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Abstract. Dealing with crisis situations involves significant collabora-
tive decision-making to recover lives and preserve properties. In order to
reach timely and appropriate decisions, crisis response organizations need
to rapidly obtain an accurate situation awareness of the crisis context.
A process by which they need to gather, access, and exchange near real-
time information about the events circumstances throughout the entire
crisis life cycle. Such activities imply a huge participation of collaborat-
ing organizations and goes even beyond their internal borders to reach
the entire crisis-stricken community. Recent crisis and disaster situations
have demonstrated the crucial role citizens can and must play in respond-
ing to such events. The growing development of advanced technologies
has open the door for large public to be a key factor in making deci-
sions and conducting guided response actions. We propose in this paper
a comprehensive approach that integrates crisis crowdsourcing tasks and
techniques to crisis decision-making activities. To demonstrate its rele-
vance, we present a study of crisis scenario based on the context of Desert
Locust Plague Survey and Control in the Algerian National Institute of
Plant Protection (INPV).

Keywords: Crowdsourcing, Collaborative Decision-making, Crisis Management,
Case Study, Desert Locust Survey and Control

1 Introduction

The dynamically changing environment of crisis events creates highly unpre-
dictable and complex situations to be handled, with human lives and properties
at stake. In such contexts, crisis response organizations look for an accurate situ-
ational awareness by retrieving and exchanging real-time contextual information
and knowledge, share a collective response action plan for purpose of making ef-
ficient and well-informed decisions. Crisis management activities imply taking
complex and collaborative decisions, involving a huge and diverse information
and knowledge owned and distributed among a variety of contributing actors



from different areas of interests and expertise [1]. Moreover, real crisis situations
have shown that response activities exceed the capabilities of crisis response or-
ganizations staff members and resources and have compelled them to open their
borders and bring up together the whole affected community including unskilled
citizens. Moreover, studies have concluded that unexpected problems such as
crisis and disaster cases involve giving the decision authority to those closest
to the situation in either location or knowledge [2]. In fact, the growing devel-
opment of collaborative technologies have shifted citizens role and participation
during crisis events from being just victims watching and sharing posts about the
event consequences using social media and social networks, to crisis responders
involved in a more proactive contribution by performing specific tasks related to
crisis decision-making. According to [3] crowdsourcing is a dynamic form of coop-
erative work intended for a broad range of citizens engaged in semi-autonomous
tasks related to information management issues.

The main benefits of implementing crowdsourcing mechanism lie in its ability
to promote civic involvement and connect it with organizations by facilitating
active and collaborative problem solving and decision-making [4]. However, a
remaining challenge lies on finding new ways of understanding, conceptualizing
and defining specific design methodologies for aligning crisis crowd-tasking ac-
tivities and techniques with respondent organizations decision-making processes.
In addition, there is still more studies of real crisis scenarios to be conducted
to analyze and examine the role that ordinary citizens may play in the different
steps of decision-making activities in the whole crisis life cycle [5]. To address
this challenge, we propose a comprehensive crowdsourced collaborative decision-
making approach for the crisis management domain. To this end, we adopt the
well-known decisional model IDC of Simon [6] composed of the three following
phases: Intelligence (information gathering and sharing for problem identifica-
tion and recognition), Design (generating alternative courses of action), Choice
(evaluating, prioritizing, and selecting the best course of action). For each step of
Simons decisional process, we specify the main crisis crowdsourcing tasks which
the crowds are called to perform, and the appropriate technique for outsourcing
those tasks. Regarding the collaborative nature of the crisis decision-making pro-
cess, we use the BPMN4Social modeling notation [7], which is a social extension
of Business Process Model and Notation (BPMN), that aims to define a specific
notation for describing Social Business Process behaviors, to which we add some
crowdsourcing related specifications.

In order to demonstrate the applicability of our approach in a practical sce-
nario, we carry out a study of the Desert Locust Plague in the Algerian National
Institute of Plant Protection (INPV). The mission of the INPV is to ensure sus-
tained survey and control of desert locust situation across the entire Algerian
territory with 2.4 million km?2. To assess the current Desert Locust situation,
plan further survey and control operations, and request external assistance, a
variety of data and information are required. This information is provided by
a set of collaborating organizations such as survey teams of INPV, the Food
and Agricultural Organization (FAQO), regional governmental organizations, and



local humanitarian organizations. Given its limited staff members and resources
compared to the vast area to be monitored, the INPV have to rely on additional
information coming from less experienced people such as agricultural extension
agents and scouts as well as from non-locust experts such as travelers, truck
drivers, farmers, government agents, villagers and nomads. These features make
the Desert Locust Plague a relevant case for the analysis of the challenges and
opportunities that arise when integrating crowdsourcing processes to the partic-
ipatory decision-making process of the collaborating stakeholders.

The reminder of this paper is structured as follows. Section 2 reviews the
main related work addressing the crowdsourcing applicability to decision-making
process. Section 3 presents the fundamental concepts of the proposed approach.
Section 4 presents the evaluation of the approach by its application to the desert
locust plague case. Finally, Section 5 concludes by summarizing the main contri-
butions achieved in this research and makes recommendations for future work.

2 Related Work

Crowdsourcing have proven to be a promising field of research, giving the wide-
ranging studies in which it has been addressed by scholars and practitioners over
the last decade. In this work, we focus on the alignment of crowdsourcing pro-
cess with organizational decision-making process in a crisis management context.
Bonabeau [8] in his work provides a general framework to assess crowdsourcing
application in business problem solving and decision-making. Considering that
the decision-making is divided on two phases: the generation of potential alter-
natives and the evaluation of them, he discussed for each phase the main be-
havioral biases (social interference, availability, anchoring, and stimulation) that
adversely influence the process, as well as the proper collective intelligence ap-
proaches (outreach, additive aggregation, and self-organization) to handle them.
The crowdsourcing framework examine the key implementation issues such as
control (loss of control, unpredictability, liability, etc.), diversity versus expertise,
engagement (incentives to motivate people’s participation), and policy (policies
to control participants’ behaviors). Another study we could mention is that car-
ried out by [9]. In this study, a simulation experiment of the Citizens Emergency
Response Portal System (CERPS) have been conducted, to examine the hypoth-
esis that citizen participation in crisis response decision-making can improve the
outcome of a crisis. The findings of this study have shown that citizen involve-
ment provided additional first-hand situation awareness, such as the locations
of fires or pictures of suspicious packages. The crowdsourced information helped
crisis managers to make better response decisions, understand the population
needs, and decide when and how to provide information to the public. Closer
to our work, Chiu et al. [10] propose a crowdsourcing based decision-making
framework. The framework specifies for each phase of the IDC model of Simon
the main tasks to be crowdsourced. At the intelligence phase, the crowds are
implicated in knowledge discovery activities, making predictions, and providing
opinions. The crowds in the design phase, are called for idea and proposals gen-



eration. At the choice phase, the main crowds’ concern is the evaluation and
assessment of the proposed ideas in the previous phase. Another relevant study
in this topic is that conducted by [11]. They propose a crowdsourcing-based
framework to build decision support systems based on the crowdsourced data.
The proposed system provides on-the-fly decision support, and is based on two
aspects: constructing the knowledge base in run-time using crowds’ contributions
and providing decision support using the collected knowledge. Another related
study we mention is the proposal of [12] who propose an interactive crowd-
sourcing based decision support framework for post disaster situation awareness
and decision support. The framework gathers situational information using SMS
from the crowd present at the disaster site, and summarizes such responses to
have situational awareness and appropriate decision-making.

Most of the prior works are oriented towards addressing the main issues
and challenges facing organizations when incorporating crowdsourcing into their
decision-making processes. In addition, most of the existing literature addresses
the applicability of crowdsourcing to decision-making for general business prob-
lems and lacks more research that examines in particular the crisis management
area. To the best of our knowledge current literature fails to establish a compre-
hensive approach to support the design of processes to integrate crowdsourcing
into the different phases of crisis decision-making, which represents the main
concern of this study.

3 Crowdsourced Collaborative Decision-making
Approach in Crisis Situations

In this section, we delineate the way crowdsourcing processes can be incorpo-
rated into the decision-making process within a crisis management context. The
crisis crowdsourcing approach is built upon cooperation between citizens and
crisis response organizations (CROs), in each stage of the decision-making pro-
cess at the various crisis management phases. For each phase of Simon’s deci-
sional model (IDC), citizens are engaged either by providing information about
the crisis or as crowd workers performing specific tasks related to information
processing and management issues. Thus, the proposed approach will allow re-
sponse organizations to identify and express their information needs, be aware
of the crisis evolving context, and strengthen their decision-making capabilities
by providing relevant recommendations based on volunteer citizens’ evaluations
and feedbacks. As depicted in figure 1, the decisional process relies on a two-way
flow of information, where crisis stakeholders may act both as consumers and
as providers of information. From one hand, citizens provide near real-time in-
formation about the event to display an accurate situational awareness for the
affected population and the involved response organizations. Respondent organi-
zations, on the other hand, share their plans and resources to both citizens and
the others crisis management organizations to share a clear activity awareness
with the crisis management community and proceed to distributed planning and
execution of response plans.
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Fig. 1. Overview of the proposed Approach

3.1 Phase I: Information Sharing and Problem Identification

In this phase, the first concern of the respondent organizations is to rapidly
obtain a clear on the ground picture of the affected zone. Maintaining an up-
dated situation awareness of the crisis context requires gathering information
from sensor systems in conjunction with crowdsourced data from citizens re-
porting observations and direct eyewitness accounts. In fact, local population
tends to immediately gather and share geolocated data and information related
to the crisis effects. They contribute to the information chain either passively
by providing raw data using their phones, tablets, and social networking tech-
nologies or actively by reporting more established and controlled information
using a dedicated crowdsourcing platform. Whereas this crowd-sensing activity
represents a key pillar for response decisions, it may generate information over-
load problems, due to the great volume of the collected data and information.
To overcome this challenge, crowd-tagging comes as an efficient means by which
crowds can be involved in categorizing and classifying of the provided data based
on their local knowledge and the perception of their own environment. Results of
the tagging process are then presented and visualized to enhance the awareness
of both response actors and the public. Response organizations, in turn, and
based on the information harvested automatically from social networks or gath-
ered via the platform, proceed to information categorization and classification
using their internal expertise. In this regard, situational awareness ontologies
are relevant tools used to avoid ambiguity and confusion of terms and share a
common language with the different stakeholders, which have different cultures,
protocols and systems. At the meanwhile, crowds iteratively improve these infor-
mation mapping and tagging activities, by continuously reporting information
according to the dynamically changing circumstances of the event.



3.2 Phase II: Generating possible Courses of Action

At this stage of the decisional process, the primary objective of the crisis re-
sponse organizations is to find actionable crisis information that translates into
action plan. During this phase, the crowds are involved in a more active partic-
ipation, which goes beyond the simple sharing of raw data to more elaborated
and structured information. A process that makes crowd-tasking activities even
more complicated for certain member of the crowd. After identifying the main
tasks to be assigned to the crowd, response organizations and based on the com-
plexity of the tasks and the available resources, proceed to the crowd-selection
process. In addition, they share georeferenced data about their field teams posi-
tions as well as their associated resources, which enhance activity awareness of
the different collaborating organizations, facilitate the distributed response plan-
ning, and guide the crowds participations. In this regard, mapping and tagging
activities can facilitate and improve the crowds understanding of the different
tasks to be performed by giving them a global picture of the response plan. Once
crowds are selected, the platform accordingly, generates the necessary instances
of tasks and automatically assign them to each selected member. The crowds
and based on the available information, proceed to the crowd-curating activity.
They are consequently involved in various information processing and manage-
ment tasks such as information filtering and synthesizing to support respondent
actors with practical insights and guidances for the development of potential
alternative courses of actions.

3.3 Phase III: Evaluating and Selecting a Proper Alternative

In this phase, the objective behind engaging the crowds is to get evaluations,
opinions, and suggestions to prioritize response actions and improve alterna-
tives created in the previous phase. To this end, response organizations share
the proposed response plan through the platform with the different response
stakeholders. The shared plan provides relevant basis for the other involved or-
ganizations to adjust their priorities and ensure an optimal use of the available
response resources. An overview of the response plan can be presented to cit-
izens using the crowd-mapping technique to enhance their awareness and gain
their confidence. Evaluations are then collected, analyzed, and reviewed by the
internal experts of the response organizations. While ranking activity provides
explicit information, some evaluation can include complex responses containing
implicit information, which require more clarifications or additional work to be
requested from the crowd. Thus, response organizations can ask for additional
details and explanations about a specific contribution. Crowdsourced data or
tasks performed by the crowd are processed and reviewed and then shared back
to the crowd to get more adjustments and feedbacks. In this context, the col-
lection process can be improved using the parallel sourcing technique, where
participants evaluate the same alternative independently of other’s evaluations,
which reduces the probability for participants to be influenced and guided by
previous works.



4 Case Study

The desert locust plague is considered as one of the major threats to food secu-
rity worldwide due to its devastating effects on crops and pastures, which poten-
tially results in disturbing socio-economic consequences. Locust outbreaks have
occurred on all continents except Antarctica and they can harm the livelihood
and well-being of 10% of the worlds population [13]. In fact, the desert locust
outbreak of 2003-2005 affected 8 million people, in over 20 countries mostly sub-
Saharan Africa, with an estimated 80 to 100% of crops lost [14]. Besides the
financial losses, the large amounts of chemical insecticides commonly used for
control operations can result in serious environmental damage [14]. In Algeria,
the last desert locust invasion, in 2004-2005, has required an urgent mobiliza-
tion of financial resources estimated at USD 120 million to treat 4.5 million
hectares which contains mainly hopper bands and swarms [15]. To cope with
such a calamity, application of an effective prevention and control strategy is
necessary to protect the agricultural production. In this regard, the National
Institute of Plant Protection ! have been charged to take over this critical task,
which aims to organize and conduct during the recession period the monitoring
and control operations against the Desert Locust, develop and coordinate during
the invasion period a response plan for control operations.

4.1 Desert Locust Survey and Control Process at the INPV

The National Institute of Plant Protection carries out a sustained survey and
control of desert locust situation all over the Algerian territory with 2.4 million
km2 and especially in the southern Saharan zone. Usually, monitoring and con-
trol operations are undertaken by qualified Locust Field Officers who send field
reports to the national unit headquarter. Received reports are then corrected,
stored, and visualized by the Locust Information Officer (LIO) using RAMSES
(Reconnaissance and Monitoring System of the Environment of Schistocerca)
a centralized system set up by the desert locust information service (DLIS)
of FAO. In addition, the LIO receives information from the DLIS of the FAO
which consists of a bulletin that contains a summary of the current situation
at the locust-affected countries and a forecast of future developments. Despite
the amount and the variety of collected data and information, experienced lo-
cust officers at the INPV assume that just 50% of information about the locust
situation are detected by survey operations for a given area, due to the limited
capacity of the INPV Staff regarding the vast area to be monitored and the
accessibility of locust habitat. To strengthen its locust situational awareness,
the INPV rely on additional information coming from less experienced people
such as agricultural extension agents and scouts as well as from non-locust ex-
perts such as travelers, truck drivers, farmers, government agents, villagers and
nomads. After verifying these information, the LIO incorporate meteorological

! http://www.inpv.edu.dz/



and SPOT-vegetation data, assess the current situation and forecasts future de-
velopments. In order to have a global view of the locust situation, the LIO send
a weekly (in the recession period) or monthly (in the invasion case) report to
the DLIS of FAO which incorporate it to its locust bulletin. Citizens are also
informed about the locust situation and the targeted areas of control campaigns.
Based on the analysis performed by the LIO, the administrative board decides
when and where to conduct survey operations, what are the priorities of control
campaigns, evaluate the effectiveness of control operations, and determine where
further control is required.

4.2 Crowdsourcing the Decisional Process of the INPV
Information Sharing and Problem Identification

A better understanding of the locust situation means better assessment of the
current situation, which leads to accurate forecasts of future developments and
make the basis of all locust response decisions. The LIO receives locust infor-
mation from locust monitoring teams, which contain a detailed report of the
surveyed area. Locust situation reports are also provided by the DLIS of FAO,
which represents a global situational image of the locust affected countries. How-
ever, experienced locust field officers of the INPV suppose that these information
cover only 50% of the overall locust situation. Especially in unsurveyed areas,
non-locust experts such as villagers, nomads, travelers, truck drivers, and gov-
ernment agents play a crucial role in monitoring and reporting information about
habitat conditions and locust presence. In addition to directly using the crowd-
sourcing platform, posts and comments on locust situation can be automatically
collected incorporated from social networks to the platform using dedicated web-
based sensors. Four key data are required: ecology, rainfall, locusts and control.
As highlighted in figure 2, locals and based on their knowledge of their own en-
vironment, provide ecological data which comprise a description of the habitat
nature (such as valleys, plains, pastures), density and the greenness of the veg-
etation, and soil moisture. In this regard, SPOT-vegetation data are provided
by the Algerian Space Agency (ASA) to allow a guided citizens participation.
They also provide meteorological data, which consists of Rainfall (to identify
vegetation and breeding areas), temperature (to estimate the development rate
of eggs and hoppers), wind and atmospheric pressure (to evaluate the possibility
of adult development and their migrations direction). These data are compared
with confirmed data from National Office of Meteorology (NOM). In addition,
citizens can provide critical locust data such as locust maturity, density, appear-
ance, phase, and behavior. To this end, mapping tools should be incorporated to
the crowdsourcing platform to enable geo-locating and geo-tagging of the locust
affected area. The LIO analyze the received reports and compare the analysis
results with historical data to understand the dynamics of locust populations.
Crowds can be asked to report particular pieces of information such as locust
colors, pictures of the observed location, etc. Based on the analysis results, he
evaluates the current locust situation and forecast future development.



:Locust -
Bulletin Publish Locust
Information

Needs

: T E‘ .
v I - v
£ . " v gahVisualize
ocust-monitoring g3 Visualize v Collect I.o:ust
Data Collection urrent Locus! Send Request vhdditinnal Information
0 Situation Details
2 i) A A
I.E ! ' 1
& 4
g Share posts Comments
= on Locust on Locust
M Situati
=
2
c
-
Send Reports Map & Tag q
Using the Locust received
the Platform affected Area

Fig. 2. BPMN4Social modeling of the Information Sharing and Problem Identification
Phase

Generating possible Courses of Action

After identifying the main information to be collected, the INPV evaluate its
internal staff capabilities and its own resources regarding the extent of the locust
situation. Thereafter, the LIO identifies the main tasks to be crowdsourced based
on situational reports analysis and collected contributions as depicted in figure
3. in this regard, profile analysis techniques may be of great value in selecting
crowd members and assigning tasks. Usually, the previous phase involves a large
number of contributors providing near-real time eye-witnesses in form of raw
data. The huge amount of crowdsourced data demand considerable work, time,
and concerted efforts to extract actionable information used for locust forecasts
and response planning. The main objective of the crowd is to reduce irrelevance
and redundancy of information in received reports, analyze and synthesize posts
and comments from social networks. Furthermore, the crowdsourcing platform
should allow selected citizens to fill out pre-prepared forms such as selecting
images of ecological conditions (plain, dunes, crops), rainfall (light, moderate,
heavy), locust maturity (hopper instars, fledgling, immature, maturing, mature
adult), locust behavior (isolated, scattered, copulating, laying, flying), and its
size or density (very small, small, medium, large, very large). Contributions are
then visualized to get feedbacks and improvements. A synthesized report is then
sent to the INPV decision makers in order to prioritize the response operations,
and elaborate a coordinated plan for exploitation and distribution of resources.
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Filter
locust-related

Selecting the Appropriate Alternative

The main preoccupation of the INPV in this phase is to generate a shared
and distributed locust response action plan. To this end, the INPV locust ex-
perts prepare and share a draft action plan with selected crowds and the other
concerned organizations such as the Agricultural Services Branch, General Di-
rection of Forests, Civil Protection Services, and Local Communities. Using map-
ping features of the platform, the INPV in conjunction with the other involved
organizations display geo-tag locations of risk areas, confirmed locust-related
information, potential targets for intervention, means and control methods (me-
chanical control, baiting, dusting, and spraying), route itineraries, and the es-
timated time for arrival of the locust survey and control teams. For their part,
citizens directly engage in crowd-voting activities, which involve commenting,
ranking and evaluating of the proposed draft action plan. They can give feed-
backs on particular points or alternatives and provide evaluation and action plan
proposals. Evaluations are collected, analyzed, and reviewed by locust response
teams, who may request additional details on citizens proposals such as confir-
mation about route itineraries, habitat conditions, and locust behavior. After
reviewing citizens analysis, desert locust control commission prioritize response
actions, prepare and implement the operational action plan. On the other hand,
citizens continuously evaluate the effectiveness of the action plan progress and
send feedbacks. According the changing circumstances of the locust situation
and citizens insights and reactions to the response plan, locust response teams
adjust the later as shown in figure 4.
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5 Conclusion

Handling crisis events implies collaborative, distributed and complex decision-
making activities involving diverse sources of spatiotemporal information and
knowledge, distributed among stakeholders from different organizations, agen-
cies and even ordinary citizens. The increasing development of collaborative
technologies has conducted crisis decision-making towards a more civic-driven
process. Unfortunately, available literature lacks studies and design methodolo-
gies intended to align and leverage the emerging power of crowdsourcing to
enhance organizational decision-making process especially in crisis situations.
The contribution outlined in this paper is a comprehensive approach for crisis
collaborative decision-making, which identifies the type of required information
and data, and the main crowd-tasking activities and techniques for each phase
of response organizations decisional process. Application of the approach in the
context of a real crisis situation at the INPV has demonstrated the potential
of the approach as an underlying basis to crowdsource information management
and processing needs throughout the crisis life cycle. Furthermore, application
to this case study also showed that the central aspect of the crowdsourcing plat-
form role is to ensure detection of early warning signals of the locust plague
by crowd-harvesting data from social networks or directly incorporating citi-
zens contributions and provide near-real time spatial visualization of the locust
situation. In addition, it allows the coordinated planning and evaluation of re-
sponse operations by either the crowd providing feedbacks and proposals or the
other involved organizations by visualizing their resources and sharing their field
expertise.

Our next steps will be to implement and test the described platform on a sim-
ulated locust recession and invasion event to evaluate its feasibility. Furthermore,



we intend to increase the approach flexibility with more modeling specifications
in order to ensure its applicability to other crisis situations.
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