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Abstract

Space-related non-governmental organizations (NGOs) utilize products from space-based
observatories or engage in issues related to space policy. They play a unique role in the Disaster
Risk Management (DRM) framework as they integrate the scientific and non-scientific
communities through outreach activities, education, space awareness, capacity building, and
crowdsourcing of volunteers. This study explores the perception of space-related NGOs in DRM
using an online questionnaire-based survey distributed worldwide to over 150 organizations. The
results from the study suggest that personnel from the private sector, academia, and governmental
agencies working in the field of DRM are conscious of the importance of space-related NGOs in
DRM and their increasing presence across the world. International collaborations and Private-
Public Partnerships (PPP) are believed to be fundamental in the implementation of successful DRM
policies, especially in developing nations. The future of disaster response strategies is guided by
the exciting field of artificial intelligence advanced through scientific research at universities and
research institutes. Our analysis using the demographic data collected demonstrates the feasibility
of using such questionnaire-based survey to further study the impact of political, economic, and
cultural backgrounds on human perceptions.
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1 Introduction

Natural and man-made disasters have become a growing concern across the world in the twenty-
first century. The frequency and magnitude of these catastrophes are rapidly increasing due to a
worldwide demographic growth that is inducing urban sprawls into hazardous areas, thereby
increasing the exposure of citizens to both dangerous substances and unsafe living conditions
(Novellino et al. 2019). Based on the International Disaster Database (EM-DAT) managed by the
Center for Research on the Epidemiology of Disasters (CRED), in the period between 1900-2019,
natural disasters alone claimed a total fatality of over 30 million people, affected over 8 billion
people, and resulted in over 2,500 billion U.S. dollars of infrastructure damages. These disasters
span across different categories including droughts, earthquakes, epidemics, extreme temperature
events, floods, landslides, storms, volcanic activities, and wildfires (see Table 1). The economical,
physical, and emotional damages ensued by natural disasters cannot be prevented, but they can be
mitigated through Disaster Risk Management (DRM). DRM is the direct implementation of risk
reduction strategies that translate to disaster preparedness and response activities. Being able to
identify the drivers of risk that could potentially aggravate conditions of vulnerability (e.g. poverty,
urban development, environmental degradation, and climate change) is the first step toward
successful DRM. The United Nations realizes that DRM underpins sustainable development and
has developed a global agreement for DRM known as the Sendai Framework for Disaster Risk
Reduction (Aitsi-Selmi et al. 2015).

Recent development in the space industry allows global remotely sensed data to be obtained at
higher spatial and temporal resolutions (order of few meters and a few days, respectively). Having
more precise and comprehensive satellite instrumentation can help direct DRM strategies (Velterop
etal. 2019). Many of the Earth Observation (EO) missions, such as Sentinel, Landsat, and MODIS,
adopt a free, full, and open data policy. This means that users can take advantage of the terabytes
(TBs) worth of new data produced daily. Unfortunately, the non-scientific community involved in
DRM, including non-governmental organizations (NGOs) and public sector (e.g., policymakers
and first responders), are generally unaware of this data availability suggesting that better
partnerships between different entities are needed for effective DRM.

Table 1 Casualties and economical losses from natural disasters between 1900-2019 grouped by
disaster type. Data used is from the International Disaster Database (EM-DAT) from the Center
for Research on the Epidemiology of Disasters (CRED).

Disaster Type Total Fatalities Total Affected  Total Damages in
U.S. dollars

Drought 11,731,379 2,737,049,494 174,905,074,000
Earthquake 2,120,828 199,324,111 829,760,695,000
Epidemic and insect infestation 9,615,048 50,875,332 No Data
Extreme Temperature 186,450 103,605,513 63,266,343,000
Flood 6,985,307 3,842,247,704 831,605,321,000
Landslide 71,049 14,471,880 11,087,934,000
Storm 1,398,368 1,180,485,995 1,502,726,380,000
Volcanic activity 86,801 8,617,458 4,798,912,000
Wildfire 4,352 6,990,205 135,127,275
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Figure 1 Public-Private Partnership (PPP) in the context of Disaster Risk Management (DRM)
developed from Auzzir, Haigh, and Amaratunga (2014) and International Strategy for Disaster
Reduction (2004).

We broadly define space-related NGOs as those not-for-profit organizations that utilize products
from space-based observatories or engage in issues related to space policy. Unlike other entities,
space-related NGOs can bridge the gap between the scientific and non-scientific communities
through outreach activities and education (Liao et al. 2020), space awareness (Decoopman and
Stark 2020), capacity building (Lukaszczyk and Williamson 2010), and crowdsourcing of
volunteers (Hicks et al. 2019). There are over 300,000 NGOs worldwide in 2005 (Turner 2010)
and this number continued to increase rapidly in the past decade. We are not aware of any reliable
statistics outlining how many of these are space-related.

In the context of DRM, Public-Private Partnership (PPP) is a relatively new concept that describes
cooperative arrangement between government agencies and private companies to develop products
or services (Teisman and Klijn 2002; Roeth 2009; Lassa 2018). Auzzir et al. (2014) developed a
conceptual framework for developing countries in which space-related NGOs constitute social
actors in this framework. A successful partnership from all entities, including space-related NGOs,
will lead to an improvement in the following (International Strategy for Disaster Reduction 2004;
see Figure 1):

e Risk awareness and assessment including hazard analysis and vulnerability/capacity

analysis,
e Knowledge development including education, training, research, and information,



e Public commitment and institutional frameworks, including organizational, policy,
legislation and community action,

e Application of measures including environmental management, land-use and urban
planning, protection of critical facilities, application of sciences and technologies,
partnership and networking, and financial instruments, and

e Early warning systems including forecasting, dissemination of warnings, preparedness
measures, and reaction capacities.

Even though it has recently become unmistakable that partnership is key to a successful attempt to
manage disasters, and that space-related NGOs are one of the critical players in this framework,
we are still uncertain if the DRM communities are already aware of the importance of space-related
NGOs. In this study, we explore the perceptions of the roles of space-related NGOs in DRM
through an online questionnaire-based survey study.

2 Methods

Data regarding perceptions of space-related NGOs working in the realm of DRM was collected
through a questionnaire-based survey. The survey and informed consent form were distributed in
an electronic format through emails and online contact forms between June 25th, 2019 and June
7th, 2020. Over 150 organizations worldwide were contacted, with our focus being on NGOs and
institutions working with NGOs in DRM. In order to keep private information confidential,
participants were not required to provide the name of their organization. Since multiple responses
from independent individuals in the same organization were accepted, we are unable to track the
total number of responses from each organization to identify the number of organizations that have
at least one participant responding to our survey. The Space Generation Advisory Council (SGAC)
leadership reviewed and approved that our questionnaire-based survey and study procedures
conform with the ethical guidelines provided by both the Belmont report (United States 1978) and
the Declaration of Helsinki (World Medical Association 2001).

Our survey titled “Roles of Space-related Non-Governmental Organizations in Disaster
Management” includes a total of 18 questions (Qs), divided into three main sections. The first
section delves into the general demographic information of participants and their respective
organizations. For this segment, the survey asks the participants to select their region based in (Q1),
position in the organization (Q2), age group (Q3), the number of years interacting with NGO(s)
(Q4), categorization of their organization in the DRM framework (Q5), and the specific region(s)
that their organizations are interacting with (Q6) from multiple options provided. The second
section instructs participants to numerically rank the degree to which they agree or disagree with
10 statements made about the space-related NGOs, disaster preparedness, collaborations, and
future outlooks of disaster management (see Table 2, Q7 to Q16). The ranking utilizes the 5-point
scale with integer scores ranging between 1 to 5 (1 = strongly agree, 2 = somewhat agree, 3 =
neutral, 4 = somewhat disagree, 5 = strongly disagree). The last section presents participants with
two open-ended questions. The first question is regarding the technical tools that might be helpful
for space-related NGOs to improve their operations in DRM (Q17) and the second question
explores if participants utilize any satellite imagery in their work (Q18). An option for participants
to write in any comments related to either our study or the roles of space-related NGOs in disaster
management was also provided toward the end of our survey.



Table 2 List of all questions used in the questionnaire-based survey. Q1 to Q6 are multiple choice.
Q7 to Q16 ask participants to rank each statement the extent to which they agree/disagree using
the standard 5-point scale (1=strongly agree; 5=strongly disagree) to that statement. Q17 and Q18
are open-ended questions without a word limit.

Section 1: Demographic distribution

Q1 In which region are you based?

Q2  What is your position in your organization?

Q3  What is your age?

Q4  Have you interacted with space-related non-governmental organizations? If so, for how long?
Q5  How would you categorize your organization?

Q6  Which region(s) does your organization interact with?

Section 2: Main Survey

Category: Roles of space-related NGOs

Q7  Space-related NGOs play significant roles in disaster risk reduction and management.

Q8  Space-related NGOs can draw public attention to issues that may be overlooked and avoided by state
organizations.

Q9  Space-related NGOs reach narrower regions and have less impacts on disaster relief than governmental
agencies or private companies.

Category: Preparation for disasters

Q10 Establishment and operations of space-related NGOs are more challenging in developed countries than
developing countries.

Q11 For disaster risk reduction and management related space-related NGOs, training members with
knowledge related to remote sensing is not necessary.

Category: Collaborations between different sectors

Q12 Working outside official channels, space-related NGOs can more effectively establish international
collaborations not bounded by state policies that may inhibit negotiations between states.

Q13 More collaborations are needed between space-related NGOs, governmental agencies, and the private
sector for disaster risk reduction and management.

Q14 Collaboration between space-related NGOs and space agencies are not necessary to a successful
disaster management system.

Category: Future outlooks of Disaster Risk Management (DRM)

Q15 Artificial intelligence will be used more extensively in the future to assist with disaster risk reduction
and management.

Q16 Scientific research done by universities and research institutes is not useful to disaster risk reduction
and management.

Section 3: Open-ended questions

Q17 What tools would be helpful in order to improve the operation of space-related NGOs for disaster risk
reduction and management?

Q18 Do you use any satellite data to assist with disaster risk reduction and management? If so, what type
of information do you utilize?




2.1 Quality Control

To ensure that participants were paying close attention to the statements presented, we intentionally
included two questions (Q13 and Q14), asking for their opinion on similar issues but from
opposing viewpoints. We expect the interpretation of the responses between these two questions
to be similar for a reliable survey response. Our first-order quality control involves the inversion
of the score from the second statement, hence inverting the viewpoint of that statement. We then
compare this score with the score from the first statement. Since Q13 and Q14 are on issues that
are similar but not identical, we set £2 as the tolerance threshold for the discrepancies. Any
responses outside of this range are discarded from the analysis in the following sections.

2.2 Survey response statistics

Following the first-order quality control, we perform routine statistical analysis of the results from
the main section of the survey (Q7-Q16). Based on the distribution of the responses, we infer the
continuous probability density function (PDF) of our discrete data using the non-parametric kernel
density estimation (KDE) method implemented in the seaborn python library (Waskom et al. 2017).
Assuming that data x = {x;}}-, is independent and identically distributed (i.i.d.) sample drawn
from some unknown PDF, KDE asserts that with some kernel, K}, and a smoothing parameter
called bandwidth, h, the best estimate for the unknown PDF is given by (Rosenblatt 1956; Parzen
1962):

1 1 X — X
an(x) = —ZiKn(x = x;) = %ZiK( . l)

The bandwidth, h, is a free parameter to be chosen. The selection is often based on the trade-off
between the bias of the estimator and its variance. A few criteria are available through the seaborn
(Waskom et al. 2017) python libraries such as Scott’s (Scott 1979) and Silverman’s (Silverman
1986) rule-of-thumbs.

Furthermore, to understand the dependence of perceptions on demographic distribution, we also
categorize the responses based on demographic groups (Q1-Q6). This analysis can assist with
identification of implicit biases due to political, economic, and/or cultural backgrounds. Lastly, we
summarize the responses to the open-ended questions (Q17-Q18).

2.3 Correlation test

The statistical analysis described in Section 2.2 only explores responses to an individual question.
We further explore relationships between responses to different questions with Spearman’s rank
correlation test. This is a non-parametric correlation measure, meaning that it assumes that the
relationship between the two given variables can be described by a monotonic function without an
assumption that the variables follow specific type of distributions. Since our survey responses are
discrete, they have tied ranks. We use the following formula to calculate Spearman’s rank
correlation coefficient between two variables x = {x;}/=; and y = {y;}i-; (Zwillinger and
Kokoska 2000):
L =)y — y)

SNy eos ere




The correlation coefficient lies between -1.0 and +1.0. The absolute value of the correlation
coefficient measures the strength of the relationship and hence the ability to predict the value of
another variable when given the value of one variable. The positive sign reflects that when one
variable increases, the value of another variable also increases. The negative sign reflects the
opposite such that when one variable increases, the value of another variable decreases.

Spearman’s rank correlation test is implemented in the seaborn (Waskom et al. 2017) and scipy
(Virtanen et al., In Press) python libraries used in this study. The library is also capable of
producing correlation matrix in which Spearman’s rank coefficients are calculated between
responses from all possible pairs of questions. This method has been proven successful in prior
studies about public perceptions on various topics (Fat et al. 2012; Lobo and Guntur 2018).

3 Results and Discussion

3.1 Quality Control

We distributed the online survey to points of contact from over 150 organizations worldwide and
received a total of 104 responses. We imposed a quality control check, before conducting our
statistical analysis, using the method described in Section 2.1. The results show that there were 8
responses with residual values outside of the tolerated range. Removing these 8 responses, we
analyze the remaining 96 responses in the following sections.

3.2 Survey response statistics
3.2.1 Summary

Survey participants (N=96) were from varied backgrounds across the full range of defined
demographics responses (Q1-Q6) as summarized in Figure 2. Based on the region based in (Q1),
most participants were from the Americas and Europe, with minimal participation from Australia,
Oceania, and the Middle East. For a participant’s positions in respective organizations (Q2), they
spread out evenly between students, executives, and volunteers, though there is a clear peak in the
number of technical staff responses. 15 survey participants identified themselves with multiple
positions and are thus accounted for multiple times within the statistics. As a result, the histogram
for this question sums to more than 100%. Based on the age group (Q3), survey participants were
dominated by young adults (18-34 years old), but there was also representation for middle-aged
adults (35-54 years old) and older adults (> 55 years old). Moreover, looking at the participant’s
experience working with NGOs (Q4), the exposure ranged from those who have never worked
with any NGO before to those who have worked with NGOs regularly for more than 5 years. Based
on organization type (QS5), most survey participants represented space-related NGOs or
educational institutions, but there was also representation from private sector and governmental
agencies. Those identified as private sector spanned from engineering firms to software developers.
Governmental agencies incorporate staff from national geological surveys, responders to natural
disasters, and state officials. From these organizations, over 40% were working with two or more
regions around the world (Q6). This demonstrates the globalization trend of the DRM community.
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Figure 2 Demographic distribution of survey participants (N=96) based on region based in,
position in the organization, age group, experience working with NGO, organization type, and
region(s) that the organizations are interacting with. For statistics on position in organization, 15
participants identified themselves as multiple positions in their respective organization, so we have
counted participants with multiple positions multiple times. For statistics on organization
interacting region(s), the first five options (Americas, Europe, Asia, Africa, and others) refer to
organizations that only interact with a single region. Multiregion refers to organizations that
interact with two or more regions, but not worldwide like those referred to as global.

Since our selection of participants is diverse, we infer that the responses reflect the views of the
DRM community on space-related NGOs. Without classifying participants into different
demographic groups, Figure 3 summarizes all responses to the main part of our survey (Q7-Q16).
We found that both Scott’s and Silverman’s rule-of-thumbs for kernel density estimation are not
appropriate for our dataset as our data is discrete and sparse. Through visual inspection, we
selected 0.5 as the best bandwidth value for calculating the probability density function.

Q7, Q8, and Q9 address the roles of space-related NGOs in the DRM framework. Participants
generally perceived space-related NGOs as somewhat important in DRM (Q7). This perception
seems to underestimate the importance of space-related NGOs in DRM. Space-related NGOs
provided maps of flooded areas, structural damage, blocked roads, and temporary shelters to first
responders (Zooniverse 2017). Without such data, it is impossible to effectively rescue affected
individuals. Moreover, participants generally agreed that space-related NGOs can often draw
public attention to issues overlooked by state organizations (QS8). Lukaszczyk and Williamson
(2010) argued that the ability to work outside official channels allows NGOs to engage in issues
that may be overwhelming for state organizations due state regulation and policy. When comparing
the ability of space-related NGOs to reach affected people and their impacts during disaster relief



Category Category Category Category

Roles of space NGOs Preparation Collaborations Future Outlooks
Q7 - NGO Roles Q10 - NGO Establishment Q12 - International NGO Q15 - Artificial Intelligence
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Figure 3 Probability density function (PDF) for the 96 survey responses from the main part of the
survey (Q7-Q16) computed from kernel density estimation (KDE) using Gaussian kernel and a
fixed bandwidth of 0.5. The mean and standard deviation of the score for each question is annotated
on each individual plot.

with governmental agencies and private companies, the survey participants thought that they have
similar reach and impact (Q9). This contradicts the recent case studies of disasters in Malawi (Kita
2017) and the Wenchuan earthquake in China (Lu and Xu 2014; Tang and Wang 2020), which
argued that NGOs had a wider reach and larger impact during these disasters compared to
governmental agencies and private companies.

Q10 and Q11 address the preparation phase in DRM. The survey participants generally perceived
that the establishment and operation of space-related NGOs are equally challenging in developed
and developing countries (Q10). While this opinion agrees with current quantitative data on the
topic, a decade ago this would not have been the case. We now live in an era in which space-related
and other NGOs are established daily in developing countries (Bromideh 2011; Ascher et al. 2016).
Moreover, participants pointed out that training members of related NGOs with remote sensing
knowledge is mandatory for successful DRM (Q11). Over the last decade, many NGOs have
started to implement training for both their staff and potential volunteers for the purposes of
supporting environmental policy in addition to effective disaster relief (Laituri and Kodrich 2008;
Leeuw et al. 2010; Lechnter et al. 2017; Scholz et al. 2018).

Q12, QI13, and Q14 address the issue of collaboration between space-related NGOs and other
public and private organizations in the DRM framework. Survey participants believed that
international collaborations between space-related NGOs are slightly easier to arrange and



implement compared to collaborations between states (Q12). Lukaszczyk and Williamson (2010)
argued that NGOs are not bounded by state policy and can avoid diplomacy issues that may arise
when initiating international collaborations. When it came to collaborations between NGOs, space
agencies, governmental agencies and the private sector, participants strongly believed that they are
necessary for successful DRM (Q13 and Q14). Lu and Xu (2014) conducted a detailed analysis of
different community post-disaster reconstruction projects and concluded that the most successful
projects were those that involved NGOs, governments, and communities.

Q15 and Q16 explore the future outlooks in the field of DRM. There was a clear consensus from
survey participants that artificial intelligence (AI) will be fundamental in the implementation of
the next-generation DRM response (Q15) and that scientific research contributes considerably to
the development of DRM strategies (Q16). Al was invented in the 1950s, but it is not until recently
that it has matured considerably, enough for practical and widespread applications. In relation to
DRM, Al has already revealed its multifaceted capabilities when it comes to disaster management.
Examples of Al employed in disaster response include earthquake damage mapping (Syifa et al.
2019), flood susceptibility mapping (Chapi et al. 2019), storm surge prediction (Hashemi et al.
2016), heat wave hazard classification (Keramitsoglou et al. 2013), forest fire susceptibility
mapping (Razavi-Termeh et al. 2020), and pandemic management (Bragazzi et al. 2020). In the
upcoming years, academic research will be needed to underpin further development of Al.

3.2.2 Dependence of responses on demographic groups

The summary of the survey data provided in Section 3.2.1 represents perceptions that are
generalized from the pool of survey participants. Since perceptions can be influenced by politics,
economics, and culture, we explore the effects of participants’ backgrounds on their responses to
our questionnaire. We divided the responses into different demographic groups based on data
collected in the first section of the survey (Q1- Q6). To our knowledge, there exist no other studies
that quantitatively analyze such relationships. To ensure that our data and statistics are valid, we
ignore any demographic group with less than 10 responses in this part of the analysis.

Examining the region based in (see Figure 4), participants based in Americas (including both North
and South Americas), Europe, and Asia exhibited a similar response distribution. Africa was an
outgroup with noticeable different perceptions of NGOs reach (Q9), establishment (Q10), and their
ability to collaborate internationally outside official channels (Q12) compared to participants from
any other regions. We reason that this is likely due to the fact that participants based in Africa have
more opportunities to interact with NGOs. Resources from their governments are typically limited
and a majority of the aids for DRM comes from NGOs (Kita 2017). Furthermore, participants
based in Africa were slightly less advocate for scientific research (Q16). When poverty and hunger
are more widespread, there is less attention available for science, technology, and innovation.
Taking into consideration the small number of participants in Africa (N=10, see Figure 2), this
interpretation can be highly biased. Another feature observed is that participants based in Asia tend
to be less keen for international collaborations (Q12). This could be explained by the fact that Asia
is the most disaster-prone continent, thus they focus their attention toward DRM within their own
nations.

10



Region based in Position in organization Age group Experience with NGO(s)  Organization type Interacting region(s)

Executive None Americas
(N=17) (N = 26) (N = 14)
Americas __ Techincal staff < 1year Space NGO _ Europe
(N =33) (N = 36) (N =14) (N = 32) (N =19)
_ Europe Researcher 18-34 1-3 years Private Asia
(N=32) (N =23) (N =62) (N = 25) {N =15) (N =16)
Asia Student 35-54 3-5 years Government Multiregion
(N =19) (N=17) (N =21) (N = 14) (N= =17)
Africa _ Volunteer 5+ > 5 years Education __ Global
(N =10) (N =18) (N=13) (N=17) (N = 27) (N =22)
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Figure 4 Probability density function (PDF) of survey responses from the main part of the survey
(Q7-Q16) grouped based on demographic distribution. The estimation of PDF utilizes kernel
density estimation (KDE) with Gaussian kernel and a fixed bandwidth of 0.5. Demographic groups
with less than 10 responses are excluded.

Classifying by positions in the organization (see Figure 4), responses were similar across the
different groups for most questions, except for Q15 and Q16 on future outlooks of DRM. Even
though studies suggest that Al will be fundamental to DRM in the next era, almost half of the
participants that identify themselves as researchers seem to be pessimistic about the prospects of
future applications (Q15). This is likely because researchers are aware of limitations of AI. We can
train machines to conduct a particular task and the machines can perform very well, but we are not
able to understand what the machine has actually learned. Furthermore, the majority of survey
participants in executive positions did not agree with the statement that scientific research
conducted at universities and research institutes are useful to DRM (Q16). This could be because
their position requires them to focus their attention to real-world disaster response events, while
academia and research is occupied with theoretical work, although this has been changing recently.
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When we categorize the responses by age groups (see Figure 4), responses to a few questions show
correlation with the age groups such as Q15 and Q16. In these two questions, the older adults
perceived Al and scientific research as less important to DRM than those perceived by the younger
generations. This may stem from the fact that older adults are less likely to be familiar with new
technologies compared to the younger generations. For questions regarding collaborations (Q13
and Q14), we can conclude that young and middle-aged adults similarly viewed the collaborations
in the PPP framework. Older adults, however, appeared to be an outgroup with a more neutral
opinion towards the effectiveness of collaborations between agencies. This can be explained by
the transfer of both disaster response and relief efforts from governmental agencies to a more
interorganizational PPP approach.

Based on the level of experience working with NGO(s) (see Figure 4), some correlations with the
level of experience were observed for some questions (Q12, Q13, and Q14). Unfortunately, these
correlations were not significant enough for us to make any useful interpretations. Surprisingly,
participants with no experience working with NGO(s) were not an outgroup. In many cases (Q7-
Q10, Q12-Q14), the outgroup was represented by participants with some experience working with
NGO(s), but less than 1 year. These results show that participants can learn about NGOs and
become involved in disaster relief efforts without needing to work for an NGO.

Inspecting the organization type (see Figure 4), we found that each group — space-related NGOs,
private sector, government and academia — alternates to be an outgroup for different questions.
Space-related NGOs were an outgroup for collaborations between different entities in DRM (Q13
and Q14). An unanticipated statistic was that space-related NGOs were the group with the least
enthusiasm for collaborations. This is probably because they are generally the users and developers
of satellite products, but they have limited experience with the disaster response work done in the
field. Moreover, the private sector was an outgroup for questions related to the roles of space-
related NGOs (Q7 and Q8). The survey participants in this group believed that space-related NGOs
are more important than perceived by other groups, but they were less familiar with the fact that
NGOs can be more efficient than state organizations. Educational institutions were an outgroup
for Q10 and Q16; they have the most diverse responses when it comes to their opinion about the
difficulties of establishing and operating NGOs in developed countries, but they were the strongest
advocates for scientific research.

Based on the regions that organizations interact with (see Figure 4), the global organizations were
an outgroup for a few instances (Q8, Q12, Q14, and Q16) with strong opinion toward the
statements provided. Regarding the roles of space-related NGOs (Q8), they were the strongest
advocates that NGOs can draw public attention to issues overlooked by state organizations.
Regarding collaborations (Q12 and Q14), they were the strongest advocates for international
collaborations. Regarding the future outlooks (Q16), they were also the strongest advocates for
scientific research. These results infer that global organizations have visions for a science-
supported collaborative society. No other groups besides the global organizations exhibited any
clear trend.

We understand that our statistical analysis for this section can seem highly biased due to our small

sample size, but there is value in demonstrating that this methodology can allow us to learn about
the dependence of perceptions on political, economic, and cultural backgrounds. This lays a new
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ground for studying implicit biases in perceptions and encourages future studies to adapt such
quantitative methods.

3.2.3 Open-ended questions

The last section of the survey included open-ended questions (Q17 and Q18). Among the survey
participants, 46.9% have some experience with using remote sensing data. The imagery experience
ranges from optical images to thermal sensors and radar interferometry, and from raw images to
derived products. Several participants are also experienced in using satellite imagery to detection
of Near-Earth Object (NEO) and telecommunications.

Survey participants also identify several challenges when it comes to using remote sensing
technologies for DRM including accessibility, deficiencies in technical training, and lack of public
knowledge on the benefits of space-related technologies. The free remote sensing data and
software currently available in the market are limited in their capabilities (e.g. low resolution,
missing coordinates, etc.) and can be both complex and time consuming to use. To improve the
technical operations of NGOs, potential solutions provided include rapid acquisition of satellite
imagery, affordable technical support, technical training for staff, user control over satellite
navigation and positioning to assist rescue teams, and telecommunications that are independent of
ground-based infrastructure. However, in order to start implementing these solutions, we need an
open source database in the form of a website or a mobile application where satellite data is near
real-time, consistent, and easy to access. Another feature that would be beneficial is including a
forum where members can network and share DRM strategies. An advancement to this would be
to implement a system that automatically processes this data and sends alerts to emergency
responders, as well as citizens nearby the critical sites. Moreover, NGOs encounter barriers in
utilizing satellite data due to national cybersecurity concerns over access to high-resolution Earth
observation data. A clearly defined relationship in the form of PPP between for-profit industry,
government, and NGOs would help resolve this matter.

Besides these technical challenges, the participants also commented that they would like to see a
better recognition for efforts from volunteers. For instance, the organizations can distribute a paper
certificate of appreciation to acknowledge the work done by volunteers.

3.3 Correlation test

In addition to conducting statistical analysis of the survey responses to individual questions, we
employed Spearman’s rank correlation test to determine the relationship of responses to different
questions. Figure 5 shows correlation coefficients calculated between all pairs of questions from
the main part of the survey (Q7-Q16) using the quality-controlled dataset. Strong correlation
between Q13 and Q14 was expected since these two questions were designed to ask about the
same issue represented both in a positive statement and a negative statement. Moreover, Q9 seems
to be an outgroup in which correlations with other questions are relatively low suggesting that the
answer to this question is independent of others. We currently do not have a more insightful
interpretation of other pairs of questions. Subsequent research can focus on exploring the
possibility of causal relationships between pairs of questions with strong correlations.
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Figure 5 Spearman’s rank correlation coefficients calculated between all pairs of questions from
the main part of the survey (Q7-Q16) using the quality-controlled dataset (N=96) as an input.

4 Conclusions

In this study, we explored the roles of space-related NGOs in DRM, as perceived by individuals
currently active in NGOs and institutions working with NGOs in the DRM framework. Since there
are no other current studies that address the perceptions of space-related NGOs in the realm of
disaster management, our questions were designed to cover a range of themes including: the roles
of space-related NGOs, preparation for disaster management, collaborations between different
sectors, and future outlooks of DRM. From 96 responses that passed the quality control test, we
found that participants recognize the importance of space-related NGOs in the DRM framework
owing to their ability to bridges the gap between scientific and non-scientific communities. Though
the responses spread considerably over the whole range of our 5-point scale, related individuals in
the field of DRM are generally aware that NGOs can work outside official channels allowing them
effective established operations in developing countries promoting international and inter-sector
collaborations. Many space-related NGOs are now starting a training program to train their
members with knowledge about remote sensing technology for the purposes of both supporting
environmental policy and effective disaster response. The future of DRM will be guided by the
development of artificial intelligence in addition to human decision making. Using the
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demographic information collected, we have demonstrated the ability to use a questionnaire-based
survey study to investigate the influences of politics, economics, and culture on individuals’
perceptions. This opens up a range of new possible projects adopting similar methods to study
social implicit biases and prejudices in the DRM community. A better understanding of community
awareness of different groups in the DRM framework will allow various agencies to tailor their
outreach program to educate young professionals to be prepared for, and reduce risks from, future
natural and man-made disasters.
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