 

Offering GIS Training Do you offer GIS training from 
the government? 

Open Access GIS Data Do you offer open source GIS 
information for your region? 

3.2 Commercial GIS 
Capability 
Sources: [13,81] 

Presence of a GIS 
Centric Company 

Do you have at least one 
company that offers GIS services 
as a main product? 

Offering GIS Training Do you have a commercial GIS 
company that offers training? 

Data Storage Service Do you have a commercial GIS 
company that offers data storage 
options as a service? 

Integration of GIS 
with Emergency 
Services 

Do your first responders/ 
emergency services use GIS? 

3.3 Response 
Coordination 
System 
Sources: [11,22] 

Pre-Determined Task 
Force 

Do you have a predetermined 
task force trained in GIS for 
disaster response? 

4. Information and Communication Capacity 
4.1 Disaster Warning 

Systems 
Sources: [13,42, 
78] 

Audio/Visual 
Warning System 

Do you have data on locations of 
visual and/or auditory warning 
system components? 

Electronic Alert 
System 

Do you have data on the reach of 
electronic alert system? 

4.2 Disaster 
Preparedness 
Systems 
Sources: [13,21, 
42] 

Disaster Signage Do you have disaster signage (e. 
g. shelter locations, 
instructions)? 

Disaster Drills Do you implement disaster drills 
(e.g. utilize hardware for drills)? 

Emergency 
Preparedness Plan 

Do you have an emergency 
preparedness checklist/plan 
available for citizens? 

Emergency 
Preparedness Classes 

Do you offer emergency 
preparedness classes? 

4.3 Information 
Sharing 
Sources: [21,24,38, 
56] 

Timely Satellite 
Imagery 

Do you have access to timely 
satellite imagery? 

Remote Telemetry Do you have access to remote 
telemetry? 

Data Sharing Standard 
Operating Procedure 

Do you have a data sharing 
standard operating procedure? 

Standard Data 
Conversion Processes 

Do you have a standard data 
conversion process? 

4.4 Data Standards 
Sources: [56,63] 

Data Quality 
Standards 

Do you have data quality 
standards? 

Map Quality 
Standards 

Do you have map quality 
standards? 

Metadata Standards Do you have metadata 
standards? 

Data Security Do you have data security 
standards/is data stored 
securely? 

Record Retention 
Time 

Do you have record retention 
time standards? 

Historical Disaster 
Data 

Do you have historical data from 
at least the past 50 years? 

Data Backup Do you have data backup 
standards/is your data backed- 
up? 

5. Environmental Capacity 
5.1 Meteorological 

Data 
Sources: [57,73] 

Climate Data Do you have climate records/ 
data? 

Real Time Weather 
Data 

Do you have real time weather 
data? 

5.2 Surface Data 
Sources: [13,34,62, 
83] 

Topography Do you have topographical data? 
Land Use Land Cover Do you have data on land use and 

land cover? 
Impervious Surfaces Do you have impervious surface 

data? 
Ecosystem Services Do you have ecosystem service 

data? 
Fire Flow Do you have fire flow data?  

Table 2 (continued ) 

Sub-Categories and 
Justification Sources 

Variables Binary Questions 

Hydrographs/Flood 
Records 

Do you have hydrograph/flood 
data? 

5.3 Sub-Surface Data 
Sources: [13,34,59, 
62,83,86] 

Hydrology Do you have hydrology data? 
Geology/Soil 
Composition 

Do you have geology/soil 
composition data?  
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an element of larger initiatives such as the Sendai Framework or UN 
Spider Technical Advisory Missions (TAMs) [79], the GIC Profile can be 
deployed as an operational instrument that provides developing 
nations—in concert with colleagues from international 
development-oriented agencies—with an adaptable guideline for GIC 
assessment and improvement. By integrating this guideline into 
internationally-accessible tools, we can therefore minimize the resource 
burden of increasing GIC, and thus alleviate some part of the current 
barriers to effective disaster risk management in developing nations. 

2.1.3.4. Information and communication. Information and communica-
tion capacity reflects the efficacy with which geographic information 
can be shared among the public, organizations, and institutions. The 
sharing and coordination of geographic information is critical and time 
sensitive in all phases of the disaster risk management cycle, but is made 
immensely more complicated when disaster events challenge conven-
tional communication channels. Furthermore, while institutional and 
organizational stakeholder groups are often able to maintain commu-
nication in support of policy and response actions that target the public, 
the flow of information both to and from the public itself remains a 
significant challenge for many. This challenge is rooted in several 
communicative factors, including the community capacity to collect and 
handle geographic information, the accessibility and usability of expert 
institutional information by the non-expert public, and the vulnerability 
or absence of definite channels of information flow between these 
stakeholder groups [8]. Engelman et al. contend [22] that such 
communication barriers exacerbate disaster vulnerabilities and chal-
lenge emergency responders in ways for which they may not be 
adequately prepared. 

Thus, it is clear that information communication is crucial to disaster 
risk reduction. While the Sendai Framework prioritizes developing this 
capacity, it is not specific about the particular technical capabilities of 
which it is comprised or how they might be assessed [83]. To this end, 
the GIC Profile tool proposes a specific set of critical variables—such as 
clear and compatible data sharing policies, adherence to international 
data format standards, and inter-institutional memorandums of under-
standing—that affect the capacity of a managing entity to share infor-
mation, and thus the efficiency and efficacy of its management lifecycle 
actions. 

2.1.3.5. Environmental. Environmental information capacity is a broad 
category focused on the ability to access, utilize, and share geographic 
information related to both the environmental resources of a given re-
gion and the potential environmental impacts of disaster events. Envi-
ronmental impacts like watershed contamination, habitat loss, and soil 
erosion (amongst a myriad of others) can disrupt the functioning of 
ecosystems that provide considerable economic and human health value 
[73]. Likewise, disaster events can disrupt or destroy critical environ-
mental resources—such as natural fisheries or agricultural fields—that 
are critical to societal function and development. In order to accurately 
assess the potential for and value of these impacts, a managing entity 
must hold the capacity to collect and monitor ecosystem data both prior 
to and after disaster events to track changes and estimate their resulting 
social, economic, and human health impacts. Specific capacities in this 
space include the technical infrastructure and knowhow to support 
satellite imagery analysis, manual digitization, and field observation. 
Further, GIC in this category focuses on the availability of and ability to 
collect more classical geo-environmental data including hydrographs, 
flood records, river morphology, topography, bathymetry, hydrological 
information, soil drainage, meteorological data, and land use and cover 
statistics [77,84]. The capacity to regularly update environmental in-
formation is critical to account for environmental changes caused by 
both anthropogenic activity and hazard-driven degradation [77]. 

Of course, the Sendai Framework highlights the importance of the 
environment to human resilience and socioeconomic 

development—recognizing the complex mixture of services it provides 
and hazards it creates [83]. As such, environmentally-related 
geographic information is critical to not only disaster risk manage-
ment, but, by extension, also to sustainable development more broadly. 
In this sense, the specific capacities outlined in the GIC Profile assess-
ment methodology provide a view of environmental GIC that is more 
relevant to the scope and scale of practical deployment, and thus fills a 
tactical gap in the Sendai Framework with an operational instrument not 
thus far available to key disaster risk management decision makers. 

2.2. GIC profile 

2.2.1. Assessment 
These five categories serve as a composite picture of GIC in general. 

Using them as a foundation, we then decompose each category into sub- 
categories (of which there are seventeen) that more specifically describe 
the types of information each respective category encompasses. Each 
sub-category is in turn described with specific metrics (or variables, of 
which there are 63 across the five categories) that might be used to 
assess that type of information. Each variable is then associated with a 
binary indicator that reflects the presence or absence of the availability 
of or ability to collect that information (Table 2). Binary values are 
determined from publicly available data and are used to calculate GIC 
values for representative nations. In this early stage of development, it is 
important to clarify that if there was any data present for a specific 
variable, a binary value of 1 was assigned. 

GIC assessment should ideally be completed by authorities such as 
governments to ensure complete availability, accessibility, and privacy 
of required data. In deployment, however, the GIC framework is inten-
ded to be equally as applicable as a direct interface for stakeholders and 
decision makers on the ground. It should be noted that this work is based 
largely on manually constructed datasets, as complete pre-compiled 
datasets are not presently available for this type of assessment. In this 
light, this work provides only a methodological baseline study. In 
practice, decision makers may find the results of this tool useful in both 
its utility function—determining practical pathways to GIC improve-
ment—and, at a higher level, analyzing the suitability of their own or-
ganizations and potential collaborators to leverage this assessment tool 
toward global disaster risk reduction. These binary values are aggre-
gated across sub-categories and, reflecting the extent of a managing 
entity’s abilities in each area. These aggregate values are then combined 
across all five categories to produce an overall GIC score (Tables S1 and 
S2). 

2.2.2. Modeling 
This paper aims to both demonstrate what GIC looks like within and 

across developmental strata, and compare results of matching the GIC 
framework profile analysis and measurement to expected outcomes to 
achieve construct validity [72]. To achieve this, we test the model at the 
first administrative (i.e. sub-national) level, analyzing and comparing 16 
German federal states with the 17 Nicaraguan administrative de-
partments. We use publicly available data to employ the binary model in 
a yes (1) or no (0) format, accounting a capacity score according to the 
presence or absence of each of the 63 GIC questions. 

Germany is selected due to its high level of GIS activity—including 
its position as a global seat of GIS research and international out-
reach—as well as its current policy on open government data [58,85, 
87]. Nicaragua is selected as a contrasting example according to its high 
rank (14th) on the World Risk Index (WRI), as well as geopolitical fac-
tors that are known to contribute to less development in their GIS ca-
pabilities [49,50]. Nicaragua’s WRI rankings in vulnerability, 
susceptibility, and lack of coping and adaptive capacities, for example, 
are comparable to those of the highest ranked (i.e. least-developed) 
countries. This risk level is balanced, however, with an unusual avail-
ability of open source geographic data that is not as comprehensively 
available amongst peer LDCs [5]. This balance, considered in addition to 

B.M. Tomaszewski et al.                                                                                                                                                                                                                       



International Journal of Disaster Risk Reduction 47 (2020) 101638

9

recent destruction from Hurricane Mitch [29], and both contemporary 
and historical political struggles, well position Nicaragua as a repre-
sentative nation to contrast Germany [28,51,65]. 

After collecting binary answers for each variable, values are summed 
with equal weighting to estimate a GIC Profile value for each FAL unit. 
The values are mapped by FAL unit using ESRI ArcGIS Pro so that results 
for each FAL can be visualized, both on the basis of individual categories 
and as a composite, country-level assessment of gross GIC. 

2.2.3. Data analysis 
To compare the individual GIC categories within a country’s profile 

and the profiles of the case study countries, statistical analyses were 

performed using JMP 13 Pro Statistical software. Binary response values 
were compared for each FAL unit within Germany and Nicaragua, for 
each GIC category within each country, and between both countries 
using a Chi-square test of independence. For category tests, category- 
level GIC scores for each FAL unit were compared. For FAL compari-
sons, we calculate an aggregate GIC value across all five categories for 
each state. Finally, country-level comparisons used aggregated category 
values for a gross GIC score in each nation. When significant effects were 
found, post hoc analysis was conducted using Chi-squared pair-wise 
comparisons. Results were considered significant at p < 0.05. 

Fig. 3. Germany’s total GIC Profile values by state. Total score values are out of 63 possible points.  
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3. Results 

In the following section, we present a series of choropleth maps that 
graphically demonstrate the GIC Profile respectively for Germany 
(Fig. 3) and Nicaragua (Fig. 4) and then a normalized comparison be-
tween of the GIC Profile between the two countries (Fig. 5). 

3.1. Developed Nation—Germany 

. 

3.2. Developing Nation—Nicaragua 

. 

3.3. Comparison 

Full results of GIC Profile scores for Germany and Nicaragua, 

respectively, can be found in S1–S2 Tables. 

3.4. Chi square analysis 

Chi-square comparisons between (a) first administrative level within 
Germany and Nicaragua, (b) category comparisons within Germany and 
Nicaragua, and (c) overall country comparisons (Table 3). 

4. Discussion 

4.1. Modeling strategy 

At the strategic level, the GIC Profile was developed such that it 
could be completed either by stakeholders with firsthand access to such 
information or from a third-party evaluative perspective reliant on open 
access to data resources. In this work, we use open data for Germany and 
Nicaragua to assess the GIC Profile of each country and compare them as 
representatives of developed and developing nations, respectively. 

Fig. 4. Nicaragua’s total GIC Profile values by state. Total score values are out of 63 possible points.  
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There are, of course, inherent limits to this approach when viewed at the 
variable level. The binary assessment of whether a given FAL unit “offer 
[s] postsecondary degree programs in GIS/Geography at the BS/MS/ 
PHD level” cannot, for example, differentiate between a unit that has 
one such program and a unit that has many. These limits are balanced, 
however, by assessments that do indeed provide equitable state-level 
comparisons even in binary form. The capacity to collect population 
density data, for example, is effectively equivalent across those that have 
it, regardless of differences in the actual data values. 

There are also some points of consideration at the operational level. 
The disaster risk management system in Germany, for example, priori-
tizes response from small entities first, then proceeds to larger entities if 
necessary [33]. Town resources are first utilized to respond to a hazard, 
and then the municipality (e.g. district or county) may assist if the 
hazard spreads across multiple towns. State-level resources may be 
requested to assist if multiple municipalities are affected and need co-
ordination. Finally, the federal government may be requested to assist if 
multiple states are affected. Because hazards are not constrained by 
political boundaries, this stratification of response systems suggests that 
disaster preparedness and management capacity may be variable across 
regional geographies in early stages, leading to spatially differentiated 
risk characteristics within a single FAL. Flooding of the Rhine River in 
western Germany, for example, typically spans multiple federal states, 
meaning initial responses will come from many managing entities with 
differing levels of GIC before state- and federal-level authorities mobi-
lize. In a system like this, the GIC Profile can highlight these differences 
in advance of disaster events, enabling strategic improvement at all 
levels. Local and state stakeholders, of course, can use the GIC Profile to 
understand where initial capacities are weak, and thereby target key 
areas for development. At the federal level, comparing GIC Profiles 
across FAL units can inform resource allocation strategy by revealing 
where response will be most challenged. Likewise, such comparisons can 

form the basis for federal capacity-building guidelines that can be 
adopted by individual state and local stakeholders to ensure their ca-
pacities meet the needs of a nationally-coordinated system. 

4.2. Capacity drivers 

In Germany (Fig. 3), the light-dark gradient represents the progres-
sion from a lower to higher GIC. Interestingly, lighter areas tend to be 
focused in the northeastern region, formerly the German Democratic 
Republic (i.e. East Germany) during the nation’s Cold War era division. 
This disparity, though slight, may reflect politically-related delays in 
technology and capacity productivity in Eastern Germany whose effects 
remain today [6]. Supporting this notion, the Berlin region appears 
darker than its surrounding area, suggesting influence from the city’s 
concentrated Western occupation throughout the Cold War. 

A similar trend reflecting the relationship between policy, technol-
ogy, and capacity is seen in Nicaragua’s GIC Profile map (Fig. 4). 
Managua, for example, is Nicaragua’s political and economic epicenter, 
its largest city, and its best-prepared department in terms of GIC. We can 
infer from this map that capacity development is perhaps a product of 
the concentration of population, resources, and political influence, and 
that in this sense, institutional and community capacities are particu-
larly strong drivers of GIC overall. Comparing both German and Nicar-
aguan GIC Profile maps to similar visualizations of population density in 
each nation supports the notion that such a correlation may exist [23, 
87]. In turn, this suggests that lower GIC areas—and thus, the entire 
nation by extension— may benefit significantly from the establishment 
of regional branches of government agencies or research institutions, as 
well as investment in public education, outreach, and knowledge 
development. 

4.3. Uniformity trends 

4.3.1. Intra-national 
Statistical analysis indicates that FAL Profile values within respective 

countries do not significantly differ from one another. In larger disaster 
scenarios, where response is coordinated at the state or national level, 
such uniformity helps facilitate effective response. Significant differ-
ences in GIC between FAL units within a country, that is, can challenge 
national-level disaster risk management strategy by creating knowledge 
gaps during coordination decision processes. Ultimately, this impedes 
response and complicates resource optimization significantly. It is often 
the case, however, that even where national-level disaster risk man-
agement coordination frameworks do exist, regional governments 

Fig. 5. Comparison of Nicaragua (left) and Germany (right) GIC Profiles on a normalized scale; 63 possible points.  

Table 3 
Results of Chi-squared analysis for comparing the GIC within first administrative 
levels, between countries, and between categories. Results were considered 
significant at p < 0.05.  

Main Effect df X [2] p 

First administrative level Comparison: Germany 15 11.9 0.69 
First administrative level Comparison: Nicaragua 16 1.03 1.00 
Category Comparison: Germany 4 81.5 <0.001* 
Category Comparison: Nicaragua 4 284 <0.001* 
Country Comparison 1 322 <0.001* 

*p < 0.05. 
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within FAL units determine their own disaster risk management prior-
ities and strategies—including the development and use of GIC. While 
FAL assessments can be used by these units to improve GIC internally, it 
seems reasonable to suggest that national stakeholders should invest in 
GIC development equitably across each FAL unit to ensure uniformity 
that facilitates national coordination. 

4.3.2. International 
Categorical statistical inference indicates statistically significant 

differences (p < 0.05) between GIC Profile categories for both Germany 
and Nicaragua. As a developed nation, one might expect that Germany 
would have a higher GIC in every category. While Germany’s commu-
nity capacity was consistently high—likely due to strong public educa-
tion, well-documented disaster patterns, and cultural community 
structure—not all capacity categories were as strong. In particular, 
institutional capacity scores are relatively low and inconsistent; across 
its states, German institutional capacity scores range from just 25%– 
100%. Information specifically outlining GIS training for either state 
governments or capable and relevant private sector companies could not 
be found for many states. Likewise, state-level information on the exis-
tence of a predetermined disaster response task was not always 
available. 

By contrast, Nicaraguan GIC values are lower across all categories. 
Uniformity (i.e. no statistically significant differences) across categories 
is due largely to the grouped nature of available databases—information 
on specific GIC questions is found for either all departments or none. An 
exception to this trend is found in community capacity; because com-
munities are disparately and, in many cases, independently organized, 
the availability of information concerning how communities use spatial 
data is variable, found for only nine of 17 departments. Overall, analysis 
of Nicaraguan databases suggests that categories wherein capacity is 
related to top-down technology and information were stronger in gen-
eral. Contexts in which either national or departmental governments are 
the primary determinants of access to GIS tools and related information 
for disaster response showed generally higher GIC. However, informa-
tion about GIS program organization, educational quality, and com-
munity outreach initiatives were not positively identified, suggesting a 
lack of widespread GIS training and use within the general population, 
and thus a related gap in disaster preparedness. 

4.4. Sensitivity analysis 

Due to continuously changing policies, risks, and climates, the pro-
posed GIC Profile tool is sensitive to changes. As such, to demonstrate 
the sensitivity of the model as well as the model’s adaptability, a sce-
nario analysis under conditions in which GIC values change are per-
formed for both case studies. Because actual disaster events rely on 
proven tools, theoretical scenarios are often used in this way to test and 
evaluate the utility of disaster risk management technology and con-
cepts like the proposed GIC Profile [66,67]. To assess the changes, 
theoretical scenarios were tested by answering the questionnaire again, 
under new conditions, to determine a new GIC Profile score. 

First, the effect of a power outage on the GIC Profile of Germany was 
evaluated based on past events and research related to power outages [9, 
10,31]. In this scenario, a catastrophic 72-h power outage was assumed 
in North Rhine-Westphalia, where electricity is therefore not available 
in major urban centers including Cologne, Dusseldorf, and the Ruhr 
Valley region. Even after 48 h, it is likely that most generators and 
batteries would be out of power [32], and consequently information 
found online or in any type of electric format would not be available and 
therefore the questionnaire values were assumed to now be 0. The GIC 
Profile is able to adjust to these changes where there would be a 40% 
decrease (from 95% to 57%) in the GIC Profile for North 
Rhine-Westphalia, which could create potential disaster risks compa-
rable to historical power outage events [2,64] where accidental deaths 
increased by 122% (Table S3). 

To evaluate potential GIC Profile changes in Nicaragua, we also 
tested another scenario in which there is a significant education reform, 
based on existing national education plans [5]. In this scenario, we as-
sume that there will be future educational reform investments in the 
Leon Department, which has a lower GIC value than Managua under 
existing conditions (Fig. 4). It is assumed that the national curriculum 
now includes mandatory geography courses and increases in educa-
tional technology funding. As a result of this education reform, there 
could be new university GIS courses and degree programs, which could 
also increase the number of GIS experts. With an increase in the GIS 
workforce, GIS could be integrated into national disaster risk manage-
ment agencies such as the Sistema Nacional para la Prevenci�on, Miti-
gaci�on y Atenci�on de Desastres’ (SIN-APRED). These ripple effects could 
increase Leon’s GIC Profile by 47%, raising their score from a 36 to 53 
from a result of 1 to the education-based questions. 

While these examples are included to illustrate the extreme impacts 
that catastrophic events or large-scale policy reforms could have on a 
region or country’s GIC Profile, the key point here is that a region’s GIC 
Profile is a dynamic model that is sensitive to changes while also being 
easy and quick to update. This model sensitivity and adaptability allows 
the GIC Profile to be continuously improved through the identification 
and targeting of areas with significant improvement potential. For 
example, while electronic records were vulnerable in the German cata-
strophic scenario (Table S3), community capacity and human resources 
were mostly unaffected and could potentially fill gaps in other areas. In 
the Leon education scenario, we see cascading effects where primary 
education led to secondary and tertiary programs being generated, 
which in turn could lead to a GIS educated workforce and the creation of 
a commercial sector. 

5. Conclusions & future work 

5.1. Practical implementation 

German and Nicaraguan GIC Profiles significantly differ (Table 3), 
which was qualitatively expected by nature of the nations’ respective 
development statuses, we assert that the model used to quantify these 
differences is both valid and, in turn, valuable to practical imple-
mentation of international development goals89. Further, the magnitude 
of difference between the two nations’ Profiles clearly illustrates the 
need for capacity building in developing nations especially. We posit, 
then, that international parties can use the GIC Profile as a means to 
assess and identify key priorities for collaboration in technology, edu-
cation, policy, and public outreach across developmental strata. 

Using the developmentally-representative nations from this paper as 
an example, Germany might leverage its strong Community GIC to distill 
the policy instruments and education pathways that make it possible, 
and share those insights with the Nicaraguan federal government. The 
latter may in turn be empowered to promote development of 
community-level GIS literacy as a national strategy, reducing inequities 
in and barriers to information access across FAL units. Improved com-
munity capacity, of course, directly increases the public’s ability to 
respond to and recover from disasters, not only improving resilience, but 
saving human lives. 

Assessing and comparing Profiles of collaborating countries in this 
way allows targeted investment in contextually variable GIC need areas, 
and reduces the overall resource burden of capacity development by 
leveraging successful strategies where they already exist. Collaboration 
as such is indeed explicitly prescribed in virtually every international 
diplomatic agreement outlined in Section 1.2. Therefore, if the parties to 
these seminal agreements intend to uphold their respective commit-
ments, deployment of practical and contextually-adaptable tools like the 
GIC Profile is effectively requisite. While in most cases, of course, there 
are no legally-binding consequences for absconding these commitments, 
the economic, environmental, and human social repercussions of inac-
tion are severe, and in many cases all but terminal. 
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5.2. Model development 

To support such collaboration, we contend that GIC Profile meth-
odology can be deployed as an operational instrument under any of the 
frameworks mentioned above. The current model can be replicated 
through completing the questionnaire found in Table 2 through the use 
of the listed data resources to estimate a GIC Profile score by identifying 
if the data are available at the first administrative level. The model is 
designed to allow flexibility in application, and can be modified by users 
to serve as a basis for assessment specific to a given initiative’s goals, if 
not for complete profile analysis. For example, the profile is built to be 
an iterative tool, where depending on different scenarios and events, the 
profile can be updated to include new variables that are relevant to 
disaster risk reduction such as assessment of the level of information 
technology security to fully assess potential vulnerabilities. 

However, because the above-referenced frameworks so often 
explicitly call for geographic information and capacity building tools, 
we suggest that this work may best serve as a unified method for 
assessment and improvement. In that pursuit, continuing work should 
aim to develop a global, interactive user interface that is available to 
national stakeholders and public parties alike. We envision, for example, 
a web-based application or simple plugin based on open software (e.g. 
Google Earth or OpenStreetMap) that allows users to report and visu-
alize their own GIC, but also to compare with international collaborators 
to identify growth opportunities. 

Towards this goal, future work might also consider applying a 
weighting scheme for GIC variables that accounts for relative criticality 
and resource availability. The current model uses equal weighting across 
all variables, and thus implicitly assumes each is equally important to 
disaster risk reduction. However, disciplinary experts with experience in 
field operations, developmental economics, environmental resilience, 
and even sociological dynamics may be able to offer insights into how 
the importance of different GIC variables relates to a given country’s 
other developmental strengths and needs [40,44]. To that end, we 
recommend that this debate be included in the tasks assigned to the 
United Nations Working Group on Geospatial Information and Services 
for disaster risk management [81]. Further, another future consideration 
could be to update the binary assessment to a Likert scale to further 
explore the sensitivity in the variables and add granularity to the 
assessment [7]. 

Finally, we recognize that GIC assessment is relatively independent 
from a nation’s or FAL unit’s particular disaster risk profile, and thus 
offers only part of a complete risk reduction solution. Disaster risk, in 
other words, is the product of a location’s vulnerability, the likelihood of 
occurrence in that location, and the magnitude of impact a disaster 
would have given those vulnerability and likelihood conditions. While 
the GIC Profile may well serve to reduce vulnerability by facilitating 
capacity development, effective disaster risk management must account 
for these other factors. Consequently, we recommend that future work 
using the GIC Profile methodology seek to pair it with spatial risk 
analysis to better understand how risk interacts with capacity; i.e. 
whether areas with the highest risk exhibit a higher GIC, and if not, how 
GIC might be developed to address those risks in particular. 

5.3. Global imperative 

At its core, this study suggests and evaluates a novel means for na-
tional stakeholders to quantitatively evaluate GIC and identify key needs 
for capacity growth in order to strengthen disaster risk management 
systems. The eventual result of this growth, however, is the potential to 
reduce losses in economic, environmental, and human social health, and 
indeed mitigate disaster drivers from the beginning—aligning this 
methodology well with the underlying missions of several international 
diplomatic agreements to which most of the world is beholden. Model 
testing both reveals gap areas in case countries and confirms that 
developing nations are at comparatively elevated risk due to low 

capacity for disaster risk management through GIS. Statistical compar-
ison between case country profiles reveals trends that fall neatly along 
empirical qualitative lines, thus validating the model as one that may 
provide valuable insights to inform national-level decisions in policy, 
technology, education, and public administration. 

We assert, therefore, that the GIC Profile methodology fills a gap at 
the nexus of science, technology, and policy that has long perpetuated 
obstacles to data-driven and sustainable development on a global scale. 
This tool makes clear how information, education, and communication 
policy affect technical competencies, community resilience, and indeed 
the impacts of disasters overall by extension. Using this methodology as 
a means to operationalize commitments under global structures like the 
Sendai Framework, Paris Agreement, and Sustainable Development 
Goals, decision makers may be empowered to take definitive and 
necessary action that accounts for critical needs and resource limita-
tions, but also leverages the potential of international collaboration. 

Ultimately, as climate change and human behavior continue to 
exacerbate the effects of natural disasters, the need for spatially- 
informed disaster risk management measures increases concurrently. 
While geographic information and spatial tools have historically been 
used in disaster prediction, trajectory mapping, and effects localization, 
contemporary technologies are beginning to enable real-time optimi-
zation of response and recovery efforts. Now, as these technologies 
continue to evolve, many of those most vulnerable to the effects of di-
sasters are left behind due to gaps in their capacity to collect, analyze, 
and communicate the spatial data upon which these tools rely. By 
providing a roadmap for GIC assessment, this methodology serves as a 
basis for optimizing decisions about interventions, policies, and resource 
investments that aim to better prepare national stakeholders—and 
especially developing countries—not only to respond and recover, but 
also to markedly improve capabilities in mitigation and planning. In so 
doing, GIC Profile can provide a starting point for nations to reduce 
vulnerability and proactively mitigate the likelihood and impacts of 
disasters as well—ultimately reducing disaster risk overall. 
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