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Abstract  Indus Deltaic Region (IDR) in Pakistan is an erosion vulnerable coast due to the high deep water wave energy. Liveli-
hood of millions of people depends on the fisheries and mangrove forests in IDR. IDR consists of many creeks where Daboo is a 
major creek located at southeast of the largest city of Pakistan, Karachi. Unfortunately, there has been no detailed study to analyze 
the damages of sea water intrusion at a large temporal and spatial scale. Therefore, this study is designed to estimate the effects of sea 
water inundation based on changing sea water surface salinity and sea surface temperature (SST). Sea surface salinity and SST data 
from two different surveys in Daboo creek during 1986 and 2010 are analyzed to estimate the damages and extent of sea water intru-
sion. Mean salinity has increased 33.33% whereas mean SST decreased 13.79% from 1987 to 2010. Spatio-temporal analysis of 
creek area using LANDSAT 5 Thematic mapper (TM) data for the years 1987 and 2010 shows significant amount of erosion at macro 
scale. Creek area has increased approximately 9.93% (260.86 m2 per year) which is roughly equal to 60 extensive sized shrimp farms. 
Further Land Use Land Cover (LULC) analyses for years 2001 and 2014 using LANDSAT 7 Enhanced Thematic Mapper Plus 
(ETM+) has indicated 42.3% decrease in cultivated land. Wet mud flats have spread out at the inner mouth of creek with enormous 
increase of 123.3%. Significant sea water intrusion has increased the area of barren land by 37.9%. This also resulted in overall de-
crease of 6.7% in area covered by mangroves. Therefore, this study recorded a significant evidence of sea water intrusion in IDR that 
has caused serious damages to community living in the area, economical losses. Additionally, it has also changed the environment by 
reducing creek biological productivity as reported by earlier studies over other regions of the world. 

Key words  sea water intrusion; SST; salinity; Ambro creek; CTD 

 

1 Introduction 
Coastal areas can be affected by human activities such 

as sediment excavation, river modification and coastal 
construction in addition to natural processes such as rela-
tive sea level rise and frequent storms (Morton, 2003; 
Werner et al., 2012). IDR is facing geomorphological 
changes in all areas along its major and minor creeks in 
the form of erosion and reduced rate of sediment deposition 
from Indus River during post-damming (Giosan et al., 
2006). The IDR ranked the fourth highest in receiving 
average wave energy as compared with other world fa-
mous deltas, for example Nile, Mississippi Niger, Ganges 
and Ebro deltas (Wells and Coleman, 1984). These high- 
energy waves are producing a straight shoreline, redis-
tributing sediments and erosion in the IDR (Wells and 
Coleman, 1984). Increasing sea level followed by intru-
sion of sea water is claiming more land and changing the 

 
* Corresponding author. E-mail: imran.shahzad@connect.polyu.hk 

geomorphology in IDR (Chandio et al., 2011). This also 
decreases the volume of fresh water along the coastal 
areas (Lu et al., 2014). Human activities such as constru- 
ction of dams also have severely affected the IDR by re-
ducing sediment supply and increasing erosion (Smith 
and Abdel-Kader, 2014; Yang et al., 2005). 

It is observed that ebb current has higher velocity than 
flooding during northeast and southwest monsoon periods, 
so it increases the erosion in IDR particularly during the 
periods of strong summer monsoon (N.I.O. Report, 2000). 
It can also cause the dispersion of soft sediments along 
the creek banks under the influence of certain tidal 
rhythm which can further increase the depth and width of 
creeks. Additionally, the extent of erosion increases along 
with sea level rise which may either be due to increased 
mean SST causing water to expand and/or due to ice 
melting around the globe after global warming (Ranasin- 
ghe et al., 2011). 

Aforementioned facts change the geomorphology of 
the coastal area such as IDR (Hinkel et al., 2013) which is 
the major source for livelihood of millions of people in 



ZIA et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2017 16: 1055-1060 

 

1056 

terms of fisheries and mangrove forests. Like IDR, sudden 
as well as gradual sea water intrusion in many deltaic 
regions have caused devastating damages to health (Khan 
et al., 2011), infrastructure (Antonellini et al., 2008) and 
ecology (Felisa et al., 2013). IDR consists of many creeks 
and among them Daboo is a major creek (Fig.1). Daboo 
creek is located at 55 km southeast of the largest city of 
Pakistan, Karachi. This creek is linked with several small 
creeks on many locations where depth may vary from 5 to 

15 m. Unfortunately, there has been no detailed study to 
analyze the damages of sea water intrusion at a large 
temporal and spatial scale. Therefore, this study is de-
signed to analyze and observe the effects of sea water 
inundation that can change the width of creek. This study 
also aims to explore the response of sea water surface 
salinity and SST on the sea water intrusion. This study 
also focuses on the assessment of damages due to sea 
water intrusion along the Daboo creek. 

 

Fig.1 Map of study area showing the extent of Daboo creek with marked locations of 15 sampling sites to record daily 
mean values of SST and sea surface salinity. 

2 Study Area 
Starting from landside, Daboo creek is known as Ambra 

or Ambro creek in local language (Fig.1). Ambro creek is 
transformed into a major creek as it approaches the sea 
and is then named as Daboo creek. Daboo creek is ap-
proximately 39.35 km long from land to sea mouth and is 
about 3.91 km wide at entrance to the sea. Ghora Bari 
shrimp farm station of National Institute of Oceanography 
(NIO), Pakistan is also situated at the start of Ambro 
creek (Fig.1). NIO shrimp farm has several ponds but 
now large area of the farm has been eroded due to con-
tinued erosion over the years. Ambro creek is linked with 
several commercial harvesting farms of crabs, shrimps 
and different types of fish. Since decades, Ambro creek 
has been used for fishing by local villagers but not now 
due to changes in salinity level. This also caused huge 
financial losses to Shrimp farm station of NIO. Although 
lots of vegetation has vanished from the vicinity of creek, 
some patches of mangrove are still alive indicating the 
presence of fresh water intake in the creek from upper 
parts. 

3 Data and Methodology 
This study uses the data of daily mean SST and salinity 

obtained during field surveys in 1986 and 2010 along the 

Daboo creek (Figs.1 and 2). Total 15 stations were de-
ployed during 2010 compared to 9 stations in 1986 start-
ing from mouth of creek at open sea towards inland. Sa-
linity and temperature data in this study are obtained us-
ing Conductivity, Temperature and Depth (CTD) instru-
ment where salinity is measured in terms of electrical 
conductivity of sea water (Gaillard et al., 2015). Unfor-
tunately, there was no LANDSAT image available during 
the surveyed year of 1986. Hence, first available cloud 
free image of LANDSAT 5 TM at Path 152 and Row 043 
in November 1987 is compared with the same season 
image in December 2010. In addition, LANDSAT 7 
ETM+ images also at Path 152 and Row 043 in Novem-
ber 2001 and January 2014 are also used for identifying 
the spatio-temporal changes in Land Use Land Cover 
(LULC) due to erosion using classification schemes dis-
tribution. Geographical Information System (GIS) tech-
niques are used to extract and highlight the LULC 
changes in the peripheries of creek during this time.  

4 Results and Discussion 
The significant transient changes in temperature and 

salinity are observed during 2010 compared to 1986 (Fig.3). 
Minimum salinity in 2010 is recorded as 36 which is 
27.21% more than the value of 28.3 in 1986 indicating 
significant effect of sea water intrusion. This is also indi-
cated by the increase of 15.72% in maximum values re-
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corded during 2010 (41) and 1986 (35.43). Compared to 
29.4 in 1986, the average value of salinity is 39.2 in 2010 
indicating and alarming 33.33% increase which is almost 
1.4% increase per year. It is interesting to note that there 
is no drastic decrease in salinity even almost 35 km away 
from open sea starting from first to fifteenth station. Fig.3 
clearly shows the salinity increase in coastal sea water 

along the Daboo creek since 1986 to 2010 which may be 
due to anthropogenic activities and sea level rise (Liu and 
Liu, 2014). Increase in surface salinity may also be ag-
gravated by the decrease in incoming fresh water dis-
charging from river Indus, which also results in in sea 
level rise and increased sea water intrusion in the coastal 
areas (Chang et al., 2011). 

 

Fig.2 Methodological flow diagram used to identify the spatiotemporal changes along the Daboo creek using images from 
LANDSAT 5 TM and LANDSAT 7 ETM+ at Path152 and Row 043. 

 

Fig.3 Daily mean sea surface salinity values recorded 
during field surveys in 1986 and 2010 over 15 ground sta-
tions along the Ambro creek. The location of station 
number 01 is very close to the open sea and station num-
ber 15 is located far inland as shown in Fig.1. 

Ocean salinity significantly depends on SST because 
increase in SST decreases density of sea water and hence 
decreases salinity (Bae et al., 2014). Therefore, SST is 
also recorded during the field surveys done in 1986 and 
2010 along the Daboo creek at the same sampling stations 
that are used to record salinity (Fig.4). Minimum SST 
during 2010 is recorded as 27℃ which is 5.26% less than 
the 28.5℃ in 1986. Similarly, a decrease of 8.08% in 
maximum SST is recorded during 2010 (33℃) and 1986 
(35.9℃). Average value of SST in 2010 is 28.70℃, com-
pared to 33.29℃ in 1986 indicating a significant plunge 

of 13.79%. Like salinity (Fig.3), there is also no remark-
able change in SST between the first and fifteenth ground 
observation station which is almost 35 km away from 
open sea. Although, Fig.4 clearly shows a decrease of 
SST in coastal sea water along the Daboo creek during 
1986 and 2010, earlier studies have reported an increasing 
trend in SST for overall Arabian Sea and its coastal area 
including Indus delta (Rana et al., 2014; Kumar and Prasad, 
1999). The decrease in SST observed in this study may be 
attributed to the use of mean daily SST and might be 
randomly valid only for those particular field days of 
2010. 

 

Fig.4 Daily mean SST (℃) values recorded during field 
surveys in 1986 and 2010 over 15 ground stations along 
the Ambro creek. The location of station 1 is very close to 
the open sea and station 15 is located far inland as shown 
in Fig.1. 
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It is also important to note that SST near the open sea 
is 28.5℃ in 1986 with a sudden jump to approximately 
35℃ at the second station (Fig.4). Temperature then re-
mained above 35℃ with the maximum value of 35.9℃ 
and again dropped to near 31℃. Overall 20.61% decrease 
in temperature is recorded. However, there is an inverse 
variation trend in SST along the same stations during 
2010 (Fig.4). Such variation is not evident in salinity (Fig.3), 
indicating spatio-temporal variations of fresh and sea wa-
ter along the Daboo creek which is also confirmed by the 
presence of mangroves in patches. Moreover, sharp 
change in SST during 2010 at the station number 07 in 
Fig.4, may be due to time of sampling that was during 
low tide because retreating tidal current can create a 
warm surface layer as the tide ebbed (Souza and Pineda, 
2001). This warm layer might also have a decreased sa-

linity as observed in Fig.3. Overall, mean fractional change 
in SST (13.79%) is less than mean fractional change in 
salinity (33.33%) in Daboo creek during 1987 and 2010. 

After many field surveys by NIO over the past years, it 
is observed that the situation of Indus deltaic creek sys-
tem has extremely changed over decades such that sea 
water intruded on the agricultural lands to change dimen-
sions of creek. It has also been observed that fresh water 
availability and building structure are also damaged along 
the creek. Temporal analysis for 1987 and 2010 creek 
coastline precisely reflects these changes along both sides 
of the Daboo creek (Fig.5). Changes along the creek are 
in the form of land loss to sea because the creek tempo-
rally changed its course and eroded several aquaculture 
ponds. Creek water also intruded erratically causing mas- 
sive soil salinization at some places. Fig.5 clearly shows 

 

Fig.5 Thematic change in creek areas from 1987 (blue color) to 2010 (red color). 

many minor water channels along which sea water may 
intrude. Creek area has increased by 9.93% from 1987 
(60.4 km2) to 2010 (66.4 km2), which is roughly equal to 60 
extensive sized shrimp farms. This resulted in 40% de-
crease for size of NIO’s shrimp farm from 0.41 km2 to 
0.24 km2 (personal communication with officials of NIO). 
Therefore, it is very alarming to notice that sea water in-
truded at the rate of approximately 260.86 m2 per year 
from 1987 to 2010.  

Spatio-temporal changes in LULC are qualitatively ana- 
lyzed using supervised classification for 2014 (Fig.6a) and 
2001 (Fig.6b), then these changes are further quantified in 
Fig.7. Although, there is not much change (−4.9%) in area 
covered by water (white color) during 2001 and 2014 but 
there is a significant shift of mangroves from dense (light 
pink) to sparse (dark pink) coverage. Area covered by 
dense (sparse) mangroves has decreased (increased) from 
55 to 47 km2 (35 to 37 km2) which is equivalent to the 
6.7% decrease in area covered by mangroves. It is evident 
that cultivated vegetation (dark green color) covered larger 

area (52 km2) in 2001 than in 2014 (30 km2), confirming 
the impact of sea water intrusion in study area that has 
decreased by 42.3% in the area earlier available for culti-
vation. This is also evident from the increase of 37.9% in 
covered area of barren land (light green) from 29 to 40 

km2 in 2001 and 2014 due to sea water intrusion during 
tidal flooding. There has also been significant increase of 
29.7% in the extent of mud flats from 2001 to 2014. Wet 
mud flats (light blue color) has increased by 123.3% from 
86 to 192 km2 whereas dry mud flats (dark blue color) 
decreased by 39.7% from 116 to 70 km2. Hence more sig-
nificant damages to LULC are observed in 2014 than 
2001. A clear decrease in sand dunes (dark red color) is 
evident, also indicting sea water intrusion in creeks. 
Therefore, there is significant evidence that sea water 
intrusion in IDR has caused serious damages to community 
living in the area, economical losses and has changed the 
environment by reducing creek biological productivity as 
reported by earlier studies over other regions of the world 
(Milliman et al., 1989; Vineis et al., 2011). 



ZIA et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2017 16: 1055-1060 

 

1059

 

Fig.6 LULC map based on LANDSAT 7 ETM+ images in (a) 2014 and (b) 2001 indicating major changes in the Daboo 
creek and its vicinity. 

 

Fig.7 Percentage changes of each LULC parameter from 2001 to 2014. 

5 Conclusions 
Sea surface salinity and SST data from two different 

surveys during 1987 and 2010 along with LANDSAT 5 
TM data is analyzed to estimate the damages and extent 
of sea water intrusion in the Daboo creek. Mean salinity 
has increased 33.33% since 1987 to 2010 from 29.4 to 
39.2 whereas mean SST decreased 13.79% during the 
same period from 33.29℃ to 28.7℃. Percentage increase 
in salinity is significantly greater than percentage decrease 
in SST. Creek area has increased 9.93% (approximately 
260.86 m2 per year) from 1987 (60.4 km2) and 2010 (66.4 

km2). This also has resulted in decrease of 40% in area 
covered by the shrimp farm of NIO. Many areas are now 
covered with sparse mangroves where there were dense 
mangrove plantations before. Cultivated vegetation has 
decreased by 42.3% whereas area of barren land has in-
creased by 37.9%. Area of wet mud flats has increased by 
123.3% whereas dry mud flats decreased by 39.7%. 
Therefore, there is significant evidence that sea water 

intrusion in IDR has caused serious damages to commu- 
nity living in the area, economical losses and also has 
changed the environment by reducing creek biological 
productivity as reported by earlier studies over other re-
gions of the world. Policy makers should pay attention to 
implement sustainable and resilient plans to avoid future 
geographic and socio-economic damages due to sea water 
intrusion along the Daboo creek. 
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