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ABSTRACT

Vegetation of the coastline plays a crucial part, as plants are the stabilizer of sand
dunes that anticipate the disintegration of coast. The natural vegetation at the
coast devastatingly reduces, because of the urban sprawling and overutilization of
land resources. The assessment of vegetation through Geographical Information
System and Remote Sensing (GIS and RS) at the coastal areas of Karachi has not
been deeply studied yet. The main aim of the study was to mapped the identified
halophytes (salt tolerant plants) based on ground survey through Nikon Coolpix
built-in GPS camera and Change Detection (CD) analysis of the study area from of
Landsat images from 1989-2018 by using NDVI. Approximately, thirty different
species has been identified through geo-tagged images. The obtained results
revealed that the CD analysis confirmed that the remarkable variation observed
in vegetation distribution, which might be depends largely upon the amount of
downpour. Moreover, the study area of 1989 was 133.78 km2 which coverage
vegetative proportion about 12.58 km2, while increased up to 141.3 km? in 2018
and vegetation coverage increases by 15.4km?2. Overall, the vegetation coverage
was observed highest 21.7km? during 1994. Prominently mangroves increase at
the mouth of Liyari River which was the major source of sewerage water, directly
dumped into Arabian Sea. It's not easy to detect halophytes through Landsat
images (30m resolution), Hyperspectral data is mandatory for the study of

halophytes as most of them are grasses, herbs and shrubs.

KEYWORDS: Change detection, halophytes, Geographic Information System (GIS), Remote
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INTRODUCTION

Coastal areas of the Karachi are the most profitable and negligible
zones. Utmost coastal area is land filled by sea reclamation at the
cost of removal of mangroves for the accommodation of elite
society, recreation and for the construction of port. Though its
beneficial for the urban economy but the removal of wild vegetation
(salt tolerant plants, even survive on air moisture) causes many
problems, from urban heat to disturbance of biodiversity of the
coastal area. Halophytes (salt tolerance plant) at the coasts of DHA
and Clifton bulldozed occasionally but at the coasts of Hawks bay
and Sandspit, mangroves and other halophytes are thriving although
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anthropogenic activity is at the peak. Globally population of the
world is flourishing, human intervention is immensely expanding and
creating environment unbearable for the living things as numerous
plants species and other creatures are forcefully terminated at the
disturbing proportion (Cho et al., 2021). Major causes of land
degradation are human interventions such as mining, cutting of
forest for fuel, decline of agriculture areas and removal of the wild
plants for the advancement. Major threats to natural vegetation are
urban development, agricultural activities and climate change can be
recognized but their extent is unknown by the environmentalists
(Eppink et al., 2004; MacKay et al., 2009). Eco-physiological
constraints are crucial issues of the environmental land degradation
(Thomas, 1997). Influence of human activities and disparities of the
climate in the arid and semi-arid regions are the leading source of
degradation of land (Ahmad, 2002; Kertész, 2009). Halophytes are
salt resisting plants capable to reproduce and thrive harsh saline
environment and great indicator of salinity (Radyukina et al., 2007;
Flowers et al., 2010). Salt tolerant plants have the capability to lower
the water table, survive water logging conditions, saline land and
barrage areas, but obtained lower production than healthier soil
(Barrett-Lennard, 2002; Vermue et al, 2013; Bui, 2013). Salt
enormously effects the generative development of halophytes and it
upsurges the production because of plants hormones, nutrition, and
regulation of floral genes that can be transfer to the crops for saline
agriculture (Yuan et al., 2019). There are almost 2,200 halophytes
(Menzel and Lieth, 1999) in Pakistan around 19% of the flora are
halophytes, only minute data is available (Alam and Ali, 2010).

According to Gibbons et al. (2006) identification and mapping of
natural vegetation is a chief problem for the management of
conservation and biodiversity. Conventionally, landscape mapping
through ground true thing is time taken and affluent. In this respect,
remote sensing is better solution for the mapping of natural
vegetation (Xie et al., 2008). In the former study (Lu et al., 2004)
stated that the degradation of Earth’s surface can be monitor
through satellite and airborne images which can relate correlations
between anthropogenic and environmental spectacles, hereafter
natural resource can be benefited. Remotely sensed data provide
comprehensive and accurate details within range for the mapping
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and classification of vegetation. According to Foody (2002) stated
that Land Cover (LC) is vital variable that effects enormously and
associated with the physical and human environment. Furthermore,
the LC change is the utmost variable of the changes in globe which
greatly affect the ecological and environmental system is linked with
the change in climate Lépez et al. (2020). Evaluation and mapping of
land cover is the fundamental part of application of remote sensing
data (King, 2002). Al-Bakri et al. (2011) mapped the medicinal plants
through GIS layers of aspects, slope and altitude. Ghobadi et al.
(2012) observed a reduction of wetland area in order to conserve
the biodiversity and ecosystem monitored through the Landsat data
in cooperated with GIS. Ground data unified with GIS layers to
identify the hotspots of conservative area of medicinal plants. Roy et
al. (2015) developed map of India through remote sensing to show
the type of vegetation in terms of existence, habitation and their
distribution incorporated with the past 100 years temperature,
rainfall and elevation ranges.

Singh (1989) defines change detection as it is a technique that can
easily detect the changes in any area at different time scale, so that
advances of ecosystems can effortlessly identify at topographical
and time-based scales through different satellite images. It is
obligatory to recognize the nature of the changes than to recognize
the change, as in the terrestrial ecosystem changes can be illustrated
scientifically and constantly through remote sensing (Coppin et al.,
2004; Coops et al., 2006). In the study of remote sensing data
change detection is a significant component of developments.
Anderson (1977) and Aplin (2004) focuses on the exactness and
likelihood of the image analysis application. Fisher et al., (2005)
emphasis that the through remote sensing techniques, land-cover
changes can be detected disparities on the Earth’s surface.
Furthermore, vegetation indices such as NDVI (Normalized
Difference Vegetation Index) and PCA (Principle Component
Analysis) can perform better for the analysis of change detection
(Ward et al., 2000; Deng et al., 2008). For the monitoring of
vegetation use of NDVI was frequent. Malo and Nicholson (1990)
revealed that at canopy level of the plant NDVI is interconnected to
confrontation and transmission of water vapors. Wessels et al.
(2004) demonstrate that the occurrence of photo-synthetically
active radiation can uniquely be characterizes by NDVI as it can

22



Mapping of Halophytes and Change Detection Analysis of Karachi
Coast using Gis and Remote Sensing

easily capture the obvious divergence among the red visible
wavelengths and strong reflectance in the NIR (Near Infra-Red)
wavelengths. Mambo and Archer (2007) revealed that normalized
difference vegetation index has been extensively used for the
recognition and monitoring of the variations in environment, it is the
spectral vegetation index that can easily evaluate the moisture
content of soil and vegetation. Meneses-Tovar (2011) mentioned
that the health of the vegetation can be specified by NDVI, with the
degradation of vegetation in the ecosystem, with the decrease of
reflectance NDVI also decreases. It is essentially recognized as the
tool to monitor the land degradation of the land and is interlinked
with the growth, environmental conditions and vegetation
parameters (Huang et al., 2010). Al-Usmani (2018) investigated the
LC changes of mangroves in India through RS and GIS. Lopez et al.
(2020) assessed the different indicators of changes in landscape and
evaluate the Land Cover and land use in mixed-use protected area of
Ecuador. Therefore, the main objective of this present work was to
elucidate the mapping of halophytes (salt tolerant plants) at the
coast and documented through GIS and Remote Sensing at Karachi.

MATERIAL AND METHODS

Study area

The mega city Karachi has been considered the prime and
extensive metropolis of Pakistan. It is among the globe fastest
developing city situated along the shoreline of Arabian Sea (24°
51°36" N and 67° 00" 36" E; Figure 1). Karachi is Pakistan’s major
economical hub and export processing zone having two principal
docks, the Bin Qasim Port and KPT. Coastal area of Karachi, is
carefully chosen as the study area. Karachi have extensive period of
drought and rainfall is scarce as it causes pressure on the vegetation
of the land. Throughout the year weather is parched in Karachi with
minute precipitation which is less than 220 mm annually. Climate
and oceanography of the coasts are meticulous by the periodic
changes in the Arabian Sea. Spell of rainfall is very low in Karachi
cause of aridity. Halopyrum mucurunatum, suaeda fruticosa is
common at the coast of Clifton and DHA whereas mangroves
avecina marina, salvadora persica, Arthrocnemum macrostachyum
are common near the coast of Hawkesbay. Discrepancy on coast and

23



Niaz et al., 2021. Pakistan Geographical Review, Vol.76 (1), 20-39.

inland has been observed in the environment of the study area.
Karachi endures an extensive hot summer from March-October, but
rainy season winds bring sensible heat in July and August (Figure 2).
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Fig. 1: The geographical map representing the study area of Karachi.

Karachi: Climograph
500 39.5
450
400 39
g 30 385 ~
£ 300 g
= 250 38 4
z g
£ 200 3
& 150 373
« I I I | ¥
50 I I
1111 ol ‘s
0O N O —w— AN N T VO~ — AN N < n O >~
D DO O OO OO OO OO QO = =
AN DNO OO OO OO OO OO OO OO o oo
Lan e N o\ I o I o\ N o I o\ o\ N o I o\ BN o\ BN o\ B o N o I o\ BN o I o\ Bl o\ I o I QN
mmmm Precipitation == Temperature(Avg)

24



Mapping of Halophytes and Change Detection Analysis of Karachi
Coast using Gis and Remote Sensing

Fig. 2: Climograph of Karachi showing average temperature and
rainfall.

Methodology

The series of Landsat data has been used as Landsat MSS, Landsat
TM, and Landsat ETM+ acquired in the year 1989, 1994, 1999, 2004,
2009, 2014 and 2018 respectively (Tablel). In remote sensing,
Landsat data been used in different application of coast (Ritchie et
al., 1990; Munday and Alféldi, 1979). Multispectral data is capable of
observing and measuring the biophysical characteristics of habitats
of coast whereas multi-temporal is capable of tracking changes over
the time scale (Colwell 1983; Wang and Moskovits, 2001). Natural
vegetation is often manipulating in the study area, tried to get as
many halophytes as possible at and near coast. Plant samples were
taken via surveying of dissimilar stands as per the accessibility of
chosen species (Figure 3). Furthermore, different species of
halophytes are enlisted and geotagged through Nikon Coolpix
camera at the beaches of Clifton, Sandspit and Hawkesbay.

Table 1: Acquisition dates of satellite images.

NO. Acquisition Dates Sensor

1 31-Dec-1989 Landsat 5_TM

2 29-Dec-1994 Landsat-5 TM

3 11-Dec-1999 Landsat-5 TM

4 30-Nov-2004 Landsat-7_ETM

5 30-Dec-2009 Landsat-7_ETM

6 12-Dec-2014 Landsat-8_OLI/TIRS
7 15-Dec-2018 Landsat-8_OLI/TIRS
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 STUDY AREA - KARACHI COAST A
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Fig. 3: Part of Coastal areas of Karachi with Distribution of
Halophytes shows the location where the different halophytes
species have been identified.

Landsat images have been downloaded from the website of Earth
explorer (USGS). All the images acquired from 1989 till 2018.Area of
Interest (AOI) of all the imageries were clipped through ArcGIS-
10.3.1, NDVI being measured by using raster calculator via the
equation,

NDVI=(NIR-Red) /(NIR+Red)

Where, band-4 indicated NIR and red denoted the band-3 of landsat-
5 and 7, whereas NIR represented band-5 and red denoted the
band-4 of landsat-8. The value of the NDVI ranges was detected
from -1.0 to 1.0. In addition, the results of NDVI levels from -1.0to O
characterize non-vegetative structures as barren land, built-up area
and water body. On the other hand, the NDVI level was greater than
0 which show vegetation coverage.

RESULTS AND DISCUSSION

This present study integrated the ground surveys and GIS to map
halophytic plants in the study area. Furthermost, the research
specified that, remote sensing and GIS data, provides effective
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approaches for comprehensive mapping and analysis of vegetation
data attained from ground investigations (Table 2) and (Figure 4).
Likewise, Khan and Qaiser (2006) assessed the characteristics,
distribution and potential economic usages of salt tolerant species in
Pakistan. Ali (2008) reported a significance of flora with special
location to Pakistan. Mehmood et al. (2015) found that the total of
331 vascular plant genotypes belonging to 246 genera and 101
families. These comprise 12 genotypes of Pteridophytes, 6
gymnosperms and 313 Angiosperms.

In the former study, Pithawalla and Martin-Kaye (1946) revealed
that the Arabian Sea is situated at the South, sand-mounds, mudflats
and mangrove swamps at the Eastern Shoreline consistent with the
inlets and creeks of Indus Delta. Karachi Development Authority
(KDA, 2000) separated the shoreline into six habitats Karachi coast
was categorized in 3 segments physico-graphically, Western coast,
Southern shoreline and Southeastern coast. Western coast covers
rigid conglomerate and shale cliffs from Cape Monze to Bulleji,
whereas sandy beaches of Manora, Sandspit and Hawks Bay lie from
Buleji to west of the Manora breakwater. At the Cape Monze,
suaeda fruticosa was dominant and salvadora persica, halopyrum
mucronatum, aerva javanica, calotropis procera, arthrocnemum
indicum, Limonium stocksii, urochondrasetulose and fagonia indica,
are common species whereas, at the Hawkesbay prosopis juliflora is
invasive species. Furthermore, at the backwater, avicenna marina
was prominent. Keamari, Korangi Creek, and beaches of DHA and
Clifton lies at the Southern shoreline of Karachi. From Korangi to
Clifton the landscapes of beaches of DHA and Clifton are extremely
reformed due to restoration of the sea-by-sea reclamation.

Table 2: Spatial distribution of halophytes.

Longitud  Latitude

Species Family e
1 Acacia nilotica Mimosaceae 67.6310 24.5470
2 Aeluropus lagopoides Poaceae 67.0178  24.8082
3 Aerva javanica Amaranthaceae 67.0695 24.7640
4 Arthrocnemummacro  Amaranthaceae 66.9072  24.8436
stachyum
5 Atriplex stocksii Amaranthaceae 67.0694  24.7637
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Avicennia marina
Calotropis procera
Cassia italica
Cistanche tubulosa
Cressa cretica
Convolvulus arvensis
Cyperus
conglomeratus
Fagonia indica
Halopyrum
mucronatum
Heliotropium aucheri
Indigofera hebipetala
Ipomoea pes-caprae

Limonium stocksii
Lotus garcini
Paspalum pasploides
Prosopis juliflora
Salsola imbricata
Salvadora persica
Serna incana
Sporobolus tremulus
Suaeda fruticosa
Tamarix indica
Tribulus terrestris
Urochondra setulosa
Zygophyllum simplex

Avicenniaceae
Asclepediaceae
Caesalpiniaceae
Orobanchaceae
Convolvulaceae
Convolvulaceae

Cyperaceae
Zygophyllaceae

Poaceae
Boraginaceae
Fabaceae
Convolvulaceae
Plumbaginacea
e
Papilionaceae
Poaceae
Mimosaceae
Amaranthaceae
Salvadoraceae
Malvaceae
Poaceae
Amaranthaceae
Tamaricaceae
Zygophyllaceae
Poaceae
Zygophyllaceae

66.9189
66.9108
67.0871
66.8833
67.0698
66.8538
66.8678

67.0697
67.0271

67.0589
66.9107
66.8868
66.8528

66.9107
67.0178
66.5358
67.0701
66.8945
67.0592
66.9106
67.0078
67.0868
67.0699
66.8529
67.0585
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24.8361
24.8405
24.7511
24.8528
24.7643
24.8619
24.8597

24.7641
24.8025

24.7736
24.8407
24.8502
24.8621

24.8406
24.8082
24.5042
24.7643
24.8487
24.7728
24.8408
24.8116
24.7512
24.7638
24.8620
24.7734
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Fig. 4: Diversity of halophyte plants in the study area.

1.Acacia nilotica, 2. Aeluropus lagopoides, 3. Aerva javanica, 4.
Arthrocnemum macrostachyum, 5. Atriplex stocksii, 6. Avicennia
marina, 7. Calotropis procera, 8. Cassia italica, 9. Cistanche
tubulosa, 10. Cressa cretica, 11. Convolvulus arvensis, 12. Cyperus
conglomeratus, 13. Fagonia indica, 14. Halopyrum mucronatum,
15. Heliotropium aucheri, 16. Indigofera hebipetala, 17. Ipomoea
pes-caprae, 18. Limonium stocksii, 19. Lotus garcinia, 20. Paspalum
pasploides, 21. Prosopis juliflora, 22. Salsola imbricate, 23.
Salvadora persica, 24. Serna incana, 25. Sporobolus tremulus, 26.
Suaeda fruticose, 27. Tamarix indica, 28. Tribulus terrestris, 29.
Urochondra setulosa, and 30. Zygophyllum simplex.

In respect with Clifton beach which may viewing dark-grey silt with
minute flakes of mica-mineral in nature. Approximately 60% of the
DHA, with shifting sand-dunes and average to coarse sand bar
deposits. Near the coast, suaeda fruticosa and halopyrum
mucronatum were observed through survey, whereas, salvadora
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persica, atriplex stocksii, salsola imbricata, tribulus terristris and
zygophyllum simplex were found communal in this region. Few
traces of avicennia marina are seen near DHA. The Southeastern
Karachi coast encompasses Khuddi and Korangi Creek. It comprises
four islands: Bundal, Khuddi, Buddo and Miran Island. The Eastern
shore comprises mudflats, which are associated by a network of
creeks of the Indus Delta, dominated and protected by the
mangrove’s species avicennia marina. Tamarix aphylla, aeluropus
lagopoides, cressa cretica, salvadora persica, are the common salt
tolerant in the shoreline. Wide-ranging of ecology and biodiversity
are seen in the study area. Pernetta (1993) emphasis that disparities
in the physical features are the main reason of biodiversity stress, as
sea level rises, climatic change, increase in salinity, erosion of
beaches due to wind and tides and sediments dumping from the
river. According to WWF (2005) numerous plant and animal species
vanishes, due to anthropogenic activities like pollution, development
projects without considering ecology unplanned interventions of
human-being as, contamination, environmental wuproar and
utilization of numerous genotypes and species of animals reportedly
disappeared Enright et al. (2005).

It's not possible to detect halophytes through landsat images (30m
resolution) as their canopy is not large, in order to detect
halophytes, hyperspectral image is necessary. Change detection
analysis shows overall vegetation in the study area, only mangroves
are prominent at the coast. Change Detection revealed that in 1989
value of NDVI is high 0.56 as vegetation distribution in the Chinna
Creek is higher than other years whereas covers of mangroves are
visible at the southeast corner of Defence, total study area is 133.78
km2during 1989, out of that vegetation coverage is 12.58 kmz2.
During 1994 values of Normalized Difference Vegetation Index is
0.59, mangroves have been reduced in Chinna Creek as the area
reclaimed by the Karachi Port Trust (KPT) housing Scheme at Mai
Kolachi in the name of projects of development, however, in the
Southeastern part of the Defence mangroves disappears, because
the area is land filled, at the Liyari river's mouth mangroves are
thriving. In 1994 the vegetative area increases to 21.7 km?. During
1999 the value of Normalized Difference Vegetation Index is 0.53
Western and Southeastern side of DHA prolonged with land filled
whereas mangroves thrive again at the Southeastern part of DHA.
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During 1999 vegetation coverage continuously decreases to 13.8
km2. Cyclone 2A hit the coast of Sindh (Category-3) in May 1999.
JTWC (Joint Typhoon Warning Center) reported that it has been
observed 4th devastated hurricane of Arabian Sea. In 2004
vegetative area is 13.9 km? almost same as 1999.Value of NDVI is
0.36 vegetation at the river Liyari’s mouth increases prominently
during 2004. In October 2004, cyclone Onill, hit the coastal areas
with the wind speed of 65 miles per hour with heavy downpour at
the coasts of Sindh, while Karachi receives more than 35mm as
shown in (Fig 2). In 2009 vegetation coverage of the study area
increase to 18.6 km? as in July torrential rain fall flooded Karachi
with average precipitation 279.9mm, Cyclone Phyan in November
advances with gusty winds in Karachi. The floods are the result of
the heaviest rains in the region in thirty years. The value of NDVI was
0.62 observed higher as compare to other years (Figure 5).

In addition, EMMAR Crescent Bay is well-known in 2009 at the
South-western shoreline of DHA, vegetation was found nearly high
in this year. Meanwhile, the vegetation coverage gradually
decreases in 2014 i.e., 14.5 km? and 2018 it is 15.4 km? respectively,
although entire area of the study area increases from 141.4 km? to
143.2 km? (Table 3) and (Figure 6).
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VEGETATION COVERAGE FROM NDVI

1989 1994
Value Value
Non Vegetative Land | Non Vegetative Land
[ vegetative Land [ vegetative Land
1999 2004
Value Value
Non Vegetative Land Non Vegetative Land
[ vegetative Land I vegetative Land
2009 2014
Value Value

L Non Vegetative Land
[ vegetative Land

[ | Non Vegetative Land
I vegetative Land

S

Value

[ 1 Non Vegetative Land
I vegetative Land

2018

Fig. 5: Temporal distribution of vegetation coverage through NDVI.

Table 3: Vegetation coverage of study area.

Year Vegetative Non vegetative Total Area (km2)
1989 12.58 121.2 133.78
1994 21.7 114.5 136.2
1999 13.8 124 137.8
2004 139 124.8 138.7
2009 18.6 120.6 139.2
2014 14.5 126.9 141.4
2018 154 127.8 143.2
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Vegetation Coverage of Study Area
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Fig. 6: Vegetation coverage of the study area.

As cyclones are not common in Arabian Sea, NASA earth observatory
was in October 2014 perceive Cyclone Nilofer (category-4) reached
at coastal areas cause of tropical depression. Value of NDVI in 2014
was 0.39. During 2014 intensification of Keamari Jetty and old
Clifton beach was prominent as the sea reclamation is more in that
area cause of development of Pak-China Port. Value of NDVI was
0.40 in 2018. General, vegetation increases since 1989, though
mangroves are decreasing because of the anthropogenic activities
like cutting of trees for fuel and clearing areas for the development
projects and increase of salinity due to less fresh water reaches at
the sea from the rivers. On the other hand, this study revealed that
mangroves increase due to direct dumping of sewerage water
appears to be key basis of fresh water and nutrients into the
estuaries, the mangroves thrive at the Liyari river’s mouth.

Clifton and Defence area were nearly 14.03 km? in 1955 while in
2006 it increased to 5.57 km?, now the DHA and Clifton area was
19.6 km? (Kazmi and Mehdi, 2008). Also, Yasmeen (2014) mentioned
that exploitation of Karachi coastal area is not a natural process
rather intervention of mankind. Most of the sites were close to the
shoreline of Defence and Clifton are reclaimed for recreational,
residential as well as commercial activities. Residential project of
EMMAR Crescent Bay totally built on the landfilled area. According
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to Geologists and experts reported that all the reclaimed
construction areas are highly prone to tremors (Ramkumar, 2009;
Welegedara et al., 2020). The earthquake of October 2005 may only
jolt the Clifton and Defence areas of Karachi henceforth and
subsequently increased the vulnerability of the area. While, studying
vegetation change, potential use of remote sensing can be seen.
Large thicket of vegetation was identified by Landsat images.

CONCLUSION

The purpose of present study was to identify and allocate the
vegetation species at the coast and Change Detection analysis
revealed that an increase and/or decrease of vegetation of the area
depend largely on the amount of rainfall and period of drought.
Remarkable change of vegetation from 1989 till 2018 has been
observed. In order to study on halophytes species Hyperspectral
data is necessary as species are shrubs, herbs and grasses. It seems
that concerns authorities are not much interested on the
environmental degradation of the coast. Reclamation of the sea can
increase the susceptibility of the Defence and Clifton areas. Most of
the vegetation of surveyed area near Clifton and DHA has been
bulldozed in the name of development, for the construction of elite
class societies as halophytes considered as useless wild plants.

ACKNOWLEDGEMENT

Thanks to Muhammad Irfan from Department of Geography for his
support.

REFERENCES

Ahmad, F. (2002). Socio-economic dimensions and ecological
destruction in Cholistan. University of Karachi, Pakistan.

Alam, J., & Ali, S.I. (2010). Contribution to the red list of the plants of
Pakistan. Pakistan Journal of Botany, 42,2967-2971.

Al-Bakri, J. T., Al-Eisawi, D., Damhoureyeh, S., & Oran, S. (2011). GIS-
based analysis of spatial distribution of medicinal and herbal
plants in arid and semi-arid zones in the Northwest of Jordan.
Annals of Arid Zone, 50, 99-115.

Ali, S.I. (2008). The significance of flora with special reference to
Pakistan. Pakistan Journal of Botany, 40, 967-971.

34



Mapping of Halophytes and Change Detection Analysis of Karachi
Coast using Gis and Remote Sensing

Al-Usmani, S.P. (2018). Evaluation of Land Cover changes of
Mangroves along Mandovi, West Coast of India using RS and
GIS. International Journal of Advanced Engineering Research
and Science. 5(3), 237394.

Anderson, J.R. (1977). Land use and land cover changes — a
framework for monitoring. Journal of Research of the U. S.
Geological Survey, 5, 143-153.

Aplin, P., 2004. Remote sensing as a means of ecological
investigation. In Proceedings XXth congress of the international
society for photogrammetry and remote sensing. 29,1,104.

Barrett-Lennard, E.G. (2002). Restoration of saline land through
revegetation. Agricultural Water Management, 53, 213-226.
https://doi.org/10.1016/S0378-3774(01)00166-4.

Bui, E.N. (2013). Soil salinity: A neglected factor in plant ecology and
biogeography. Journal of Arid Environments, 92, 14-25.
https://doi.org/10.1016/j.jaridenv.2012.12.014.

Cho, E., Baker-Ward, L.E., Smith, S.K., Barfield, R.C., & Docherty, S.L.
(2021). Human flourishing in adolescents with cancer:
Experiences of pediatric oncology health care professionals.
Journal of Pediatric Nursing, 59, 10-18.
https://doi.org/10.1016/j.pedn.2020.12.012.

Colwell, R.N. (1983). Manual of Remote Sensing, 2nd edition.
American Society of Photogrammetry, Falls Church, VA.

Coops, N.C., Wulder, M.A., White., J.C. (2006). Identifying and
describing forest disturbance and spatial pattern: data selection
issues and methodological implications. In M.A. Wulder and S.E.
Franklin (Ed.), In Understanding Forest Disturbance and Spatial
Pattern: Remote Sensing and GIS Approaches. 33—-60.

Coppin, P., Jonckheere, I., Nackaerts, K., Muys, B., & Lambin, E.
(2004). Digital change detection methods in ecosystem
monitoring: A review. International Journal of Remote Sensing,
25, 1565-1596. https://doi.org/10.1080/0143116031000101675.

Deng, J.S., Wang, K., Deng Y.H., & Ql, G.J. (2008). PCA-based land-use
change detection and analysis using multitemporal and
multisensor satellite data. International Journal of Remote
Sensing, 29, 4823—
4838.https://doi.org/10.1080/01431160801950162.

Enright, N.J., Miller, B.P., & Akhtar, R. (2005). Desert vegetation and
vegetation environment relationships in Kirthar National Park,

35



Niaz et al., 2021. Pakistan Geographical Review, Vol.76 (1), 20-39.

Sindh, Pakistan. Journal of Arid Environments. 61,397-418. DOI:
10.1016/j.jaridenv.2004.09.009.

Eppink, F.V., van den Bergh, J.C.J.M., & Rietveld, P. (2004). Modelling
biodiversity and land use: urban growth, agriculture and nature
in a wetland area. Ecological Economics, 51, 201-
216.https://doi.org/10.1016/j.ecolecon.2004.04.011.

Fisher, P., Comber, A., & Wadsworth, R. (2005). Land use and land
cover: contradiction or complement. In P. Fisher and P. Unwin
(Ed.), Re-Presenting GIS, (pp. 85-98). Chichester: John Wiley &
Sons, Inc.

Flowers, T.J., Gala, H.K.,, & Bromham, L. (2010). Evolution of
halophytes: multiple origins of salt tolerance in land plants.
Functional Plant Biology, 37, 604-612.DOI: 10.1071/FP09269.

Foody, G.M. (2002). Status of land cover classification accuracy
assessment. Remote Sensing of Environment. 80, 185-201.
https://doi.org/10.1016/50034-4257(01)00295-4.

Ghobadi, Y., Pradhan, B., Kabiri, K., Pirasteh, S., Shafri, H.Z.M., &
Sayyad, G.A. (2012). Use of multi-temporal remote sensing data
and GIS for wetland change monitoring and degradation.
CHUSER 2012 - 2012 IEEE Collogquium on Humanities, Science
and Engineering Research, (Chuser). 103-108.
https://doi.org/10.1109/CHUSER.2012.6504290.

Gibbons, P., Zerger, A., Jones, S., & Ryan, P. (2006). Mapping
vegetation condition in the context of biodiversity conservation.
Ecological Management & Restoration, 7, S1-S2.DOI:
10.1111/j.1442-8903.2006.00282 .x.

Huang, Q., Li, M., Chen, C., Mao, K., Chen, Z, Li, F.,, & Chen, D.
(2010). Assessment of land degra- dation in Guizhou province,
Southwest China using AVHRR/NDVI and MODIS/NDVI data. In
18th Inter- national Conference on Geoinformatics. 1-5.
https://doi.org/10.1109/GEOINFORMATI- C5.2010.5568119.

Kazmi, S.J.H.,, & Mehdi, R.A.M. (2008). Karachi: Environmental
challenges of a mega city. In Misra RP (Ed.), South Asian: Mega
cities (pp. 23-36.). New Dheli, India: Cambridge University Press.

KDA. Karachi Development Plan 2000, (1991). Master Plan and
environmental Control Department, Karachi Development
Authority, Karachi.

36



Mapping of Halophytes and Change Detection Analysis of Karachi
Coast using Gis and Remote Sensing

Kertész, A. (2009). The global problem of land degradation and
desertification. Hungarian Geographical Bulletin, 58, 19-31.
DOI: 10.1134/51021443707060131.

Khan, M. A., & Qaiser, M. (2006). Halophytes of Pakistan:
characteristics, distribution and potential economic usages. In
Sabkha ecosystems, 129-153. DOI https: //doi.
org/10.1007/978-1-4020-5072-5_11.

King, R.B. (2002). Land cover mapping principles: a return to
interpretation fundamentals. International Journal of Remote
Sensing, 23, 3525-3546.D0I: 10.1080/01431160110109606.

Lépez, S., Lopez-Sandoval, M. F., Gerique, A., & Salazar, J. (2020)
Landscape change in Southern Ecuador: An indicator-based and
multi-temporal evaluation of land use and land cover in a
mixed-use protected area. Ecological Indicators. 115, 106357.
https://doi.org/10.1016/j.ecolind.2020.106357.

Lu, D. S., Mausel, P., Brondizio, E., & Moran, E. (2004). Relationships
between forest stand parameters and Landsat TM spectral
responses in the Brazilian Amazon basin. Forest Ecology and
Management, 198, 149-167.

MacKay, H., Finlayson, C.M., Fernandez-Prieto, D., Davidson, N.,
Pritchard, D., & Rebelo, L.M. (2009). The role of Earth
Observation (EO) technologies in supporting implementation of
the Ramsar Convention on Wetlands. Journal of Environmental
Management, 90, 2234-2242. DOI:
10.1016/j.jenvman.2008.01.019.

Malo, A.R.,, & Nicholson, S.E. (1990). A study of rainfall and
vegetation dynamics in the African Sahel using normalized
difference vegetation index. Journal of Arid Environments.
19(1), 1-24.

Mambo, J., & Archer, E. (2007). An assessment of land degradation
in the Save catchment of Zimbabwe. Area. 39 (3), 380-391.

Mehmood, A., Khan, S.M., Shah, A.H., Shah, A.H., & Ahmad, H.
(2015). First floristic exploration of the District Torghar, Khyber
Pakhtunkhwa, Pakistan. Pakistan Journal of Botany, 47, 57-70.

Meneses-Tovar, C.L. (2011). NDVI as indicator of degradation.
Unasylva, 62(238), 39-46.

Menzel, U., & Lieth, H. (1999). "Annex 4: halophyte database vers. 2.
Halophyte uses in different climates 1. Ecological and

37



Niaz et al., 2021. Pakistan Geographical Review, Vol.76 (1), 20-39.

ecophysiological studies." Prog Biometeorol, 13, 258.
https://doi.org/10.1007/978-3-030-04417-6.

Munday, J.C., & Alfoldi T.T. (1979). LANDSAT test of diffuse
reflectance models for aquatic suspended solids measurement.
Remote Sensing of Environment, 8, 169-
183.https://doi.org/10.1016/0034-4257(79)90015-4.

Pernetta. (1993). Marine protected area needs in the South Asian
Seas Region.

Pithawalla, M.B.; Martin-Kaye, P. (1946). Geology and geography of
Karachi and its neighborhood.

Radyukina, N.L., Kartashov, A.V., Ivanov, Y.V., Shevyakova, N.l., &
Kuznetsov, V. (2007). Functioning of defense systems in
halophytes and glycophytes under progressing salinity. Russian
Journal of Plant Physiology. 54, 806-815. DOI:
10.1134/51021443707060131.

Ramkumar, M. (2009). Types, causes and strategies for mitigation of
geological hazards. Geological hazards: causes, consequences
and methods of containment. New India Publishers, New Delhi,
1-22.

Ritchie, J. C., Cooper, C. M., & Schiebe, F.R. (1990). The relationship
of MSS and TM digital data with suspended sediments,
chlorophyll, and temperature in Moon Lake, Mississippi. Remote
Sensing of Environment, 33, 137-
148.https://doi.org/10.1016/0034-4257(90)90039-0.

Roy, P.S., Behera, M.D., Murthy, M.S.R,, Roy, A,, Singh, S., Kushwaha,
S.P.S,, Jha, C.S., Sudhakar, S., Joshi, P.K., Reddy, C.S., & Gupta, S.
(2015). New vegetation type map of India prepared using
satellite remote sensing: Comparison with global vegetation
maps and utilities. International Journal of Applied Earth
Observation and Geoinformation, 39, 142-159.
https://doi.org/10.1016/j.jag.2015.03.003.

Singh, A. (1989). Review article digital change detection techniques
using remotely-sensed data. |. J. Remote Sens. 10, 898-
1003.https://doi.org/10.1080/01431168908903939.

Thomas, D.S.G. (1997) Science and the deserti- fication debate.
Journal of Arid Environments, 37, 599-608. DOI:
10.1006/jare.1997.0293.

Vermue, E., Metselaar, K., van der Zee, S.E., & A T.M. (2013).
Modelling of soil salinity and halophyte crop production.

38



Mapping of Halophytes and Change Detection Analysis of Karachi
Coast using Gis and Remote Sensing

Environmental and Experimental Botany. 92, 186-196.
https://doi.org/10.1016/j.envexpbot.2012.10.004.

Wang, Y., & Moskovits, D.K. (2001). Tracking fragmentation of
natural communities and changes in land cover: Applications of
Landsat data for conservation in an urban landscape (Chicago
Wilderness). Conservion Biology, 15,835
843.https://www.jstor.org/stable/3061304.

Ward, D., Phinn, S.R., & Murray, A.T. (2000). Monitoring growth in
rapidly urbanizing areas using remotely sensed data. The
Professional Geographer. 52, 371-386. https://doi.org/10.1111/0033-
0124.00232.

Welegedara, N. P. Y., Grant, R.F., Quideau, S.A., & Mezbahuddin, S.
(2020). Modeling salt redistribution and plant growth in
reclaimed saline-sodic overburden upland forests: A case study
from the Athabasca Qil Sands Region, Canada. Forest Ecology
and Management, 472, 118154,

Wessels, K.J., Prince, S.D., Frost, P.E. and Zyl, & van D. (2004).
Assessing the effects of human-induced land degradation in the
former homelands of northern South Africa with a 1 km AVHRR
NDVI time-series. Remote Sensing of Environment. 91, 47-67.

WWEF. Indus River Dolphin. Global Species Programme.2005.

Xie, Y., Sha, Z., & Yu, M. (2008). Remote sensing imagery in
vegetation mapping: a review. Journal of Plant Ecology, 1, 9-23.
https://doi.org/10.1093/jpe/rtm005.

Yasmeen. (2014). Monitoring Spatial Changes in Coastal Areas oF
Karachi through Remotely Sensed Data. University of Karachi.
Yuan, F., Guo, J., Shabala, S., & Wang, B. (2019). Reproductive
Physiology of Halophytes: Current Standing. Frontiers in Plant
Science, 1-13. https://doi.org/10.3389/fpls.2018.01954.

39



