
Vol.:(0123456789)

Natural Hazards
https://doi.org/10.1007/s11069-020-04161-y

1 3

ORIGINAL PAPER

Newspapers as a validation proxy for GIS modeling 
in Fujairah, United Arab Emirates: identifying flood‑prone 
areas

M. M. Yagoub1  · Aishah A. Alsereidi1 · Elfadil A. Mohamed2 · Punitha Periyasamy3 · 
Reem Alameri1 · Salama Aldarmaki1 · Yaqein Alhashmi1

Received: 22 November 2019 / Accepted: 4 July 2020 
© The Author(s) 2020

Abstract
The UN Office for Disaster Risk Reduction listed 10 reasons businesses should reduce 
their disaster exposure, including risk factoring, which cannot be achieved without histori-
cal data about hazards, their locations, magnitudes, and frequencies. Substantial hazard 
data are reported by newspapers, which could add value to disaster management decision 
making. In this study, a text-mining program extracted keywords related to floods’ geo-
graphic location, date, and damages from newspaper analyses of flash floods in Fujairah, 
UAE, from 2000–2018. The paper describes extracting such information as well as geoco-
ding and validating flood-prone areas generated through geographic information system 
(GIS) modeling. The generation of flood-prone areas was based on elevation, slope, land 
use, soil, and geology coupled with topographic wetness index, topographic position index, 
and curve number. Analytical Hierarchy Process (AHP) produced relative weight for each 
factor, and GIS map algebra generated flood-prone areas. AHP inclusion helped minimize 
weight subjectivity among various experts. Of all areas, 85% are considered medium and 
low flood-prone zones, mainly mountainous areas. However, the 15% that are high/very 
high are dominated by urban areas in low coastal plains, predisposing them to flash floods. 
Eighty-four percent of flood events reported by newspapers were in areas rated as high/very 
high flood-prone zones. In the absence of flood records, newspapers reports can be used as 
a reference. Policymakers should assess whether flood-prone area models offer accurate 
analyses. These findings are useful for organizations related to disaster management, urban 
planning, insurance, archiving, and documentation.
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1 Introduction

Decision makers everywhere are concerned about the safety of their people before, dur-
ing, and after disasters. Floods top these disasters, and their impact on human lives and 
economy is well documented in the literature (Alaghmand and Abdullah 2010; Duan 
et al. 2016; Luino et al. 2016). For example, a recent report by the United Nations Office 
for Disaster Risk Reduction (UNDRR; formerly UNISDR) revealed that floods affected 
2.3 billion and killed 157,000 people between 1995 and 2015 (Flood List 2018). Due 
to the flood impact on humans and the economy, many flood tools have been developed 
around the world to aid in prediction and assessment such as the Global Flood Aware-
ness System (GloFAS) of the European Commission Copernicus Emergency Manage-
ment Service and in the USA, the Hazus program. GloFAS provides flood predictions 
based on weather forecasts and hydrological modeling (GloFAS 2020). It contains a 
global dataset of daily river discharges, a land surface runoff model (HTESSEL), and 
a river-routing model (LISFLOOD) (van der Kniff et al. 2010). For more details about 
GloFAS, the reader is referred to Harrigan et  al. (2020). The United States Federal 
Emergency Management Agency (FEMA) developed the Hazards United States (Hazus) 
program to aid in estimating potential losses from earthquakes, floods, and hurricanes. 
The program utilizes GIS to estimate physical, economic, and social impacts of dis-
asters (FEMA 2020). The FEMA Flood Map Service Center (MSC) provides interac-
tive maps regarding flood hazard/risk to support the National Flood Insurance Program 
(NFIP). Details about how flood maps are generated can be found in Wright (2014). 
In addition to this, the UK Environment Agency provides interactive maps that show 
flood risks from rivers, surface water, and reservoirs (UK Environment Agency 2020). 
Alexander et  al. (2011) developed a geographic information system (GIS) tool that 
helps end users to be actively engaged in the generation of flood maps and assessment 
processes. The tool facilitates discussion between end users/professionals and develop-
ers. It includes options for flood hazard assessment, vulnerability assessment, and risk 
assessment. Other initiatives on flood hazard mapping can be found in Prinos (2008) 
and Van Alphen and Passchier (2007).

Flood impact is evident in hazard areas that sometimes experience heavy rains. In 
arid regions, such as the United Arab Emirates (UAE), the risk is not that high, but there 
has been an expansion of such risk into new areas in cities that have become impermea-
ble due to paving (less infiltration, poor absorption, less vegetation, more runoff). More-
over, cities at foothills of mountains in the UAE such as Fujairah, Ras Al Khaimah, 
and Al Ain are more exposed to flash floods, for example, the Al Ain floods (1982, 
1988, 1990, 1993), the Al Qurayah flood (1995), and the Sharm floods (1997, 2009). 
This has led many researchers to conduct studies related to flash floods in the UAE. 
Al-Shamsei (1993) conducted a study on flash floods in Al Ain and generated a flood-
prone area map based on climate, geomorphology, and hydraulics. The results revealed 
major damage to in buildings and farms. Al Murshidi (2012) conducted a study on flash 
floods’ assessment using a geographic information system (GIS) in Dibba Fujairah. His 
study utilized GIS multi-criteria decision analysis and used three parameters to gener-
ate a flood-prone area map: the distance to the discharge channels, elevation, and slope. 
Additional parameters such as land use, soil, and geology, coupled with topographic 
wetness index (TWI), topographic position index (TPI), and curve number (CN) could 
be incorporated. The inclusion of more factors strengthens the flood-prone area model. 
However, previous studies related to flood potential mapping conducted in the UAE (Al 
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Murshidi 2012; Al-Shamsei 1993) have not verified their output models. This creates a 
gap in the literature, which this study tries to fill.

A study conducted by Forkuo (2011) showed how flood risk index maps can be gen-
erated by integrating ASTER satellite image data with GIS. In the absence of maps on 
flooded areas, remote sensing is an effective tool to trace the occurrences of floods and 
identify hydrogeological settings. There is now a better chance of tracing back flooded 
areas because of the increase in the number of satellites. Quirós and Gagnon (2020) val-
idated flood risk maps using open-source optical and radar satellite imagery. They used 
normalized difference vegetation index (NDVI) based on the principles that water absorbs 
the energy in the red band and that clear water has a negative NDVI value (− 1) and thus 
appears black in the processed satellite image. However, in many cases, flooded areas 
may not be captured by satellites due to temporal resolution, nature of the flood (the del-
uge caused by flash floods lasts for a few hours), size of the flooded area, or cloud cover 
(Quirós and Gagnon 2020). Therefore, newspapers reports could be used to trace back 
flooded areas. Known flood locations have been used to validate the flood-prone area maps. 
For example, Azizat and Omar (2018) used six factors to model flood hazard including 
rainfall, elevation, distance from the drainage network, soil texture, geology, and erosion. 
They evaluated the flood map using frequency ratio, statistical index, and Poisson methods 
and verified the model results by using 23 known flood locations recorded in 2013, 2014, 
and 2015. The locations of the points were checked with high and very-high risk zones, 
and the percentage of points was calculated. They found that the areas with frequent flood 
occurrence were located near drainage networks.

Periyasamy et  al. (2018) used eight parameters to model flood hazard including rain-
fall, slope, drainage, soil, geological structures, lithology, geomorphology, and land use. 
They verified their hazard model output based on recorded floods that affected villages 
from 1996 to 2014. The output revealed that the study area was flooded mainly due to two 
reasons: aftermath of meteorological events, such as intense and prolonged rainfall, and 
increase in the water level in coastal and estuarine waters. Getahun and Gebre (2015) used 
six parameters to model flood hazard in Awash River Basin in Ethiopia. They were slope, 
elevation, rainfall, drainage density, land use, and soil type. Samanta et al. (2016) used four 
parameters to generate flood hazard maps in the area around Markham River, Papua New 
Guinea. They were elevation, slope, distance from river, and land use. In general, there is 
no consensus on the number of parameters that are required to generate flood hazard maps, 
and this depends on many factors such as data availability, geographic location of the study 
area (climate), and importance of the factor. In this study, the most important factors iden-
tified were elevation, slope, land use, soil, and geology coupled with TWI, TPI, and CN. 
Weight for each factor was set using AHP.

AHP is a multi-criteria decision making (MCDM) method (Saaty 1980). It provides 
a framework that can handle different views on a complex decision problem (Carver 
1991; Estoque 2012; Ho 2008; Malczewski 1999; Samanta et al. 2016). AHP consists 
of three main levels. Level 1 is the goal, while level 2 (criteria/sub-criteria) and level 3 
(alternatives/options) contain six necessary steps to get to that goal (Papaioannou et al. 
2015). In AHP, multiple pairwise comparisons are based on a standardized comparison 
scale of nine levels (Ouma and Tateishi 2014). AHP has the advantage of permitting a 
hierarchical structure of the criteria, which provides users with a better focus on specific 
criteria and sub-criteria when allocating the weights (Ishizaka and Labib 2011; Saaty 
1980). This method helps to discover and correct logical inconsistencies and allows for 
the “translation” of subjective opinions, such as preferences or feelings, into measur-
able numeric relationships (Goepel 2018). Due to these advantages, AHP is used in GIS 
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to improve decision-making processes (Estoque 2012; Samanta et  al. 2016). Substan-
tial research has been conducted on the combination of AHP and GIS for flood studies 
(Dash and Sar 2020; Kazakis et al. 2015; Ouma and Tateishi 2014; Papaioannou et al. 
2015; Stefanidis and Stathis 2013).

Despite remote sensing and GIS being sources of data and visualization, they lack 
detailed information about flood impact/damage on human lives and economy. Historically, 
people used various other sources such as newspapers reports, flood markers, eyewitness 
accounts, photographs, private diaries, private letters, boulder deposits, town records, his-
toric compilations, courts records, paintings, and secondary sources (Benson 1950; Helley 
and Lamarche 1973; Tropeano and Turconi 2004). In Italy, Luino et al. (2016) highlighted 
that correct territorial planning for the prevention and mitigation of geo-hydrological risk 
cannot ignore the wealth of information that can be obtained from historical research. They 
collected historical records including thousands of articles from national and local newspa-
pers from 1800 until 2016 and generated a GIS database. This study, too, uses newspapers 
to build a model. Previous studies in the UAE did not incorporate newspapers as a source 
of data to fill the gap in missing information on floods. Newspapers include valuable infor-
mation about events (what, where, when, how, who are affected) on an often overlooked 
and relatively unknown time period in history. They disperse information to the general 
public and provide effective warnings as one of the crucial tools to protect the public from 
natural hazards (Luino et al. 2018; Trimble 2008; Zhang 2010).

Combining newspaper data with GIS is an effective tool. For example, Yagoub and 
Jalil (2014) used GIS to map 220 sampled fire incidents in Sharjah, UAE. The incidents 
were extracted from newspapers (2002 to 2012), geocoded and used with weighted overlay 
analysis to propose new suitable locations for fire stations. In the United Kingdom, Taylor 
et al. (2015) used newspapers to enrich the National Landslide Database with 111 landslide 
events. Abascal-Mena et al. (2013) used the Geoparsing Web Service (Yahoo! Placemaker 
Web Service) and eXtensible Markup Language (XML) to extract geographic coordinates 
from online unstructured documents and link them into a map-like image in order to visu-
alize textual information. Geoparsing offers the ability to turn text documents into geo-
spatial databases. Geocoding newspaper reports on flood events in a GIS environment can 
add additional information to rain gauge stations (Escobar and Demeritt 2014). The use of 
newspaper reports to enrich data about floods is evident in the literature. Tarhule (2005) 
used newspapers to explore the nature of flood events in Niger’s Sahel region. Escobar 
et  al. (2016) utilized the Nexis digital newspaper database (LexisNexis 2018) to build a 
25-year archive of flood events in the United Kingdom. They searched for data using date, 
region, keywords, and type of publication. Search results could then be filtered and down-
loaded for analysis. Although the database has proved useful in similar projects (e.g., Tay-
lor et al. 2015), it unfortunately does not include reports on flood events in the UAE.

Recent experiments have used crowd-sourced data (Brisaboa et al. 2010; Kutija et al. 
2014) and post-event surveys (Borga et  al. 2011) to gather evidence on flood impacts. 
However, crowd-sourced/social media data lack completeness, consistency, and authorized 
references. Therefore, newspapers are considered more reliable source albeit with some 
limitations (Newby and Hardy 2018; Porter and Evans 2020), including errors and discrep-
ancies due to misreported events, unreliable sources, or political slants and biases. This can 
be minimized by double-checking with more than one newspaper and using quantitative 
data from other sources (e.g., recorded rainfall by meteorological stations). Other problems 
that arise while using newspapers include the availability of old archives in the hardcopy 
format. Manually searching newspapers with long records is a tedious and time-consuming 
process.
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The main objective of this study was to review newspapers reports on flash flood events 
published in five UAE newspapers during the period 2000–2018. A key component of the 
objective was automating the process of extracting flood information from newspapers 
reports using the text-mining approach. The second objective was to identify potential 
flood-prone areas based on multi-criteria analysis (MCA) (Belton and Stewart 2002; Malc-
zewski 2006) and use flood events reported by newspapers as validation for the flood-prone 
areas. This flood-prone areas map could help city planners in drafting rules to prevent 
development in flood-prone zones (UN 2010). The objective of the flood-prone area map 
is not to stop the disaster, but to highlight possible flood zones that may impact society and 
economy.

This article is structured as follows: Sect. 2 provides a background about the study area, 
data, and methodology; Sect. 3 addresses the results; and Sect. 4 provides a general conclu-
sion and recommendations.

2  Materials and methods

2.1  Study area

The eastern region of the UAE is the most prone to natural hazards of the entire coun-
try (floods, earthquakes, tropical storms/cyclones) (Al Ghasyah 2010). Therefore, it was 
selected as the study area. The region is at a strategic international location along the 
Arabian Gulf from where large volumes of oil is exported (Fig. 1). The offshore zones of 
the region (Gulf of Oman) represent an important asset for the UAE. This includes water 
(desalination plants), food (fishing industry), mineral exploration, navigation, research, 
and the laying of cables and pipelines. These zones include the territorial sea, contigu-
ous zone, and the exclusive economic zone (UNCLOS 2019). The region covers a large 
inland area that extends along the Gulf of Oman (Fig. 1) and is dominated by the Al Hajar 
Mountains—the highest range in the eastern Arabian Peninsula that runs through both the 
UAE and Oman. The highest point in the study area measures 1,511 m above mean sea 
level. Many valleys (Wadis) originate from this mountain range, such as Ham, Zikit, and 
Al Wurayah. Wadi Ham is the largest and longest valley in the UAE. It spans 30 km from 
Masafi to the dam near Fujairah city. Several studies related to Wadi Ham have been con-
ducted (Sherif et  al. 2010, 2013). Although the valleys remain dry for most of the year, 
when it rains, the dry valley beds are transformed into gushing albeit ephemeral spectacles.

Fujairah is the main emirate in the eastern region of the UAE, covering an area of 1,580 
square kilometers (1.9% of the UAE) with an estimated population of 243,127 inhabitants, 
almost 77% of whom live in main Fujairah city (Fujairah Statistics Centre 2018). The aver-
age temperature in Fujairah is around 15 and 47 degrees Celsius during winter and sum-
mer, respectively, with mean daily maximum relative humidity of 73 and average annual 
rainfall of 47  mm (Fujairah Statistics Centre 2018). Generally, the area falls in the arid 
climate zone (100–250 mm rainfall; Ghazanfar and Fisher 1998).

The majority of urban areas in the region are located at low coastal plains, which makes 
them more prone to flash floods (Fig. 2). To reduce the impact of flash floods, the UAE 
Ministry of Energy and Industry (https ://www.moei.gov.ae) in cooperation with the Minis-
try of Climate Change and Environment (https ://www.mocca e.gov.ae) has adopted guide-
lines for protection against floods. They include a number of standards to be met when 

https://www.moei.gov.ae
https://www.moccae.gov.ae
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Fig. 1  Location of the study area
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designing or developing any residential area close to valleys and estuaries. The identifica-
tion of flood-prone zones from this study will support these guidelines.

2.2  Data

Data about flash-flood-related events were collected from local newspapers, including 
Albayan (Arabic; https ://www.albay an.ae), Alittihad (Arabic; https ://www.alitt ihad.ae), 
Al Khaleej (Arabic; https ://www.alkha leej.ae), Gulf News (English; https ://gulfn ews.com/
uae), and Khaleej Times (English; https ://www.khale ejtim es.com). Digital elevation model 
(DEM) and Landsat 8 satellite images for the study area were downloaded from the United 
States Geological Survey (USGS)—Earth Explorer website (https ://earth explo rer.usgs.
gov/). The land use map was produced from Landsat-8 images (2020). The soil map for 
the study area was extracted from the 1 km-resolution soil map of the Harmonized World 
Soil Database (HWSD 2009). Monthly rainfall data (2009–2018) were obtained from the 
Department of Civil Aviation and World Weather (2019). Table 1 shows the data collected 
to identify flood-prone areas. It should be noted that rainfall is treated as constant because 

Fig. 2  Example of flash flood in the study area 16 Feb 2016. Source: https ://twitt er.com/Storm _centr e

Table 1  Data and sources

Data Source Format

1 DEM USGS—Earth Explorer website Raster
2 Valleys/Streams Derived from DEM Vector
3 Landsat 8 satellite image acquired on 

25/4/2020 Path 159, Row 43
USGS—Earth Explorer website Raster

4 Land use Derived from satellite image Vector
5 Soil Harmonized World Soil Database Raster
6 Geology UAE Ministry of Environment and Water Vector
7 Monthly rainfall data (2009–2018) UAE Department of Civil Aviation and World 

Weather
Text

8 Historical flash flood events Local newspapers Text

https://www.albayan.ae
https://www.alittihad.ae
https://www.alkhaleej.ae
https://gulfnews.com/uae
https://gulfnews.com/uae
https://www.khaleejtimes.com
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://twitter.com/Storm_centre
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the study area is small. The question here is that if the overall region is subjected to the 
same amount of rainfall, which areas are prone to flood? The monthly rainfall data col-
lected were used to validate newspapers reports and not as a criterion for identifying poten-
tial flood-prone areas.

2.3  Method

2.3.1  Extraction of newspaper reports

Communication between various departments was established in order to obtain records 
of previous flood events, but without success. Therefore, Google’s free search engine was 
used. The Google search results were saved in the comma-separated values (CSV) file 
format using the SEOQuake extension (https ://www.seoqu ake.com/), a free plug-in that 
helped save search results (websites) from search engines. This format was chosen because 
of its flexibility in importing and exporting data between various software. For example, 
the search for “UAE, Fujairah, flash floods” generated a listed of websites, which were 
downloaded in a CSV file. Normally, Google search lists 10 results for faster processing. 
However, saving every list of 10 websites in a file is not feasible; therefore, the Google 
search setting was changed to list 100 results per page. Google Search also provides an 
important setting for the region. The websites generated by the Google search were exam-
ined thoroughly, and the majority were found to be related to local newspapers. Therefore, 
the focus was directed toward local newspapers, which were found to have more detailed 
reports and coverage about flash floods in the UAE than other international sources, such 
as the FloodList web site (https ://flood list.com) and the Global Disaster Alert and Coordi-
nation System (GDACS) (https ://www.gdacs .org/). Escobar et al. (2016) also revealed that 
regional newspapers in the United Kingdom tended to provide more detailed impact infor-
mation than did the national press and wire services.

Newspaper content was reviewed for news items covering flash flood events in Fujairah 
Emirate between 2000 and 2018. This period was chosen because of the availability of 
digital editions of the newspapers. Taxonomy (“a set of words that have been organized 
to control the use of terms”) was used to facilitate retrieving flood items from newspapers 
reports (Escobar and Demeritt 2014). A different Boolean search was conducted (e.g., by 
inputting the keyword “flood” OR “rain” OR “flash flood”) to extract event-related articles 
along with the date and geographical filters (geoparsing). The reports were saved in docu-
ment files with a date stamp and included information about the flood date, area affected, 
and damage caused. The main issue was to determine how to extract meaningful informa-
tion from the reports and put them in a structured (tabular) format that would be easy for 
decision makers. Manual data entry from a document file to a structured format (e.g., Excel 
table) is a tedious, error-prone, costly, and time-consuming process especially when the 
actual data are non-structural (text report). Moreover, reading many document files and 
scanning them for flood impact is another challenge. To automate this process, a Java pro-
gram was developed to read the document file and extract important flood damage informa-
tion (text mining) using text-processing functions like keyword extraction, segmentation, 
parsing, and identification of contexts and similar terms.

The program was run on sample English documents by feeding keywords such as dis-
aster words (flood, flash flood, rain, heavy rain, etc.), name of the location, damage caused 
(e.g., road blocked, house damaged), and evacuation procedures. This was supported 
by a database of geographic names in the area and link to the data extracted from the 

https://www.seoquake.com/
https://floodlist.com
https://www.gdacs.org/
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newspapers. However, it was difficult to find uniform newspapers reports on which to run 
the program. Therefore, data from some reports were extracted manually. The program’s 
algorithm works as follows:

• Creating a text file (CSV) with the following headers “Disaster type,” “Date,” “Loca-
tion,” and “Impact.”

• Checking if the title/headline of the newspaper report or the body text includes (flood 
“OR” flash flood “OR” rain “OR” heavy rain, etc.); if yes, moving on to the next step 
otherwise terminating the search.

• Checking the date and if the month falls during the rainy season (October–April) copy-
ing the date to a text file (CSV file); otherwise, writing a message for manual interven-
tion.

• Searching for the name of the area/location based on names given in the database of 
geographic names. Copying the name to the text file.

• Searching for impact keywords (damage, houses, buildings, roads, farms, etc.)
• Extracting a complete sentence that includes the impact keywords (e.g., “400 houses 

were damaged”) and copying it to the text file under the header “Impact.”

“Appendix” shows the flowchart of the program and a sample of the Java code.
The keywords in flood reports were first extracted/summarized using Text Analyt-

ics software. There are many text analytics and natural language software available in the 
market such as Natural Language Toolkit (https ://www.nltk.org), KH Coder (https ://khcod 
er.net/en/), and RapidMiner (https ://rapid miner .com/get-start ed). In this study, RapidMiner 
was selected because it is an open source data-mining framework that offers many opera-
tors that can be combined into a process. Text from different data sources can be loaded 
and transformed by different filtering techniques to analyze data. Text Extension includes 
all operators necessary for statistical text analysis and natural language processing (NLP). 
It supports several text formats and provides standard filters for tokenization, stemming, 
and stop-word filtering for preparing and analyzing texts. The collected newspapers report 
about flash floods were converted from Word files to plain text and the occurrence of key-
words in all documents was analyzed.

2.3.2  Factors for identifying flood‑prone areas

Factors for delineating flood-prone areas were identified based on a literature review, con-
sultation with five expects, and availability and accessibility to data. The factors include 
elevation, slope, land use, soil, and geology coupled with TWI, TPI, and CN.

Elevation and slope: The probability of a flood increases with decreasing elevation and 
hence is a strong indicator for flood susceptibility. Slope is the rate of change of the surface 
in horizontal and vertical directions (Cabrera and Lee 2020). Areas with greater slope will 
have more runoff and thus a higher runoff co-efficient (Chang and Guo 2006). In areas with 
low slope (flatter terrain), there is a substantial decrease in the movement of water and 
an increase in the likelihood of ponding (Asare-Kyei et al. 2015; Ballerine 2017). Areas 
located close to valleys are more likely to flood (Cabrera and Lee 2020). The study area 
contains a series of valleys that are dried out most of the year. Valleys were overlaid on the 
final maps to improve visualization.

Land use: Land use determines how much rainfall infiltrates the soil and how much 
becomes runoff (Asare-Kyei et al. 2015). Land use for infrastructure such as buildings 

https://www.nltk.org
https://khcoder.net/en/
https://khcoder.net/en/
https://rapidminer.com/get-started
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and roads (impervious surfaces) decreases penetration capacity of the soil and increases 
the water runoff, while vegetation act as a water storer (Asare-Kyei et al. 2015). Rapid 
urbanization has contributed significantly to the frequency and size of flood events in 
arid and semi-arid regions such as the UAE (Al Alabdouli et al. 2019). The land use/
land cover map was derived from a satellite image (April 25, 2020) using supervised 
classification. Accuracy of the classification was checked with 500 random ground truth 
samples, and a confusion matrix was created. The availability of satellite image helped 
in the generation of up-to-date land use data and is considered an important input 
parameter.

Soil: The soil type controls the amount of water that can infiltrate the ground and 
hence the amount of water that becomes flow (runoff). The dominant soil groups found 
in the area are Calcisols, Leptosols, and Solonchaks. Calcisols is soil with accumulation 
of secondary calcium carbonates (USDA Group A). Leptosols is very shallow soil over 
hard rock or in unconsolidated gravelly material, and Solonchaks is strongly saline soil 
(USDA Group B). The soil map was reclassified into two main soil hydrological groups 
(A and B) based on the United States Natural Resources Conservation Service classifi-
cation method (USDA-NRCS 1986). Group A soils have low runoff potential and high 
infiltration rates even when thoroughly wetted. Group B soils have moderate infiltration 
rates when thoroughly wetted (USDA-NRCS 1986).

Geology: The lateral movement of storm water is restricted to the weathered formations 
of the top zones, whereas the downward movement of the same looks for the fissured and 
jointed features of the bottom zones (Cao et al. 2016; Periyasamy et al. 2018). Therefore, 
inclusion of geology in flood modeling, especially in areas where soil is in a development 
stage, is important. The majority of the area is covered by ophiolite mountain (igneous and 
metamorphic rocks). The main rock types in the study area include Gabbros, Ultrabasics, 
Fluviatile deposits, Limestone Facies, and Metamorphics (UAE Atlas 1993).

TWI: TWI, also known as the compound topographic index, is an indicator of the 
effect of local topography on runoff flow direction and accumulation (Beven et al. 1979; 
Wolock and McCabe 1995) (Eq. 1). It shows how water interacts with the topography. 
The result is a GIS data layer (raster) that depicts areas with drainage depressions where 
water is likely to accumulate (Ballerine 2017). The TWI provides important informa-
tion at a very low cost compared to detailed hydrologic and hydraulic studies and is an 
excellent planning tool (Ballerine 2017).

where ln is the Napierian logarithm, a is the upslope area per unit contour length (catch-
ment area), and tan β is the slope gradient.

TWI was generated from flow direction, flow accumulation, and slope. The output 
was smoothed to reduce local variations and remove noise. The file was reclassified into 
five classes using the natural break breaks (Jenks) method.

TPI: TPI compares elevation of each cell to the average elevation around that cell 
within a predetermined radius (Weiss 2001). Positive TPI values indicate higher areas 
(ridges), lower values represent locations that are lower than the surrounding areas (val-
leys), and values near zero are flat areas (Jenness 2004). TPI is used for landform clas-
sification, and this helps in the identification of flood-prone areas (slope, drainage net-
work) (Al-Husban 2019; Jenness 2011). TPI was produced from DEM to classify the 
landscape into slope positions (valleys, lower slope, flat slope, upper slope, ridge). The 
TPI tool developed by Jenness (2011) and modified by Dilts (2015) was used.

(1)TWI = ln (a∕ tan �)
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CN: CN is an empirical parameter used in hydrology for predicting direct runoff or infil-
tration from rainfall excess (Papaioannou et  al. 2015; USDA-NRCS 1986). CN is based 
on hydrologic soil group, land use, and soil moisture conditions. CN values range between 
0 and 100 (Table  2). A high curve number means high runoff and low infiltration (urban 
areas), whereas a low curve number means low runoff and high infiltration (dry soil) (Zhan 
and Huang 2004). The soil and land use layers were merged and attributes such as soil type 
(hydrological soil group), land use type, and CN for each land use type were added (Table 2). 
The CNs were extracted from USDA-NRCS (1986).

All the data were geo-referenced to a common coordinate system (WGS 84, UTM, Zone 
40), edited for quality assurance and quality control, and organized in the proper format. Arc-
GIS version 10.5.1 software was used to process the data.

2.3.3  AHP: expert scores of criteria and weights

Five experts (one each in modeling, climate, urban planning, soil, and geology) were surveyed 
to give their judgments regarding flood causal factors. Based on discussions with experts and 
preliminary maps produced, some factors such as dams and valleys (streams) were excluded 
from the criteria because their effect is included in the slope and TWI. Therefore, the factors 
considered in the criteria were elevation, slope, TWI, TPI, CN (land use, soil), and geology. 
The experts were asked to make pairwise comparison among the factors and sub-factors (two 
hierarchical levels of factors) based on the fundamental scale of AHP (1–9).The number of 
comparisons was calculated using Eq. 2 (Teknomo 2020). Comparison matrices were created, 
and consistency ratio (CR) was calculated. The CR is defined as ratio between Consistency 
Index (CI) and Random Index (RI) (Saaty, 1980, 1990) (Eqs. 3, 4). The experts were allowed 
to change their scores until CR was below 10% as recommended by Saaty (1990), Papaioan-
nou et al. (2015), and Wu et al. (2015).

where n is the total number of criteria.

(2)Number of comparisons =
n(n − 1)

2

(3)CR =
CI

RI

(4)CI =
�max − n

n − 1

Table 2  CNs for the land use/cover in the study area

Source USDA-NRCS (1986)

Land cover/use CN for Hydrologic Soil 
Group A

CN for Hydrologic Soil 
Group B

Note

Built-up 77 85 Town houses
Green areas 39 61 Parks, greenways
Gravel/sand 63 77 Natural desert
Rocks 98 98 Impervious
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where λmax is the maximum eigenvalue of the comparison matrix (sum of the consistency 
measure), and n is the total number of criteria (Saaty 1980).

Pairwise comparison judgments (priorities) assigned by the five experts were combined 
using the geometric mean to form a judgment for the group (Saaty and Shang 2007). The 
basis for using the geometric rather than the arithmetic mean to combine judgments of 
different individuals has been justified mathematically by Saaty (1980). The same method 
was applied to find priorities of the sub-factors (Stefanidis and Stathis 2013). Examples of 
software that can be used to calculate the AHP parameters include Super Decision (https 
://www.super decis ions.com/), Expert choice (https ://www.exper tchoi ce.com/2020), and an 
extension developed by Oswald Marinoni (2004). In this study, the online free AHP tool 
developed by Goepel (2018) was used (https ://bpmsg .com/ahp/ahp.php).

The following weights and rates set by the experts (AHP) were assigned to the GIS lay-
ers: elevation, slope, geology, TWI, TPI, and CN. The GIS layers were then converted to 
integer type raster format and reclassified to a common scale (1 to 5) with the highest rat-
ing of 5 implying extreme probability to flood and the rating of 1 implying low probability. 
The final map was also created on a fixed 1 to 5 scale based on the Index for Risk Manage-
ment (INFORM; Marin-Ferrer et al. 2017).

The newspapers’ reports about previous floods were geocoded as point features (lati-
tude, longitude) and used as a validation to the flood-prone areas map. This was done by 
overlaying previous flood events on the map and checking the frequency (number) and per-
centage of the events on each zone.

3  Results and discussion

3.1  Extraction of flood events from newspaper reports

Search engines within newspaper websites were not effective despite relevant material in 
the archives. For example, Albayan and Alittihad did not show results when a search was 
conducted for floods in Fujairah while Google Search generated results and provided links 
directed to the newspapers themselves. Khaleej Times provides an advanced search option 
based on keywords and date from 2003 onward. It has more reports (192) than other news-
papers about flood events in the UAE. Information extracted from the newspaper reports 
include date, area affected, and impact (damage). Results from the text-mining model in 
RapidMiner text analytics software showed the words with the number of appearances in 
the text. In 10 newspaper reports tested, the word “Fujairah” appeared 59 times and “flood” 
appeared 52 times (Table 3). The occurrences of the words provided a guide to the words 
that could be included in the flood dictionary.

Table 4 lists samples of flash flood events that were extracted from newspapers reports, 
organized in a structured format for easy review by decision makers. On average, flash 
floods were reported once a year in newspaper reports. Newspapers are key to understand-
ing flood events and their impact, as they provide a clear picture about the damage caused. 
This includes number of people evacuated, accidents on roads, transport disruption, land-
slides, as well as damage to property, farms, and power lines (Table  4). These reports 
informed the readers about the events and their consequences and some of them provided 
references to previous floods and content to improve public awareness on how to minimize 
flood impact and adopt preventive measures. Newspapers also revealed damages not com-
monly reported in other sources: for instance, the destruction of the trade fair in Al Bedyah 

https://www.superdecisions.com/
https://www.superdecisions.com/
https://www.expertchoice.com/2020
https://bpmsg.com/ahp/ahp.php
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popular market on April 18, 2003, resulting in losses of up to AED 150,000 and the 
destruction of communication towers (Al Khaleej 2013). Although the majority of news-
papers referenced in this study are well-known, errors in reporting and estimating damage 
could not be ruled out. It was thus better to verify whether the event had been reported 
by more than one newspaper. Regardless of their accuracy, newspapers filled an important 
information gap in terms of the difficulty of obtaining official records. The organization of 
data in a tabular form (Table 4) showing locations/space (where), temporal info (when), 
what and who are affected provides better visualization about flood incidences, which may 
help policymakers in formulating flood-prevention strategies by taking decisions based on 
actual data.

Newspaper reports triggered policies that came into effect post the Al Qurayah flood 
(December 11, 1995; Alittihad 2012) based on a previous study conducted by Al Ghasyah 
(2010). Al Qurayah is small town located in the northern part of Fujairah Emirate with 
a population of 5026 and 414 houses. The flood occurred due to heavy rains over three 
days and the failure of a dam in Safad valley (second biggest valley in Fujairah). It dam-
aged buildings, roads, and farms; resulted in the loss of poultry and livestock; and led to 
many people being evacuated from their houses, although no loss of life was reported (Al 
Ghasyah 2010). The UAE government allotted a budget of $4 million to rebuild the dam, 
and three breakwaters are being built in the Safad and Thayb valleys. New houses for the Al 
Qurayah population were built and compensation was paid to those affected (Al Ghasyah 
2010). This case provides proof of the flood damage and its economic consequence.

Fujairah main city showed a high frequency of flood occurrence (31.4%) (Table 5). This 
may be due to many reasons such as the low elevation and the steep slope of the city at the 
mouth of Ham Valley. Moreover, the large city area makes it more vulnerable to floods in 
comparison with other small towns. The frequency metric should be interpreted by taking 
into account the causes and impact or “damage.” For example, the flood frequency et al. 
Qurayah is only 5.7%, but its impact is the biggest (evacuation of 5,000 people and damage 
to houses) (Tables 4, 5). Of all the flood events reported, 80% of them occurred during the 
winter and rainy seasons (October–April); this is consistent with historical rainfall records 
(Fig. 3). There is no annual flood probability detected from the data.

Table 3  Sample of words with 
highest total occurrences in 10 
newspapers reports

Word Total occurrences Document 
occur-
rences

1 Fujairah 59 10
2 Flood 52 10
3 Rain 45 9
4 December 26 3
5 Police 21 6
6 Water 19 6
7 People 17 6
8 Road 17 5
9 Evacuate 14 4
10 Resident 14 6
11 Damage 13 6
12 House 13 6
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Misspelled town names (e.g., Al Qurayah and AlQaryah) reported by newspapers was 
one of the problems faced in this study. Awareness thus needs to be spread among newspa-
pers organizations to use standardized geographical names adopted by the municipality in 
each emirate. Differences in the reported number of “affected people” were also noticed; 

Table 5  Sample of spatiotemporal variation of flood frequency

Location Flood frequency at 
the location between 
2000 and 2018

Occurrences (%) Month Number of 
flood occur-
rences

Flood 
occurrences 
(%)

1 Al Aqah 1 2.9 January 2 10
2 Al Bedyah 2 5.7 February 0 0
3 Al Qurayah 2 5.7 March 4 20
4 Al Tawyeen 2 5.7 April 2 10
5 Dhadna 1 2.9 May 0 0
6 Dibba 4 11.4 June 0 0
7 Fujairah 11 31.4 July 0 0
8 Masafi 5 14.3 August 1 5
9 Murbeh 1 2.9 September 1 5
10 Qadfa 2 5.7 October 2 10
11 Sharm 3 8.6 November 4 20
12 Port of Fujairah 1 2.9 December 4 20

35 100 20 100

Fig. 3  Average rainfall 2009–2018 at the study area. Source: Department of Civil Aviation and World 
Weather
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for example, the National newspaper reported that 600 people were affected in the flash 
flood on December 18, 2017, while FloodList.com reported that 188 people were displaced 
by the flood. Porter and Evans (2020) cited many cases where there was a difference in 
number of deaths reported by post-disaster news reporting and official figures.

It is very clear that newspapers have played an important role in documenting flash 
floods in Fujairah and could be used with other sources to reconstruct their history. They 
also reach a large audience (not only the scientific community) and attract the attention of 
decision makers who may act quickly to reduce the flood impact or manage the disaster and 
its magnitude.

3.2  Land use classification accuracy

Four land cover/use types were identified from the satellite image using supervised classi-
fication (Table 6). It was noted that similar rocks have different reflectance due to the effect 
of slope (shadow), and this was taken into account when delineating training signatures. 
The lowest user’s accuracies were in built-up and green areas (Table 6). This may be due to 
mixed pixels where some buildings include trees and gardens and some green areas include 
buildings. The overall classification accuracy of the land use map is 89% with a kappa of 
0.85 (Table 6). A study conducted by Yagoub and Kolan (2006) resulted in a classification 
accuracy of 88% and Thomlinson et al. (1999) set a target of an overall accuracy of 85% 
with no class less than 70% accurate. Therefore, the accuracy obtained is consistent with 
previous work and meets the typically suggested classifications accuracy of 85% (Foody 
2002).

3.3  AHP results

Table 7 shows a sample of experts’ pairwise comparisons of the decision matrix. The val-
ues close to one have minimum flood probability and values close to nine have maximum 
flood probability. The group is homogenous in the majority of the comparisons (Table 8). 
The CR for all experts ranges between 2.2% and 4.0%, which is acceptable because it is 
below 10% (Saaty 1990; Papaioannou et al. 2015; Wu et al. 2015). Overall, the CR indi-
cates that the evaluations are sufficiently consistent. The derived weights for the factors 
(geometric mean) show that elevation, slope, and TWI have the highest weights (Table 8). 
Cabrera and Lee (2020) found that the weights for criteria in the AHP method are 42% 
for rainfall, 23% for slope, 15% for elevation, 10% for distance to the main channel, 6% 

Table 6  Confusion/error matrix

The overall classification accuracy is given in bold

Class Green area Built-up Rocks Gravel Total User’s accuracy

Green area 107 7 5 6 125 0.856
Built-up 8 109 4 4 125 0.872
Rocks 3 5 114 3 125 0.912
Gravel 3 2 5 115 125 0.920
Total 121 123 128 128 500 0.00
Producer’s accuracy 0.884 0.886 0.890 0.898 0.0 0.890
Kappa = 0.85
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for drainage, and 4% for soil type. Results by Danumah et al. (2016) found that slope was 
the most significant causative factor in flood occurrence. This implies that local conditions 
play an important role in determining which areas are more vulnerable to flood, and, con-
sequently, weight for the same flood factor could vary from one place to another (Geta-
hun and Gebre 2015; Kazakis et al. 2015; Papaioannou et al. 2015). Geology has the low-
est weight, and this may be due the steep nature of the area, where water drains very fast 
toward the sea and hence has a low chance of percolating down. A study by Dash and Sar 
(2020) also concluded that geology is the least significant factor in flood generation. The 
weights of the factors and sub-factors (Table 9) were used to generate the potential flood 
map.

3.4  Flood‑prone areas map

Based on the criteria specified in Table 9, a flood-prone area map was generated (Fig. 4). 
Almost 85% of the area falls within medium, low, and very low zones (Table 10). This 
is because a large part of Fujairah (85% of the area) is covered by mountains with eleva-
tion greater than 80 m above mean sea level (Table 11, Fig. 5). The high elevation leads 
to a quick response time of the watershed (Al Alabdouli et al. 2019), and this makes flat 
areas more prone to flash floods. The rest of the area (15%) falls within high-prone zones 
(Table  10). This includes low areas facing the Gulf of Oman, where population centers 
are spread out, such as in Fujairah city and Khor Fakkan. The average elevation in these 

Table 7  Sample of pairwise 
comparisons of the decision 
matrix

Factor Elevation Slope TPI TWI CN Geology

Elevation 1 1 2 2 1 8
Slope 1 1 1 1 2 7
TPI 0.50 1 1 1 2 6
TWI 0.50 1 1 1 2 6
CN 1 0.50 0.50 0.50 1 2
Geology 0.13 0.14 0.17 0.17 0.50 1

Table 8  Priorities (weights) of factors/criteria

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Geomet-
ric mean 
(weight)

Factor Priority Priority Priority Priority Priority Priority
Elevation 0.260 0.257 0.204 0.197 0.190 0.220
Slope 0.213 0.216 0.220 0.213 0.208 0.214
TPI 0.187 0.168 0.192 0.223 0.195 0.192
TWI 0.187 0.189 0.214 0.195 0.240 0.204
CN 0.119 0.133 0.133 0.134 0.138 0.131
Geology 0.035 0.036 0.037 0.038 0.028 0.035
Total 1.0 1.0 1.0 1.0 1.0 1.0
CR 3.9% 4.0% 2.6% 3.6% 2.2%
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Fig. 4  Flood-prone area map for part of the study area

Table 10  Validation of potential flood-prone areas

Value Flood potential Area  (km2) % of the area Frequency of previous 
flood events in the zone

% of 
checked 
flood events

1 Very low 279 8.5 25 13.1
2 Low 1194 36.5 0 0
3 Medium 1299 39.7 5 2.6
4 High 421 12.8 35 18.3
5 Very high 81 2.5 126 66.0

Total 3274 100 191 100
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Table 11  Areas based on 
elevation

Elevation (meter) Area  (km2) Percentage of 
the total area 
(%)

0–20 218.09 6.66
20–40 123.73 3.78
40–60 86.35 2.64
60–80 72.10 2.20
 > 80 2773.73 84.72

3274 100

Fig. 5  Elevation for part of the study area
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population centers is 50  m. Slope is considered to be an important predictor of surface 
runoff (Vaezi et al. 2017). Based on slope, around 50% of this area has high and very high 
potential for flooding. The area includes regions in proximity of valleys and low elevation. 
Slope alone is not a good indicator for flash floods in the study area because it includes 
areas close to valleys at high elevation, and these areas are rarely flooded. Since slope is 
derived from elevation, most of the variance within the study area can be explained by the 
elevation (Fig. 4).

The high probability results matched the TWI results (Fig. 6). Therefore, TWI could 
be used alone to provide an indication about flood-prone areas (Ballerine 2017). This is 
because elevation, slope, flow direction, and flow accumulation are included in calcula-
tions of TWI. Papaioannou et al. (2015) found that the most important index/factor is 
the TWI, followed by the CN. In this study, the CN did not show a good match with the 
final flood-prone areas. This may be due to the broad classification of land use and the 

Fig. 6  TWI for part of the study area
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alteration of soil characteristics in urban areas. A detailed breakdown of built-up infra-
structure, such as commercial and residential areas, pavement, and so on, will enhance 
specification of CN for land use and consequently improve the output results.

Accuracy of the flood-prone area map (Fig. 4) was verified by previous flood events 
reported by the newspapers, 84.3% of which were found in areas with high potential for 
flooding (Table 10). This indicates that there is good agreement between the GIS model 
output and previous flood events. In the absence of a mechanism for checking GIS flood 
models, the results obtained are considered a step forward. However, it should be noted 
that the recorded events lack important information such as flood extent, water depth, 
and flow velocity (Aronica et al. 2002; Bates 2004; Molinari et al. 2017). Therefore, the 
output flood-prone area map should be combined with experts’ opinions. It is recom-
mended that crowd sourcing, security cameras, sensor network systems, and unmanned 
aerial vehicles/drones be used to record the extent of floods (Chang and Guo 2006; Feng 
et al. 2015).

The flood-prone area map provides useful information that can be effective in planning 
flood defenses and ensuring the safety of those living in high-prone areas. For instance, 
because it revealed that more prone areas are along the low coastal line, which unfortu-
nately are areas with high population density, preventive measures—such as incorporating 
planning rules, avoiding development near high-prone zones, building of embankments, 
and the spreading of public awareness and early warning systems—can be taken. Build-
ing more storage dams in addition to the existing ones will help in saving water, recharg-
ing groundwater, and protecting the public from flash floods (Alabdouli et al. 2019; Rizk 
and Al Sharhan 2003). The Ministry of Environment and Water constructed 113 recharge 
and storage dams to utilize the estimated 150 million  m3 per year from 15 main catch-
ment areas (Ministry of Energy, United Arab Emirates, 2006). An early-warning flood sys-
tem and interactive maps will be vital for reducing flood impact. Examples of these maps 
are those developed by the Federal Emergency Management Agency (FEMA)-USA Flood 
Map Service Center (MSC) (https ://msc.fema.gov/porta l/advan ceSea rch#searc hresu ltsan 
chor) (FEMA 2019) and the Global Flood Awareness System (GloFAS) of the European 
Commission Copernicus Emergency Management Service (www.globa lfloo ds.eu/). More-
over, remote sensing data could be utilized to complement rain gauges for precipitation 
estimation in real time (Isma’il and Saanyol 2013; Legates 2000; Schumann et al. 2018; 
Wehbe et al. 2017).

As in any GIS work, the possible inaccuracy of results is inherited from both attribute 
and positional errors, as a result of employing maps/images obtained in various times and 
with various scales. There are possible errors in land use classification as a result of gener-
alization. For example, some built-up areas include green areas although they are classified 
as built-up using the law of majority. Elevation data are based on the Shuttle Radar Topog-
raphy Mission (SRTM). The resolution of the cells of the source data is only three-arc 
second data (approximately 90 m). The SRTM data are generally not applicable for flood 
modeling (Finn 2008) and were only applied in this study because no other terrain data 
were available. Moreover, classification of elevation is based solely on bare ground, which 
is misleading. For example, low land is assumed to have a high probability of flooding, 
but this may not be true if the area has a good drainage system (especially in urban areas). 
The flood-prone area map will change over time due to the development of urban areas and 
roads or because of climate change (FEMA 2019). Therefore, the flood-prone area map 
produced here provides a broad and general guide of the current time and should not be 
used for any long-term decision making. Additional input parameters could be added to 
enhance the map such real-time precipitation data.

https://msc.fema.gov/portal/advanceSearch#searchresultsanchor
https://msc.fema.gov/portal/advanceSearch#searchresultsanchor
http://www.globalfloods.eu/
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4  Conclusion

Newspapers contain a wealth of space and temporal information that support many 
research topics such as flood studies. In this research, newspapers were used to trace 
flash floods in the Eastern region of the UAE over a span of 18 years (2000–2018). Val-
uable information such as frequency of and damage caused by floods could be extracted 
from them. A flood-prone area map was created for the study area, and newspapers 
reports were used as a validation tool for GIS model output. A large portion of popu-
lated areas in the region were found to fall in medium- and high-prone zones. However, 
data in newspapers are “unstructured,” similar to information in mass media (Twitter, 
Facebook, WhatsApp, etc.), and extraction of/searching for data is not like searching 
using a standard database management system (DBMS) wherein data are organized 
in tables (structured data). This study thus needed smart text-mining software, which 
was developed to extract information from newspapers reports. The future plan is to 
develop an application that accelerates the search process and interacts with GIS soft-
ware dynamically.

It is recommended that all newspaper archives in the UAE have not only a common 
database managed by the Center for Documentation but also a search engine similar to that 
developed by LexisNexis (2018). Moreover, it would be helpful if newspaper reports were 
complemented with accurate geographic coordinates of the events to improve location-
aware services. Some of the newspapers are in Arabic and searching Arabic text is another 
area that requires the development of a search engine and linkage with a GIS database. 
Considering the necessity to improve the means and methods to assess and monitor floods, 
this paper presents the capabilities offered by GIS techniques to produce flood-prone area 
maps. In addition, it is evident that flood-prone area mapping at the pre-feasibility level 
could be carried out using secondary information from maps, satellite images, and pub-
lished documents. The number of factors to be included in the preparation of a flood-prone 
area map could be increased based on data availability. This type of flood-prone area map 
in digital form may be used as a database that could be shared among various government 
and non-government agencies concerned about floods. There is a need for proper assess-
ment and archiving of flood damage together with their geographic locations. Data about 
such damage could be used for compensation and to check the accuracy of flood-prone area 
maps.
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