
  

  
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
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