
  

  
Abstract—Flood warning systems have been developed and 

applied worldwide in both developed and developing countries 
using different approaches and technologies. Nevertheless 
people in the flood risk areas continue to be affected by floods; 
these affects include extensive property damage and loss of life. 
In developing countries, the flooding impacts have been more 
harmful than in developed countries for the same severity of 
flood. A number of factors contribute to these losses such as the 
data collection process, the flood warning channels and an 
inappropriate technology adoptation. This paper reviews the 
techniques of a number of flood warning systems, discusses 
factors contributing to the extensive damage to property and 
loss of life in developing countries, and finally the paper makes 
recommendations, draws conclusions and suggests future work. 
 

Index Terms—Developing countries, flood methods, flood 
warning system.  
 

I. BACKGROUND 
Floods are natural hazards that occur due to heavy rain, 

cyclones and storms and lead to large losses of property and 
lives. Developing countries seem to be more vulnerable to 
damage from floods than developed countries. Examples of 
flooding in developing countries include the following cases. 

The 2010 Pakistan floods began in late July 2010, as a 
result of heavy monsoon rain; the floods directly affected 
about 20 million people via destruction of property, 
livelihood and infrastructure. About 2,000 people died and 
the total economic impact was $US40 billion [1]. 

During December 2012 the Philippines suffered heavy 
floods caused by typhoon Bopha, in this event1020 people 
were confirmed dead, 844 people were missing, 1.2 million 
families were affected and total damages estimated at U$1 
billion [2].  

Annual floods in the Lower Mekong Basin (LMB) along 
the Mekong River and its tributaries result in a massive loss 
of life and property damage. For instance, in 2010 floods 
affected the LMB countries (Cambodia, Laos, Thailand and 
Vietnam). The floods destroyed more than 64 million 
hectares of rice paddy, affected 1.1 million households of  
about 5 million people, the total property damage  was 
$US1.2 billion and at least 98 people died [3]. 

Developed countries were affected by severe floods, but 
with less life loss. A number of floods hit Australia during the 
years 2011 and 2012, the floods swept across Queensland, 
New South Wales and Victoria. In 2011, the floods forced the 
evacuation of thousands of people from towns and cities, the 
damage was in excess of $A15 billion, over 200,000 people 
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were affected and 35 people died [4].  
In 2012 significant flooding, due to the Sandy storm, hit 

New York and New Jersey, in the USA. The preliminary 
damage estimates were near US$50 billion, 650,000  houses 
were either damaged or destroyed, about 8.5 million people 
were affected and there were about 100 directly related 
deaths [5], [6].  

The recent extreme flood, in central Europe during June 
2013, due to heavy rain, swept through Germany, the Czech 
Republic, Austria, Slovakia and Hungary, thousands of 
people were evacuated from their homes in flood-prone areas. 
The total cost of damage was about €12 billion and 21 deaths 
were reported [7]. 

 
TABLE I: A SUMMARY OF PROPERTY DAMAGE AND LOSS OF LIVE DUE TO 

FLOODS IN DEVELOPED AND DEVELOPING COUNTRIES 
Country 
category  

Countries Year  Property 
damage 

Affected 
people 
 

Loss of 
life 
(people
) 

 
Developed 
countries 

Australia 2011 A$15bn 0.2 
million 

35 

United 
States 

2012 U$50bn 8.5 
million 

100 

European 
countries 

2013 €12bn 5 million 21 

 
 
Developing 
countries 

Pakistan 2010 U$40bn 20 million 2000 
The 
Philippines

2012 U$1bn 1.2 
million 

1020 

The LMB 
countries 

2010 U$1.2bn 5  million 98 

 
The Table I shows developing countries suffer greater 

impact then developed countries for both property damage 
and loss of life. The next section, a review flood warning 
systems in both categories of the countries is presented. 

 

II. FLOOD WARNING SYSTEMS (FWS) AROUND THE WORLD 
In this section, we discuss techniques of the flood warning 

systems which have been developed and implemented 
worldwide. 

A. FWS in Developing Countries 
The Mekong River passes through Laos which is affected 

by annual floods during the monsoon season. The flood 
warning systems in the country are operated by the 
Department of Meteorology and Hydrology (DMH) and the 
Mekong River Commission (MRC) [8]. 

To collect data to support the systems, the data centres 
receive real-time data on 15-minute intervals from the 
monitoring stations along the Mekong River and its 
mainstream tributaries via the Global System for Mobile 
communication (GSM) networks, but there are delays in data 
transmission from some remote monitoring stations to the 
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B. Warning Messages Need to be Clear and 

Understandable



 

2)

3)

flo
us
an

SM
de

A

[1

[2

[3

[4

[5

[6

[7

[8

[9

[1

[1

[12

[1

 

the collec
result in in

) Flood wa
developin
newspape
may not r
the warnin

) Inappropr
countries 
warning s
These sys
accessibili
basic tech
of means o

This paper re
ood warning s
sing multiple 
nd an appropri

Future work
MS message 
eveloping cou

This researc
Awards scholar

] S. Keoduangs
in the contex
Innovation, M

] A. Ahmed. (2
Philippines. 
http://edition.
ex.html 

] (2012). Meko
Available: 
http://www.m
l-flood-forum

] H. Brecht. (20
flood 
http://blogs.w
rier-to-flood-r

] S. Blake, T. K
Hurricane 
http://www.nh

] A. Roux. (20
Available: htt

] (2013). The  
reach 
http://www.gu
insurance-cla

] (2013). Mek
Monitoring. [

] (2010). Meko
MRC T
http://www.m
Flood-Situatio

0] S. Keoduangs
transmission 
basin," Intern
pp. 217-220, 

1] L. Garcia. (
hydro-meteor
[Online]. 
http://www.ic

2] K. Yoshiaki 
Republic of C

3] J. Ma, "Floo
Irrigation and

cted data has 
neffective fore
arning chann

ng countries 
rs and website
receive flood 
ngs are availab
riate technol

have jumped
systems such
stems in deve
ity by the pub

hnological skil
of access. 

ecommends th
system, develo
warning meth

iate technolog
k aims is to in

as a real-tim
untries: the cas

ACKNOW

ch is supporte
rship, for whic

REFE

sine and R. Good
xt of developing

Management, vol.
2012). Death toll

.cnn.com/2012/12

ong River Commi

mrcmekong.org/as
m.pdf 

011). The World 
recovery. 

worldbank.org/eas
recovery 

Kimberlain, and R
Sandy. 

hc.noaa.gov/data
13). Storm Sandy
tp://www.bbc.co.
Guardian: Germ

€3bn. 
uardian.co.uk/wo
ims 

kong River Com
[Online]. Availab
ong River Comm

Technique P
mrcmekong.org/as
on-Report2011.p
sine and R. Goodw
for flood warning

national Journal o
2012. 
(2007). Overview
rological hazard in

cimod.org/?opg=9
and P. Jonh, "F

China," Asia Deve
od management 
d Drainage, vol. 

a lack of qua
ecasting and w

nels: Most fl
are through 
es. For people
warnings in a
ble through th
logy adoptat
d to adopt s

h as web-bas
eloping countr
blic due to peo
ll to use the te

hat in order to
oping countrie
hods, underst

gy available in
nvestigate a f
me flood wa
se of Laos. 

WLEDGMENTS 
ed by an Au
ch we are very

ERENCES 
dwin, "Appropriat
g countries," In
 3, no. 3, pp. 213
l from typhoon B

[Online]. 
2/16/world/asia/p

ision. 8th Annual 

ssets/Publications

Bank. In Queens
[Online]

stasiapacific/in-qu

R. Berg. (2013). T
[Online

a/tcr/AL182012_S
y: US death toll 
uk/news/world-u

man flood damage
[Online]. 

orld/2013/jun/11/

mmission: Meko
ble: http://monitor
mission. "Flood 
Papers, [On
ssets/Publications
df 
win, "A GPRS-B
g system: The ca
of Innovation, Ma

w of early floo
n the selected cou

949&q=drr_docu
Flood risk manag
elopment Bank, p
and flood warn
59, no. 1, pp. 17-

ality. These i
warning. 
flood warning

broadcast m
e in flood risk 
a timely mann
hese channels.
tion: Develo

sophisticated
ed flood sys
ries are of lim
ople having la
chnology, and

o make an effe
es need to con
tandable mess
n each country
feasibility of 
arning system

ustralia Leade
y grateful. 

te flood warning s
ternational Jour
-216, 2012. 

Bopha tops 1000
Ava

philippines-typhoo

Flood Forum. [O

s/conference/8th-

sland no great bar
]. Ava
ueensland-no-gre

Tropical Cyclone 
e]. Ava
Sandy.pdf 
close to 100.  [O

us-canada-201769
e insurance claim

Ava
german-flood-dam

ong River Rea
ring.mrcmekong.

Situation Repor
nline]. Ava
s/technical/Tech-N

ased data collecti
ase of the Mekon
anagement, vol. 3

od warnig syste
untries in Southes

Ava
ument&document
gement in the P
pp. 1-12, 2012. 
ing system in C
-22, 2010. 

issues 

gs in 
media, 

areas 
ner if 
 
oping 
flood 

stems. 
mited 
ack of 
d lack 

ective 
nsider 
sages, 
y. 
using 

m for 

ership 

system 
rnal of 

 in the 
ailable: 
on/ind

Online]. 

-annua

rrier to 
ailable: 
eat-bar

Report 
ailable: 

Online]. 
908 
ms may 
ailable: 
mage-

l-Time  
org/ 
rt,"The 
ailable: 
No36-

ion and 
ng river 

, no. 3, 

em for 
st Asia, 
ailable: 
t=1373 
eople's 

China," 

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

 

an SM
 

His re
busin
for str
Good
Socie
Intern
 

Telec
Scien
Admi
partic
huma
system
the F
Poppy
past f
Challe
 

DANIDA. (200
Forecasting an
http://bangladesh
isaster-risk-reduc
ng-services-bang
M. Rahman, N. 
dissemination s
Management, vo
E. Poolman. (2
http://www.kznc
nt/No.%203%20
M. Studdert. (20
emergency 
http://www.em.g
%282%29.PDF
(2013). UK En
[Online].
http://www.envir
.aspx 
(2013). Japan M
[Online]. Availab
M. Lucero. (20
Integrated Publi
http://www.fema
(2010). ABC new
[Online].
http://www.abc.n
ire-threat-escalat
(2010). ITU: I
http://www.itu.in
res2013.pdf 

Say
info
Un
five
Me
tree
200
scie

MS-based flood w

Ro
and
stud
Phy
alw
Un
Edu
Tec

esearch interests 
ess and education
rategic planning i

dwin is a researc
ty, member of th

national conferenc

Pau
Aus
200
from
curr
Tele
Univ
Proj

ommunications 
tist for ABC 8
inistrator. His res
cular infrastruct
nitarian applicat
ms. Dr. Gardner-
linders Universit
y, Technology C
finalist in compe
enge and Ashoka

06). Consolidati
nd Warning 
h.um.dk/en/danid
ction/support-to-n
gladesh/ 

Goel, and S. A
system in Bang
ol. 2, 2012. 
2012). Early war
ogta.gov.za/Porta
Early%20Warnin

009). Australia e
management. 

gov.au/Document

nvironment Agen

ronment-agency.g

Meteorological A
ble: http://www.jm
13). US Federal
c Alert and Wa

a.gov/media-libra
ws: CFA website

net.au/news/2010
tes/1204500 
ICT Facts and

nt/en/ITU-D/Stati

ysoth Keoduang
ormation techno
iversity of South
e years of interna
ekong river comm
e years of part-tim
09. At the present
ence at the Flinde

warning system in

bert Goodwin r
d received his 
dies) from unive
ysics from unive

ways enjoyed te
iversity levels in
ucation, and is cu
chnology at Flin
relate to the appl
n. In particular, h
in the application

ch program leade
he programming 
ces. 

ul Gardner-Step
stralia, and receiv
1 and PhD (com

m Flinders Univ
rently Rural, 
ecommunications
versity, Adelaide
ject Inc., having 
Fellow, Lecture
91 Adelaide, an

search interests fo
ture-independent 
tions, SPAM, c
-Stephen is a Shu
ty Disaster Rese
hallenge for Atro

etitions and challe
a Change-Makers

ion and Streng
Service. [On

a-en/climate-chan
national-flood-for

Arya, "Study of e
gladesh," Journa

rning system. [
als/0/Documents/
ng%20Systems%
mergency manua

[Online]
ts/Manual%2021-

ncy: The Flood

gov.uk/homeandl

Agency: Earthqua
ma.go.jp/jma/en/
l Emergengy Ma
arning System. [
ary/assets/docume
e crashes as bush

0-01-11/cfa-websi

d Figures.  [O
istics/Documents/

gsine received h
ology (computin
h Australia in 20
ational organizatio
mission secretariat
me teaching expe
t, he is pursuing h
ers University, his
n developing coun

resides in Adelaid
BSc with hono

ersity of South A
ersity of Adelaide
eaching both at
n Physics, Mathe
urrently Senior Le
nders University 
lication of inform
he is interested in
n of ICT in devel
er, member of A

committee and 

phen resides in
ved his BSc (co

mputer systems en
versity, Adelaide

Remote &
s Research Fe
e, Australia, and 
previously serve

er in Computer 
nd Computer &
ocus on resilient 

mobile teleco
computer securi
uttleworth Fellow
earch Centre, So
ocity Prevention 
enges including 

s. 

gthening of Flo
nline]. Availab
nge-adoption-and
recasting-and-wa

early flood warn
al of Flood R

Online]. Availab
/DisasterManagem

%20EP.pdf 
al series: Austral
]. Availab
-Flood%20Warni

d Warning Servi
Availab

leisure/floods/584

ake Early Warni
/Activities/eew.ht
anagement Servi
[Online]. Availab
ents/34096 
hfire treat escala

Availab
ite-crashes-as-bu

Online]. Availab
/facts/ICTFactsF

his master agree
ng) from Flind
005. He was hav
on experience in 
t in Laos, along w

erience from 2006
his PhD of compu
s research focuses
ntries. 

de, South Austra
ors (communicat

Australia and PhD
e, Australia. He 
t high school a
ematics and Scien
ecture in Informat
of South Austra

mation technology
n developing mod
loping countries.

Australian Compu
peer reviewer fo

n Adelaide, So
omputer science)
ngineering) in 20
e, Australia. He
& Humanitar
ellow at Flind
President of Ser

ed as a Shuttlewo
Science, Resid

& Network Syste
communications

ommunications 
ity and distribu
w, board member
outh Australian T

laureate, as well
the Global Secur

 

ood 
ble: 
d-d
arni

ning 
Risk 

ble: 
me

lian 
ble: 
ing

ice. 
ble: 
417

ing. 
tml 
ice: 
ble: 

tes. 
ble: 
shf

ble: 
igu

e in 
ders 
ving 

the 
with 
6 to 
uter 
s on 

alia, 
tion 

D in 
has 
and 
nce 
tion 
alia. 
y in 
dels 
Dr. 

uter 
or 5 

outh 
) in 
008 
e is 
rian 
ders 
rval 
orth 
dent 
ems 
, in 
for 

uted 
r of 
Tall 
l as 
rity 

176

International Journal of Future Computer and Communication, Vol. 3, No. 3, June 2014




