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Abstract

Environmental disasters caused by human activities
are increasing. Despite the availability of data from
many agencies, it can be challenging for citizens and
local decision-makers to discover and make sense of
information about an unfolding environmental disaster
in a timely manner. =~ Common operational picture
tools (COPs) are standard tools in a crisis informatics
toolbox; however, COPs are infrequently the type of
technology used to share environmental information.
This paper offers a systematic literature review of
crisis informatics tools used to support decision-making
during environmental events in North America. The
results show that much of the literature in this space has
focused on social media to support situation awareness,
however, data from authoritative sources are not always
present in this medium. We discuss these results in light
of insights from the crisis informatics field to support
situation awareness during a crisis.

Keywords: Environmental crisis, crisis informatics,
common operational picture tools, situation awareness,
decision-support systems.

1. Introduction

Environmental disasters stemming from
anthropogenic activities, including those caused by
climate change, are increasing in frequency (Smith et al.,
2020). These incidents, as well as naturally-occurring
hazards, can have significant impacts on communities,
ecosystems, and economies. Effective response and
management of these events require accurate and timely
information. However, the availability and complexity
of environmental data can make it challenging to
obtain a clear and actionable understanding of the
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situation. The field of crisis informatics emerged, in
part, to help navigate the same kind of challenges
and develop best practices for situational awareness
and decision-making in crisis situations. These best
practices emphasize the importance of collaboration,
coordination, and communication among stakeholders,
as well as the use of common operational picture (COP)
tools to support information sharing and visualization
(Rowland et al., 2022). These best practices are
arguably underutilized during environmental crises as
evidenced by public confusion and distrust towards
scientists and decision-makers (Rowland et al., 2022).

According to Palen and Anderson (2016), “Crisis
informatics is a multidisciplinary field that integrates
computer science with social science knowledge of
disasters,” specifically emphasizing leveraging personal
information and technology to address the uncertainties
associated with disaster response.  During crises,
stakeholders such as emergency managers often rely on
technology to identify and implement suitable solutions
while effectively disseminating information to the
general public. However, in decision-making pertaining
to the evolving areas around environmental regulations,
crisis management, and the public’s information
requirements in times of disasters, decision-makers face
challenges in addressing these complexities, leading to
reliance on decision-support systems (DSS). Despite
their nearly four decades of development, most of these
tools fall out of use quickly and fail in delivering their
anticipated outcomes (Newman et al., 2017; Reiter et al.,
2018; Walling and Vaneeckhaute, 2020). There is
therefore an under-exploited opportunity to connect the
tools and knowledge from the crisis informatics field
with the climate and other environmental disasters.

In this research paper, we aim to comprehensively
examine the diverse range of technologies utilized
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during environmental crises and naturally-occurring
hazards (hereafter, environmental events) from the
perspective of crisis informatics. Our primary objective
is to enhance the actionability of environmental data
by gaining a deeper understanding of the various
technological solutions utilized during these situations.
Specifically, we conducted a systematic literature
review of research papers focused on technology use
to support situation awareness and decision-making
for environmental events. We identify and analyze
these tools’ features, capabilities, and limitations
and provide insights on how they can be improved
to better support decision-making in environmental
management. The results of this study have
important implications for environmental managers,
policy-makers, and researchers. By identifying
these technologies and their potential benefits and
drawbacks for environmental crises, we can improve
decision-making speed, accuracy, and effectiveness,
leading to better outcomes for communities and the
environment.

1.1. Problem Statement and Research
Questions

To respond effectively to environmental events,
decision-makers require timely and accurate
information about the event’s location, scope, and
potential impacts.  However, environmental data’s
sheer volume and complexity can make it difficult to
extract actionable insights promptly. This problem is
compounded by the fact that multiple organizations
often collect and manage environmental data, resulting
in siloed data (Hodgson et al., 2019).

The field of crisis informatics has developed a range
of tools and techniques to support decision-making in
the context of disasters and emergencies. However,
these tools have not been widely applied to the
management of environmental events. This paper
addresses this gap by conducting a systematic literature
review of technologies used to support situation
awareness for environmental events. The paper
will examine how these tools can be extended
and adapted from the field of crisis informatics
to improve the actionability of environmental data,
enabling decision-makers to respond more effectively to
environmental events.

Several technologies, such as social media,
web-based  applications,  spatial  visualizations,
and mobile applications, have been used to
support decision-making over time. We reviewed
publications exploring use of these technologies
during environmental events within the scope of North

America. We limited our scope to this region for
consistency within cultural considerations, emergency
management styles, and similarities of approaches to
environmental events. In this, we sought answers to the
following research questions.

RQI1: What are the different types of technologies
used to support decision-making during environmental
events?

RQ2: What are the benefits and drawbacks
of different types of technologies for supporting
decision-making during environmental events?

2. Related Works

Situation Awareness was first defined by Endsley
(1988) as “the perception of the elements in the
environment within a volume of time and space, the
comprehension of their meaning, and the projection of
their status in the near future”. On the other hand, Hiltz
and Plotnick (2013) also described SA as the idealized
state of understanding what is happening in an event
with many actors and other moving parts, especially
with respect to the needs of command and control
operations.

The availability of reliable information about a
disaster is a key factor for good decision-making and
pivotal for taking action. Social media has emerged
as a channel for prompt updates on issues as they
happen and provide varied platforms for collating and
cross-checking information as events unfold. Hiltz and
Plotnick (2013) described emergent social conventions
and technical features of social media that can be
useful in organizing and filtering information to obtain
situational awareness. In similar research, Cameron
et al. (2012) designed a system that automatically
correlates tweets to inform and improve situation
awareness.

Social media is a valuable source of information
during disasters, but it can be overwhelming for
emergency responders. They need to be able to quickly
and efficiently collect, validate, organize, and visualize
citizen-generated information. Social media can be
used to gather real-time information about an incident,
communicate with people affected by it, and coordinate
emergency personnel’s response. By comparing social
media data generated by the public to private interviews
of people in crisis environments, Xin et al. (2019) also
found Tweet data to be noisy and require a lot of manual
work to normalize the data, making it less useful for
real-time decision-making. Their work compared the
Twitter API and the performance of the latent Dirichlet
allocation statistical model.

Soden and Palen (2018) reinterpreted the concept of
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“informating” to understand how ICT has changed crisis
preparedness, response, and recovery. They proposed
a more critical agenda for crisis informatics research
and assessed the consequences and opportunities of
technological developments. The major findings
reported by Soden and Palen (2018) in this research
highlighted how the concept of informating could be
used to understand better the impacts and opportunities
presented by technological developments in crisis
response management. It further detailed the need for
a more critical agenda for crisis informatics to respond
effectively to contemporary challenges posed by climate
change and natural hazards. The findings further
outlined categorization, classification, and information
standards playing a crucial role in determining what
gets represented through ICTs during disaster events.
As part of situational awareness efforts related to
disasters, social media data needs careful examination
before properly contextualizing it. Our study reviews
the types, benefits, and drawbacks of tools used for
situational awareness and to inform decision-making
during environment events.

3. Methods

This study adopted the guidelines proposed by
Kitchenham et al. (2009) on Systematic reviews
in software engineering,” to address our research
questions. Our process for following those guidelines
are described below.

3.1. Search Strategy

We searched the digital libraries of the Association
of Computing and Machinery (ACM), ScienceDirect,
and the Hawaii International Conference (HICSS)
proceedings in May 2023. Each database was
searched to identify papers that mention "crisis
informatics" AND ("environment" OR
"climate"). When searching the ACM, the option
to only search was for ‘research articles’ as the article
type was selected as a pre-filter during the literature
search phase. This resulted in 202 articles in total.

3.2. Inclusion and Exclusion criteria

In order to identify studies that fit the scope of our
research questions, we applied the following inclusion
two criteria to the results of our queries: first, articles
must focus on an environmental crisis or situation
awareness of the environment; second, articles must be
written in English.

Similarly, a number of studies were excluded based
on the following defined exclusion protocol. Items

were excluded if they were non-English articles, books,
monographs, panel discussions; articles that are not
presented in a peer-reviewed publication (may be a
conference or journal); and articles that focused on
systems and crises tested outside of North America.
This final exclusion criterion was set to compare similar
types of emergency infrastructure, reporting, and data
sources in our analysis.

3.3. Search Filters

We used a two-tiered filtering process to further
refine our literature review following the inclusion and
exclusion criteria application. This filtering mechanism
aimed to ensure that only studies deemed pertinent
and substantially informative in addressing the research
questions were included. This approach was utilized to
ensure that the final selection of primary studies was
appropriate and focused. In stage 1, researchers read
each article’s title, abstract, and introduction sections
to validate its inclusion. In stage 2, the researchers
read the entire article to ensure that the scope and
contribution of the study was aligned with the focus on
crisis informatics and tools that are stated to address
environmental events.

4. Results

After applying the defined inclusion and exclusion
criteria outlined in section 3.2, a total of 202 articles
were obtained from three distinct data sources. During
the initial stage of the filtering process, the articles were
screened based on their titles, abstracts, and introduction
resulting in a selection of 100 articles. Subsequently, a
critical full read of the articles led to the inclusion of 28
additional articles in the second and final stage as shown
in Table 1 shows.

Table 1: Search results from databases

Database Name Original Stage 1 Stage 2
ACM 137 76 16
ScienceDirect 49 13 7
HICSS 16 11 5
Total 202 100 28

4.1. Types of Technologies in the Literature

In an analysis of the type of technologies as
highlighted in Table 2 (RQIl), we found that the
majority, 12 (41.38%) of the 28 publications focused
on social media as a technological tool. Additionally,
8 articles (27.6%) explored the utilization of web-based
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applications, 7 (24.1%) examined the application of
geospatial visualization, 2 (6.9%) use machine learning,
2 (6.9%) discussed mobile applications, 2 (6.9%) used
natural language processing, 2 (6.9%) presented a
conceptual framework, and 1 (3.5%) article focused on
a physical tool, while another the use of text messages
(SMS). Some articles addressed more than one type of
technology.

The choice of technologies employed during
environmental events was contingent upon the
specific target audiences being addressed. The
findings in the literature revealed that the intended
audiences encompass government agencies (n=11),
researchers (n=5), citizens (n=11), first responders
(n=12), humanitarian organizations, policymakers, and
politicians, wherein some technologies may have been
developed to address more than one target audience.
It is evident that during environmental events, several
interested stakeholders are scouting for information,
so these technologies need to be tailored. Notably,
these technologies serve as influential tools to facilitate
decision-making processes for the general public and
various institutions alike.

4.1.1. Web-based Applications A predominant
technology mentioned was web-based applications. Six
of these web apps had features that classify them as
COPs. For example, Conover et al. (2010) proposed
a prototype that combines ‘Sensor Web Enablement
Services’ by the Open Geospatial Consortium, a service
protocol for data management and analysis. This
system allows for the management of heterogeneous
data formats of environmental sensors, which proves
difficult most times, especially when sourced from a
wide range of data repositories emanating from IoT
devices. Data points were collected from various
artifacts through a combination of different devices
and dynamic sensors strategically positioned across
disaster zones. Subsequently, these data points were
fed into the web-based system, allowing stakeholders to
access and gain a comprehensive understanding of the
data for informed decision-making. Similarly, Adagha
et al. (2017) evaluated the usability of ‘AB-WINDEC’,
a web-based decision support tool used in providing
critical data for decision-makers. Essentially the tool
helps identify suitable wind-energy facilities placements
and allows decision-makers to make planning decisions
efficiently and accurately. The tool encapsulates various
functionalities such as analytical frameworks, and
visualization features. Because wind-energy facilities
oftentimes spark public uncertainties or fear within
the localities they are placed. Adagha et al. (2017),
therefore, sought to bridge this gap by allaying the fears

and uncertainties with a consensus standpoint between
the government, industry, and stakeholders.

4.1.2. Geospatial Visualisations Spatial
visualizations also appeared in the literature as a
tool for citizens to relate and understand crisis data.
Tymstra et al. (2020) investigated the Canadian
Forest Fire Danger Rating System, managed by the
federal Department of Natural Resources, Canada,
which integrated subsystems designed as map-based
applications for monitoring daily wildfires. The system
was designed to measure the potential difficulty of
suppressing fires and uses weather data and other
factors to calculate fire danger ratings. This information
is then published on the Canadian Wildland Fire
Information System. Its key elements include fire
weather, active burning fires, and fire behavior.
Dunn et al. (2019) also proposed in their research
a novel approach of integrating remote sensing, field
inventories, and other empirical methods to quantify and
map hazardous conditions after fires in space and time.
Essentially, the study uses geospatial maps to visualize
snag hazards to provide situational awareness for fire
responders and decision-makers. Another study by
Granell et al. (2016) investigated the usability of Future
Internet technologies within the space of environmental
systems, specifically ‘Future Internet Generic Enablers’
software. The application incorporates environmental
informatics with geospatial technologies to provide
stakeholders with reusable, holistic, and scalable
technology to address environmental challenges. Some
key capabilities of the Fl-enabled environmental
architecture include features such as interoperability,
scalability, and adaptability.

4.1.3. Machine Learning Algorithms / Natural
Language Processing In order to expedite
stakeholders’ comprehension of the vast quantities
of data related to environmental events, the integration
of machine learning (ML) algorithms has been a
subject of discussion and proposed for implementation
in certain jurisdictions. These approaches have
demonstrated their efficacy in discerning data patterns,
ultimately enabling more rapid decision-making. The
results show that a number of studies such as Heggli
et al. (2022), Mark et al. (2012), and Mukherjee et al.
(2018) have researched the use of machine learning
and natural language processing techniques in learning
about the many artifacts drawn during crisis events.
For example, Heggli et al. (2022) investigated a system
that allows decision-makers to have near real-time
information during floods. Termed the ‘Snowpack
runoff decision support’ framework, this system has the
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Table 2: Number of studies using each technology type and features of those technologies. Note: some studies leverage

more than one type of technology.

Technology n (%) Studies

J. Anderson et al. (2019), Chauhan and Hughes (2017), Coche et al. (2021), Dailey
. . and Starbird (2017), Grace, Kropczynski, et al. (2019), Karanasios et al. (2019),

Stearlllie 12(414) Kavanaugh et al. (2011), Kogan and Palen (2018), Li et al. (2021), Vieweg et al.
(2010), and Wong-Villacres et al. (2017)

Web-based Adagha et al. (2017), Chauhan and Hughes (2017), Conover et al. (2010), Diaz

Application 8 (27.6) et al. (2022), Hughes and Shah (2016), Palen et al. (2015), Tymstra et al. (2020),
and Wong-Villacres et al. (2017)

Geospatial 724.1) Adagha et al. (2017), Conover et al. (2010), Diaz et al. (2022), Dunn et al. (2019),

Visualization ’ Granell et al. (2016), Palen et al. (2015), and Tymstra et al. (2020)

Mobile App 2(6.9) Diaz et al. (2022) and Suhaimi et al. (2022)

Natural

Language 2 (6.9) K. M. Anderson and Schram (2011) and Mark et al. (2012)

Processing

ﬁﬁi‘:’g 2(6.9)  Heggli et al. (2022) and Mukherjee et al. (2018)

SMS 1(3.5) Grace and Sinor (2021)

FDleCifE 1(35)  Soden etal. (2021)

igglsmal 1(3.5)  Parhametal. (2015)

Framework 1(3.5) Soden and Palen (2018)

capacity to provide hourly analysis of data regarding
the snow depth, water content levels, and temperature,
amongst others, to determine the changes in high-impact
rain-on-snow hazards. Targeted at first responders, their
framework is modeled around a series of methods;
the Terrestrial Water Input Identification algorithm
as well as quality assurance and control protocols,
culminating in a decision tree classification model.
According to the authors, this model proved to be
accurate when they tested the model with training data
obtained between 2008 to 2019. Finally, Mukherjee
et al. (2018) also leveraged algorithmic data-mining
techniques in predicting severe weather-induced
sustained power outages in the United States using
publicly available information and historical major
power outage records, socio-economic data, state-level
climatological observations, electricity consumption
patterns, and land-use data to develop data-driven risk
models. In this, Mukherjee et al. (2018) proposed a
multi-hazard approach that comprises a “two-stage
hybrid risk estimation model” in characterizing risks
associated with power outages. The study employs
two data mining techniques: Support Vector Machines
(SVM) and Random Forest (RF). SVM is a machine
learning algorithm that is popular in pattern recognition

and is used to classify the feature space by maximizing
the distance between the nearest training data of any
class to the hyper-plane. On the other hand, RF is
a non-parametric, tree-based, ensemble data mining
algorithm that is used to develop separate predictive
risk models for each class to assess the influence
of the key risk factors on outage intensities. The
proposed two-stage predictive algorithm is a robust
classification-regression framework that allows for
assessing outage intensity risks due to various hazards
in a non-deterministic and generalized fashion.

4.1.4. Social Media The results further show how
social media is an important information source and
is sometimes relied upon as a traditional information
platform or a common operational picture tool during
crises. For this reason, decision-makers also rely on
these platforms for data. Data retrieval and analysis are
critical for decision-makers and have been extensively
discussed in the literature (J. Anderson et al., 2019;
Chauhan and Hughes, 2017; Coche et al., 202I;
Dailey and Starbird, 2017; Grace, Kropczynski, et al.,
2019; Karanasios et al., 2019; Vieweg et al., 2010;
Wong-Villacres et al., 2017). A representative example
of this work is K. M. Anderson and Schram (2011)
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for instance, who proposed infrastructure to collect and
analyze this data in real-time from social media. The
infrastructure is built using production-class software
frameworks and infrastructure components, making it a
reliable and scalable tool for multidisciplinary research.
The infrastructure fully uses all the available Twitter
APIs, including the Streaming API to capture tweets
as they occur, the Search API to search back in time
for tweets that match a keyword, and the REST API
to access user profiles and their associated tweets.
According to K. M. Anderson and Schram (2011), the
infrastructure is highly concurrent, scalable, reliable,
and flexible, allowing for collecting large volumes of
data in real-time during crisis events which is the
primary advantage of this type of technology.

4.2. Benefits and Drawbacks by Technology

The technologies implored during environmental
events pose challenges yet numerous opportunities for
the teaming stakeholders for decision-making processes

(RQ2).

4.2.1. Benefits: ML and NLP - Machine learning
(ML) techniques and natural language processing
(NLP) provide the ability to fast-track and improve
understanding of environmental data. The potential
benefit of these ML/NLP models, such as the ‘Snowpack
runoff decision support’ framework proposed by Heggli
et al. (2022), has the potential to provide an improved
processed-based understanding of environmental
phenomena that affect communities. In the context of
snowpack runoff, decision-makers especially follow
thoroughly on an hourly basis the rapid impact and
changes of a runoff that likely occurs each year
across the United States. The model provides hourly
predictions as to what could happen next, allowing
authorities at the helm of affairs to make critical
decisions in that regard. ~Mukherjee et al. (2018)
application of ML in identifying major outages during
crisis proved to be generalizable and can be replicated
across other jurisdictions. The approach helps identify
specific risk factors during power outages pertinent
to the area in question. By analyzing factors that
trigger major outages, state regulatory commissions
can make risk-informed resilience investment decisions
to identify and address the most vulnerable areas for
power outages.

Social Media: Social Media is among the top
destinations for information and has many benefits (Li
et al., 2021; Vieweg et al., 2010; Wong-Villacres et al.,
2017). Facebook and Twitter are found to be among
some of the sought-after platforms for information.

Citizens have the opportunity to choose which platform
to use at each particular moment and also depending
on their familiarity as alluded by Wong-Villacres et al.
(2017). In the study by Vieweg et al. (2010), they
described how Twitter, for instance, was used to provide
real-time updates on situations on the ground, including
the location and scope of the incident, its impact
on people and infrastructure, and response operations.
Emergency responders and the public can use this
information to make decisions and improve situational
awareness.

Other Technologies: Text-to-911 is another form
of technological innovation enabling the citizenry and
victims of disasters to engage in communication with
first responders through conventional short messaging
service (SMS). Grace and Sinor (2021) investigated
the manner in which government agencies disseminate
emergency information on their official websites, with
the specific objective of educating the public about the
utilization of the Text-to-911 system and mitigating
risks associated with emergency situations.

Parham et al. (2015) proposed a centralized social
media platform for e-participation and crowdsourcing
in emergency management. Their physical solution,
‘DisasterBox’, enables both official users and affected
victims to efficiently synthesize information by bridging
the gap between official notifications and crowdsourced
data. It operates on a resilient, independent network
to mitigate communication risks while streamlining
information seeking, freeing up resources for disaster
recovery.

4.2.2. Drawbacks: Machine learning algorithms
can pose drawbacks to decision-making when
inadequate training data is used, thereby hindering
the success of the algorithm. This was alluded to by
Heggli et al. (2022) decision-tree classification model,
which was trained with data from only one location,
raising concerns about generality replication. Thus,
frameworks of this nature should be implemented with
caution to ensure generalizability to additional regions
and events.

Although web-based applications coupled with
geospatial features provide a broader view of
environmental events, the usability testing of such
systems should be conducted widely, covering all
spectrums of users to gain different perspectives.
Adagha et al. (2017) made this observation in their
study that utilized only 17 stakeholders as the focal
sample, which is not representative enough in a
statistical context. Again their study focused on one
city, and so further research may be needed to determine
if the implications apply more broadly.
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Conover et al. (2010) reiterated the ever-evolving
nature of sensor data with respect to geospatial
visualization technologies, and this, by far, requires a
consistent update of the software prototype to keep up
with the changing standards and specifications.

While crisis apps in the form of mobile applications
are usually doled out by authorities for citizens, the trust
factor remains seemingly doubtful among users of such
platforms. It was evident in Suhaimi et al. (2022) study
that most older adults turn to shy away from using these
crisis apps simply because they cannot trust what the
managers of the apps will do to their data.

Twitter stands out as a prominent platform for
accessing crucial real-time news updates. Nevertheless,
research conducted by Kavanaugh et al. (2011)
reveals a significant limitation in the availability of
geo-referenced tweets suitable for data extraction. This
presents a considerable challenge in acquiring an
adequate volume of social media data accompanied by
precise location information. The study by Li et al.
(2021) also found that social media users, especially
those immediately affected by the crisis, can be flooded
by the data deluge generated during a crisis situation.
There is a possibility of a mismatch of demands between
social media and citizen responders, with social media
providing too many notifications but too slow to provide
actionable information for decision-makers according
to Wong-Villacres et al. (2017). Another challenge
with social media is that it does not provide validated
data from authoritative sources about safety and risk,
only on-the-scene accounts of activity that someone can
infer this information from (Grace, Halse, et al., 2019;
Hughes & Shah, 2016).

5. Discussion

Our review explored scholarship at the intersection
of crisis informatics and environmental events. Our
broad search could have returned any technologies
for supporting decision-making during these events.
However, we found that tools for situation awareness
were the most often used technologies in this
space. We found that technologies such as social
media, machine learning, web-based applications, and
geospatial visualizations are most commonly used to
support decision-making during environmental crises.
Of these, social media was most often used and was
frequently described as a robust tool for supporting
situation awareness. However, data from authoritative
sources were not always present. Thus, decision-makers
appear not to be taking advantage of opportunities to
work collaboratively and to communicate directly with
stakeholders.

It is evident from the findings that social media
emerges as the predominant platform among various
technologies employed during environmental events.
These platforms serve as a primary destination for
citizens seeking information during crisis situations.
Social media users share their first-hand experiences
of emergencies on their respective channels, offering
valuable insights that can inform crisis response and
decision-making processes. It plays a vital role in
verifying and exchanging information, enhancing
understanding of emergency situations, and facilitating
timely actions. It enables the identification of emerging
issues, tracking rumors and misinformation, and
providing real-time updates on the unfolding situation.
Social media, therefore, allows decision-makers
to gain insights into the needs and concerns of
affected communities, enabling them to tailor their
response accordingly. The responsibility lies with
decision-makers and first responders to effectively
leverage these platforms as data-gathering sources,
positioning themselves to provide appropriate support
to victims and the general public.

Data collection and analytics are essential during
environmental events for informatics investigations. The
data generated during these events on social media
networks are ephemeral and can easily be lost, making
it challenging to study and analyze them afterward.
We learned from the NLP framework proposed by
K. M. Anderson and Schram (2011) how stakeholders
could gain deeper insights into how the public discusses
crisis-related events, which, in effect, can lead to
emergency response efforts.  Therefore, the data
analytics infrastructure is necessary to support research
and development in crisis informatics, which can have
significant implications for public safety.

The research conducted by Grace and Sinor (2021)
on 911 information provided on government websites
highlights the presence of inconsistencies among
information, warnings, and event requirements. This
lack of coherence contributes to challenges faced
by citizens in accessing essential services during
crises. These inconsistencies perpetuate misconceptions
regarding the availability and usefulness of public
resources in times of crisis. As critical stakeholders
involved in environmental events, government agencies
are responsible for disseminating relevant information
tailored to the needs of every individual, including those
with disabilities.

While this work initiated an exploration into
emerging technologies used to monitor environmental
events, this work was limited to ACM, ScienceDirect,
and HICSS, however scholarly work in this area
may extend beyond these venues. The study again
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centered within the North American region and this
may have the tendency to exclude other equally focused
papers. In addition, the scope of our query may
have excluded some relevant papers, especially the
inclusion of wildcards in the keywords and phrases as
well as the use of alternative descriptive words such as
‘environment’, ‘natural disasters’, or ‘natural hazards’.

6. Conclusion

This paper presented a systematic literature review
of decision-support tools to support situation awareness
and decision-making during environmental crises
from the perspective of crisis informatics in North
America. We identified and analyzed these tools’
features, capabilities, and limitations and provided
insights on how they can be improved to better support
decision-makers in environmental management. We
found that technologies such as social media, machine
learning, web-based applications, and geospatial
visualizations are most commonly used to support
decision-making during crises (RQ1). These tools can
be extended and adapted to improve the actionability
of environmental data, enabling decision-makers to
respond more effectively to environmental events.
Social media has been seen as a prominent resource for
information during crises; however, it can also spread
rumors and fake news (RQ2). We recommend that
future work explore collaborations with policymakers
and tech companies to develop policies that mitigate
these challenges, ensure accurate information
dissemination, and explore using location-based
dashboards to meet decision-makers needs during
large-scale events. This will ensure inclusivity and
capture diverse perspectives leading to the development
of more comprehensive decision-support systems. ML
and NLP models should be trained and validated with
extensive datasets to enhance generalizability.
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