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Abstract

Mozambique is one of the countries most affected by natural hazards in the world. Therefore it can

benefit  greatly  from  enhancements  on  its  early  warning  system.  Cell  broadcast,  which  is  a

technology able to send simultaneous alert messages to all mobile phones in a geographical area has

gained  attention  of  emergency  authorities  since  various  catastrophes  in  the  years  2000’s  and

increasing  diffusion  of  the  mobile  network.  This  research  has  looked  into  the  disaster  risk

management routines in Mozambique, interviewing relevant institutions, to identify the currently in

use early warning system and analyze the circuit of information from detecting a hazard until the

transmission of alert messages to the population. The goal of this research has been to identify how

alert messages are sent to the population and, based on currently available infrastructure, analyze

the possibilities to use Cell Broadcast to target alerts to all subscribers on specific geographic zones.

It has been identified that the country already uses a solution that sends SMS to a list of phone

numbers  registered  in  a  database.  Nonetheless,  telecommunication  operators  in  the  country  are

willing to cooperate with emergency authorities to design a solution in which Cell Broadcast can be

used to strategically target alerts to subscribers at designated areas of risk. In this way, enabling

enhanced accuracy and efficiency of the public alert system in Mozambique, with reduced time

between detection and the simultaneously delivery of public alert messages to the entire population

or only to people located on relevant geographic zones. Furthermore, the results also allowed to

speculate  on  the  viability  of  automated  solutions,  which  can  be  used  in  combination  to  the

enhancements that Cell Broadcast can bring to disaster risk management routines.
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1. INTRODUCTION

1.1 Background

Mozambique  has an area of 799,380 km2 with an eastern coast line of 2700km and population
growth of 2,4% per year with an estimation to become 36 million inhabitants by 2030 (UNFCCC,
2016). Recurrent  weather-related  calamities  in  the  country  include  flash  floods,  droughts  and
tropical cyclones. Between 1960 and 2010, 68 disasters caused by natural hazards killed more than
100,000 people (World Bank, 2010). Floods alone from 2000 to 2015 affected 4,629,000 people and
destroyed 638,700 houses totaling up to 689,9 million dollars in damaged infrastructure (UNFCCC,
2016). In a study about the flash floods of the year 2000, Vaz, Alturas e Fernandes (2016) reported
that humanitarian help took three days to arrive due to the need of concrete data and, because of the
delay, the costs of helicopter rescue routines summed up to millions of dollars. In addition, Vaz,
Alturas  e  Fernandes  refer  to  the  fact  that  certain  regions  stayed over  a  week without  supplies
because  of  failure  in  the  communication. As  response  to  the  losses  during  the  past  years,
Mozambique have included on its National Adaptation Plan for the years 2015-2030, the concern to
reduce climate risks through the strengthening of early warning systems (UNFCCC, 2016).

Effective communication during times of emergency is a crucial element in the duties of public
authorities  who  must  strive  to  achieve  high  quality  systems  with  the  available  technology  for
emergency occasions (ETSI,  2010).  Countries like Japan, US and the Netherlands (Yi,  2012 &
Jagtman, 2010) have implemented public warning systems able to broadcast alert messages targeted
to  specific  geographical  location  or  to  the  entire  population,  without  the  need  of  maintaining
databases of people’s telephone numbers. The European Union has also deployed the so called EU-
Alert (Al-Dalahmeh, 2018) and, developing countries such as Bangladesh and Sri Lanka have also
implemented the use of Cell Broadcast services into the routines of its early warning systems (Al-
Dalahmeh, 2018). Mozambique was top ranked among African countries most affected by weather
related loss on events between the years of 1997 and 2016 (Eckstein, 2018) and the use of Cell
Broadcast in countries with the profile of Mozambique can significantly enhance the potential to
mitigate the effects of natural hazards (Al-Dalahmeh, 2018).  

1.2 Research Problem

UNISDR (2017) reports that  “There is a great need to strengthen the disaster early warning and
climate service capabilities especially of developing countries”.  Al-Dalahmeh (2018) points out
that the main reason that developing countries are not yet making use of mobile-based solutions in
their  Early  Warning  System  (EWS),  is  due  to  the  lack  of  research  of  the  feasibility  of  such
technology in those countries. Vaz, Alturas e Fernandes  (2016) analyzed the current Mozambican
EMIS (Emergency Management Information Systems) and concluded that there was room for many
improvements, including enhancements in the flow of information. Another aspect indicated by the
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research Vaz, Alturas e Fernandes did in 2016, aligned with what Al-Dalahmeh (2018) argues, is the
need of further studies as to indicate the technical and economic feasibility of implementing new
technologies  to  improve the current  emergency management  solutions in  the country.  Thus,  by
studying what is the state of art of early warning systems in Mozambique, it would be possible to
look into the technical feasibility by analyzing how current routines could possibly be extended to
integrate the use of Cell Broadcast services to transmit alerts to the population. The findings of such
undertaking, would even help to outline how other countries could possibly benefit from similar
researches based on this case study in Mozambique.

1.3 The Research Question

The first question was to find out whether emergency authorities in Mozambique had been making
use of Cell Broadcast to transmit alert messages to the population. If not, what are the possibilities
to integrate Cell broadcast into the routines of Disaster risk management in the country?

To answer the questions above, it was also necessary to understand the following points: First (1),
how does information flows from detection of hazard to alerting the population? And second (2),
what are the possibilities in the mobile network infrastructure to send Cell Broadcast alert messages
to populations at risk in the Mozambique? 
 

1.4 Scope

The purpose of this research has been to identify the possibilities for the disaster risk management
institute  in  Mozambique  to  transmit  alert  messages  to  the  population  by  making  use  of  Cell
Broadcast services. This study has not been intended to implement any service but to analyze the
possibilities  of  doing  so.  Furthermore,  because this  research  needs  to  go  into  some degree  of
technical specifications of Cell Broadcast, the information provided here in this regard is expected
to serve as mere introductory information.

The goal of this research has been to identify the current infrastructure and provide the Mozambican
emergency authorities and other interested organizations, researchers and individuals, with insights
on the possibilities to integrate Cell Broadcast alerts into the country’s official emergency routines,
and the possibilities involved with undertaking similar researches in other countries.  

This  research  was,  thus,  intended to serve  as  instantiation  with  an  overview of  the  interaction
between  the  institutions  involved  in  monitoring  and  issuing  alerts  of  natural  hazards  in
Mozambique. Moreover, it is also discussed, as an essential point, the possibilities to integrate Cell
Broadcast in the disaster risk reduction routines based on current and possibly future infrastructure. 

Possibly, the information compiled here can be useful as starting point by the emergency authorities
in Mozambique to ground discussions on the use of Cell broadcast on its risk management routines.
Furthermore, the findings presented here can also serve as reference to future researches in other
countries and on comparative case studies looking at the implementation of Cell Broadcast.
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1.5 Research Outline

This research has been designed in a way to cast light on the main aspects involved with integrating
Cell  Broadcast  as  a  component  of  early  warning systems.  Therefore,  we cover  what  are  early
warning systems, what they need to achieve and how they can be effective. We also look into what
is Cell Broadcast and how it can be used as a component of an early warning system. Additionally,
we look at other aspects we came across during this research, including a mobile-based solution,
currently in use in Mozambique, called Data Winners, which sends SMS to alert the population.

The outline of the research is the following. First, on section 2 we present the methodology and
strategy used for this research. Then, on section 3, details of the theoretical framework is presented,
including information about Early Warning Systems and Cell Broadcast. Sequentially, on section 4,
we move into the findings of this research. Then, on section 5 we present an analysis of the viability
of integrating Cell broadcast in Mozambique, including an overview of the differences between Cell
Broadcast and SMS, which is the currently solution for sending alerts through the mobile network.
Then, on section 6 other aspects found during this research are also presented.  And finally,  on
section 7, conclusions and final considerations are outlined. 
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2. METHOD

This  research  has  been  designed  to  understand  whether  disaster  risk  management  institutes  in
Mozambique were using early warning systems that makes use the mobile network and identify the
possibilities of using Cell Broadcast in the country. David Gray (2018) classifies researches where
the purpose is to: explore what is happening in a given context and; to pose question to that which is
studied as exploratory research. He points out three main characteristics of exploratory research,
which are: literature study, talking to experts in the field, and conducting focus group interviews.
These three mentioned points above were the main activities carried out during this research. Ridder
(2017) argues in consonance with other researchers (e.g. Yin 2014) for the use of case study to
investigate a real-life phenomenon and that case studies can be about an individual, a group, a
organization, a problem or an anomaly. Yin (2014) position himself for the use of designing a case
study when the research questions are seeking to investigate a contemporary phenomenon. Gray
(2018) argues for the importance of quick response to the flow of information encountered during
the research process and the ability to pose new questions and issues in regard to the answers found
during the researched phenomenon. Figure 1 illustrates the iteration flow that according to Yin
(2014) is optimal for case study research. 

Although Gray(2018) sees the value of a deductive approach to case studies, he points out to how
case study research can actually result in generating data towards the development of theory as
result of the research, and according to him “There is no reason, however, to denigrate research
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activity that is not theory-orientated”. Such inductive position towards case study is well argued by
Ridder (2017) who refers to Eisenhardt (1989:536) who says that “Investigators should formulate a
research problem and possibly specify some potentially important variables, with some reference to
extant  literature.  However,  they  should  avoid  thinking  about  specific  relationships  between
variables and theories as much as possible, especially at the outset of the process” and it is with this
openness to the findings throughout the research that the iterative processes posed by Gray (2018)
and illustrated by Yin’s figure in regard to case study that this research has been carried out.

2.1 The Type of Case Study

Before going into details of the methodology, it is relevant to refer to what is the type of case study,
which Gray discuss as the dynamic between holistic and embedded perspectives. According to him,
the interaction of sub-units of research results in four different types of case study that can arise
from this dynamic. He explains that case study researches involve several smaller components and a
myriad of factors, variable and categories of research, which by themselves can, each one, become a
case study on its own. Thus the researcher interested in investigating a case study must be aware of
these smaller components and how to picture them in the proper framework, either by combining
them into a bigger picture or isolating them as separate case studies. Gray uses a matrix (figure 2)
designed by Yin to illustrate these four types of case study.

 Type 1 – Single / holistic: The case study is seen as a single big unit and everything is
examined from a holistic perspective in which every smaller part is part of the whole.

 Type 2 – Single / embedded: When there are different units of analysis that needs to be
examined. It is still a single case but it requires multiple units to be analyzed on their own.

 Type 3 – Multiple  /  holistic: Multiple  studies are  analyzed in  a  holistic  perspective to
enhance the reliability and transferability of the findings of a certain  research.

 Type  4  –  Multiple  /  embedded: Because  cross  comparing  holistic  studies  can  be
overwhelming, type 4 offers a way to cross compare single units of multiple case studies.
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In the regard to the categories of case study in the Matrix shown above, the present research is of
type 2, a single case with more than one unit of analysis. We are looking at different components
necessary to understand a single case, which is to understand how Cell Broadcast can be integrated
in the routines of Early Warning Systems (EWS) in Mozambique. For achieving this understanding
it was necessary to mainly assimilate knowledge over the functioning of the current EWS routines
in Mozambique, as well as Cell Broadcast itself, including its availability in the infrastructure of the
mobile network in Mozambique. 

2.2 Methodological Framework

Gray  (2018)  divides  the  case  study  process  into  five  main  steps:  (1)  The  development  of  a
theoretical instance; (2) selecting the case; (3) Design and pilot research tools, protocols and field
procedure; (4) Conduct case study or studies; and finally (5) Drawing (cross)-case conclusions in
conjunction with writing the report which would be the actual final step. Transposed overs Yin’s
pentagram (figure 1) these five steps could be seen over the key elements brought up by Yin. For
Gray (2018), the iterative path has the following linear backbone:

 The  development  of  a  theoretical  instance: A  set  of  questions  open  to  further
improvement and or modifications linked when possible to previous research.

 Selecting cases: At this step the organization under analysis and its subordinate units are
selected, noticing that the main and subordinate units might require different analysis.

 Design and pilot research tools, protocols and field procedures: Ensuring that the tools
match  the  original  hypothesis  and  research  objectives.  Protocols  involve  the  set  of
procedures such as specifying exactly how interviews shall be conducted.

 Conduct case study: Data is collected, analyzed and synthesized into individual reports. At
this point, new questions might arise and new units of analysis might have to be formulated
and additional data collected. The findings of each unit needs to converge into solving the
big picture with the “multiple sources of evidence” at different angles of the main question.

 Draw case conclusions: At this stage, if results are unexpected, the data analysis might
suggest  adjustments  to  the  initial  theory.  The  analysis  might  also  have  implications  for
policy making and organizational practices.

2.2.1 The development of a theoretical instance

The questions that originated this research started with a wondering over what kind of technology
was used in Japan during the earthquake of June 2018 to alert the population of risk zones directly
on the mobile phones. Finding out what was Cell Broadcast and how it worked was the first step to
outline the theoretical  framework. Then,  it  would be necessary to find out  how the emergency
routines in Mozambique were administrated; whether emergency authorities were making use of
any mobile-based solution; and, if they were not yet making using of Cell Broadcast, what would be
their view on starting using the technology. However, it was likewise important to find out whether
the telecommunication companies in the country had the necessary infrastructure to provide the use
of Cell Broadcast services for emergency authorities to use it as a public warning system.
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The literature studied before and during the research have included mainly researches related to Cell
Broadcast  (e.g.  ETSI,  2010),  as  well  as  previous  studies  carried  out  in  Mozambique (e.g  Vaz,
Alturas e Fernandes, 2016) and studies about mobile-based early warning systems in developing
countries (e.g. Al-dalahmeh 2018). Official reports and national legislation regarding mitigation of
calamities  have  also  been  reviewed,  such  as  the  report  over  the  country’s  adaptation  plan
(UNFCCC, 2016), which reinforces the need and the country’s plans to strengthen its early warning
systems. Furthermore, official reports and documents written by the National Institute of Disaster
Management (INGC) have also been studied to understand the internal organization of the institute
and to get an overview picture of how the information flows from detecting a hazard to alerting the
population. Interviews were then designed to collect the data necessary to lay out this research
design and identify the potentials of using Cell Broadcast services if not already in use. 

2.2.2 Selecting the case

After studying the reality of natural hazards in Mozambique and researching about the possibilities
that Cell Broadcast offers, the next step was to identify the disaster risk management institute and
the monitoring agencies in Mozambique. Interviewing those institutes would allow us to find out
what were the existing warning systems and how did the information flow between identifying a
hazard to the actual communication to the population. Since the goal of this research was to identify
the  possibilities  of  integrating  Cell  Broadcast  into  disaster  risk  management  routines,  it  was
likewise important to map out the telecommunication companies operating in the country to further
inquire on their current infrastructure to understand the viability of integrating Cell Broadcast in the
disaster risk management routines. 
To successfully collect all the information necessary to accomplish this investigation, the case study
was divided into three main sub-units  within the same frame of analysis,  which is the flow of
information along the process of (1) detecting hazards, (2) coordinating actions, and (3) alerting the
population, with special focus at the bridge between the second and third items. Therefore, the units
of analysis selected to study, as illustrated on figure 3, was the monitoring agencies in Mozambique,
the Institute coordinating actions, and, at the third column, the telecommunication sector. At this
disposition, other organizational perspectives could have been adopted to analyze the interaction
between these groups, however, our focus was mainly on the use of the mobile network to send
alerts.  To  simplify  our  interest  on  these  interactions,  we could  even  imagine  two  groups:  one
mapping out the information flow between the institutes that detect and manage natural hazards;
and at the other side, the telecommunication sector, including the question of whether they were
transmitting  alerts.  These  groups  are  illustrated  in  figure  3:  where  at  one  side  we  have  the
monitoring/coordinating institutes and at the other end, the actors related to the mobile network. We
will get into details, but for now this will give us a picture of the units of analysis that were studied
during this research in Mozambique.
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2.2.3 Design and pilot research tools, protocols and field

The design of this research has followed an iterative path while identifying the actors to interview.
Some were selected based on the reading of documents found about disaster risk management in
Mozambique,  while  other  actors were selected based on recommendations during initial  planed
interviews. The focus of the interviews was to find out how the monitoring institutes communicate
with the institute coordinating actions and how the emergency institute sends alert announcements
to the population. At the side of the telecommunication sector, the telecommunication operators and
the regulator were asked about the availability of Cell Broadcast in their infrastructure and how the
emergency authorities could make use of Cell Broadcast services for public warnings, if not already.
The overview of the question topics to each of the main 3 groups can be summarized as following:

• Questions topics for the monitoring institutes:
◦ What were their activities and how they realized it. 
◦ To whom and by which channels they provide the results of monitoring activities.
◦ What is the circuit of information flow from their activities to the final populations.
◦ Their awareness / use / perception of mobile-based solutions and Cell Broadcast.

• Question topics to the institutes coordinating actions:
◦ What were their activities / how they realized it / their organizational structure.
◦ From whom they receive their data and through which channels they send alerts.
◦ The circuit of information from the monitoring institutes to the final populations.
◦ How incoming data / announcements arrived and by which official platforms.
◦ Their use of mobile-based early warning solutions / cooperation with the operators.
◦ Challenges involved in enhancing the efficiency of early warning system.
◦ Their awareness / use / perception of Cell Broadcast.

• Question topics to the Telecommunication sector:
◦ The current coverage of the mobile network in the country / including Last mile.
◦ Prognosis of coverage for the next 10 years.
◦ Technical aspects of transmitting Cell broadcast messages within their network
◦ The use / availability of Cell broadcast services at the operators infrastructure.
◦ Their willingness / historic / possibility of collaboration with the emergency authorities. 
◦ Perspective over legislation or memorandum of understanding for collaborations.

The main observance during this  exploratory case study was to  do not mention details  of Cell
Broadcast to the interviewees before collecting the necessary data about existing warning systems
already in use. This was considered to avoid biased answers and specially avoid confusion with
similar  solutions  that  use  the  mobile  network  for  sending  SMS.  On  the  interviews  with  the
telecommunication operators, however, our main interest was to understand how Cell Broadcast
was implemented. Therefore, the approach was done in the other way around. We first asked the
technical  aspects  about  Cell  Broadcast  services  and  the  readiness  of  the  mobile  network
infrastructure, and then inquired about specific questions related to the possibilities of integrating
Cell Broadcast into disaster risk management routines  in the country.
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2.2.4 Conduct case study

To  collect  the  necessary  data  to  answer  whether  disaster  risk  management  institutions  in
Mozambique had been making use of  Cell  Broadcast  or  not,  and find out  whether  the current
infrastructure of the mobile network in the country would allow the use of Cell Broadcast services,
as  well  as  other  insights  not  initially  expected;  it  was  used  a  qualitative  approach with  semi-
structured interviews that were conducted face-to-face, with 10 people working at 8 institutions.
The institutions  contacted  for  interviews  were  the  National  Meteorology Institute  (INAM),  the
National Water Resources Management Administration (DNGRH), the National Institute of Disaster
Management  (INGC),  the  National  Emergency  Operational  Center  (CENOE),  the  three  main
telecommunication operators in the country: Movitel, Vodacom and Mcel, as well as the National
Communications  Institute  of  Mozambique  (INCM),  which  is  the  institute  regulating  the
telecommunication sector in the country. The interviews were conducted between November 12th

2018 and January 14th 2019 in Mozambique, lasting between 15 to 55 minutes.

All interviewees  were asked for  permission  to  have  the  audio  recorded,  which  afterwards  was
transcribed and reviewed twice  to  ensure  precision  and accuracy with  the  spoken audio.  After
carrying out the interviews, the data was once again revised and coded to identify topics and aspects
that could possibly had been missed out at the initial phases when little or no prior knowledge was
available in regard to the information provided in the interviews. The material of each interview
was organized and separated in folders matching each of the interviewed institutes, which are seen
in the extended diagram of this case study. A complete description of each organization mentioned
in the diagram bellow (figure 4), and the relationship between these institutions is described in more
details on section 4.1 and 4.2. A brief reference to their activities is also available on table 1.
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Agency Activity / description Period length

INAM Monitors atmospheric phenomena 29 Nov 2018 27 min

DNGRH Monitors water level on Mozambican basins 27 Dec 2018 25 min

INGC* Coordinate actions of response to risk of calamities 10 Dec 2018 45 min

CENOE Sub-unit of INGC in fully operation during emergencies 8 Jan 2019 55 min

CENOE 2 Dept. of CENOE responsible for sending SMS alerts 8 Jan 2019 45 min

INCM Institute that regulates the telecommunication sector 5 Dec 2018 17 min

Movitel Telecommunication operator in the country since 2011 7 Dec 2018 25 min

Vodacom Telecommunication operator in the country since 2003 6 Dec 2018 31 min

Mcel** Telecommunication operator in the country since 1997 4 Dec 2018 15 min

* At INGC two people were interviewed together. Where applicable, the second person is referred as INGC 2.
** interviewee did not want to have the audio from interview recorded.

One of the interviewees did not want to have the audio recorded. All other recorded interviews have
had the explicit consent and the approval of the participants. The advantage of carrying out face-to-
face, semi-structured interviews, included the viability to have follow-up and probing questions on
newly identified topics. Thus, allowing data collection of aspects not previously planed during the
initial phase.

2.2.5 Drawing case conclusions

To organize and analyze the data, as discussed previously, the case study was divided into three sub-
units of analysis and more generally into two groups: one group representing the meteorological and
hydrological services together with the coordinator institutes at the disaster risk management side;
and the other group, the set of actors representing the telecommunication operators and the institute
that regulates the telecommunication sector. In conjunction to analysis of the theoretical framework
presented on the next section, the interviews were designed to understand the activities of the two
groups discussed above. It was then possible to design a picture of how the circuit of information
flows in Mozambique from detecting a hazard to the point in which the communication travels
towards the population. At the analysis phase, towards the conclusions, the information gathered
from the interviews was then used to compile a visual map of the information circuit, which helps
the reader to understand the layout over the current early warning routines and the possibilities of
integrating Cell Broadcast services to enhance the early warning system in Mozambique.

14
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3. THEORY

3.1 Early Warning Systems

Researches have reported that early warning systems indeed help to save lives (UNISDR, 2015 &
2017). According to the definition of UNISDR (2009) an Early Warning System is  “the set of
capacities  needed  to  generate  and  disseminate  timely  and  meaningful  warning  information  to
enable individuals, communities and organizations threatened by a hazard to prepare and to act
appropriately and in sufficient time to reduce the possibility of harm or loss” . UNISDR (2017)
highlights that “early action taken by civil protection systems to organize timely evacuations have
all  helped to  drive  a fall  in  mortality  numbers  from weather-related disasters”. Therefore,  the
timely  communication  with  the  population  can  increase  the  chances  that  individuals  and
communities have to prepare themselves to respond to the situations of risk. For the success of an
early warning system four inter-related components must be filled (UNISDR, 2009). These four
components are (1) Knowledge of the risks that exist, which comes from observing a phenomenon,
for example, knowing when is the rain period and what are the areas prone to flash floods. The
second (2) is transforming this knowledge achieved from the monitoring process into a format that
can  be  delivered  to  the  consumer  through warnings.  The third  (3)  is  the  dissemination  of  this
information as warnings to the population and the fourth (4),  very important,  is  the final users
capability to respond to these warnings, because there is no use of an early warning system if the
users can not transform the warnings into the required actions to avoid harm and losses. Weakness
or failure in any of these four could result in the failure of the whole system (UN 2006).

3.1.1 Knowledge of risks

The Knowledge of risk is the result of previous and systematically observation and analysis over a
period of time that allow the monitoring institutions to know the vulnerability to hazard (UN 2006).
Climatological studies for example allow meteorologists to identify the climate behavior in a certain
region and know that this region is likely to face precipitation in form of rain and that another
certain geographic area is likely to face drought during the same period.
 
3.1.2 From monitoring data to warnings

Predicting  and forecasting  hazards  is  the  essential  part  of  any early  warning system and must
reliably operate 24 hours a day, and, when possible, the different hazards should be coordinated
together to gain the benefit of shared communication, procedural and institutional networks (UN
2006).

15



3.1.3 Dissemination and communication

In order to reach the maximum number of people, early warning systems can not rely on a single
channel of communication (UN, 2006). Therefore, the inclusion of mechanisms that can reach the
population via different channels is supposed to increase the chances that usable information reach
the relevant individuals and communities (ETSI, 2010) in time to act pro-actively in order to reduce
the impact of losses and damage caused by calamities. 

3.1.4 Response capability

A warning system must deliver the message to the final users, the population at risk, in a way that
people at risk can transform the information into actions that enable them to reduce losses and
harm. According to UNISDR (2017) it is very important that the alert messages are tailored in a
way that the warnings are consistent and clear, even for people with disabilities. Additionally, it
must contain clear instructions that everyone can follow (GFDRR, 2014).

3.1.5 The efficiency of early warning systems

According to a report on Public Warning Systems from the European Telecommunication Standard
Institute (ETSI, 2010), when a system can reach 50% of the relevant population within 3 minutes
and 97% of the population within 5 minutes, it is considered an efficient system. Because it takes
into consideration that people who receive the message will also spread the information. However,
in the detection of earthquakes the reaching capability should be nearly instantaneously to fulfill the
same requirements (ETSI, 2010). And as a situation unfolds, emergency authorities may also want
to use a system for sending updated information to the affected populations. Thus, to enhance the
positive outcomes of using warning systems, UNISDR (2017) points out the need to use “the most
public-friendly  means  of  transmission,  be  that  mobile  phone  messages,  Internet  alerts,  sirens,
community volunteers, or a mix”.

3.2 GIS assisted systems

Geographical Information Systems (GIS) makes it possible to combine data from various systems
and  plot  them  in  layers  of  information,  creating  interactive  maps  that  allow  researchers  and
authorities to visualize the combined data-sets in a way that it is possible to query the available data
in novel ways to understand, for example, the evolution of erosion rates (Mhangara 2012) or detect
wildland fires, even before they start  (Lautenberger, C. 2017). GIS can be used as technological
response to address problems related to natural hazards such as floods (Albano 2014) and assist on
the sustainable development of a region (Saikia, U. 2010). Geographical information systems also
allows researchers to create mechanisms of identifying with certain precision the danger zones and
flag evacuation areas. GIS based services can also help to identify, plot and monitor data with trends
over an observable phenomena such as hydrographic volume  (Gigović 2017) or seismic activity
(Liebenberg, 2017). Therefore, when GIS is deployed to integrate with existing monitoring systems,
it can help decision makers to carry out an intelligent process when addressing emergencies (Tao,
2008) to plan ahead of disasters, and even to design evacuation routines (Bao, 2018). 
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3.3 Multi-hazard Early Warning Systems

When a central system, such as the one Japan uses, is able to reach the entire population within no
time, it can help to save millions of lives (UNISDR 2015b). According to UNISDR (2017) setting
up early warning systems is becoming more accessible, specially for communication channels such
as Internet and cell phone networks. This is an indicator of how technologies such as Cell broadcast
can  be  used  to  enhance  the  potential  of  multi-hazard  early  warning  system  in  countries  like
Mozambique.

3.4 Cell Broadcast

This feature, able to send alert messages to all devices connected to the mobile network at specific
geographic zones, without prior knowledge of any telephone number of those devices (ETSI, 2010),
has been available on the mobile network since the early implementations of GSM for nearly 30
years ago. Since the tsunami in the Indian Ocean in 2004, governments developed great interest in
systems able to reach the maximum number of people in a timely and efficient way (CBF, 2005).
Cell  Broadcast  gained,  thus,  attention  due  to  its  capability  of  sending alerts  within  seconds to
millions of phones without overloading the ordinary communication channel on the mobile network
(ETSI, 2010). Cell Broadcast makes it possible to strategically send messages to all subscribers and
only to those subscribers on designated areas to where the broadcast signal is sent (ETSI, 2010).
The content provider, that generates the messages, can broadcast messages to selected zones by
sending the broadcast message only to designated base stations, or antennas (Gundlegård, 2003). 

The basics of how Cell Broadcast messages are generated and how emergency authorities can send
alerts through the network of the mobile operators to the final users can be visualized with help of
figure 5 bellow and the summary of its components based on the work of Gundlegård (2003). 

CBE – Cell Broadcast Entity Where message is generated
CBC – Cell Broadcast Center The Core of the system
BSS – Base Station Subsystem The BSC and its BTS
BSC – Base Station Controller Stores and routes messages to BTS
BTS – Base Transceiver Station Node conveying messages from BSC to MT
MT – Mobile Terminal i.e. a mobile phone
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The main node of the system, the Cell Broadcasting Center (CBC), receives messages generated
from a  content  provider,  or  Cell  Broadcast  Entity  (CBE).  The  CBE can  be  a  terminal  at  the
telecommunication  operator,  or  it  could  even  be  a  terminal  located  at  the  headquarters  of  the
emergency  coordinator  institute.  The  CBC  forwards  the  message  through  the  Base  Station
Subsystem (BSS), which is composed of a Base Station Controller (BSC) and its Base Transceiver
Stations  (BTS).  The  BSC  is  the  node  routing  the  messages  to  the  different  BTS,  which
communicates  with  the  Mobile  Terminals  (MT)  and  deliver  the  messages  to  the  end  users.  A
detailed illustration of the Base Station Subsystem (BSS) and its cells can be observed on figure 6. 

Cell  Broadcast implementation can differ among operators.  Some operators might already have
graphical user interfaces that facilitates the transmission of the broadcast messages through their
core network, others require the requests to be done directly at the core level, however, the overall
structure that all operators share while using the GSM network is illustrated on figure 6, adapted
from work done by Gundlegård (2003). The BTSs, illustrated inside the hexagons on figure 6, are
sets of antennas, which form one cell in the network, represented by the each individual hexagon. 

3.4.1 Cell Broadcast and Public Warning Systems

Differently from TV and radios, people nowadays always carry a mobile phone with them. Those
phones might be simple and not even able to access the Internet, however, all of these devices, in
principle,  can receive Cell  Broadcast  messages if  the user  has not intentionally turned off Cell
Broadcast warnings as it is possible on some devices (CBF, 2005). Cell Broadcast transmissions can
actually also be modeled to cause the receiver’s device to play a distinguishable alert sound when
the broadcast alert  is received, if  the vendor’s network implementation supports  this  possibility
(ETSI,  2012).  Public  Warning Systems that  use Cell  broadcast,  can make use of  differentiated
messages to distinct areas, enabling the emergency authorities to tailor different alerts in accordance
to the degree of intensity of the event to each of the surrounding zones. Additionally, if considered
that during night times, neither TV nor radios are usually turned on, the distinguishable alert sound
caused by Cell Broadcast, when deployed on the vendor’s infrastructure, can still warn people of
sudden dangers such as on the event of a tsunami (ETSI, 2012). 
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4. RESULTS

Based on the data collected from the interviews with the institutes involved with monitoring events
and coordinating emergency actions in the country, it was possible to map out the related institutes
and the interaction in between themselves from detection of hazard to public warning. Furthermore,
the information provided by the telecommunication sector, allowed us to ground arguments for the
readiness of Cell broadcast to be used as a channel to mitigate the risks of calamities in the country.

4.1 The Monitoring Institutes in Mozambique

The  Mozambique  National  Meteorology  Institute  (INAM),  together  with  the  National  Water
Resources Management Administration (DNGRH) and the National Institute of Mines (INAMI) are
the main providers of hazards forecast to the  National Institute of Disaster Management (INGC),
which is the institute responsible to coordinate contingency planning and all actions necessary to
mitigate the impact of extreme events and respond in accordance to the hazards reported by the
monitoring  institutes  (CENOE,  2019).  INGC  hosts  its  sub-unit,  the  National  Emergency
Operational  Center  (CENOE),  which is  a  multi-sector  coordination center  of technical  decision
before, during and after the occurrence of calamities. CENOE is in full operation during periods
prone to natural hazards in Mozambique and has the political autonomy to take actions at all levels,
including military, to deal with situations of calamities (INGC, 2018). This autonomy is extended to
its  three  regional  centers  and  to  all  its  district  and  provincial  Operational  Emergency  Center
(COEs). Within the delegation of CENOE there are representatives from INAM, DNGRH, INAMI,
INGC, the army, ministries, including health, education, agriculture, infrastructure, all represented
with  autonomy  of  directors  to  take  all  necessary  decisions  and  actions  without  delay  during
emergency situations (INGC, 2018). The further extension of INGC’s activities would be the Local
Risk Management Committees at various districts and provinces, totaling up a number of 1225 local
committees (CENOE 2, 2019). Local risk management committees are composed by respected local
leaders elected by community members (GFDRR, 2014). This institutional arrangement of INGC,
specially the political authority that CENOE and its sub units inherits, is seen as an essential aspect
of an Early Warning systems according to the UN (2006).

While INAM monitors all aspects related to atmospheric phenomena (INAM, 2018), DNGRH and
its regional agencies monitors the water level of national basins (DNGRH, 2018). Together with
data  from INAM,  DNGRH  analyses  data  over  water  levels  and  precipitation  to  calculate  the
propensity  of  possible  inundations  either  because of  rain or also due to  huge volume of water
coming from neighboring states, when damns door are opened (DNGRH, 2018). INAM, as the
meteorological institute, monitors all the atmospheric phenomena, including temperature, winds and
the  behavior  of  the  ocean  in  interaction  with  the  atmospheric  variations  (INAM,  2018).  The
meteorological  institute  delivers  weather  forecast  as  well  as  official  weather  announcements,
including alerts, to INGC and other users and customers (INAM, 2018). Furthermore INAM also
hosts the center for tsunami detection in the country.
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These  above  mentioned  monitoring  institutes  provide  daily  information  to  CENOE during  the
whole year (CENOE, 2019). When the eminence of extreme events is detected and orange or red
alert is activated, the technical staff from these monitoring institutes are the first ones to relocate
their monitoring activities to take place directly from the headquarters of CENOE to speed up the
information flow and enable the emergency authorities to take timely actions (CENOE, 2019). 

4.2 Dissemination and Communication of Alerts

Today INGC uses several  ways to  reach the populations at  risks.  The communication channels
include  TV  and  radio  broadcasts,  but  information  is  also  delivered  via  Internet,  email,  fax,
WhatsApp messages and by the time of this research INGC was also implementing the use of fixed
sirens at certain locations (INGC, 2018). Additionally, it was also identified that since 2016, the
emergency authorities use a system called Data Winners (INGC 2, 2018), which enables the sending
of SMS messages to previously defined groups of people whose telephone numbers  have been
stored in a database (CENOE 2, 2019). Most of the recipient of those messages are people, who
constitutes  the  Local  Risk  Management  Committees  (CENOE  2,  2019),  referred  as  local
committees in this research.  An overview on the circuit  of information in Mozambique and the
interaction between the main actors can be observed in figure 7. 
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4.3 Mobile-based Early Warning System in Mozambique (Data Winners)

In Mozambique,  there is  a two-ways early warning system that  allows INGC to send alerts  to
people who have been registered to a database of phone numbers, and the system also intermediate
incoming messages with post-disaster information from volunteers to INGC (CENOE 2, 2019).
Data Winners works on the basis of SMS messages. To inform the population, INGC sends SMS
messages  to  targeted  individuals,  who  represent  communities  in  affected  areas,  spreading  the
warning forward. INGC also gathers data about the occurrence of events provided by volunteers
living  in  the  affected  areas  (CENOE  2,  2019),  who have  been  previously  trained  to  encode
information into  an SMS message  and send the SMS message  to  INGC through the Vodacom
network (CENOE 2, 2019). 
 

4.3.1 Sending alerts through SMS

When  CENOE receives  the  official  warning announcements  from the  monitoring  institutes,  as
illustrated on figure 5, the national coordinator at CENOE signs and recognize the official warnings.
CENOE then prepares and issues its own announcements containing the information received from
the monitoring agencies. Its warnings include information about the affected areas and instructions
with  actions  that  the  affected  population  needs  to  take  (INGC,  2018).  When  this  official
announcement is forward to the transmitting entities, such as TV and radio stations, the Monitoring
and Information Department at CENOE also transforms the announcements into short messages to
fit a SMS format. The SMS sent to the population is tailored to cover and answer six questions: (1)
what entity is issuing the alert; (2) which are the areas of risk; (3) What is the anticipation period;
(4) what is the intensity of the phenomenon; (5) what are the expected impacts; and (6) what actions
the population need to take (CENOE 2, 2019).

4.3.2 The recipients

Today, in the Data Winners database, CENOE have access to a total of 7129 telephone numbers of
people living at different provinces and districts. Of those registered recipients, most are volunteers
who constitute the 1225 Local Risk Management Committees across the country (CENOE 2, 2019).
The recipient of the messages are, however, not only the members of local committees but also
people belonging to other target groups such as: technical council members of districts; Operational
Emergency Center (COE); technical council of municipalities; coordinators of local radio stations;
community leaders; local teachers; local business people; and other target people at the level of the
province,  including ordinary people from the communities  (CENOE 2,  2019).  The idea is  that
people who are initially contacted through SMS messages, can receive the alerts and transfer the
information into the next step of spreading the warnings even further to communicate the alerts to
other people in their communities (CENOE 2, 2019). 
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4.3.3 Receiving data through SMS

Data Winners also makes possible for INGC to receive data from an event, as soon as a volunteer
sends an SMS about what happened. The feedback, however, is not in form of a free text format, but
it follows a structured encoding method. To do that, volunteers are given training to properly fill out
supporting forms, which help them to generate the codes that are used to prepare and concatenate
the answers (INGC 2, 2018). These answers are then merged into a sequence of characters that
composes the SMS, which is sent via the Vodacom network and visualized by the Data Winners
software (CENOE 2, 2019). As soon as these messages arrive to the operational staff at CENOE,
the staff have access to the decoded messages and they are able to respond with immediate actions
in regard to the situation reported by the SMS. which also includes the telephone number of the
sender, who can be contacted for further inquires  (CENOE 2, 2019). The received messages are
decoded and arranged into data fields that identify what is the nature of the event; the number of
missing people; number of injured people; number of  casualties; number of houses that became
uninhabitable; where people gathered after disaster; what are the access conditions in regarding to
roads and whether the health services are in operation after the event happened (CENOE 2, 2019). 

This method of providing post-disaster information to INGC requires training and it involves costs.
Therefore  INGC offers  training  to  3  volunteers  from each of  the  local  committees  on  how to
compile the messages to provide post-disaster data to INGC (CENOE 2, 2019). To become a data
provider the requirements are that the volunteers need to know how to read and write Portuguese,
and that they know how to operate a mobile phone to compile and send the messages. It is worth
noticing that we are not referring to expensive mobile devices. Any phone able to send SMS can be
used to  provide  the  post-disaster  information  to  INGC. Nonetheless,  there  exists  other  specific
questionnaires that use tablets running the android system to collect detailed data for Losses and
Damage Analysis (CENOE 2, 2019). 

4.4 Cell Broadcast in Mozambique

The three telecommunication operators in the country, Movitel, Vodacom and Mcel, have reported
to have used Cell Broadcast for one or several purposes, including isolated cases to help INGC
spread alerts (Vodacom, 2018) (Movitel 2018). However, When INGC (2018) and CENOE (2019)
were asked about whether they had used Cell Broadcast and their awareness on the possibilities to
cell broadcast alerts to all subscribers on Geo-specific zones, none of the emergency authorities
were  familiar  to  the  technology.  INGC (2018)  even  referred  to  Data  Winners  as  the  solution
achieving that, when in reality, Data Winners only sends regular SMS. However, Data Winners and
Cell broadcast works in a very different way. As detailed on section 3.4, Cell Broadcast services
uses the mobile coverage of each cell, comprehending a certain geographic area, to scale down the
recipient of the alerts to be only, and all those subscribers located at certain areas covered by the
relevant antennas in those areas. However, to effectively be able to use the strategy of designating
certain antennas to broadcast alerts to mobile devices in those areas, it is important that the mobile
network infrastructure has a good coverage for the expected zones in order to broadcast the alert
transmissions. 
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4.5 The Mobile Coverage in Mozambique

According to  INCM (2018),  the  combined coverage  in  the  country  today is  almost  total,  with
infrastructure in all 10 provinces, 154 districts and 1132 localities. “If considered that some areas
do not have antennas but receive signal from nearby towers, the coverage in inhabited zones is
nearly complete”. Asked about prognosis for the next 10 years, INCM estimates that the entire
population will be covered with 4G, but already by 2020 the entire population of Mozambique will
be covered by some signal of the mobile network. The interviewed staff from INGC, CENOE, and
DNGRH all reported to have witnessed mobile coverage in various remote areas, as well as the
access of the population to cell phones, which are very cheap nowadays. Maybe these phones are
not smartphones, but the population have access to at least the cheap ones, which are able to send
and receive messages and phone calls. The infrastructure of the country and the population access to
cell phones are relevant indicators to the readiness of the mobile network to Cell Broadcast alerts as
an efficient public warning system. 

4.6 Shared Platform for Incoming Warning Announcements

Because Cell Broadcast, if implemented into a central system, offers the possibility for emergency
authorities to send alerts to citizens directly from the center of emergency operations, a part of this
research  has  also  speculated  on  the  possibilities  that  such  system could  work  on  the  basis  of
automatic  alerts.  And for  any future automation in  the alert  routines,  it  would be necessary to
understand how the official warnings are shared in between the institutions.

CENOE  (2019)  reported  that  technical  staff  at  CENOE  are  also  continuously  monitoring  the
weather  through  international  web-based  platforms  such  as  MWF,  MTOTEC,  NOOA,  which
provide continuous update of weather activity, however CENOE does not have the mandate to emit
official  weather  announcement  (CENOE, 2019).  They have,  therefore,  to wait  until  the official
announcements  are  made  by  the  monitoring  institutes.  Sometimes  CENOE  can  identify  an
upcoming event of extreme weather through the international meteorological web-platforms but
CENOE cannot issue any alert to the population before staff from INAM has made the technical
analysis of the weather activities and issued the official warnings (CENOE, 2019). Thus, usually,
when these warnings are made official through an announcement, CENOE receives a document
stating  the  situation  of  a  certain  weather  related  event,  including  the  affected  areas  and  the
measurements that are recommended to prevent losses and damage. These official warnings in form
of document arrive at  CENOE via regular  means by email,  phone calls  or any other  available
channel, such as Whatsapp messages in between the people coordinating actions. Asked about if
there was any official platform for sharing information in between the institutions, INGC (2018)
reported that there has even existed some kind of project for that purpose, but it was discontinued.

Another aspect to consider was the format in which the warning announcements arrive at CENOE,
and CENOE (2019), INGC(2018), INAM (2018) reported it to be in a text format including the
names of the regions to where the announcement are relevant. Asked about if there was any other
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kind of data transferred in between the institutes, such as map, GIS data, CENOE (2019) reported
that recently DNGRH have also been sending maps and DNGRH (2018) reported to send data
through  all  available  means.  Notwithstanding,  when  emergency  is  taking  place,  staff  from the
monitoring institutes leave their offices in their institutes to travel to CENOE’s headquarters to do
their monitoring directly from CENOE to speed up the communication channel at CENOE (2019).

4.7 Challenges in diminishing delay between detection and alert of hazards.

DNGRH (2018) reported that, despite all efforts, when population is asked why they did not act in
time to avoid losses and damage before the event of a flood, there are still many people who report
that they were unaware of the situation before it happened. CENOE (2019) recognizes the need for
improvements in communication with the population and perceives the challenges they face to be
related to different aspects:

Firstly, it is related to the situation described above, in which, even though CENOE might be aware
of the possibility of extreme weather events many days in advance, CENOE still need the official
warnings to be issued by INAM before CENOE can emit any alert to the population. But sometimes
CENOE only receive these official  warnings with 2 days before the event (CENOE, 2019).  At
certain occasions CENOE even call staff working at INAM to make the analysis of the upcoming
weather, based on their own observations at CENOE (CENOE, 2019). In this regard INAM reported
that to make weather forecast, they use models, but sometimes the models can also be wrong. “The
models are the tool the meteorologist uses, not the conclusion itself”. Therefore the model alone
cannot predict and “even if the model show deviations, it is the duty of the meteorologist to look at
the model and make the conclusions, including refuting the model”, Therefore the meteorologist
must apply his or her knowledge that is not explicit on the model (INAM, 2018). Nonetheless even
if CENOE identify the risks of extreme events, they still need to wait for the official warnings from
INAM,  and  according  to  CENOE  (2019),  communication  in  between  these  institutes  have
improved, yet, this remains a challenge to receive the official announcements within enough time to
transmit the public alerts.

Another challenge reported by CENOE (2019) is the lack of a mechanism of receiving feedback
after issuing public alerts. Because when they send the alerts they can not know for sure whether the
relevant population received the alerts. “There is no way to know for sure if the population received
the alerts and transformed that in the required actions” (CENOE, 2019). 

There is yet another aspect that is pointed by CENOE (2019), which is the unawareness of broken
pipes in the flow of information. Once they send the alerts to its sub-units and its sub-units forward
the alerts to the regional units towards the local population, they cannot know for sure that the
information actually flows completely through all the key people in the information circuit, until the
end, or if it deviates somewhere. These factors mentioned above, are according to CENOE (2019),
the  main  challenges  that  the  emergency authorities  in  Mozambique faces  to  diminish  the  time
between detecting a hazard and delivering the alerts to the population. 
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4.8 The Role of the Telecommunication Operators

The telecommunication operators being the ones using the mobile network have reported using Cell
Broadcast for advertisement proposes and in some cases they have also used the technology to
transmit alerts to the populations. All the three operators, Vodacom (2018), Movitel (2018) and
Mcel  (2018),  showed  willingness  to  help  INGC to  use  Cell  Broadcast  to  enhance  their  alert
routines. Movitel(2018), Vodacom (2018), and Mcel(2018) all reported to have been involved with
other kinds of project benefiting the population. Additionally, the engagement of the operators in
creating social impacts through side investments and other collaboration was also recognized by
INCM (2018), who believes the operators will certainly be willing to help. “The telecommunication
operators seem to understand that it is about offering a service that they have available that can
save human lives”.  CENOE (2019), who have contacted the operators on certain occasions has also
reported  positive  attitude  from  the  operators  and  have  started  to  consider  ways  to  bring  the
telecommunication operators to work closer with CENOE (2019), what makes a perfect timing to
study the possibilities of integrating Cell Broadcast and the possibilities it brings to disaster risk
management routines in the country.
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5. ANALYSIS

Traditional ways of reaching the population in case of disasters in Mozambique have included,
among other channels, mainly radio and television transmissions. However,  on events of heavy
storms or cyclones for instance, failures on the electricity grid can make the communication with
population inaccessible. Mobile telephones, however, which are vastly accessible nowadays, can
receive alert messages, with updates about risk situation, unaltered by temporary shortages on the
electricity grid. As reported by DNGHR(2018) and CENOE (2019), traditional ways of reaching the
populations  at  risk  involves  the  transmission  of  information  through  several  steps  where  the
information can also get deviated. The use of mobile network, however, allows CENOE to send
alert messages direct to the population in risk areas, skipping unnecessary steps in the way. Since
2016, Mozambique have been making use of Data Winners, a mobile-based early warning system
that sends SMS to a list of phone numbers of target people registered in a database. However, Data
Winners has currently less than 8000 registered telephone numbers, which means that to reach all
the relevant population at times of risk of hazards, the information still needs to go through other
steps. Compared to Cell broadcast that can diffuse alert transmission to a whole geographic area,
the use of Data Winners would need to increase the number of registered telephone number to reach
an effect any close to the diffusion capacity that Cell Broadcast offers. Moreover, there are several
other differences between the transmission of regular SMS and Cell broadcast. 

5.1 Differences between Cell Broadcast and SMS 

When SMS are sent, the messages are sent as one-at-time messages, from one device to another.
Thus, if large numbers of people needs to receive the same message, several SMS transmission will
be created, what can cause the network to overload in times of emergency when people naturally
tend to overload the network by trying to reach one another (CBF, 2005). Cell Broadcast, however,
is a one-to-many transmission, where a central entity uses a dedicated channel to broadcast message
simultaneously,  to  all  subscribers  in  a  geographic  area  within  a  designated  zone.  When  Cell
Broadcast  is  transmitted,  similar  to  a  regular  radio  transmission,  all  devices  connected  to  the
network  at  the  designated  areas  will  receive  the  broadcast  message  (CBF,  2005).  For  SMS
transmission, however, the sender needs to know the telephone number of each recipient and the
receiver will receive the message regardless of its location as long as the device is covered by any
signal  of  any base  station.  Cell  Broadcast,  however,  delivers  messages  only to  the  subscribers
receiving signal from the designated base stations on the relevant zones. An important aspect to
observe is that a Cell Broadcast central can not receive replies from the receivers (Al-dalahmeh,
2018), but if feedback is necessary, the alert messages can include extra information, providing
URL links and contact number for further information if desired. Thereby, either via the receivers
access to the URL links, or reply via SMS, INGC can receive statistics over estimated delivery rate.
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Currently, the Data Winners database allow CENOE to send SMS to certain people, who have been
strategically selected to receive the alerts, however, SMS are not Geo-specific (Al-dalahmeh, 2018).
This implies that the receiver will receive the alert messages regardless of her actual location, and
when the receiver opens the SMS from a different location from where the alert was intended for,
the warnings could cause confusion if the messages are not tailored with specific information to
where and when the warning is relevant. 

5.1.1 Database of phone numbers vs Geo-specific broadcast messages

Cell broadcast is not dependent on a list of telephone numbers and it will deliver alert message to all
and only  the  subscribers  covered  by the  signal  at  targeted  locations.  Even if  the  subscriber  is
traveling to the affected area from another region he or she will still receive the broadcast message.
This  means  that,  for  example,  any person coming from anywhere  a  certain  touristic  area,  will
receive alert messages sent to that area. Cell broadcast services deliver message to all subscribers
covered  by  signal  from  the  designated  base  station  regardless  of  where  the  subscribers  have
registered their telephone numbers. As long as there is signal from the selected base stations to the
subscribers’ device, he or she will receive the relevant alert messages. 

Thus, Cell Broadcast services makes possible to deliver messages simultaneously to any number of
devices that happen to be connected to the network through the signal of designated base stations
selected to transmit the broadcast. With the possibility to target the broadcast to all the subscribers
located in a selected zone, Cell Broadcast services becomes a great component of an early warning
system when it can reach the maximum number of people, within a designated geographic area
(ETSI, 2010). Furthermore, differently from SMS, which can be sent from anyone to anyone, Cell
Broadcast messages also introduces a layer of authenticity when the messages must be originated
from an official Cell Broadcast Entity (CBE) issuing the broadcast messages from within the mobile
network (Al-Dalahmeh, 2018).

5.1.2 Possible disadvantages of Cell Broadcast

Some of the disadvantages of Cell broadcast also include the fact that a few devices might require
manual configuration to receive the broadcast messages and if a broadcast is transmitted while the
phone is switched off, that device,  which was switched off, will  not received the message (Al-
Dalahmeh, 2018). However, because Cell Broadcast allows the repetition of alerts with a predefined
interval  (ETSI,  2010),  the mobile  terminals  that  did not  previously received the warnings,  will
receive the repeated transmission.  This  includes  devices  that  were previously  switched off  and
devices that entered the area after the first warning was broadcast. When the warnings are repeated,
all mobiles that did not receive the warnings will receive it. New warnings can be continuously
issued to all devices but the purpose of repeating the transmission of a certain warning is to reach
only the mobiles that did not receive the broadcast previously (Al-Dalahmeh, 2018). 
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5.2 Consideration on Data Winners software

Data Winners is, as discussed on section 4.3, is a multi-hazard warning system that uses the mobile
network  to  also  collect  data  besides  sending  alerts  in  form  of  SMS.  The  system  requires  a
commercial user’s license, which imply costs (INGC 2, 2018). The generated database, however,
offers a multitude of possibilities related to data analysis with the data provided by the volunteers,
which  otherwise  would  cost  time and resources  to  INGC to  collect  this  data  by  other  means.
Nevertheless, the possibilities of doing data analysis with the available database becomes directly
related to the existence of data itself. It is thus, necessary that volunteers provide the data related to
the extreme events in order to maintain a useful and accurate database of the extreme events.

5.2.1 Data Winners and knowledge of the risk

Data Winners offers the disaster management institutes in Mozambique with a powerful tool for
collecting data that can be used to develop one of the four important pillars of a warning system,
which is the knowledge of the risk as discussed on section 3.1.1. The possibilities that Data Winners
offer for data analysis is substantially notable when we take into consideration that researchers can
make use of data points generated by citizens to create statistics over the occurrence of extreme
events in the country. The data collected by the software can result into an encompassing database
feed by data  from volunteers  in  a  decentralized  manner  and such data  can  be  used for  future
researches  to  analyze relational  characteristics  of different  events  that  affects  the country.  Data
Winners, thus, besides a warning system, offers great possibilities as data collection tool, for what it
was originally designed. The possibilities it offer to data analysis can be illustrated by INGC staff
who envision future use of Data Winners to visualize the intensity of events on a map, not only with
numbers, but with color patterns that allow the easy interpretation of the impact of extreme events
(INGC 2, 2018). Similar maps are already created by other departments at CENOE, INGC and
DNGRH (CENOE, 2018). Nevertheless, Data Winners can definitely be perceived as a powerful
tool  for  data  collection,  however,  as  an  alert  system,  INGC  could  definitely  consider  the
possibilities of using Cell Broadcast to complement what Data Winners can not do. 

5.3 The availability of Cell Broadcast in Mozambique

All  the  three  operators  in  Mozambique have  reported  to  have  used  Cell  Broadcast  to  transmit
messages to its subscribers for one or several reasons, mainly for advertisement purposes. Radio
engineers at Vodacom and Movitel reported to have sent Cell Broadcast messages inclusively to
inform population of the risk of remaining in certain areas where they received the alerts during
period of intense weather. However when the monitoring and emergency authorities were asked
about  the  specific  use  of  Cell  Broadcast  they  were  not  familiar  with  the  possibilities  of  the
technology to strategically select specific base stations to transmit alert message to people located at
the range of coverage of those antennas.  At  CENOE, however,  it  was reported that  during the
cyclone  DINEO  in  2016,  the  telecommunication  operators  were  contacted  to  help  spreading
messages to the population, but the technical staff at CENOE were not familiar with the specific
aspects of Cell Broadcast services at that time, neither at time of the beginning of this research. 
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5.4 Discussing Implementation of Cell Broadcast in Mozambique

ICNM (2018), the telecommunication operators Movitel (2018) and Vodacom (2018) all had similar
perspective over the positive conditions of initializing discussions to study the possible ways to
integrate Cell Broadcast in the routines of disaster risk management in Mozambique. Because such
integration would involve the commitment of private and public organizations, the creation of a
legislation  that  enforces  the  telecommunication  companies  to  broadcast  the  signal  could  be
perceived as the only way to ensure the transmission of alerts. However, legal enforcement for the
purpose of mitigating natural hazard at this stage does not seem to be necessary since all actors
were willing to study the possibilities in which they can help. INCM (2018) shares of the same
perspective and see the historic involvement of the operators with social actions in the country as a
positive  indicator  for  their  willingness  to  help  with  what  would  be  necessary  to  facilitate  the
efficient use of Cell Broadcast for the purpose of alerting the population of dangers. Moreover, all
the three telecommunication also shared a positive response about converting the availability of
technology into service that can generate positive impact for Mozambique’s struggle with natural
hazards. 

5.5 Final Thoughts

The findings of this research can, thus, be perceived as considerations to the possibilities of using
Cell Broadcast in Mozambique to integrate yet another channel to increase the chances of warning
population ahead of disasters and help to save human lives by enhancing the use of technology that
is already available in the country.  Mozambique, have the required infrastructure at a satisfactory
level, but not yet a strategy to fully make use of Cell Broadcast possibilities. There has even been
cases in which the technology was used to contact populations at specific areas. However, today
there  is  no  central  system  able  to  transmit  Cell  Broadcast  directly  from  the  headquarters  of
emergency operation center. Nevertheless, as mentioned on this section, it was noticed the interest
of emergency institutes  in  studying the viability  of working closer  with the telecommunication
operators  for  the  purpose  of  reaching  more  people  at  risk  zones  within  less  time.  Despite  the
absence of official plans to specifically deploy an integrated terminal able to Cell Broadcast alerts,
CENOE reported that they want to work closer with the telecommunication operators. It is on these
lights, therefore, that this research was compiled, in a way to indicate the readiness and willing to
get involved from all the parts interviewed for the matter of studying the viability of Cell Broadcast.

The results of studying the viability to use Cell broadcast in Mozambique can even be extended to
considerations over the possibilities that many other countries of similar profile could benefit from
similar researches in those countries. Al-Dalahmeh (2018) indicated that there is a lack of research
to study the feasibility of the technology in developing countries, and the case in Mozambique can
be perceived as a confirming factor to what Al-Dalahmeh has pointed out. Lastly, the benefits of
carrying out similar researches in other countries, not only might validate what Al-Dalahmeh has
indicated,  but mainly,  and ultimately,  help those countries to identify ways to improve existing
disaster risk management routines, enhancing the methods they use to save human lives.
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6. OTHER CONSIDERATIONS

In this section we look at other aspects that could be considered for future implementations by
which Cell Broadcast service solutions could be enhanced.

6.1 Mapping out risk zones to increase Cell Broadcast efficiency

During the interviews, a very interesting point was made by the expert interviewed at Vodacom who
pointed out that, to best integrate the mobile network with disaster management, INGC could carry
out an analysis of the areas of recurrent risks and forward such report to the telecommunication
companies. The telecommunication operators could then study the mobile infrastructure in those
areas  and  make  strategical  investments  at  those  locations  to  increase  the  efficiency  of  Cell
Broadcast when sending the alerts to those populations. This is another indicator of the operators’
willingness to study ways to cooperate with INGC, not only by providing the availability of Cell
Broadcast services, but by creating the means to make this possibility even more efficient if adopted
as official channel to communicate alerts to the populations.

6.2 Central platform for sharing information

Other ways to increase the efficiency of Cell Broadcast would be on the bridge between INGC and
the monitoring institutes. Besides international meteorological websites used by both INAM (2018)
and CENOE (2019) to follow up the weather condition in the south-east African coast, there are no
central  platform  used  by  the  monitoring  institutions  and  CENOE  to  specifically  share
announcements in between themselves through an official platform. The official announcements are
transmitted  mainly  as  a  text  document  or  through email,  telephone calls,  radio  and WhatsApp
messages.  However,  by  having  a  computerized  system  for  sharing  information,  future
implementation of alert routines could benefit from having a digital entry of incoming information
and mechanisms to integrate those incoming announcements to a central  system able to trigger
alerts by the incoming announcements from the monitoring institutes. On the event of an incoming
announcement,  alert  messages  could  even  be  tailored  to  be  broadcast  automatically.  Such
computerized solution of sending alerts  could become another powerful component in the early
warning routines, and such component could help to enhance the possibilities that Cell broadcast
services offers as a channel to transmit alerts to the population. 

6.3 Telemetric stations in combination with Cell Broadcast

During interviews with Vodacom (2018) it was report that the company have solutions that are able
to send automatic alerts of water level readings via GSM module, which DNGRH could benefit for
the purpose of managing water level alerts. Such solution, in combination with the possibilities of
triggering alerts, can also offer enhancements to the automation of alerts in the country. In regard to
telemetric stations, DNGRH (2018) have also report an existing project of 41 telemetric stations
which will be installed by end of 2020 into strategical points of the so called the strategic hydro-
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climatological network, which monitors floods and droughts in strategic points of the main basins
of Mozambique. These telemetric stations can enhance the capabilities of emergency authorities to
use the readings arriving from these stations as triggers to send alerts. An eventual central system as
discussed on section 6.2, could transform these readings into automatic and semi-automatic alerts in
future implementations of an integrated Terminal of Alerts. 

6.4 Integrated Terminal of Alerts 

The ultimately solution for making the best use of Cell Broadcast in the country, would be with an
integrated  terminal  able  to  transmit  alert  messages  directly  from the  headquarters  of  CENOE
through the network of the three mobile operators in the country,  to the populations in danger.
Asked about the possibilities, Movitel (2018) reported it as completely possible to facilitate some
solution of this kind for INGC and Vodacom (2018) also reported the possibility to facilitate the
work of the emergency authorities in Mozambique to send alerts through their network. The present
status of the functionality of Cell Broadcast in the network of Mcel was unclear, but the company
reported to have used the technology in recent years for advertisement purposes (Mcel, 2018). 

Nevertheless, to host a CBE able to transmit Cell Broadcast messages from the headquarters of
CENOE, radio engineer at Vodacom indicates that INGC would probably need to re-engineer and
automate its circuit of information to make better use of such solution.  “A multidisciplinary team
could be formed to analyze how to best design such solution for INGC”. If INGC started, or invited,
an  initiative  to  study  the  implementation  of  such  system,  it  could  take  into  consideration  the
possibilities of using Cell Broadcast in conjunction with the possibilities of automating the circuit of
information. By having a common alerting platform, where, for instance, INAM, DNGRH or any
other agency can issue its announcements digitally, the official warnings could be automatically
converted  and  tailored  into  short  messages  containing  the  information  ready  to  be  sent  to
populations at risk. Automatic or semi-automatic triggers could be set to either wait authorization
from INGC staff or directly broadcast the alerts  after being issued by the monitoring institutes.

Such  automated  solution  would  considerably  increase  the  speed  of  alert  dissemination  in  the
country and reduce several steps that today are necessary until the warning messages actually reach
the population. Combined with the positive outcomes of having the warnings targeted to specific
locations,  such system could automatically  select  the base stations  to transmit  the alerts  to the
regions  reported  on  the  official  announcements.  Such  system  could  also  offer  to  emergency
authorities  the  possibility  to  select  base  stations  manually,  either  from a  list,  or  from a  more
complex  graphical  user  interface  showing  a  map  with  the  suggested  antennas  and  estimated
coverage. The system could host advanced GIS components but initial implementations do not need
complexity to achieve enhanced efficiency to current standards. The first implementations could
start with only crucial functionality and be developed towards the inclusion of modules to fulfill
requirements on future stages of implementation. Alternatively, INGC could also study the viability
of existing commercial and open source solutions. However, discussion on this regard are beyond
the scope of this research. 
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7 CONCLUSIONS

Cell Broadcast is available in Mozambique and it has already been used by the telecommunication
operators to target alert messages to all subscribers on designated areas to inform populations about
extreme  weather  events  on  those  zones.  As  public  warning  system,  Cell  Broadcast  can  reach
millions of phones simultaneously, without the need to maintain and update databases of telephone
numbers, nor overload the network when transmitting the alerts. If emergency authorities in the
country start to use the technology as a regular warning system, Cell Broadcast could enhance the
efficiency of alerts by increasing the numbers of people who receive the alerts related to natural
hazards in their locations within less time compared to the current circuit of information. However,
Cell  Broadcast  is  a  one-to-many  communication  channel,  and  the  receivers  of  Cell  Broadcast
messages can not directly reply to those alerts. Nevertheless, they can reply by other means.

Additionally,  the  integration  of  Cell  Broadcast  to  disaster  mitigation  routines  in  Mozambique
should not be seen as a direct substitute to the existing solution Data Winners, because, apart from
sending SMS to targeted groups of people, Data Winners is also a powerful tool for collecting data
after an event has happened. Given that enough data is provided by the volunteers, the collected
data can, thus, increase the knowledge of risk in the country, which is the first pillar of a well
functioning early warning system. The data that volunteers send through the Vodacom network to
INGC could even enrich future implementations of cell  broadcasting alerts  if  deployed into an
integrated central system for managing incoming official warnings and outgoing public alerts. 

When asked about the readiness of the mobile network to be used as channel for disseminating
alerts,  all  interviewed actors  reported the coverage of the mobile  network and the population’s
access  to  mobile  phones  to  be  at  a  satisfactory  level.  The  telecommunication  operators  in  the
country showed also willingness to help to enhance the ways by which INGC can make use of Cell
Broadcast, including studying the ways to provide INGC with better means to send Cell Broadcast
alerts through their networks. The operators seem to be committed in engaging in actions for the
social  good  in  the  country  and  their  position  have  also  been  recognized  by  INCM and  other
specialists  who believe that a memorandum of understanding between INGC and the operators
would  be  what  is  required  to  formalize  a  collaboration  between  the  operators  and  INGC.  If
necessary, INCM also showed willingness to intermediate dialogues with the telecommunication
operators to make this collaboration possible. One of the operators even see the participation of
INCM as essential to enhance the positive outcomes.
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On future implementations, the possibilities that Cell Broadcast offers to emergency authorities in
Mozambique could take the disaster risk management in the country to another level, including the
possibilities to work with automatic and semi-automatic broadcast  alerts  triggered by incoming
announcements from the monitoring institutes. 

Lastly,  the final  outcomes of  detecting gaps between available  technology and the use of such
technologies, can be perceived as a significant indicator to the value that researches like this brings
to countries facing natural hazards like Mozambique. The findings presented in the case of Cell
Broadcast in Mozambique can even be extended to a broader context, as indicator to the need of
similar researches in other countries as way to mitigate the effects of natural hazards on a global
level.
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