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srah city by losing 38 percent of its total surface area.

1. Introduction

Climate change occurs naturally, but during the last century global warming has
been so rapid that it cannot be attributed to natural causes alone [1] [2]. It is
now believed that anthropogenic activities such as burning of fossil fuel and land
cover conversion (e.g., deforestation) have led to increase in greenhouse gases:
elevated CO, concentrations and other greenhouse gases (e.g., CHs, N,O, etc.)
have the potential, by modifying radiative forcing, to cause global warming,
which is assumed to have started since the industrial revolution of the 1850s.
Many studies indicate that global warming is highly likely to cause climate shifts

such as sea level rise [3].
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Globally, mean sea level has increased by 200 mm since the late 19th century
at a rate of 2.8 mm/year. Rising sea levels have accelerated to 3.2 mm/year over
the last three decades [4] at a rate near to the upper end of the Intergovernmen-
tal Panel on Climate Change projections [5]. This is mostly due to thermal ex-
pansion of the oceans, with a small contribution from the loss of mass from land
ice [6]. The increase in the sea level due to climate change is more likely to im-
pact many coastal areas and inundate low-lying regions. In addition, modelled
and observed studies show that due to the rise in sea level and an increase in
global temperatures, the coastal regions will experience more storm surges in the
form of hurricanes and cyclones. Considering world’s human populations, in-
frastructure, and economic activities are concentrated along coastlines; these are
significantly vulnerable to any significant change in sea levels. Many studies have
been done to investigate the sea level rise and its impacts on the coastal areas
and the infrastructure within these areas. Such studies are of importance to
support decision makers in planning relevant adaptation and mitigation meas-
ures, and thus decreasing the adverse impacts of climate change on sea level rise.

In recent years, GIS has been used to assess the impacts of climate change on
sea level rise and it has demonstrated great potential in its application and prob-
lem-solving capabilities in many diverse sectors such as agriculture, environ-
ment, water resources, natural resources, and natural hazards including flood-
ing, drought bushfire and landslides [7]. As a result, GIS is an essential and ef-
fective way for simulating different hazard scenarios related to sea level rise.
Through these scenarios, preventive measures can be taken by the authorities to
avoid human and infrastructural loss. Although many research has been done
using GIS to study sea level rise impacts on several sectors such as community,
economy, environment in different places worldwide, no study has been done to
investigate these impacts on coastal area within Iraqi boundary. Therefore, this
research aims at the investigation of the impacts of sea level rise on Basrah city

in particular and adjacent cities such as DhiQar and Maysan.

2. Case Study of City of Basrah, Iraq

2.1. Location

The study area of this research is Basrah Governorate with their seven districts.
It’s located between two latitudes of (29.05 - 31.20) north and two longitude of
(46.40 - 48.40) east in the southeast of Iraq, bordered by Iran to the east and
Kuwait and the Arabian Gulf from the south and southeast and Missan province
to the north and the provinces of DhiQar and Muthanna from the west, Figure
1. The total area is about (19070 km?) with a population of (1.5 million) accord-
ing to estimates of 2014. Basrah among the cities in the Arab world that face
high threat of inundation, It has been revealed as one of the most populated ur-
ban areas in the Middle East vulnerable to rising sea levels, any settlement or
population centre on low-lying coasts is vulnerable [8].

It is the main source of revenues for Iraq as it comprises the largest oil fields
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Figure 1. Boundaries of the study area.

in the country. Additionally, Basrah is Iraq’s main port, so shipping, logistics
and transport are also major industries in Basrah. Also, it is in a fertile agricul-
tural region, with major products including rice, maize corn, barley, pearl millet,
wheat dates and livestock.

2.2. Topography

Basra Governorate is part of the alluvial plain area, which is characterized by its

complete simplicity in most parts of the northern and eastern governorate, while
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in the western and southwestern sections, some valleys and hills appear,
represented by Tal Sanam, Figure 2. Tigris River and Euphrates merged in
Qurna suburb. The combined stream is referred to as the Shatt al-Arab. The
southern part of the river constitutes the border between Iraq and Iran down to
the mouth of the river as it is debouching into the Arab Gulf. Basrah is low-lying
floodplains and deltas where the shatt al-arab enters the Gulf with the height of 5
m above mean sea level and roughly 110 km from the Gulf.

2.3. Climate

Basrah experiences a warm desert climate, nevertheless, due to its location in the
vicinity of the Gulf precipitation figures in Basrah are higher than it would be
expected. The average air temperatures range from 11°C to 35.5°C. During the
summer months, from June to August, Basrah is consistently one of the hottest
cities on the planet, with temperatures regularly exceeding 50°C in July and Au-
gust. In winter, Basrah experiences mild weather with average high temperatures
around 20°C. On some winter nights, minimum temperatures are below 0°C.
High humidity, sometimes exceeding 90%, is common due to the proximity to
the marshy Gulf. Rainfall in Basrah is approximately 100 mm per year, which is
typical of a desert climate [8].

3. Methods and Data

GIS geoprocessing approaches were used to highlight and analyze the impact of
SLR on Basrah city and assess the vulnerability of the coastal areas. This research

classifies vulnerable sectors, regions, and resources and assesses the degree of
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Figure 2. The elevation range of the study area.
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future risk caused by SLR to improve the city’s capability to tackle the potential
of increased sea level rise. The methodological framework applied in the study
can be divided into two sections; first, using spatial analysis to identify the vul-
nerable areas to SLR, Secondly, the impacts were simulated and the results were
presented in the form of simulation. The spatial analyses were conducted using
ArcGIS while the simulation was generated using Google Earth program [7].

The methodological workflow applied to create the potential inundated areas
and to generate spatial results is shown in Figure 3.

The DEM provided by Geoearth explorer processed and classified using GIS.
Next, using the Map Algebra Expressions in raster calculator, desired cells were
extracted in the form of new rasters. These new rasters were generated using the
elevation values of one to five m. These newly extracted rasters were crucial to
generate the inundated areas. The generated rasters consist of cells with two val-

ues, 0 and 1. 1 represented the cells that were of interest while 0 represented
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Figure 3. Method work flow chart [7].
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the remaining cells in the raster. Therefore, these rasters were then reclassified
using the reclassification tool to reclassify the 0 value cells as No Data and thus
the respective cells had null values. This process was repeated for all seven ras-

ters.

4. Discussion

Sea Level Rise (SLR) above the Mean Sea Level (MSL) may cause a significant
hazard to Basrahh’s coastal areas because of its low-lying floodplains. The hazard
may extend further to the adjacent cities to Basrahh; DhiQar and Maysan. Criti-
cal infrastructures such as major ports, roads, paths, and many socioeconomic
activities are clustered in the coastal areas. These areas support various economic
activities including ports, airport, hotels, and industrial and commercial com-
pounds. In addition, considerable numbers of suburbs are also clustered along
the coastal areas. An increase in the sea level, not only the areas along the coast
will be affected but also the low-lying adjacent land will also be inundated.

1 M sea level rise (as shown in blue color) is likely to affect most of the eastern
part of the Iraqi coast. The river banks of Shatt al-Arab watercourse and the
lands adjacent to Shatt al-Arab may be submerged. The affected area under 1 M
sea level rise would be 944 km? (5% of total Bsrah’ area). As has been mentioned
earlier, Al-Nasiriyah and Maysan cities would be affected due to their low-lying
topography, as the inundated area would be 271 km? and 328 km? for Al-DhiQar
and Maysan, respectively, (Table 1, Figure 4).

Table 1. The impacts of SLR on Basrahh, Al-Nasiriyah and Maysan under five scenarios,
1,2,3,4,5 M SLR.

Inundated Inundated Inundated Inundated Inundated
Total area

Cities KME areaunder 1 areaunder2 areaunder3 areaunder4 areaunder5
M SLR M SLR M SLR M SLR M SLR
Basrahh 19,070 944 2379 4124 6486 7379
Al-Nasiriyah 12,900 271 1235 2350 2980 4676
Maysan 16,072 328 460 1215 1861 2632

1 M sea level Rise

Figure 4. 1 M SLR impacts on Bsrah, DhiQar and Maysan.
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Under 2 M sea level rise scenario, in Basrah the inundated area would be more
than double (2379 km? which represents 12% of total area) compared to 1 M sea
level rise impacts. In Al-Nasiriyah, about 1235 km? would be submerged (6 times
more than in 1 m sea level rise scenario), while in Maysan the affected area
would increase to 460 km? (Table 1, Figure 5).

Under sea level rise 3 and 4 scenarios, Basrah would see an increase in
inundated area up to 4124 km? (21% of total area) and 6486 km?* (32% of total
area), respectively. Al-Nasiriyah city would experience 2350 km? and 2980 km? of
inundated area for 3 M and 4 M sea level rise scenarios, respectively. Maysan city,
however will see an increase in submerged area up to 1215 km? and 1861 km? un-
der 3 M and 4 M sea level rise scenarios, respectively (Figure 6 and Figure 7).

For the highest scenario of sea level rise (5 M), the affected area in Basrah
would be 7379 km? (38% of the total area). For Al-Nasiriyah and Maysan, the
submerged area would be 4676 km?* and 2632 km?, respectively, (Figure 8).

2 M Sea Level Rise

Figure 6. 3 M SLR impacts on Bsrah, DhiQar and Maysan.
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4 M Sea Level Rise

Figure 7. 4 M SLR impacts on Bsrah, DhiQar and Maysan.

5 M Sea Level Rise

Figure 8. 5 M SLR impacts on Bsrah, DhiQar and Maysan.

5. Conclusion

Sea Level Rise has serious impacts on coastal area in Iraq in particular and low
laying area. The sea level rise impacts on the coastal city of Basrah, the largest
second city, and the adjacent cities, DhiQar and Matsan in Iraq were investi-
gated. The results show that, in the worst scenario, 5 M SLR, 38% of Basrah city
area would experience inundation. 36% of DhiQar city area and 16% of Maysan
city area would be submerged. Actions need to be taken by the authorities to

avoid these extreme impacts on these areas.
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