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Abstract— Introduction: It is estimated that five thousand
people die on Lake Victoria every year by drowningmainly due
to severe weather hazards. The northern part of La& Victoria
experiences one of the highest numbers of thundesstn days
and lightning strikes in the world. The unpredictalle and severe
weather conditions, as well as the socio-economidntensions
resulting from loss of life, affect the people’s alities to deal with
poverty, disease, gender-based marginalization, andolence.

Objectives: Ultimately, our goal is to save livesf fishermen
and others who use Lake Victoria for their living by delivering
timely and effective Severe Weather Early Warning{SWEW)
via smart phones to those at risk. There have beeseveral
attempts to deliver severe weather alerts to fishemen in the past,
the last one being the Mobile Weather Alerts (MWA)supported
by the World Meteorological Organization (WMO). Previous
SWEW trials died with the end of the grants so deveping a
sustainable business model is essential to the oigp success of
any program. It is also necessary to determine wha
improvements are desired by the service populatiom order to
make the system most effective.

Methods: An assessment was conducted between Marahd
May 2015. A convenience sample of respondents wagathered
and interviewed during impromptu visits to landing sites on Lake
Victoria where community members had participated n an
earlier pilot of MWA by the WMO. The questionnaire was
digitized using Open Data Kit (ODK) software for cawvenience
and timeliness. Questions were administered to fighmen and
others who work around the Lake to gather both indvidual and
community views. Their ideas for better design, imfgmentation
of SWEW and use of smart phones, as well as theibgity and
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willingness to pay for such a service, were gatheteResults were
reported to a central server and frequencies summaed by
trained personnel.

Results: Two hundred fifteen respondents from fourten
landing sites (communities) on the Islands of Bub&k Bukasa,
Kachanga, Misozi, and Bulaga were interviewed. Regsmdents
noted that the major cause of death on Lake Victos is
drowning. Over 50% of the respondents (113/215) eve aware
of at least one community member who had been injed due to
lightning on the Lake in the past year.

Ninety two percent (198/215) of the respondents repted
using mobile phones as their main tool of communi¢®n but
only 4% had smart phones that could receive Early \drning
Alerts through internet connectivity. Seventy-five percent of
respondents said they would welcome a system thaiwdd deliver
commercial weather alerts, while 65% were willing © pay for
such a service.

Conclusions: A Severe Weather Early Warning Systenis
feasible in this community but must be accompaniedith public
education on risk, a message system that fits theasic phone
functionality, and a system that the majority will be willing to
pay for on a continuing basis to help ensure a swshable Early
Warning System in this community.

Keywords—Early warning system, severe weather,
Victoria, fishermen, injury prevention, lightning afety, lightning
injury prevention
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l. INTRODUCTION

According to the recent study, an estimated 5,080pfe
per year die from severe weather on Lake Victadary and
Gomes, 2014]. Fishermen are at special risk, ntt fsrom
high winds, waves and lightning but from poorly ntained
boats, lack of life saving equipment and navigaticads. In
addition, gale size winds can move inland rapidlydestroy
vegetation, property and human settlements inciudchools
and health centers (Badjecka, 2010).

The loss of life impacts more than fishermen byétifhg
their families and communities both economicallydan
socially. Persons who feel they have little conwekr their
lives may become resigned to their fate. They fayess
likely to listen to warnings of other risks such ld8/ and
more likely to choose life’s pleasures rather thaursue
education for their children and other self-impnmeant
activities that require time, energy, money, anfficant hope
that delayed gratification becomes a viable behavidhe
communities surrounding Lake Victoria are amongséhwith
the highest levels of HIV infection, poverty, diseagender-
based marginalization, lack of education, and vicée[Asiki,
2011].

By providing weather information and warnings to
fishermen, they are able to make informed decisialbsut
when and where to fish, whether to go out ontolthke or
seek shelter in safe areas. This not only helps seny lives,
but also enhances the livelihoods of the communitiound
the Lake, as many fishermen are the sole proviftertarge
families.

In order to decrease the loss of lives, we proposiesign a
Severe Weather Early Warning System (SWEWS) utijzi
lightning detection and other weather data in coatpen with
the Uganda National Meteorological AdministratidBarth
Networks, and other agencies to deliver SWEWSs bwarsm
phone technology to fishermen and others who wookired
the Lake. Previous SWEWS have been piloted indtes by
the World Meteorological Organization (WMO) and @ieen
Foundation in 2011-2012 but tended to fail whemgfands
and personnel left. Most of these projects arelarger
operating for a number of reasons, including pnaislevith
delivery to the end users, timeliness of informmatiand lack
of sustainability. Other projects utilizing diffaxt segments
of this idea have been implemented in the regiauiing
one for farmers to search for advice on managing<and
livestock [Angelica and Richard, 2010], for weatldata and
market prices for fishermen [Byarugaba, 2014].

In summary, we propose a SWEWS with accurate and

timely weather reports delivered to cell phonedaimguages
appropriate to the user. Many components are ve¢bl

* Accurate weather data collection
» Skilled interpretation to provide reliable forecaand
timely warning

e Delivery of warnings in a timely and effective
manner to the end-user

e Education on how to interpret the information
delivered

« Implementation of other income producing activities
for fishermen when they choose not to go on the
Lake to prevent being forced to choose between
income and survival

* Assurance that the SWEWS
sustainable

is economically

Before any of these can be effective, it is esaént
determine what the end-users, the fishermen amskthaing
around the Lake, see as important to its effecéseras well
as whether an adequate number are willing to stipiher
system with subscriptions once it is implemented.

This study focused on the fishing community of Lake
Victoria in Kalangala District, a major group askifrom
severe weather. Kalangala District is located anribrthern
shore of Bugala Island, the largest of the Ssdaads in Lake
Victoria.(Fig.1) Kalangala is approximately 60 kileters
across water, southwest of Entebbe the largestnaadest
mainland town. In 2011, the Uganda Bureau of Stesis
(UBOS) estimated the mid-year population at 5,288ople
settle mostly in villages made of temporary streesuwith
each village having approximately 200 householdbe T
principal economic activity on the Island is fispirNile Perch
is the species primarily fished with most of thetcbha
processed on the mainland for export. Other ecomomi
activities include agriculture, crop and animal barsdry,
logging and tourism.

METHODOLOGY

Twenty four villages spread across five island8obeke,
Bukasa, Kachanga, Misozi and Bulagain Kalangalaribis
provided a convenience sample gathered during impto
visits to interview those found on site. Responsewere
sampled from those 1000 participants who had ppatied in
the earlier pilot of Mobile Weather Alerts suppalrtey World
Meteorological Organization that ended in earlyROThey

Fig. 1. Lake Victoria from Google Maps showing sédeal
areas in yellow and red marks.



were specifically solicited, when possible, becaubeir
experiences were felt to be valuable in planningnaproved
approach and in enhancing use by the target popuolat

The information collected was aimed at determirting
elements of a people-centered EWS, i.e.

» risk knowledge

* monitoring and warning service

» dissemination and communication
* response capability

Written informed consent was sought from each iiidial
before the questionnaire was administered. Becdhise
assessment was part of a follow up of the work don¢he
World Meteorological Organization to inform adjusmnts in
the intervention, approval was sought from the Uigan
National Meteorological Authority. The assessmenasw
conducted under supervision of Makerere UniverSighool
of Public Health

Respondents were assessed for
characteristics, experience with the Mobile Weathdert
pilot, extent of use of the mobile phone as anrimftion
source, knowledge and perceptions about lightnimysevere
weather, and the features they desired to be patmobile
weather alert system. Quantitative data was celtecising a
pretested semi-structured questionnaire which vea®ldped
based on the information gathered from previoustpibnd
included questions on personal history, exposurtheo_ake,
perceptions about Severe Weather and Early Warning
Systems, and their willingness and ability to pay $uch a
system.

The questionnaire was administered to the adultis thie
aid of a local language (Luganda) translator byinad
research assistants utilizing iPads/tablet computer data
entry. Data was summarized using Microsoft Excel
spreadsheets to obtain frequencies in each categbry
questions and data was presented by appropriatestab
figures and text.

. RESULTS

A total of two hundred fifteen respondents from miyefive
landing site communities and five islands wererintaved as
summarized in Table 1. The table also highlightsrteocio-
demographic characteristics. Most of the resporsdevere
men (84%) and most were from Bulaga village. OvéraH
(52%) had attained primary education and 48% repottat
their main occupation was fishing in the Lake.

A. Community exposure to the Lake

In the study population, 27.9% (60/ 215) of the
respondents reported that they owned their ownsbddats
were nearly equally split between those with moteessus
those without (48.1 vs 51.9%). Over half of thep@ndents
reported that they traveled by boat on Lake Vietam a daily
basis (Fig. 2).

TABLE 1 - DEMOGRAPHICS OF STUDY POPULATION

socio-demographic

VARIABLE N=215 (%)
Island Villages
Bubeke 25 11.4
Bukasa 6p 30§/
Misozi 23 10.
Kachanga p 0.p
Bulaga 100 46.9
Sex
Male 180 83.1
Female 35 16.3
State of occupancy
Natives 15 73.p
Migrants 57 26.9
Age (Years)
<20 10 4.7
21- 30 68 31.4
31-40 58| 27.0
41- 50 48 22.3
>50 28 13.d
No response 3 14
Highest education level
None 4 1.9
Primary 111 51.¢
Secondary 9L 4213
Post-secondary 9 4.2
Occupation
Fisherman on the lake 104 48.4
Does not fish in the lake 111 51.4
Marital status
Married 106} 49.3
Single 53 24.71
Separated 25 11.4
Widowed 2( 9.
No response 11 5.
Average Daily Income (USD)
<2.0 83 38.4
2.0-6.0 35 16.93
6.1 -10.0 2.B
>10.0 13 6.0
No response 79 36.7

M Every day

M Three times/week
Once/week
W Newver

N Mot sure

Fig. 2. Frequency of travel by boat on the Lake




TABLE 2 - PERCEPTIONS OF THE COMMUNITY IN RELATION
TO SEVERE WEATHER

VARIABLE N =215 %
Time traveled on boat
Day time 93 43.p
Night time 37 14.
All time of the day 5 27p
No response P 14]9

Weather related hazards known
to the respondents

High wind 9( 41.
High waves 9 43B
Lightning 14 6.9
Thunderstorms b 213
Others 13| 6.0
Mentioned causes of lightning

Scientific cause 156 72|1
Non-scientific cause 26 1241
Do not know 34 15.B
How often does lightning occur?]

Everyday 52 24.p
Every week 3 17p
Every month 2 13.p
Every three months 33 143
>than three months 2 24.8
No response B 114
In which months does lightning

occur?

December-February 10 47
March-May 96 44,
June-August 6p 307
September-November 5 11.6
No response 18 8|4

When asked about community perception of sever

weather, the majority of respondents (91.7%) citad
combination of different hazards, mainly high windsd
thunderstorms. The same group noted that high wixadse
with high waves, while thunderstorms come with tighg,
making it difficult to quantify each of these hadsuseparately
(Table 2). Lightning injury alone was cited by ordy6% as a
major hazard. However, up to 54% of respondentfdameall
lightning strikes on a regular basis (24% everyda%o every
week; and 13% every month).

This work was supported by the Disaster & Climagsilence Research
Fellowship under Makerere University School of Rultiealth’s Resilient
Africa Network (RAN) and Strengthening LeadershipDisaster Resilience
Leadership Programme (SLDRP) with funding from theited Nations
Development Programme (UNDP) in Uganda as parnpfementing a larger
Project — Integrated Climate and Disaster Risk Menzent in Uganda
[Project ID 00086868]. The contents of this work aolely the responsibility
of the authors and do not necessarily representoffieial views of the

supporting organizations

TABLE 3 - KNOWLEDGE ABOUT INJURIES AND FATALITIES
FROM LIGHTNING ON THE LAKE

VARIABLE N = %
Awareness about community
members who have been injure§d N =113
in the past year
Knows about 1 incident 40 17.7)
Knows about 2 incidents 46 44.7
Knows about 3 incidents 14 13.4
Knows about 4 incidents 8 n1
Knows about 5 or more incidents P5 2p.1
Awareness about community
members who have died on the
lake due to lightning in the past] N =70
year
1 person died 10 27|11
2 people died pi 8 34|3
3 or more people died 7 34.6

Respondents noted that the major cause of deattaks
Victoria is drowning When asked specifically whdtey
believed was responsible for these deaths, multggdponses
were given including high winds (88%; 62/70), and
30%(21/70) cited poorly maintained boats. Over 5@f%the
respondents (113/215) were aware about at
community member who had been injured due to ligigtion
the Lake in the past year. It was also noted tHA6%
(70/215) of the respondents knew at least one camtgu
member who had died on the Lake due to lightnirap(@ 3).

B. Level and extent of mobile phone use in the fishing
community

All respondents reported using mobile phones. Nitwb
percent (198/215) mentioned the mobile phone as thest
useful tool for obtaining information, while 8 % ni®ned the
%adio. The majority of the respondents 85.1% (183)2aid
or their own mobile usage fees. On average, tbpardents
reported that they spend USD 8 per month for maottiene
services. In the study population 96% of the redpaots
(206/215) had phones with basic functionality amiyc4%
(9/215) had advanced features.

C. Use of mobile alert systems

It was reported that 30.7% (66/215) of the respatxe
were currently receiving mobile phone weather alevWhen
these respondents were asked how the mobile phients a
were helping them, 80.3% (53/66) said that thetalerere
helping them in planning, 2.8% (6/66) said that tderts
informed them about the weather conditions. Howé\@2%
(151/215) of the respondents were not receiving raoypile
phone weather alerts. Seventy-five percent of nedeots said
they would welcome a system that could deliver ceamuial
weather alerts, while 65% were willing to pay fack a

least one



TABLE 4 - PREFERRED CHARACTERISTICS OF SEVERE EARLY

WEATHER WARNINGS

IV. DISCUSSION
The health of fishing populations is of high ecoiom

VARIABLE = o | importance in Uganda's economy since fishing ingust
Ways of making alerts on mobile more effecti] N = 66 contributes 2.48% to the country's GDP [Odongkérale
Being Accurate 5| 7.9 2006]. The fact that so many respondents couldlirevare
Being Timely 47| 714 than two incidents of deaths on the Lake within plast year
Diversify languages 5| 74 speaks to the loss of life and tq the many progacgtears that
Diversity the media s| 74 these people c<_)uld ha}ye contributed to the ecorammyto the
Sensitize the Users ol 34 support of their families had they not suffered_ npagure
No response ol 3 death. It also supports our plan t_o encourage reslu_qtlon
What's he mostsurable langusge fortne | 0 [ | 7 e e idied traveltmats ever
mobile based early warning system . . ’ y
English 151 7. day. points out the risk these people are exposenh t® daily
Luganda 163 75.4 Pasis.
English & Luganda 26| 12.1 . . . .
Others* 11] 5.4 The aim of this study was to gather informatiorbeoused
Most appropriate notification systems on phong N 215 to improve the delivery of pqtentially ”fe'savmqeath_er
Sound alarm 120] 554 warnings that would enable fishermen and otherdhiir
Color code 23] 10.4 community to make informed decisions about theirknand
SMS Text 16] 7.4 exposure to severe weather. For that reason, igead news
Combination of colour and text 3 24.7to note that most of the respondents in the samylees
No response 3| 1.4 were natives, making it easier to build a trustend a
Consideration of usefulness for mobile phone N =218 sustainable bqs?ness modgl for the vyarning delive'ry.is
weather alerts much more difficult to build a sustainable entespriwith
Very useful 93] 43.9 migrant workers and their dependent populations;{ien-
Useful 86] 40.d Jivraj, 2003]. In order to assure sustainability baoilding
Fairly useful 31| 144 EWS, choosing a warning communication technology is
Not useful 3] 1.4 dependent on considering who the recipients arejr th
No response 2] 0.9 |ocation, their activity, the systems they rely tn receive
Trust in weather information received through | _,,¢ local news and information, any special needs thay have
mobile phone weather alert service and how they understand and respond to warningd$0OR,
All the time 6] 3.0 2006].
Most of the time 93] 43.3
Sometimes 112521 |n this study, all respondents owned mobile phonelied
Not at all 2] 0.9 on them as their most common source of informatamg
No response 2] 0.9 spent more than 8 USD per month on average foimeirt
Actions taken when danger alert has been credit. This presents the opportunity to harness riiobile
received about high winds and widespread N = 215 phone alerts to their willingness and ability to/gar severe
thunderstorms when fisherman is in the middls weather alerts in order to support a sustainable SEW
of the lake However, for this particular project to succeedwitl be
Anchor the boat _ 431209 necessary to consider the functionality of the ghand to
Call police and beach management unit for rescug 10 ‘bither fit the EWS to basic phones or to make siphdnes
Call colleagues and relatives on land 31 14.4vailable at a low cost.
Move to nearby island 95| 44.9
Wait for whatever happens P> 116 The study revealed some parts of the populationisat
Reduce the load 8] 3.7 during all hours of the day and night as they roel§i traveled
No response 3] 1.4 and worked on the Lake. This supports the needafor
Organization respondents thought shouldbe [ _ .. . effective EWS that incorporates risk knowledge, rappate
notified in case of danger monitoring of the warning service, timely dissentioa to the
Marine police 1071 494 populations at risk and enhanced response capatityie
Beach Management Unit 0 3%-2community [UNISDR, 2006; Sorensen and Sorensen7]200
Red Cross 13| 6.9 As far as risk knowledge, the majority of resporidewere
No organization 151 7.9 aware of severe weather related hazards on the hake

*Swahili, English Swahili Luganda, EnglishSwahili

believed a scientific explanation for lightningther than a
superstitious or supernatural explanation for ituree,

service. Table 4 also illustrates how responddmgght that

implying that they will see scientific methods a&diable for
alerts on mobile phones could be made more effectiv pyIng y

giving them warning and improving their control ove



lightning risk. The proposed severe weather novwhtgearly
warning system aims to use lightning as a proxy sues of
severe weather, a sound and scientific basisdidy arning
on the Lake that regularly provides hazards likevigewinds,
waves and thunderstorms (Anyah et al., 2006).

Concerning dissemination and communication, respotsd

the pilot interventions had ended over a year agopelieve
that the experience of the respondents and thgdorses may
actually enhance the next system and that thetsestilthis
assessment are valid enough to guide an improvecagh.

V.  CONCLUSION
The overall aim of doing this study is to incretise safety

reported that they rely heavily on mobile phones fo of those who depend on Lake Victoria for their liveods by

information. The few people who had experience witbbile

phone weather alerts in earlier projects had fotmed alerts
useful, especially in planning, showing that wags reached
the intended users, were understood and usable.

Most respondents preferred an alarm as a warnisggsy
over color codes or text. This may be due to thekvlmat they
do fishing and the low literacy levels, which coydevent
reading text warnings to ensure timely responseeyTaliso
agreed that timeliness was a most important faatat that
they preferred the use of local language for EWS.

Most of the time the community trusted in tlaelywarning
system, speaking to the validity of the warning sage. In
addition, authorities like the police were perceivas the
responsible body that should issue the alerts. Thisn
agreement with the incident command operations ¢akitfor
a clear chain of information flow.

The most common response action to a seveastherealert
reported in this community was moving to a neasbgnid for
safety and anchoring the boat. Although validatafnthis
response was not tested as part of this studyyskeof such
indigenous local knowledge, if effective, may inyeothe
effectiveness of response to an early warning systas part
of the warning dissemination, such information dtobe
widely available so that there is organized resparegpacity
in the community.

There are some limitations to this study warténtioning.

helping in the design of an Early Warning SystentSefrere
Weather Now-casting based on Total Lightning Débecfor
Lake Victoria water vessels and delivered by mobif@ne.
We believe that this study will be instrumentalaiing the
design of the proposed system, particularly if shevey can
be broadened to include other portions and popuistalong
the Lake.
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