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Abstract: Volunteered Geographic Information (VGI) is spatial data collected through digital participatory mapping,
where non-expert volunteers create and share spatial knowledge. Despite claims of empowerment and improved decision-
making, the long-term outcomes of participatory mapping remain under-evaluated. In humanitarian emergency response,
VGI production enables the creation of updated real-time post-crisis maps, thus improving response effectiveness. This
paper examines the lasting socio-economic outcomes of VGI production in humanitarian assistance, beyond the
immediate crisis period, with a focus on the 2015 Nepal earthquake response. VGI production led to the creation of the
first freely available and comprehensive digital basemap for Nepal, which catalyzed the development of new spatial
services and platforms. Beyond disaster relief, the mapping data provided a foundation for new business and educational
opportunities, including Baato Maps, a culturally relevant, low-cost navigation tool. The adoption of these tools has
fostered a competitive ecosystem for spatial services like ride-sharing, e-commerce, and delivery, fostering economic
resilience. This paper demonstrates how participatory mapping, when purposefully integrated, can drive disruptive
innovation and create socio-economic benefits which support the transition from emergency response to long-term
development. It highlights the importance of incorporating community generated VVGI into future humanitarian planning
and evaluation to support sustainable, community-driven innovation and enhance long-term resilience.
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formal responders (Cinnamon, 2020; Givoni, 2016). This
Volunteered Geographic Information (VGI), created
through participatory mapping processes, has become a

1. Introduction
In the aftermath of a natural disaster, diverse actors

including civil society, humanitarian organizations, and
government agencies must collaborate and coordinate
response actions to meet critical life-saving needs in
affected areas. Access to timely and accurate data,
especially spatial data, plays a crucial role in optimizing
the allocation of resources for relief efforts, including
financial, technical, and logistical support (Poiani et al.,
2016). Inadequate information management and
coordination between government, civil society, and
international humanitarian organizations hinders effective
emergency response and planning (Alesani & Missoni,
2023; Cinnamon, 2020; Moore et al., 2016).

With the rise of accessible technologies, a new
phenomenon has emerged which allows for large-scale
digital participation by volunteers to support humanitarian
emergency assistance. This is known as ‘digital
humanitarianism’, where volunteers, including those on
the ground impacted by the crisis and far away that offer
labour and technical skills, enhance coordination and
accelerate response by providing critical and rapidly
updated information which is made freely available to

core component of digital humanitarianism, especially in
situations where limited pre-existing spatial data exists and
numerous actors are involved. The term Volunteered
Geographic Information, introduced in 2007, describes
spatial data collected by remote volunteers to meet shared
goals, often facilitated by intermediaries such as academic
researchers, government planners, and civil society
organizations (Goodchild, 2007; Kamptner & Kessler,
2019). If local communities and individuals are integrated
into the process of VGI production, the data can also
capture critical place-based insights that might otherwise
be overlooked by short-term temporary international
responders (Givoni, 2016; Herfort et al., 2021).

Participatory mapping, which originated in the 1970s as
part of Participatory Rural Appraisal (PLA) and
Participatory Learning and Action (PLA) methods in the
Global South, rethought the process of map production by
engaging local communities and non-experts in mapping
their knowledge (Chambers, 2006; Corbett et al., 2016;
Rambaldi et al., 2006). The rise of participative web,
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which reflects the evolution of internet technologies
towards more user-centric, participatory, and socially-
oriented experiences, and the Geoweb have transformed
participatory mapping, enabling broader digital
participation and fostering the development of platforms
like OpenStreetMap (OSM) (Albuquerque et al., 2016;
Polous, 2023). OSM allows users to collaboratively create,
edit, and share VGI features such as roads, buildings, and
landmarks in real-time, creating the potential for
frequently updated, freely available, and globally
accessible maps which can capture personal knowledge
such as toponymy (Mahmud et al., 2022). OSM has made
a major contribution to the parallel fields of VGI, citizen
science and Public Participation GIS (Fagerholm et al.,
2021). Participatory mapping is reported to enhance
decision-making and management by empowering
communities to communicate their unique understandings
of place (Corbett et al., 2016; Rambaldi et al., 2006).
Despite its enduring popularity, claims of long-term
benefits and effectiveness of participatory mapping
research and practice remain largely unsubstantiated
(Corbett et al., 2016). Similarly, little is known about the
outcomes arising from the adoption and use of
participatory mapping outputs - including if and how VGI
data produced during humanitarian emergency response is
used after responders depart (Givoni, 2016).

The first successful application of VGI in crisis response
occurred after the 2010 Haiti earthquake, when volunteers
from around the world contributed to mapping affected
areas using OSM (Hunt, 2023). Since 2010, despite
improvements, including the establishment of dedicated
humanitarian VGI coordination organizations including
the Humanitarian OpenStreetMap Team (HOT), the
adoption and integration of VGI data into crisis response
processes has varied widely (Hunt & Specht, 2019).
Success has been linked to several factors, including
perceptions of legitimacy and data accuracy, the
relationships between responders and VGI intermediaries,
and pre-existing technical and human capacity (Soden &
Palen, 2016; Thapa et al., 2017).

While much research has focused on the use of VGI
datasets in specific disaster response efforts (Hunt, 2023;
Soden & Palen, 2016), the sustained impacts of
participatory mapping and data creation both during and
after humanitarian  emergency response  remain
underexplored (Givoni, 2016; Yan et al., 2020). Much of
the existing evaluation has focused on process-based
metrics—such as points on a map or number of users—
rather than the broader outcomes often realized in the long-
term recovery process (Cochrane & Corbett, 2020;
Haworth et al., 2018; Yan et al., 2020). This gap in
understanding limits the ability to capture the true potential
of VGI. Global case studies have linked creating access to
high-quality, open spatial data to a range of benefits, such
as fostering new business opportunities (Hansen &
Schrader, 2019), improving community resilience to
future disasters (Parajuli et al., 2023), and enabling better
decision-making (Cochrane & Corbett, 2020).
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This article examines the sustained socio-economic
benefits of VGI production during humanitarian
emergencies. Using the 2015 Nepal earthquake response
as a case study, we investigate the acceleration of
disruptive innovation linked to the participatory mapping
process and the VGI produced for emergency response. A
decade has passed since the earthquake, allowing
sufficient time to assess the longer-term impacts of actions
taken in the response. The local non-profit Kathmandu
Living Labs (KLL) played a pivotal role in facilitating the
production and use of VGI by local individuals and
humanitarian response organizations. This process created
innovative access to mapping and open spatial data,
inspiring local communities, institutions, and businesses to
continue mapping Nepal and build new services and
opportunities that were previously unavailable, including
ridesharing and food delivery. We specifically highlight
Baato Maps, a culturally relevant, low-cost mapping
solution, as a key example of how VGI integration can
accelerate innovation and deliver lasting socio-economic
benefits.

2. Background

2.1 Challenges of Evaluating Impact

The dynamic and often chaotic nature of crisis response
complicates the evaluation of VGI use in humanitarian
settings and understanding the deeper, more sustained
changes in communities affected by disasters as a result of
VGI production (Alesani & Missoni, 2023; Cinnamon,
2020). Supporting the transition of impacted populations
from post-crisis to long-term sustainable recovery and
resilience-building is a key aim of humanitarian assistance
(Alesani & Missoni, 2023). However, lasting socio-
economic benefits that accelerate this transition are often
indirect and may not emerge until long after the formal
response phase concludes, making them difficult to
measure within the traditional evaluation frameworks
(Herfort et al., 2021). Whilst proponents of VGI point to
its open-source and decentralized nature as a benefit (Parr,
2015), this complicates efforts to track, verify and evaluate
the impact of this data including use by responders and
government agencies (Hunt & Specht, 2019; Polous,
2023). Measuring and defining these impacts would
require a shift of evaluative attention from outputs to
outcomes, focusing on evaluating long-term changes in
social and economic dynamics that emerge from the
integration of open data and community-driven innovation
long after a humanitarian intervention ends.

2.2 Disruptive Innovation and the Rise of Digital
Humanitarianism

Innovation in participatory mapping has evolved
significantly with the advent of cheaper and more
accessible digital technologies. In the context of
humanitarian and international development work,
"disruptive innovation" refers to new technologies or
practices that challenge existing systems and power
structures (S. Brown, 2020; Fejerskov & Fetterer, 2021).
Digital humanitarianism, driven by the integration of local
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and global participants, has introduced new ways to
engage citizens in humanitarian response through
decentralized, open-source platforms like OSM
(Cinnamon, 2020; Mulder et al., 2016). This has created a
new paradigm of innovation which disrupts traditional
humanitarian response systems, not only through the use
of new technologies but also through the demand for
increasingly transparent approaches to crisis response for
governments, civil society, responders, and people
affected by crisis who can put needs on the map (Fejerskov
& Fetterer, 2021; Givoni, 2016; Mulder et al., 2016).
However, for such innovations to have lasting effects, they
must be integrated into formal systems as standard
practice, allowing them to evolve beyond their initial
applications (S. Brown, 2020; Soden & Palen, 2016).
Participatory mapping uptake and adoption has the
potential to subvert entrenched power dynamics in
cartography and humanitarian assistance by allowing local
communities and non-experts to directly participate in
knowledge production (Cinnamon, 2020; Cochrane &
Corbett, 2020; Haworth et al., 2018). These contributions
help increase accountability by democratising access to the
production and outputs of spatial information used for
decision-making, empowering local actors to shape their
recovery and future resilience (Corbett et al., 2016; Givoni,
2016). In situations which purposefully leverage local
expertise, VGI production increases the capacity for local
actors to utilize VGI for their own benefit for immediate
disaster response and longer-term recovery (Haworth et
al., 2018; Yan et al., 2020).

Contributors to VGI tasks can be non-experts; however,
data are often verified by other volunteers to ensure data
quality (Albuguerque et al., 2016; Parr, 2015). This has not
only expanded opportunities for citizens to participate in
mapping their environment, but has also enabled the
creation of custom applications that utilize the OSM
infrastructure to address specific and locally-relevant user
needs (Neis & Zielstra, 2014). However, concerns about
data privacy and digital inequality persist, and issues with
volunteer engagement and motivations affect the coverage
and quality of spatial data (Kamptner & Kessler, 2019;
Khanal et al., 2019).

Despite the initial success of crisis mapping using OSM to
improve the efficiency of response efforts, challenges
arose in data accuracy and communication between
responders (Soden & Palen, 2016). This highlighted the
need for better coordination between VGI creators and
formal humanitarian responders, a critical element for
ensuring the uptake of VGI. The non-profit Humanitarian
OpenStreetMap Team (HOT) formed as a key
intermediary to coordinate VGI efforts, creating a
customized OSM platform which mobilizes remote
volunteers to collect and update spatial data during and
after crises (Scholz et al., 2018). Over the past 15 years,
HOT has significantly contributed to participatory
mapping using VGI, with 514,000 mappers creating over
165 million building edits and mapping 3.7 million
kilometers of roads around the world. HOT is also
dedicated to long-term anticipatory action, including the
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‘Missing Maps’ project which seeks to create data in
vulnerable areas that lack high-quality spatial information
(Albuguerque et al., 2016; Scholz et al., 2018).

Yet, despite its proven success, HOT as an organization
and VGI as a data type have not been systematically
integrated into the operational frameworks of
humanitarian response frameworks including the UN
Inter-Agency Standing Committee’s Humanitarian
Programming Cycle (HPC) (IASC, 2015). Whilst
individual response organizations including World Food
Programme, Medecins Sans Frontiers and British Red
Cross have incorporated VGI into their operations, there
are significant challenges in the systemic adoption of VGI
to support collaboration between responders (Cinnamon,
2020). In a meta-analysis of 51 humanitarian VGI
deployments between 2010 and 2016, Hunt & Specht
(2019) found that VGI data are often the first to be
dismissed by formal responders due to lack of capacity to
use or verify data created by third-parties. Without formal
systems and clear metrics for success to evaluate its
contribution, VGI’s potential for sustained impact remains
underutilized by the international community, limiting its
broader adoption and integration into future humanitarian
efforts.

2.3 From Crisis to Innovation: VGI's Impact on
Nepal's Earthquake Recovery

The 2015 Nepal earthquake response provides a clear
example of how VGI production can accelerate
humanitarian response and lead to lasting innovations
which accelerate socio-economic benefits. On April 25,
2015, a 7.8 magnitude earthquake struck near Kathmandu,
killing nearly 9,000 people, injuring 22,300, leaving 2.5
million people homeless and impacting an estimated one-
third of Nepal’s population (Government of Nepal, 2015;
McMurren et al., 2017). With over 450 humanitarian
organizations and 34 country teams physically mobilized
to support relief efforts, the need for rapid, accurate
mapping was urgent (Government of Nepal, 2015). The
limited national disaster management infrastructure,
outdated pre-existing data, and remote locations of
affected areas hampered initial response efforts, creating
challenges for both national and international responders
(Paudel & Soden, 2023).

Prior to the earthquake, Nepal had minimal accurate and
freely available digital infrastructure for mapping and
route-finding, with government data largely unavailable
for public use, outdated, and incomplete (McMurren et al.,
2017). As homes in Nepal are not typically addressed,
navigation relied on traditional and informal methods,
using landmarks and local descriptions (S. Bhattrai,
personal communication, Dec 2023). Participatory
mapping and the production of VGI played a critical role
in overcoming this gap. Over 5,000 online volunteers
contributed to the HOT platform to support the earthquake
response, producing more than 1,000,000 edits to the map
of the affected area (Andersen, 2015; Parr, 2015). These
edits included classifying roads, identifying damage, and
providing detailed geographical data that allowed
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responders to navigate remote areas (Thapa et al., 2017;
McMurren et al., 2017). Kathmandu Living Labs (KLL), a
local organization established by OSM scholar and
champion Dr. Nama Budhathoki, had been mapping
facilities in the Kathmandu Valley on OSM since 2013. Dr.
Budhathoki’s technical skills and network played a central
role in elevating KLL’s capacity to lead mapping efforts,
coordinating between the global HOT and OSM
volunteers, local volunteers, and humanitarian responders
(McMurren et al., 2017; Poiani et al., 2016).

KLL’s pre-existing organizational technical capacity,
local knowledge, and community engagement enabled the
rapid scaling of VGI during the response (Hunt, 2023;
Poiani et al., 2016). This included the addition of 40 Nepali
volunteers, who came to the KLL ‘situation room’ to offer
support and included students, employees at technology
firms, some of whom had never mapped before
(Kathmandu Living Labs, 2016; Thapa et al., 2017; N.
Budhathoki, personal communication, Dec 2023). These
volunteers were quickly trained to become data collectors
and verifiers, ensuring culturally-relevant review of
incoming data from VGI volunteers (N. Budhathoki,
personal communication, Dec 2023).

One of the most significant innovations to support the
response was KLL’s development of QuakeMap, a mobile
application deployed within 24 hours of the earthquake,
which allowed affected communities to report damages
and needs directly (McMurren et al., 2017). These reports
helped prioritize relief efforts, informed strategic decision-
making on the ground, and allowed participating
responders to see when reports had been addressed in real-
time (Hunt, 2023). While the initial skepticism from
government agencies and humanitarian organizations
about data quality created challenges for KLL’s efforts to
integrate  VGI, legitimacy was enhanced through
widespread participation and media coverage from
national and international media outlets and volunteers,
ultimately leading to broader adoption by government and
formal humanitarian responders (Thapa et al., 2017). In
contrast to prior similar emergency responses, the OSM
basemap became the most commonly used source of GIS
data by teams working in the response (Soden & Palen,
2016). QuakeMap was adopted as an official tool for
coordinating relief efforts by the Nepal Army and the
National Information Technology Center (Hunt, 2023;
McMurren et al., 2017). The widespread adoption of VGI
by international, government, and local actors in this case
study is cited as a turning point which lead to open-data
practices becoming more commonly used by a wide range
of humanitarian actors (Herfort et al., 2021; Hunt &
Specht, 2019).

3. Methods

This study is part of a broader research initiative funded by
the Social Sciences and Humanities Research Council of
Canada, examining the unintended impacts of
participatory mapping. Cases were selected based on
expert recommendations, with the HOT and KLL project
in Nepal chosen as a key example. A research ethics
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review was approved by the University of British
Columbia, and data collection in Nepal occurred in
December 2023.

The study employs a case study approach, informed by a
variety of research methodologies, including an academic
literature review, and interviews with key informants from
HOT and Baato Maps. Prior to in-country data collection,
the research team held regular meetings with the lead of
HOT Asia-Pacific and KLL for six months, gathering
contextual data and coordinating meetings with relevant
stakeholders. In-country data collection involved
individual interviews and focus group discussions (FGDs)
with project staff, academics, NGO personnel, government
officials, and users of participatory mapping tools. All
interviews and FGDs were audio recorded with participant
consent. This allowed for an ecosystem approach to
understanding the unintended societal impacts of
participatory mapping, using a decade-long perspective
since the initial mapping efforts in Nepal post-2015
earthquake.These conversations provided a diverse set of
insights into the ongoing use of VGI, though it is
acknowledged that several important stakeholders were
not reached due to the study’s scope and timeframe.

The study's data collection period was limited to two
weeks, which, while allowing for daily meetings with
multiple stakeholders, restricted the number of
participants. Additionally, all interviews and reviewed
literature were conducted in English, which excluded
certain regional resources in Nepali. While this study
draws on the perspectives of experts and key informants,
it is recognized that the perspectives of other stakeholders
were not fully captured. Understanding the complex,
multifaceted nature of participatory mapping and
innovation, the research acknowledges the challenges of
establishing  clear  cause-and-effect  relationships,
particularly given the uncertainties of timeframes, the
limited availability of tools, and the absence of attention to
indirect impacts (Corbett et al., 2016; Grandpré et al.,
2023. A more nuanced, deeper understanding of these
multidimensional impacts would enhance future efforts to
assess the effectiveness of participatory mapping and VGI,
and arguably provide the ability to drive sustainable
change within the humanitarian OSM landscape.

4. Findings

In the wake of the 2015 Nepal earthquake, the VGI that
was produced has played a key role in shaping long-term
socio-economic benefits, extending far beyond immediate
disaster relief. Continued leadership and contributions
from civil society organizations including KLL has led to
the production of a comprehensive and freely available
map on OSM (Paudel & Soden, 2023). This has provided
significant contributions towards accurate navigation
services within Nepal, leading to new norms for
smartphone users who can now easily map driving
directions or order food delivery (Pandey, 2023; Yan et al.,
2020). Prior to the earthquake, Nepal’s route-finding and
navigation capabilities were severely limited due to poor
data quality and the absence of a national addressing
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system (S. Bhattrai, personal communication, December
2023; Khadka, 2023). Global services like Google Maps
were inadequate, failing to distinguish between vehicle-
accessible roads and footpaths (S. Bhattrai, personal
communication, December 2023). Local businesses which
wished to expand or improve their offerings by including
GIS navigation services, for example to deliver goods to
homes, were hindered by the high cost and inaccuracy of
global providers (B. Pokherel, personal communication,
December 2023). Relying on land-mark based directions
that varied by individual perception created a significant
challenge for effective service delivery and innovation.

Following the production of VGI in the earthquake
response, mapping of more features throughout Nepal
continued, helping to address these challenges. While
Kathmandu Living Labs (KLL) had initiated open
mapping efforts prior to the disaster, the speed and quality
of coverage was limited by their funding and staff
capacity. Contributions from local and digital mappers
following the earthquake expanded these efforts and
continued long after the immediate relief efforts, creating
a comprehensive and freely accessible basemap for Nepal
on OSM (N. Budhathoki, personal communication,
December 2023; HeiGIT, 2020; Kamptner & Kessler,
2019). For example, the road network coverage in Nepal
on OSM increased by 15% directly after the disaster and
by 2020 had increased by 30% (HeiGIT, 2020). Local
interest in  mapping was sparked, and multiple
organizations and programs have emerged which aim to
build local OSM mapping skills to support projects in
topics including climate change, disaster risk reduction,
entrepreneurship, youth engagement, and agriculture
(OpenStreetMap, 2024). KLL developed a digital
internship and leadership program for Nepali youth, which
sought to empower participants to map rural and data-poor
regions of Nepal on OSM (Khanal et al., 2019). 19 interns
created over 1,200,000 map changes over a period of 3
months, not only creating critical data for under-mapping
localities, but also enhancing the capacity of youth to use
spatial data to improve existing practices and create new
socio-economic opportunities (Khanal et al., 2019). These
edits suggest increasing interest and engagement in
participatory mapping and its applications.

The output of this participatory mapping on OSM is a
widely used and freely available basemap of Nepal.
Coupled with a shift toward open data practices, the
production of this VGI has inspired local businesses and
communities to leverage the data and infrastructure to
create long-term socio-economic benefits. For example,
OSM road data was used instead of government data for
local flood evacuation planning in Nepal, highlighting how
VGI integration can address gaps in local data, enhance
decision-making, and increase resilience to disasters
(Parajuli et al., 2023). A key economic benefit has been the
ability for a local GIS-based economy to emerge which
utilizes locally-made data, either freely or through Nepali
service providers at a fraction of the cost of international
commercial providers.
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Baato Maps is one example of a culturally-relevant
mapping solution in which the speed of development was
enabled by the post-earthquake surge of VGI data, and a
desire to add value to OSM data (S. Bhattrai, personal
communication, December 2023). The freely available
Baato Maps mobile application utilizes a disruptive
innovation approach to navigation by using landmark-
based guidance, addressing the limitations of formal street
addressing and enabling users to navigate Nepal’s
complex terrain in Nepali using familiar methods (Pandey,
2023). The application’s offline capabilities further
enhance its utility in remote areas with limited internet
access. Beyond navigation, Baato Maps also offers API
services to local businesses, making affordable spatial data
services available for various sectors, including e-
commerce, ridesharing, food delivery, and logistics (Baato
Maps, 2025). The API has initiated the development of
several apps which use Baato Maps, as well as the
development of a competitive ecosystem of spatial service
delivery for Nepali businesses which address market gaps
(B. Pokherel, personal communication, December 2023).
This entrepreneurship has created economic opportunities
for business owners and employees, as well as a wide
network of service providers. For example, the launch of
Galli Maps in 2022, a delivery-focused navigation service,
improved door-to-door delivery for e-commerce,
groceries, and medical supplies (Khadka, 2023; Pandey,
2023). This type of service provision not only fosters
economic benefits but can also increase resilience to
shocks, for example by providing essential services for
vulnerable citizens during the COVID-19 pandemic.

The creation of new spatial services can be seen as part of
a broader trend where the availability of open spatial data
has enabled entrepreneurial opportunities, though the
exact causal relationship remains complex. Similar studies
have demonstrated that open spatial data can lead to the
development of new business sectors, providing support to
local economies (Hansen & Schrader, 2019; Haworth et
al., 2018). In Nepal, the new ecosystem of services derived
from open spatial data have created economic
opportunities for business owners and employees, as well
as a wide network of individual service providers. Access
to creating and participating in mapping has facilitated
better communication between citizens and governments,
and the development of educational initiatives aimed at
building local leadership. These developments underscore
the long-term socio-economic impacts that arise from
participatory mapping and VGl-accelerated innovation,
with increased access to critical services—such as
navigation, delivery, and connectivity—enhancing not just
crisis recovery but also creating a more resilient socio-
economic infrastructure in Nepal.

5. Discussion

The case study of the 2015 Nepal earthquake response
illustrates the often-overlooked potential of participatory
mapping to generate long-term and often unexpected
socio-economic benefits. While participatory mapping has
long been touted for its ability to empower marginalized
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groups and facilitate decision-making (Cochrane &
Corbett, 2020; Fagerholm et al., 2021; Rambaldi et al.,
2006), its lasting outcomes—especially those initiated
because of a  humanitarian emergency —remain
underexplored. In Nepal, participatory mapping did not
only enable a more rapid and efficient humanitarian
response; it also accelerated innovations such as Baato
Maps, which provides previously unavailable services
tailored to the specific needs of Nepali users. The
empowerment of both the user and the service provider to
utilize and create open spatial data has created a new
paradigm of civic participation which is increasingly
accessible, transparent and accountable (Givoni, 2016;
Haworth et al., 2018). VGI production to the scale
necessary to create these socio-economic impacts may not
have been realized without the influx of volunteers and
resources in the aftermath of a disaster.

Yet, as with many participatory mapping projects, the
challenges of evaluating its impact beyond the immediate
outputs persist. The open structure of VGI data,
particularly in platforms like OpenStreetMap (OSM),
makes it difficult to track the long-term use and impacts of
the data, as these are often not integrated into formal
decision-making processes (Scholz et al., 2018). Without
clear systems for monitoring and verifying how VGI data
is used post-crisis, it becomes challenging to assess its full
socio-economic value, leaving organizations like HOT and
KLL vulnerable when competing for donor funding.

Improving socio-economic outcomes for communities in
the Global South remains a key goal of sustainable
development projects, many of which are financed by the
same donors who fund humanitarian assistance. And yet,
the potential for VGI production and uptake to support
emergency response and transitions to recovery and long-
term socio-economic improvements has been overlooked
in multi-sector evaluations of humanitarian assistance.
Given the potential for resource optimization and the
promotion of success stories which enhance donor
popularity, why has the contribution of VGI been
undervalued?

A key challenge is coordination and information sharing
between actors within and between sectors. Although
humanitarian assistance and international development
actors often operate in the same locations, differing
timescales and types of interventions lead to coordination
being reliant on chance and personal connections (Hunt &
Specht, 2019; Soden & Palen, 2016). Whilst there are
growing calls to ‘disrupt development’ from actors
working in the humanitarian and development fields
(Fejerskov & Fetterer, 2021), there is also growing
recognition of the need for organizations within the system
to enhance coordination between nodes of the ‘complex
system’ (Moore et al., 2016).

Evaluations of humanitarian response are sparse, largely
limited to recording deviations from standard operating
procedures, and rarely used as an opportunity to create new
ways of doing things (Alesani & Missoni, 2023;
Ramalingam, 2016). This limits learning and
accountability to a “single-loop” approach, which seeks to
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improve existing processes or systems but does not
challenge underlying assumptions or foster innovation
(Fejerskov & Fetterer, 2021). While this approach can lead
to incremental improvements, it does not fully capture the
potential for systemic change and innovation that
participatory mapping can catalyze. A "double-loop"
approach, which questions the underlying assumptions
about how humanitarian response systems operate, is
crucial for identifying the broader, long-term impacts of
VGI (Ramalingam, 2016). Such an approach could lead to
a more comprehensive understanding of VGI's role in
fostering long-term innovation, community
empowerment, and economic development.

The example of Baato Maps demonstrates how VGI can
spark lasting socio-economic changes by enabling new
services and business models. However, to maximize
VGI's potential in future humanitarian efforts, there must
be a concerted effort to integrate VGI data into long-term
recovery and sustainable development planning. This
requires an evaluation framework that not only considers
short-term crisis response outcomes but also tracks how
innovations introduced during emergencies can contribute
to sustainable development and future crisis management.
In doing so, the humanitarian sector can better harness the
power of participatory mapping to create sustainable, long-
term benefits for affected communities. However, the
challenge remains to ensure that such innovations are
sustained and expanded, requiring a systemic shift in how
humanitarian actors perceive VGI.

Given the evidence from the Nepal case study, future
research should focus on developing more robust
frameworks for evaluating the long-term impacts of
participatory mapping and VGI production after
humanitarian ~ emergency  response. A  deeper
understanding of if and how VGI shifts power dynamics in
humanitarian settings is also essential. While VGI
democratizes spatial information, further investigation is
needed to understand how this empowerment is perceived
and utilized by local communities, individuals, and civil
society. By exploring these areas, future research can
provide a more comprehensive understanding of VGI’s
potential to drive innovation, foster economic
development, and enhance resilience, both in humanitarian
response and in long-term sustainable development
efforts. This will not only help improve the effectiveness
of future humanitarian interventions but also underscore
the value of participatory mapping as a tool for sustainable
development.

6. Conclusion

This paper has highlighted the potential for digital
participatory mapping to lead to disruptive innovation and
lasting socio-economic benefits in crisis-affected
communities after humanitarian emergency response has
concluded. The Nepal case study underscores the value of
VGI production and integration in complex humanitarian
response, which, with appropriate evaluation and planning
frameworks, can be optimized to contribute to long-term
sustainable recovery and resilience-building. The success
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of Baato Maps, a culturally relevant navigation tool
developed using OSM data, illustrates how localized
crowdsourcing of digital spatial data can lead to
unexpected and understudied outcomes that might be
realized well after immediate intervention timeframes that
are typically used to evaluate impacts. By adopting a
collaborative “double-loop™ approach that evaluates the
potential of VGI production to accelerate innovation and
catalyze sustainable development, the humanitarian sector
can more effectively harness the power of participatory
mapping to drive lasting change. This shift will ensure
participatory mapping, when implemented appropriately,
is recognized as a valuable tool for crisis response and
lasting benefits, enabling digital humanitarianism to fulfil
its potential.
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