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Abstract.

Atmosphere is an envelope of gasses and aerosols around the planet, 99% of the total
mass of atmospheric gases resides within 32km from Earth’s surface in vertical column. From
primordial era to current scenario composition of earth endured numerous drastic
modifications. In last decade atmosphere had undergone a vigorous change by the addition of
many pollutants in both natural and anthropogenic aspects. South Asia is a densely populated,;
masses here are in a transition state, these developing nations in this region considerably done
enough damage to the atmosphere of south Asia by inserting multiple pollutants in
atmosphere in a number of anthropogenic activities. These pollutants piled up as a serious
danger for people around the globe like Methane (CH4), Sulphur Dioxide (SO.), Carbon
Monoxide (CO) Nitrogen Dioxide (NOZ2), Carbon Dioxide (CO2), Formaldehydes (HCHO)
and tropospheric Ozone (O3) etc. “Environmental Remote Sensing” has arisen as a great tool
of modern era to get fruitful and precise results to monitor these variations in atmospheric
pollutants. The NASA’s (National Aeronautics and Space Administration), Geospatial
Interactive Online Visualization ANd aNalysis Infrastructure (Giovanni) system provides
access to a wide variety of NASA’s remote sensing data, Variety of environmental data types
has permitted the use of Giovanni for different applications to define addition and increase in
concentration of various pollutants. Spatio temporal variation of pollutants shows their
concentration increased in last decade and in last three years the concentration boosted as
compared to last seven years.

Keywords: Anthropogenic, Pollutants, Environmental Remote Sensing. National Aeronautics
and Space Administration (NASA), Geospatial Interactive Online Visualization ANd aNalysis
Infrastructure (Giovanni).
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INTRODUCTION
The earlier atmosphere of earth was composed of gasses like Ammonia, Methane,

water vapors and Neon while Oxygen was pretty lack in concentration in primordial state,
which proved to be the most important biological component for the composition of current
atmosphere [1]. The atmosphere consisting of primordial gases is highly dependent upon the
gravitational pull of the planet, this gravitational force holds the atmospheric components
together, thus some of energy and speed is required to escape this gravitational pull, this speed
is expressed as escape velocity [2].

If we consider a formula to explain the primordial gases, velocity of the gas molecules
is directly relational to (T/M)/2
T= Total temperature of the molecule in Kelvin (K)
M= Molar mass of the molecules

The temperature below 2000K and molar mass of a molecules greater than 10 would
have velocity less than 11.3 km, shows molecule might be stayed in the primordial atmosphere,
from this observation we can conclude; Hydrogen and Helium have molar mass less than 10
(2 and 4 respectively) therefore, these couple of gasses are lost in universe [3]. Methane,
Ammonia, water vapors and Neon have molar mass greater than 10 therefore, these might be
a part of primordial gases in the early atmosphere. The present-day main constituents of
atmosphere are: molecular nitrogen (N2) & molecular oxygen(O;) and Noble gasses including
Helium (He), Neon (Ne), Argon (Ar), Krypton (Kr), and Xenon (Xe). The variable
constituents abundant in the concerned scenario are liquid vapor (H2O) and carbon dioxide
(COy) [4], rest of the components are in lesser amounts in current scenario: Nitrogen-Dioxide
(NO»), Hydrogen-Sulfide (H.S), Sulfur-Dioxide (So.), Hydrogen-Chloride (Hcl), Molecular-
Hydrogen(H,), Methane (Ch,), Carbon-Monoxide (CO), Ammonia (NHj;), Nitrous-Oxide
(N»0). Nitrogen (N) occupies 78% of atmospheric composition in form of compounds like
encompassing ammonium (NH+), nitrite (NO>—) and nitrate (NO3;—). The conversion of
nitrogen into these compounds is known as nitrification [4,5]. Ammonia is transformed by the
bacterial reaction that was latterly used by the plants for growth, eventually that ammonia used
by the plants produce Na. The petroleum products that are used in daily life to drive many
things, produce oxides of nitrogen which finally leads to N. Fog in urban areas is also nitrous
oxides [5]. Natural processes including volcanic eruption and weathering of the rocks
containing sulfur adds sulfur dioxide (SO») and sulfate (SO,) into the atmosphere. Sulfur
dioxide reacts with water to become highly corrosive sulfuric acid (H2SO4). In the beginning
of industrial era, anthropogenic events by human added enough sulfur into atmosphere by
burning of fossil fuels [6]. Industrial setups deposited sulfur and nitrogen into atmosphere
which precipitated into sulfuric acid, nitrogen oxides and to nitric acid (HNOs3), leading to
acidic rain. The COs; is attained trough many processes including the respiration of the living
things, by the weathering of the rocks containing carbon and volcanic eruptions. The fossil
fuel burning and advanced industrial development has increased the CO. deposition in
atmosphere, which resultantly increased the temperature of the troposphere, in a process
commonly known as global warming. Many anthropogenic activities and multiple natural

resources boosted the concentration of pollutants in atmosphere including tail pipe emission,
March 2021 | Vol 3|Issue 1 Page | 2
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volcanic eruption, fossil fuel burning etc. Anthropogenic activities have changed the chemical
composition of our atmosphere that has influenced the Earth’s atmospheric composition [7].

Aerosols is defined as a fine suspension of the particles or liquid droplets in
atmosphere, it might be natural or anthropogenic i.e., dust, wood land burning, fog, volcanic
eruptions etc [8]. Primary aerosols have the particles that are directly developed into the gas,
while the secondary one contains the particles which are evolved from the gas, there are many
sorts of aerosols which are classified depending upon the particle size. The Aerosole Index
(AI) can be discriminated accurately among absorbing and non-absorbing aerosols depending
upon the extent of absorption of UV radiation [9]. The positive values that is related with Al
is mostly the absorbing aerosols and vice versa. Anthropogenic aerosols are air pollutants, haze
and smoke, these particles have the diameter normally greater than 1um, and their significant
settling velocity is enough to keep this stuff as a mixture.

Ozone is a trioxygen organic molecule, having pale blue color with a pungent smell,
an allotrope of oxygen. It exists in low concentration in troposphere and have high
concentration in ozone layer in stratosphere and engages maximum UV from sun [10].

NO+O3—>N02+02
NO; + O3 = NO; + O,
C+20;—>CO;+ 20,
380; + 3 H:O + O3 — 3 HoSO,
HzS + O% — SOZ + Hzo
O+0,+M—0;+M
O3 — O + O, + kinetic energy

Sulphur dioxide is a toxic gas with smell like burnt matches. It originates from
volcanos, scorching of fossil fuels & biomass, having formula SO,. It exists in Earth’s
atmosphere in a very small concentration about 1 ppm [11].

2 SOZ + 2 Hzo + Oz — 2 HzSO4

Several oxides of nitrogen exists, but here we are concerned with the nitrogen dioxide
with formula NO,. It is the main agent used in production of nitric acid in industry, at high
temperature. It is a reddish-brown gas with prominent irritating odor.

2NO + O, — 2NO,
It is produced when nitric oxide reacts with the molecular oxygen.
2NO; — 2NO + O,

NO,, is added into troposphere by some natural sources, bacterial respiration,
lightning, volcanos and from stratosphere. It is prominent absorber of sunlight.
Anthropogenic activities like, combustion in engine, fossil fuel, cigarette smoke, stoves and
kerosene heaters also add NO,in atmosphere [10, 11].

CO is a colotless, odotless, and tasteless gas, highly flammable having density less than
air. It is a toxic gas, therefore it is known as a pollutant of atmosphere. It is produced during
metabolism of animals and released in the atmosphere; it is a short lived spatially variable,
which causes to produce tropospheric ozone [12].

March 2021 | Vol 3|Issue 1 Page | 3
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CO + 20; + hv — CO, + Os
Its sources are carbon oxidation, stove, and engine combustion, iron smelting,

photochemical reactions in the atmosphere, volcano, wild fire and breakdown of hemoglobin.

Methane is the main part of the natural gas and considered as important fuel. It exists
in form of gas in normal conditions. Mostly exists under the seafloor and produced in couple
of processes i.e. geological and biological processes [13].

It is used in combustion
CH; +20O; — CO; + 2 H,O
AH = =891 kJ /moll, at standard conditions
Reaction with water
CHs+ H.O = CO + 3H,

The concentration of atmospheric methane has been amplified by 150% since 1750.
It owns a prime importance due to its greenhouse effect with huge global warming potential
as compared with other agents of atmospheric heat trapping gases including CO».

Formaldehyde is an organic compound with the formula H-CHO. It seems dated in
the upper atmosphere, it is intermediate in oxidation of methane, which is produced in
presence of sunlight by chemical reaction of methane with oxygen. Due to its wide use,
volatility and toxicity, formaldehyde is dangerous for human health [8,11,13].

Carbon dioxide exists in the atmosphere of earth as a trace gas, it is colotless gas which
is 60% dense than dry air, originate from volcano, carbonate rocks, ground water, rivers, lakes,
ice caps, natural gas, tail pipe emissions and petroleum. It is odorless gas. It is also produced
by the process of respiration, decay of organic matter and combustion of fossil fuel. It is also
a greenhouse gas, by the industrial revolution, deforestation and combustion of organic
materials enhanced the concentration of carbon dioxide which lead to the global warming [14].

The above discussion verifies that tropospheric concentration of multiple pollutants
is formed by photochemistry of toxic pollutants in the atmosphere. Summer season is proved
favorable to enhance the concentration of these pollutants. The elevated temperature act as
catalyst in all chemical reactions like oxidation or reduction of hydrocarbons, and the oxides
of nitrogen, carbon and Sulphur which are commonly known as Ozone precursors. These
oxides play a vital role in the formation of pollutants through complex chemical reactions.
Therefore, it is significant to investigate the participation of precursors in formation of
pollutants. The optimum range of these precursors is important to maintain a healthy
environment [15, 16, 17].

The specific objective of this research was to map the spatiotemporal variations in
concentration of atmospheric pollutants from 2009 to 2019 over South Asia. It also aims at
describing the contribution of precursors in pollutant formation by direct or indirect chemical
reactions. This research will open new avenues for scientists and researchers to control various
toxic pollutants for a sustainable regional environment.

Material and Methods.

Investigation site. South Asia cover-ups an area approximately 5.2 million km® area that is
11.71% of the Asian continent by percentage or 3.5% of the world's area carrying huge number
of messes on it, it is residential land of approximately 1.9 billion people.

March 2021 | Vol 3|Issue 1 Page | 4
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Figure 1. Map of south Asia.

This region consists of eight countries according to the South Asian Association for
Regional Cooperation (SAARC) including Pakistan, India, Afghanistan, Bhutan, Nepal, Sti
Lanka, Maldives and Bangladesh [18].

South Asia becomes extremely hot in April and May according to the native masses.
Temperature rises upto 100°F, air becomes full of dust, ponds dry up. Just in couple of hours,
rivers run-off their banks, latterly land dries out, this scenario seems dated every year in south
Asia [18].

South Asia contains six foremost climate zones, the mountainous regions where snow
remains present whole year, having coldest climate. It is a region of high temperature and mild
rainfall and considered as semiarid zone, found in western end of the plain, extends to the
desert along Pakistan and India.

Material and methods.

The Data was acquired from GIOVANNI (AIRS On boarded on AQUA & OMI On
boarded on AQUA) data archives. Parameters regarding atmospheric compositions were
defined from the above-mentioned data archives, to explain the variations in a decade over
this huge area of South Asia. Remote sensing data from different satellites is vital for evaluating
the natural events in our atmosphere at a regional scale or worldwide. This info is exploited to
determine changes in enduring decade [20]. The assortment of environmental data types which
allows an individual to use Giovanni for different purposes, like atmospheric composition etc.
[21].

Aura is a successor to the atmospheric instruments. It was launched in a near polar
orbit at an inclination of 98 degrees in a sun synchronous trajectory, orbits with a retro of 100
minutes. Aura repeat its ground track in 16 days, orbiting at a height of 705 km with local time
to cross equator at 1.45 pm [39]. OMI (Ozone monitoring instrument), housed on Aura. This
sensor is much accurate to differentiate among the aerosol categories, like smoke & dust etc.

March 2021 | Vol 3|Issue 1 Page | 5
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and provides data about tropospheric ozone, cloud coverage and its pressure. This instrument
uses hyperspectral imaging in push-broom mode to observe the back scatter radiations
illuminated by the sun in the visible and ultraviolet. It is efficient to monitor the atmospheric
ozone, aerosols, atmospheric dust, NO, & smoke [22].

Aqua was launched on May 4, 2002, having near polar sun-synchronous circular orbit,
with inclination of 98.2°. It orbits at 705 km, local time to cross equator is 1:30 PM, its period
is 98.8 minutes and repeat its cycle in 16 days with a swath width of 1650 km (£ 49.5 degrees)
[23].

AIRS (Atmospheric Infra-Red Sounder) with AMSU (Advanced Microwave Sounding
Unit) mounted on Aqua, is helpful in observing the tropospheric column of the atmosphere,
from ground level to the top of atmosphere [24]. Data from Giovanni is assembled with
respect to its applicability regarding atmospheric composition.

Tier data parameters are as follows,

UV Aerosol Index Carbon Dioxide mole fraction in troposphere

Methane Mole fraction in Air Sulphur dioxide tropospheric column

Carbon monoxide Mole fraction in troposphere | Ozone Mole fraction in Air

Formaldehydes Tropospheric column Nitrogen dioxide tropospheric column

Air temperature
Result and discussion
The results show that spatio-temporal variations in atmospheric composition occurred

by an increase in concentration of multiple pollutants in last decade. The area was monitored
in four-time frames of a year, pre-monsoon, monsoon, post-monsoon and winter or dry
season.

Aerosol Index
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Figure 4. Map of Methane, Mole fraction in Air,
Figure 2. Map of UV Aerosol Index (Al) average of | average of monthly observation with spatial resolution

daily observation with spatial resolution 1 deg (Jan-1- | 1 deg (Jan-1-2009 to Dec-31-2019) by AIRS
2009 to Dec-31-2019) by OMI
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Figure 6 Map of Carbon Monoxide, Mole fraction in
Air, average of monthly observation with spatial
resolution 1 deg (Jan-1-2009 to Dec-31-2019) by
AIRS
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Figure 8 Map of Sulphur Dioxide, Tropospheric
Colum, average of daily observation with spatial
resolution 0.25 deg (Jan-1-2009 to Dec-31-2019) by
OMI
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Figure 10 Map of Ozone, Mole fraction in Air,
average of monthly observation with spatial resolution
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Figure 12 Map of NO», Tropospheric Colum, average
of daily observation with spatial resolution 0.25 deg

1 deg (Jan-1-2009 to Dec-31-2019) by AIRS
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Figure 14 Map of Formaldehydes, Tropospheric
Colum, average of daily observation with spatial
resolution 0.1 deg (Jan-1-2009 to Dec-31-2019) by
OMI

(Jan-1-2009 to Dec-31-2019) by OMI
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Figure 16 Map of Carbon Dioxide mole fraction in
troposphere (IR only), average of monthly
observation with spatial resolution 2*2.5 deg (Jan-1-
2009 to Dec-31-2017) by AIRS
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Figure 3. Temporal variation of UV Aerosol Index (Al) average of daily observation
with spatial resolution 1 deg (Jan-1-2009 to Dec-31-2019) by OMI

Figure 2, is showing that the concentration of aerosols increased in bulk on eastern,
north-eastern side, costal line at south and North-Western side of Pakistan, and western side
of India along Himalayan basin. It is due to wind system in subcontinent and 4 seasons that
seems dated every year. In South Asia, the month of April and May is quite hot and dry, winds
in these couple of months changes their direction from sea towards land, known as easterlies,
wind gusts i.e., huge mass of air invades into plan area of subcontinent with continuous
increase in temperature. This area looks like a burning Incinerator during these months, it’s
also harvesting time of Rabi crops, dust from these crops harvesting and smoke after burning
their residue, make environment full of multiple aerosols. Winds changes their direction from
land towards sea (Westerlies) in October and November which is considered a stable condition
but with full smokey stuff, post harvesting of kharif crop in these months (post monsoon) the
residue burn, their smoke and different hazardous gasses originate during burning and suspend
in to the atmosphere and make the complete environment full of aerosols.

Methane
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Figure 5. Temporal variations of Methane, Mole fraction in Air, average of monthly
observation with spatial resolution 1 deg (Jan-1-2009 to Dec-31-2019) by AIRS
Figure 3 shows the temporal distribution of aerosols during last decade, the peaks
along blue represents UV-Al maximum in this season later on in monsoon precipitation at its
peak and this area faces heavy down pour in the month of June, July and August that wash
out the pollutants from atmosphere. The dips in green bars represent the concentration of
aerosols after monsoon which is pretty low as compared to pre-monsoon. In post-monsoon
March 2021 | Vol 3|Issue 1 Page | 8
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(Oct and Nov) winds get calm and precipitation is low, peaks in figure show heavy loading in

post-monsoon which leads to Smog, later on in winter again precipitations started, due to rain,

dew and frost, these pollutants settled down and by the end of each year, their graph is at its

lowest value.

Hotspots in Figure 4 are showing the spatial distribution of methane over south Asia,

orange shaded area in India and south western border among India and Pakistan shows

methane amalgamation in air, as we know, it’s a natural gas, that exist in marshy areas and

under sea floor which react with water. Figure 5 is showing the annual variations in methane

concentration in recent decade, methane concentration was noted low in winter season. The

peaks in each year in pre-monsoon show a small loading of methane, later on in mon-soon,

methane particles were washed out due to heavy rain, in post-monsoon we can see that figure

got maximum height in each year, that shows huge concentration of methane in post

monsoon. But overall representation of graph is showing an increasing trend in concentration

of methane as its increased by 150% since 1970.
Carbon monoxide
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Figure 7. Temporal variations of Carbon Monoxide, Mole fraction in Air, average of monthly

observation with spatial resolution 1 deg (Jan-1-2009 to Dec-31-2019) by AIRS.
Map of carbon monoxide in Figure 6 is showing its spatial distribution. Figure 7 is

showing the variations of CO in air in recent decade, the change in concentration was observed

from 42 to 44 ppbv in air. In context of seasonal variations, it remains same whole year except

in winter (low in concentration) as shown in figure 6. It is a main source for the production

of tropospheric Ozone which is a highly toxic gas. Figure 7 is showing an increasing trend of

CO from 2009 to 2019 which may be due to certain reactions of atmospheric fresh oxygen

with carbon residuals in the atmosphere. The concentration of Carbon aerosols is increasing

in the atmosphere due to anthropogenic activities which may interact with oxygen.
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Figure 9. Temporal variations of Sulphur Dioxide, Tropospheric Colum, average of daily
observation with spatial resolution 0.25 deg (Jan-1-2009 to Dec-31-2019) by OMI
Figure 8 shows that the concentration of Sulphur Dioxide has been increased in recent

decade, being a short-lived pollutant it reacts with water vapor’s which leads to formation of

Sulphuric acid (acidic rain). Figure 9 shows temporal distribution in concentration of Sulfur

dioxide which is observed changed from 0.05 to 0.2 DU. Only 30% of this pollutant is

produced in natural processes rest of the 70% is the reward of anthropogenic activities.
Ozone
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Figure 11. Graphical Representation of Ozone, Mole fraction in Air, average of monthly
observation with spatial resolution 1 deg (Jan-1-2009 to Dec-31-2019) by AIRS

Ozone is an oxidizing agent, tropospheric ozone is pretty harmful for health, but its
concentration is increased from 280 to 318 ppbv in recent decade as shown in Figure 11. This
tigure shows that seasonal variation of ozone shows its decreasing concentration with the start
of monsoon which raised again from post monsoon in winter. Figure 10 shows spatial
distribution of ozone and its maximum concentration over populated area in sub-tropical
region where anthropogenic activities were observed at peak (i.e. mega cities of subcontinent).

March 2021 | Vol 3|Issue 1 Page | 10
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Figure 13. Temporal variations of Nitrogen Dioxide, Tropospheric Colum, average of daily
observation with spatial resolution 0.25 deg (Jan-1-2009 to Dec-31-2019) by OMI

Nitrogen dioxide is a prime aerosol, and an absorber of sunlight, NO; in troposphere
is a prominent pollutant. Its reaction with other atmospheric components (water vapors)
results in formation of nitric acid and the sun light act as a catalyst. Figure 12 shows its spatial
distribution over mega cities or densely populated area of south Asia (where maximum
anthropogenic actives are undertaken). Figure 13 shows the temporal variation in Nitrogen
Dioxide in recent decade, which raised in troposphere in pre and post monsoon. In monsoon,

pollutants washed out so its concentration in troposphere seems low in winter and the
tendency of this pollutants raised gradually up to pre monsoon.
Formaldehydes (HCHO)
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Figure 15. Temporal variations of Formaldehydes, Tropospheric Colum, average of
daily observation with spatial resolution 0.1 deg (Jan-1-2009 to Dec-31-2019) by OMI

HCHO is toxic gas produced in the oxidation of methane, it is small in concentration
in troposphere. The concentration of this pollutant is totally dependent upon temperature.
Figure 14 and 15 shows its spatial and temporal variations in the previous decade, as it exists
in small concentration therefore no considerable variations are observed.
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Figure 17. Temporal variations of Carbon Dioxide mole fraction in troposphere (IR only),
average of monthly observation with spatial resolution 2*2.5 deg (Jan-1-2009 to Dec-31-2017)
by AIRS

Source: World Development Indicators
Crealed on: 07/24/2019

Figure 18. Carbon dioxide emission (KT) in south Asia (1990-2017). Source: World Bank
Report

Carbon dioxide is a greenhouse gas, originate from several natural resources and
anthropogenic activities, its concentration in troposphere was raised in last decade which
caused global warming, Figure 17 is showing how its concentration was raised from 2010 to
2017 between a range 390 to 404 PPM in troposphere. The seasonal variations of this
pollutant observed at peak in pre-monsoon and monsoon. Figure 16 shows spatial distribution
of CO,, in Pakistan and on border of Indian and Pakistani Punjab, this area is rich in agriculture
and industry in Pakistan, so maximum production of CO; added from this area in to
atmosphere. The anthropogenic activities include industrial waste, tail pipe emission, burning
of crop residue and high temperature that work as a catalyst. According to WORLD BANK
report, the annual emission of CO,, has been enhanced from 1994 to 2014 from 600T to
2500T (T=TON) as shown Figure 18.
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Figure 19. Map of Air temperature, average of monthly observation with spatial resolution 1
deg (Jan-1-2009 to Dec-31-2019) by AIR
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Figure 20. Temporal variation of Air temperature, average of monthly observation with
spatial resolution 1 deg (Jan-1-2009 to Dec-31-2019) by AIRS

Figure 19 is showing the spatial distribution of temperature of air and Figure 20 shows
temporal variation of atmospheric temperature. It works as catalyst in production of different
pollutants (aerosols) already discussed in previous sections.

Conclusion.

There exists a global race to build regional economies through industrialization. This
industrial revolution is responsible for addition of various toxic gasses in our environments
which are dangerous for human survival and sustainable development. These toxic pollutants
have become a major cause of global warming, smog and acid rain. This research shows that
the CO and CO; causes global warming and oxides of sulfur and nitrogen cause acid rain when
reacts with water droplets present in atmosphere. Therefore, efficient ways are required to
handle these pollutants to save our environment for a green future. Greenery is the best way
to overcome concentration of these pollutants in atmosphere.
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Abstract

Shishper glacier is surge type glacier which gave rise to Glacier Lake Outbursts
Flood (GLOF) and an ice dammed lake. The probability of GLOF events has been
increased in Pakistan’s mountain system due to increased temperature and irregular
glacial fluctuations in northern region of Pakistan. The average rise of temperature in
Pakistan is 1.04 °C from the year 1960 to 2014. Rising temperature is initiating the
recession of glaciers over the last decade which is indicating towards the evolution of
glacial lakes in Basin of Hunza River. The Shishper glacier has travelled 800m during
six months and about 1400m in the next six months in the year 2018. Shishper glacier
has created a danger to infrastructure of downstream of Hassanabad valley situated just
below the hill. It travelled about 2.2km during 12 months. Temporal satellite imagery
was used to evaluate susceptibility of GLOF events. Digital Elevation model was used
to evaluate drainage patterns of Shishper glacier. Geological maps evaluated the geo-
refred fault lines in the mountainous regions of Pakistan.
Keywords:Outbursts susceptibility; glacial lake; Digital Elevation model ; GLOF;
Hunza River Basin
INTRODUCTION

The main incentive behind the evolution and extension of glacial lakes is the
changing climate. The average rise of temperature in Pakistan is 1.04 °C from the year
1960 to 2019[1]. According to Pakistan Meteorological Department (PDM), the
temperature raised up to 0.8 °C in northern areas while the rise in southern areas was
observed up to 0.6 °C in from year 1900 to 2000 [2] which is an alarming situation.
Representative Concentration Pathway(RCP)indicatedworst climatic change at global
level which projects that a rise in temperature will occur up to 4.8 °C by the end of
21"century [3]. Thus, the northern areas of Pakistan aremore vulnerable to climatic
change. The maximum rise in temperature was observed up to 1.79 °C in winter in
upper Indus Basin from the year 1967 to 2005 while an annual fluctuation of 0.04 °C
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was recorded[4].About 44.02% decline in glacial volume was recorded in the Hunza
River Basin in 1989 while a decline of 34.99% was recorded in the year 2010 [5]. Rising
temperature is initiating the recession of glaciers over the last decade which is indicating
towards the evolution of glacial lakes in Hunza River [0].

These mountainous regions are destabilized and have become susceptible
because of different anthropogenic and socio economic activities [7]. Nearly 36 out of
3044 glacial lakes were identified as critical risk [8] which cannot be estimatedby
standard statistical methods. Glacial lacks are monitored and assessed temporally and
spatially using remote sensing techniques, which are used to observe harsh climatic
changes for the collection of data over mountains [9].

The probability of GLOFs is increased by glacier fluctuations caused by
changing climate which led to the development and growth of glacial lakes. Thus, data
is required for the analysis of water management for glacial lake andmanagement of
GLOFs[10].

Nearly 36 glacial lakes are tantamount to flood outbursts due to high GLOF
probabilityespecially, rapid climatic changes result in melting of glaciers, threatening the
downstream infrastructure [11]. The status of glacial lakes is fluctuating according to
the varying GLOF events. The fluctuations in these lakes may be unexpected and
irregular. Surging glaciers are disastrous for downstream mountainous communities
which are at a high flood risk [12].

This research was conducted to appraise the main response behind the running
Shishper Glacier by incorporating local geology, hydrology and slop gradients.

Material and Methods
Study Area

This area under investigation lies within Karakoram Rangebounded bylatitudes
360°32-37°05N, 74°02-75°48E (Figurel). Hunzariver is known for the high frequency
mountains and glaciers. Theseglaciers are located at 7850 m above the sea level [13].

Legend
? Shisper Glachier |

s N

'

Figure 1. A 3D profile otudy site.
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Bedrock Geology and Tectonics

The Northern region of Karakoram exhibits complex geography which is
appropriate for comprehensive study. The Reshunfault is locatedat 200 km in east with
upper Hunzafault in Chitral which shows its progression along the tectonic structures
located in the upper Chupurson valley [14,15,16].

The flow of methodology adopted to accomplish this research is as below,

|
/ Satellite Imagery /

Band Stacking

Y

Geo-Location Accuracy

/ Aster DEM / v
NDSI

Drainage Density

Snow Extent Supervised Classification

Fault Line v

Way Forward to Future

Figure 2. The flow of methodology.

Geography and Glaciers

Nearly 13,730 km® region is covered by Hunzariver basin which cover almost
30% of this area.Hunzariver receive penalty of water due to melting of glaciers located
at highest altitude of Hunzariver in Khunjrab valley besides Kashgar of China [17]. At
the middle altitude, two main streams (e.g., Misgar andChupurson) of Ziarat
contributes melt-water to Hunza River followed by Shimshal stream [18]. At the lowest
altitude, tributaries of the Shishper glacier cause to add melted-water into the
Hunzariver. The melted-water is used by the downstream population of Pakistan for
irrigation, energy production and drinking [19].
Material and Methods

The datasets and their utilization isshown in methodology flowchart.The
datasets used in this research paper areof three types 1) Temporal satellite imagery 2)
Digital Elevation Model (DEM) of 30m resolution of Astor and 3) Geological Map.

Satellite imagery

The satellite imagery was obtained for the months of Feb, June and December
of the year 2018 and of April 2021 to monitor temporal variations in displacement of
Shishper glacier. We computed spectral signatures of various existing land use features.
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Digital Elevation Model (DEM).

DEM is 3D representationof surface of earth.We obtained DEM of Aster 30m
from United State Geological Survey (USGS) website to compute drainage pattern.
High drainage density leads to high surface deformation, which are responsible for
mass movement of the surface of earth.

Geological Map.

We obtained Geological map and geo-refed it to draw fault lines beneath the
study site. These fault lines are responsible for large scale surface deformation of mega
structures.

Normalized Difference Snow Index (NDSI).

NDSI is the popular index used to highlight snow among other landuse. The
formula to compute NDSI is as below,

NDSI = Green-SWIR/Green+SWIR
Results

Maps of glacier lakes exhibited the inconsistency of distributive features of
Shishperglacier concerning the elevation. Roughly 28.23% lakes observed originated
from glaciers located above 4500 m whereas altitude of 2000 to 2500 m own larger area
of 5.01 km” locating Attabad lake which incorporate 63.8% of area of all glacial lakes.

Temporal satellite imagery determines that Shishper glacier has travelled 800m
during six months and about 1400m in the next six months as shown in figure 3.The
spectral signatures of various landuse features were obtained as shown in the figure 3.

The NDSI was computed for cross verification of snow extent.
e

02 Dec 2018
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Figure 3. Spatio-temporal variation of displacement of Shisper Glacier and the
spectral signature of various landuse features under observation.
The fault lines were extracted from geo-efred geological map to determine the
impact of local geolo§y on mass movement, and the results are drawn in the figure 4.
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Figure 4. Integrated map of fault line map and drainage density.

The automated drainage pattern was drawn to examine the spatial distribution
of drainage density as shown in the figure 4. Drainage density plays a vital role for
understanding the regional tectonic setting in a better way.

Discussion

Figure 3 is showing a big mass of snow and running Shishper glacier which
created a danger to infrastructure of Hassanabad situated just below the hill. It travelled
about 2.2km during 12 months. There may be multiple reasons behind these movement
for instance geological settings. Figure 4is showing that there is an amalgam of fault
lines which is responsible for instability in terms of mass movement. The drainage
density map shows that the density of streams has increased many folds where the fault
lines are situated. The complex drainage points the areas where there are heavy
disturbance beneath the surface of earth. Main Karakorum fault is very famous which
lies underneath the study site. This fault is most probably responsible for the
movement of Shishper glacier. We computed the slope factor and found that the
elevation dropwas about 550m within a distance of 7km, which show that there is high
slop which may be favorable for Shishper to move forward. The main reason behind
stoppage of this landmass in the accumulation of snow at month in which glaciers are
projected to move fast, following the previous patterns.

Way forward.

Elevation drop on the way to Shishper glacier was computed to estimate slop
factor as shown in the figure 5. This slop factor is important to examine sustainable
assessment in future.

Max§

07akm kM S.0ekm 4.5k 223 KM Bk 6.92km

Figure 5. Elevation drop on the way of Shishper

It is probable to say that the snow mass is accumulating and a pressure is
increasing. Due to slop factor, once the glacier start moving, it will destroy every kind
of infrastructure on its way. Therefore, it is recommended that human settlements must
be displaced to a suitable place to save human lives. The activation of this glacier may
be in very near future due to its position on geologically active fault zone.
Conclusions

Glacial lakes are globally developing in high mountains due to changing climate and
recession of glaciers. Remote sensing techniques and satellite imagery methods were
used to analyze glacial lakes in Hunzariver basin for the assessment of susceptibility of
GLOF events. Temporal satellite imagery determined that Shishper glacier has travelled
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800m in first six months and about 1400m in the next six months in the year 2018.
Digital Elevation model was describing the factors of glacial lakes which trigger GLOF
events for instance climatic changes and increasing temperature.
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Abstract

Chaman fault is a seismically active fault running over 850km in western region of Pakistan
and Afghanistan. It is a major geological structure between Indian and Eurasian plates.
Chaman fault is a strike slip fault which is slipping nearly at the rate of 10mm per year. This
research includes the evaluation of lithological processes and neotectonics activity using
Hypsometric Integral (HI). We calculated values of hypsometric integral using SRTM DEM
with 90m spatial resolution in active region of Chaman Fault (CF) and in its locality. We
analyzed different mean, minimum and maximum elevations using regular square grids and
measured the degree of spatial distribution of HI using Local Indices (LI) of Spatial
Autocorrelation (LISA). LISA provides auto correlation for the cluster analysis of hotspots
and cold spots of HI values to discriminate uplifted and eroded regions.

Keywords: Chaman fault, LISA, DEM, Strike slip, Hypsometric integral, Neotectonics,
Pakistan.

Introduction

The Chaman Faultis a seismically active sinisterly fault. It is an arrangement of geological
structures that tectonically discriminates Eurasian plate from Indo-Australian plate [1]. It is
the most tectonically active fault of Pakistan having almost 200km displacement in Northern
region of Afghanistan. In this region the convergence occur which causes the slip
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displacement of Chaman fault. The Chaman fault is the strike-slip left lateral fault which
links Makran and Himalayan subduction zones [2]. These subduction zones are spatially
originated by the collision of Indian and Eurasian plates. This is the largest seismically active
strike slip fault. The shear zone is the most prominent strain zone located between the
western alluvial and eastern meta sediment region of the fault [3].

The basin of Chaman fault is a ~80 X 20 km arc which is asymmetrical basin comprising of
alluvial deposits and discontinuous spatial drainage network. The basin has developed in the
response of relative uplift in Khojak Pass Mountains [4] in eastern region of fault. The
southern edge of Chaman basin consists of complex erosional structures while the eastern
edge of basin consists of strike slip and second order thrust fault [5].

The northern edge of Indian plate facing the Eurasian plate is vulnerable to noticeable
seismic activity resulting in tectonic landmarks. These landmarks comprise of the frontal
Himalayan northern arc, in the northern west of Chaman fault [6]. The two major tectonic
structures of Pakistan include the Main Karakorum Thrust (MKT) and Main mantle Thrust
(MMT). Thus, the western and northern regions of Pakistan are more vulnerable to the
earthquakes, which reside along the Iranian, Afghan and Indian micro plates [7].

The study of distribution of earthquakes in regions having faults is significant. Thus, the
main objective of this study is to investigate the seismically active segments of faults and
geomorphic features hosting future earthquakes. The study reveals the geomorphic and
geodic features of Chaman fault to investigate its spatial variations [8].Study of neotectonics
have wide range of applications in geo sciences. The topographic features of earth comprise
of erosion, tectonics and climatic changes. The geology of any region plays a vital role in the
determination of variations in that region [9]. The regions comprising of homogenous rocks
give rise to uniform uplift while the heterogeneous rocks are the cause of varying rates of
uplift. Thus, Hypsometric Index (HI) can accurately analyse different developmental stages
of geomorphic features of any region. In this study geomorphic features and remote sensing
technology was used to study the tectonic characteristics of Chaman fault. The northern
region of Chaman fault indicates slip rates ranging from 5.2-18.1mm per year [11].

The analyses of geomorphic features indicate the slip velocities which may cause earthquakes
in future. The seismic faults are more vulnerable to floods. Electric strains can cause seismic
slip which may generate earthquakes [12]. These faults exhibit sliding behavior within the
depths of 10 to 15 km, during an inter-seismic period of fault having static frictional
strength. Identification of spatial rates of distribution and depths of faults provides data
about the seismic activity, mechanical conditions and slip of fault through seismic hazard
analysis [13].

In this study, we used SRTM DEM to investigate the features of aseismic faults. The
aseismic faults lie along the southern and central region of Afghanistan and Pakistan [14].
The Chaman fault lies in the neighborhood of Ghazaband fault and has exhibited notable
earthquakes. The SRTM DEM also investigates the heterogeneous fault creeps along the
Chaman fault. The HI is used to investigate distribution of plain areas concerning to the
variations in elevation. The landform age and its characterization can also be evaluated using
HI technique [15, 16]. The hypsometry index also analyzes the elevation and geometry of
basin along the drainage network.
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Study Area

The Chaman Fault is a seismically active major strike slip and laterally left fault which has
hosted major earthquakes. This fault extends from Kharan to Kabul in northern boundary
and extends toward Indian plate in western boundary. It links Makran to Himalayan
convergence region. The fault gouge comprises of the volcanic rocks and limestone clasts
[17]. The left lateral has moved up to 450 km along the Chaman fault. In the middle of the
Chaman and BhallaDhor fault, there lies a transform fault region ranging from 30 to 60 km.
This transform fault extends for nearly 975km between Garruk and Qila Abdullah in
northern direction [18].

Materials And Methods

We used grid analysis to evaluate HI values for equal squares over DEMs with 90m and 30m
resolution. We obtained ASTER GDEM from http://www.ersdac.ot.jp/ GDEM with 30m
resolution. We obtained accurate data related to HI values through DEM SRTM 90m. The
HI values indicate variations along lithological and tectonic boundaries [19].

Global Spatial Autocorrelation (Moran’s I)

Spatial autocorrelation evaluates the distribution of HI values in different spatial patterns.
The spatial statistical analysis evaluate autocorrelation in geo referenced data and spatial
association. The global spatial autocorrelation tool can evaluate clustered, random and
dispersed cell value. In this tool none of observations are represented by N and weight of
each observation is recorded by SWM [20, 21]. Figurel. Shows the value of Moran which

indicate positive and negative correlation. Its value may not be zero but it may be near to

Z€1ro0.
* %
Dispersion Randomization

Figurel. The value of Moran remains between -1 to +1, where +1 indicates the positive
correlation and -1 gives the negative correlation.

DEM resolution and HI computation

The value of HI for Chaman fault and its surrounding can be calculated using SRTM DEM
with 30m and 90m resolution. The drainage channels of Hindukush are less wide than 1km
so we used grid of 1 km for analysis. The grids of different sizes were used for the analysis of
dependency of distribution of HI values on scale.

HI value is mainly calculated through this equation.
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Topographic Surface roughness (TSR)

The texture of surface can be evaluated through topographic surface roughness method.
This tool is quite helpful in study of terrain as it displays various geographical features which
include erosion, crenulations allocation and features of landform. The ratio of surface area to
plane area is known as surface coarseness which is used for the analysis of morphological
structures. We computed the surface coarseness using SRTM DEM surface tools v. 2.1.254
for ArcGIS [22].

Results and Discussions

Chaman is a seismically active fault, hosting a number of Earthquakes having magnitude
ranging from 7 to 8.1. According to Pakistan’s geological survey, the acceleration ranged
from 0.24 to 0.4 for Chaman fault system. SRTM data suggests that the four faults of
Chaman face variation up to 110 km which is nearly 7.8mm per year. The SRTM DEM
investigation indicates that northern region of Chaman fault is experiencing aseismic slip
movement.

The results show that the northern region of Chaman fault indicates slip rates ranging from
5.2-18.1mm per year. The HI GI* Hot spots extracted through SRTM DEM are shown in
Figure 2-7, the slope and TSR is mapped in Figure 8,9.
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The global Moran index (GMI) statistics demonstrate that the HI-values are spatially auto-
correlated and show high positive z-scores. As the investigation grid becomes coarser for the
similar DEM, the z-scores reduce; indicating that the spatially disseminated autocorrelation
patterns are dependent on scale. DEM spatial resolution also influences the z-scores. For
SRTM data, z-scores are reduced in contrary to values from GDEM data; though, these
changes are small.

The hotspot investigations made with different DEMs and the similar grid size are
comparable, but when the square grid size is increased the resolution of the hot spot is also
lost (e.g., the spatial resolution of hotspots for a grid size of 1 km, 2 km, and 4 km is
dissimilar). As a result, we can say that GMI and Gi* investigations of HI values are scale
dependent but are more robust with increasing DEM spatial resolution. The hot spots are
spatially distributed along almost NE-SW-along the NE-SW oriented CF-system and
adjoining regions. The CI and its plays are generally NE-SW and N-S oriented. In contrast,
the general pattern of younger recent faults is being transformed from NE to the NW,
cutting across the NE-trending older faults. The noticeable variation between the older NE-
directing faults and the younger N to NW-trending features propose that a change in
deformation style has occurred, from an preliminary stage of shortening to a more recent
phase of shearing and NW-directed crustal extrusion along strike-slip fault zones. The style
of broad deformation is consistent as found in the slope and topographic surface maps as
well (Figures 8 and 9.)
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Conclusions

Chaman fault is a seismically active fault running over 850km in western region of Pakistan
and Afghanistan. We calculated values of hypsometric integral using SRTM DEM with 90m
spatial resolution in active region of Chaman Fault (CF) and in its locality. The results show
that the northern region of Chaman fault indicates slip rates ranging from 5.2-18.1mm per
year.

The results depend upon the techniques and methods applied on Chaman fault. We
calculated values of hypsometric integral using SRTM DEM with 90m spatial resolution in
active region of Chaman Fault (CF) and in its locality. High and low HI values and global
Moran’s Index are tools used to evaluate geomorphic structures of Chaman fault and its
vicinity. These tools identify and calculate the spatial patterns in datasets.
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Abstract.

Changing climate is a global distress these days. Global warming is one of the men
driven outcome of climate change which causes the glaciers to melt, shoreline regression and
raises the level of sea. The regression of shoreline in Togo resulted in vandalization of
human habitat and infrastructure. This research aims to monitor the coastal erosion utilizing
the geospatial techniques in Togo from 1988 to 2020. The process of extraction and
existence of change in shoreline is analyzed. Scientific problems regarding the precision of
classification algorithms methods utilized for shoreline extraction using various satellite
images are also considered. Thus, NDWI index derived from multisource satellite images
were used in this research paper. The performance of Iso Cluster Unsupervised
Classification, Otsu threshold segmentation and Sup- port Vector Machine (SVM)
Supervised Classification techniques are monitored for the shoreline extraction. This study
also takes into account the topographic morphology including non-linear and linear coastal
surfaces. The rate of change of shoreline was estimated through the statistical linear
regression method (LRR). The results demonstrated that the SVM Supervised Classification
method worked accurately for topographic morphology than other methods.

Keywords:
Landsat Images, Coastal Erosion, Remote Sensing, NDWI, Shoreline, Sentinel Images, SVM
Introduction

The changing climate is now an active area of research because of its adverse effects
globally. Global warming is one of the outcomes of climate change which results in melting
of glaciers, regression of shoreline and rising sea levels. Shoreline is actually the line where
land and sea meets [1]. The shoreline regression results in coastal erosion causing destruction
of natural ecosystem, human habitat and the socio economic infrastructure [2].

March 2021 | Vol 3|Issue 1 Page | 33




f
OPEN (', ACCESS . . . .
International Journal of Innovations in Science & Technology

One of the consequences of global warming is coastal erosion and increased
induction. Increased global temperature has caused the reduction of ice caps which in turned
has raised the level of oceans causing ocean expansion and changing wind patterns.
Consequently, it results in coastal flooding and rapid regression of coastline [4, 5, 0].

Coastal regions or shorelines constitute less than 20% of surface of earth. Coastal
regions host nearly 45% of population for agriculture, transportation and fishing [7].
Shorelines are one of the major energy sources utilizing tides and waves. These
anthropogenic activities have posed a threat to coastlines by raising the probability of coastal
erosion and shoreline regression [8].

Climate change has affected 70% of the world’s coastal regions raising the risks of
flood outbursts. Moreover this flooding has affected more than 200million people around
the globe. Population increase and infrastructure development has raised the need of
monitoring and assessment of coastal regions. Moreover effective management and planning
is required for coastline development [9].

Shoreline is primary benchmark for the measurement of any kind of climate changes.
Anthropogenic activities as well as natural activities cause changes in shoreline. Industrial
and residential area development has caused massive changes in shorelines. Shorelines are
globally being eroded due to extensive tides and storms [10].

Moreover the extensive flooding which results in extensive sediment supply to
coastal regions causes erosion and disrupts the sediment transport system. The phenomena
of coastal erosion severely affected the West African coast but Togolese coast is the main
concern of this study. The Togolese coast has to face challenges including coastal erosion
and urban expansion because of its configuration.

Konko ez al. (2018) [2] observed that the Togo coast shoreline has experienced
recession which ranges from 1.66 to 5.25 m per year while urbanization has increased up to
7.84 ha per year. These average ranges predicted that the 82.724 inhabitants of the local
population are at a continual risk of inundation caused by regression of shoreline which
might affect 7% or more surface area until 2070s. The induction near the beach could
vandalize the infrastructure and rural exodus phenomena.

The Togolese coast is monitored to plan and define hazard zones and to predict
erosion. This research paper focuses on western Togolese coast utilizing remote sensing
techniques. Remote sensing technique is an accurate tool to obtain reliable information
regarding shoreline. The landscape features are monitored and discriminated utilizing the
preferred means which include satellite images.

The Normalized difference water index (NDWI) along modified normalized
difference water index is developed to enhance the discrimination of terrestrial and aquatic
zones of coastal areas using various methods of water index derived from satellite imagery.

The classification algorithms utilized for the shoreline extraction from water index
has major scientific concerns regarding precision regardless that the discrimination of aquatic
and terrestrial zones can be done through satellite images.

Issues related to the extraction of shoreline can be resolved using reliable tools such
as image processing techniques. Some other methods including Iterative Self Organized
Data Analysis ISODATA) [11],Support Vector Ma- chine (SVM) [2] [12], thresholding and
morphological filtering [13], ob- ject-oriented fuzzy classification approaches [14], Random
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forest method [15], genetic algorithm  based methods [16] and mean-shift
segmentation [17] have been proposed for extraction of shoreline.

This research paper focuses on assessment of performance of different methods for
the shoreline extraction on topographic surfaces and on the shoreline kinematics from the
year 2009 to 2020.

Materials and Methods
Study Area

The study area Togo lies in West Africa bounded by Ghana. The area under study is
characterized by subequatorial climate having four seasons including a dry, a rainy, a short
dry and a short rainy. This area contains irregular precipitation at the rate of 1000 to 1400
mm/year. The mean temperature is usually high, about 27°C. Togo covers neatly
57000km”* area having population of about 8 million people.

Data Used

The required data for this study was obtained from  Sentinel

(https://sentinel.esa.int/) and Landsat (https://landsat.usgs.gov/) platform.

¥

SAKOdessewa

Figure 1. Map of Togolese Coast West Africa for the year 2020.
Satellite imagery
The satellite images come from different sensors, including Enhanced Thematic
Mapper Plus (ETM+), including Thematic Mapper (TM), and Multi Spectral Instrument
(MSI) were used to obtain satellite images. The image breakdowns are as follows: ETM+
image of 13 December 2009 at 09:59:54 am, TM image of 12 February 2019 at 09:34:08 am,
MSI image of 04 January 2020 at 11:18:13 am. The dates were chosen in the long dry season
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in order to use images that were sensed in similar conditions and similar time for a coherent
data analysis [18].
Optical images

ENVI software was used to preprocess the acquired optical images. The images are
first geo refrenced with the help JICA topographic data and GPS field surveys in accordance
with the World Geodetic System the UTM projection. Subsequently the images are
processed for radiometric and geometric correction and then for re sampling. The
atmospheric effects were reduced using radiometric correction, while the geometric
correction removed the geometric distortion [19].
NDWI technology

In order to enhance the terrestrial and aquatic zone discrimination various water
index methods have been developed including modified normalized difference water index
and Normalized difference water index. In this research NDWI is used due to its accuracy,
convenience and efficiency [20].
Shoreline Extraction Methods

The line joining land and sea is called the shoreline [20]. The shoreline is basically
line connecting a sea with land. Changes on shoreline can be detected using various
methods including Image enhancement which processes satellite images, write function
memory insertion, manual method and density. Manual method, write function memory
insertion, density slice using single or multiple bands and multi-spectral classification, image
enhancement, Multi-date data classification, Images digitization, and comparison of two
independent land cover classifications and various other methods are used for detection of
satellite images and shoreline extraction. [21] [22] [23] [24] [25]. The shoreline has also been
extracted automatically with satellite images various algorithms used for processing of images
including segmentation, pre and post segmentation.
Three distinct methods are more accurate and commonly used for shoreline extraction on
NDWTI indices including Otsu threshold segmentation, SVM su-pervised Classification
methods and Iso Cluster Unsupervised Classification.
Otsu Threshold Segmentation Method

Ostu proposed a dynamic method for the partition of input raster images into water
regions and homogeneous land with by reducing intra class variance. The method is known
as Otsu’s method.
The Otsu threshold segmentation method is the most referenced method which provides
dynamic variety of thresholds on the basis of different regions in different sectors. It
automatically sets the value in accordance to the local features for the achievement of a good
partition between sea water and land. For the calculation of thresholding level value it highly
depends upon the discriminate analysis which utilizes the cumulative moments recorded in
first order of the histogram.
Iso Cluster Unsupervised Classification Method

The aquatic and terrestrial environments are separated using the Iso Cluster
Unsupervised Classification method. The migrating means technique is also used as a tool
for modified iterative optimization clustering procedure in the Iso Cluster Unsupervised
Classification. The cells are separated into user specified number having distinct uni modal
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groups using the algorithm in the multidimensional space of the input bands. This method is
mostly used for unsupervised classification.
The SVM Supervised Classification Method

The aquatic and terrestrial areas are also separated using SVM Supervised
Classification method. It is a statistical non parametric technique which is in general used to
maximize the margins and to separate observations on the basis of search for hyper-plane.
The original formulation of the algorithm was dev3eloped by Vapnik (1982) [37]. SVM also
minimizes the risk of error during classification and it has high performance during
separation of pixels.
Shoreline Kinematics

Shoreline kinematics provides better knowledge of consequences of coastal erosion
phenomenon on human habitats.

sectors

Figure 2. Map of coast subdivided into seven sectors on sentinel-2 Satellite image.
Results and Discussions

Coastal erosion due to anthropogenic activities has reached at an alarming position in
Togo coast of West Africa. Aneho and Lome are the two major cities at higher risk of
erosion and accretion. The changing wind patterns and tidal waves have eroded nearly 5-10
meters coastline per year.

In Togo the coastal erosion was intervened through the construction of autonomous
deep sea port of Lome in the year 1968. This port can accommodate nearly nine meter depth
requiring cargo ships. The process of sediment accumulation has been disrupted due to the
construction of this port. Thus, this caused a loss of beaches through erosion. The
construction of port effected the direction of currents which triggered sand drift off the
shoreline.
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Figure 3. Lome Sea port constructed at the Togolese coast.
The average rate of erosion in the region surrounding the port is nearly 3 meters per year.
The figure 4 shows the regression of shoreline for the year 2009 and 2019. LRR method is
used for extraction of shoreline changes for the years 2009 and 2019. The southwest of the
Togolese coast show average rate of erosion ranging from 2.49 to 5.07 m/year for the

¥ Togo coast in year 2019
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Figure 4. Shoreline regression for the years 2009 and 2019
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sectors

Figure 5. Division of Togo coastline into sections
For the better understanding of rate of erosion on the coastline of Togo, it is divided
into seven sectors through shoreline kinematics. The average rate of erosion per year in
these sectors is given in the table below.
Table 1. The average rate of erosion per year in these sectors

Sectors a b ¢ d e f g
+

Low value 388 349 1% _416 —6.64 -546 —635

(meter/year)

High value 14 4101 4218 —1.84 —1.66 —28 —3.78

(meter/yeat)

Average value -249 225 +2.06 —-3.00 —4.15 —413 —-5.07
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The average rate of erosion is 3.00 m/year, 4.15 m/year and 4.13 m/year for d, e and
f sectors respectively. The sector b records both erosion and an accretion phenomenon as
the asphalt road is close to the sea which causes erosion in sector b. The sector d which is
pott zone indicated accretion phenomena.

Conclusions

The coastal region of Togo is monitored from 1988 to 2019 in this research paper to
investigate erosion phenomena. In this study Iso Cluster Unsupervised Classification
method, Otsu threshold segmentation method, and SVM Supervised Classification methods
are assessed to analyze the performance for the shoreline extraction from NDWT indices on
both non linear and linear surfaces. This research also takes into account the kinematics of
shoreline.
According to results the SVM Supervised Classification method performed accurately on
linear and non-linear coastal surface as compared to the other methods. The southwest of
the Togolese coast show average rate of erosion ranging from 2.49 to 5.07 m/year for the
shoreline kinematics. Sector a showed the lowest rate of erosion.
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Abstract

Neotectonics amend the river base and causes landscape erosion. This study explores the
DEM based differentiation of neotectonics in the northern regions of Pakistan. This method
involves vertical and non-linear dissection base on digital evaluation method. This study uses
Gliding Box Technique (GBM and GBT) and Box Counting method to evaluate Lacunarity
(LA), Succolarity (SA) or 3-Fractals, and Fractal Dimensions (FD). 3-fractals are an attribute
used for the recognition of spatial patterns, specifically to compute and differentiate natural
textures including natural patterns. This study also investigates vertical dissection using
DEM SRTM having spatial resolution of 90m. DEM SRTM measures surface area, plane
area as well as the surface ratio. The vertical areas are investigated to make dissection maps
and to identify the affects of neotectonics on the roughness of surface. Low value of surface
roughness indicates flattened drainage basins and inclination of slope. The Raikot Fault
shows higher values of surface roughness towards NE- SW. The surface roughness is
mapped to recognize relative uplifts, uneven regions, depressions and pits. Analysis through
non-linear method identifies the regions affected by neotectonics activity. Tectonics activity
causes deformation and instability in drainage networks.

Keywords: surface roughness, Gliding Box Technique, Fractal Dimension, SRTM DEM,
Succolarity.

Introduction

The current topography of Gilgit-Baltistan is a consequence of continuous climatic changes
and tectonic activity. Digital evaluation model is used to analyze spatial distribution patterns
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of drainage network. This study deals with the fractal analyses of drainage networks. The
fractals are self-identical complex objects which can be reduced to small size parts identical
to the whole [1]. In nature, fractals occur in form of branches of trees, patterns of drainage
network, river system and human circulatory system. The developing patterns of fractals can
be explained through physical and geological activity. The fractal dimension analysis has
wide applications in the field of forestry, food research, landscape ecology, tectonic
geomorphology and information technology [2]. Figure 1 and 2. Shows the regional tectonics
and self similar fractal objects respectively.
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Figure. 2: Examples of self-similar natural fractal objects.

Figure.1 Regional tectonic map showing location of Gilgit Baltistan region

The main objective behind these methods is to recognize instability and variations in natural
spatial patterns. Geomorphologically, asymmetrical, linear and spatial drainage patterns show
the instabilities caused by geological processes. Active deformations of surface can be
studied by examining the stream patterns. The deformation due to tectonic activity adjusts
the spatial drainage patterns into linear configuration [3].

Lacunarity is a method used to represent the stream network in form of texture. This
method accurately differentiates patterns having corresponding values of fractal dimension.
The LA monitors varying self-identical conduct of fractals and its low value indicates low
activity [4]. The Secularity monitors the instabilities of spatial drainage patterns. Secularity
method monitors the black and white imagery perpendicularly and prospectively to monitor
the infiltration capability [5]. The succolarity method determines the common rotator
method of spatial drainage patterns. Its high value indicates highly deformed regions. The
objective of this paper is to identify and interpret data of natural drainage networks [6].

March 2021 | Vol 3|Issue 1 Page | 44




(/“\‘
OPEN () ACCESS International Journal of Innovations in Science & Technology

Data and method

SRTM with 90m resolution was used to extract drainage patterns using black and white
imagery. Neotectonics strongly impact surface deformation and development of landscape
due to which streams display strained and linear pattern [7]. Fractal box counting technique
was used in this research to display complex drainage patterns. But the fractal dimension is
important to display interpretation of spatial patterns. Thus, to interpret drainage networks
SA and LA methods are utilized [8].

Fractal Dimension and Box Counting Method

Fractal objects are uniform and unvarying entities. The fractal entities are self identical and
homogenous objects used for determination of geomorphic indices [9]. The drainage
network displays fractal like homogenous properties. Fractal dimensions determine the
segmentation and deviation extent of spatial drainage patterns. This study determines the
fractal dimension of Hunza, Indus and Gilgit River and computes drainage network for
Gilgit-Baltistan [10]. Fractal dimensions can be computed using Box Counting method using
binary pictures of variable sizes that adds up the total drainage pixels lying in a box. The
square size “s” and the number of pertinent boxes “N(s)”’are summed in a grid. Equation 1
shows the computation of FD:

Equation.1

N ( <
FD = lin 28 V()
50 Jog(1/s)

TR
S

The total number of boxes is given by N(s) and represents the size of the box side
(Figure 3). The FD is represented by the slope regression of the natural log (In) graph of
total number of boxes and 1/s. The ramp color was used in FD spatial distribution map to
recognize low value of FD. Generally, fractal values of spatial distribution patterns display
linear images of spatial distribution pattern. Figure 3. Shows the value of FD up to 1 displays
high linearization of stream networks.

Lacunarity and Gliding Box Technique (GBT)

The lacunarity is a method used to investigate varying behavior of fractal objects. The
lacunarity accurately analyzes the distribution of spatial drainage networks and gaps among
entities of a network [11]. The lacunarity method can also differentiate the contrary patterns
of drainage network having similar fractal values [12]. The Gliding Box Technique (GBT)
computes Lacunarity. (Equation.2)

Equation.2
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The homogenous fractal objects have low value of Lacunarity while heterogeneous fractal
objects have high Lacunarity value. The high LLA values indicate distorted drainage patterns
while low LA values indicates low tectonic activity. LA values higher than 2.5 indicates sever
deformation.
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Figure 3. Calculation of Fractal Dimension (FD) by using Box counting method.
Succolarity fractal

The Succolarity method is used to calculate percolation capability of binary images. The
image which is analyzed provides direction of more images.

meters
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Equation.3 o(dir) = —
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Equation. 4 o= Gl 28)+ G520 :; O(L2R)+0o(R2L)
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Equation. 5 o= a(07)+o(907) + {47(1 807)+0(2707)

The SA value ranging from 0 to 1 is catogrized as < less than 0.5 is low, 0.5 to 0.75 is
medium and greater than 0.75 is high SA value. High Succolarity value represents distant
drainage and indicates tectonic activity [13, 14, 15]. It also displays regions of active

deformation due to impenetrable masses and empty gaps. Figure 4. Indicates flooded
scenarios through blue boxes.
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Figure 4. Pictures taken after performing the SA. Blue boxes represent the flooded scenatrio;

() (T2B); (b) (B2T); (c) (L2R); (d) (R2L).

Results and discussions

Geometric change in local as well as regional faults affects the tectonically active drainage
systems. The entire drainage network of northern regions of Pakistan is under the influence
of neotectonics activity. The drainage network analysis method can monitor active tectonic
signals which cause erosion and surface deformation. The drainage network is spatially
distributed in four classes which include branched, parallel, cut off and rectangular drainage
systems. The geometric transitions in different phases of spatial drainage system occur due
to tectonic activity, geological factors, climatic changes and spatio temporal method. The
tectonic activity dominates in highly steep regions resulting in parallel drainage patterns. The
relative uplift of topography of a region results in linear drainage patterns due to tectonics
uplift. Different fractal methods such as LA, SA and FD determine the undisturbed fractal
patterns. Figure 5, 6 and 7 shows different values of FD, LA and SA respectively. The low
value of FD indicates erosion processes and relative tectonic uplift. The value of FD up to 1
March 2021 | Vol 3|Issue 1 Page | 48
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Matlab algorithm and Arc GIS applications generated the map for the distribution of FD by
Box Counting Method. FD map is characterized by low to very low fractal value indicating
high surface deformation and active tectonics. The high fractal values indicate low surface
deformation due to active tectonics. North Fast (NE) zones of Skardu and Ghanche show
high fractal values and non linear drainage patterns.

Figure 5: FD distribution map. Low FD values (Black) correspond to severely

deformed zones shaded in black. Figute 6: Distribution of map for LA values Low LA values are in black, red are medium and yell

Figure 8 indicates the topographic surface roughness of different structures using map of
area under study. Presence of snow and glaciers in the western side of Hunza indicates high
fractal value. Varying patterns of drainage networks result in varying FD values. Though the
gaps between drainage pattern are distributed varyingly but spatial drainage network exhibit
homogenous fractal values.The LA method monitors highly steep regions which are severly
deformed by relative uplift. The regions deviating from the transitional behavior of patterns
exhibited by drainage networks indicate high values of LA.

The regions exhibiting high fractal values correspond to high to medium values of LA. The
GB regions have faced severe deformation due to collision of India Eurasia and current
earthquake events. The surface deformation of streams and rivers due to neotectonics
indicates the presence of thrusts and faults. Succolarity develops in the regions having similar
fractal values of drainage network.The values of SA categorize different GB zones on the
bases of structural orientation.

Surface topographic map portrays strong river incision in upper SkarduDeosai, upper
Hunza, Plateau, Ghanche and Diamir-Gilgit-Astore indicating active tectonics and relative
uplift along RaikotSassi fault. The collision of Eurasian and Indian plates causes thickening
of earth’s crust causing relative uplift and development of mountain chain. This process
indicates incision and consequential neotectonics activity.

Conclusion

The fractal tools accurately report the spatial drainage network and topographic evolution in
northern regions of Pakistan. The high LA and SA value and lower value of FD indicates
high surface deformation and neotectonics activity in spatially distributed drainage networks.
The fractal tools analyze the relative surface deformation accurately. The drainage network
of Gilgit Baltistan displays parallel, disconnected and linear patterns of spatially distributed
drainage networks in correspondence to active tectonics. The fractal tools indicated that
Gilgit Baltistan is under impact of neotectonics activity and deforming severely. Increased

March 2021 | Vol 3|Issue 1 Page | 49




10.

11.

12.

13.

14.

(/“\‘
OPEN () ACCESS International Journal of Innovations in Science & Technology

incision in Hunza valleys, Ghizer, Ghanche and upperSkardu causes sudden variations in
Gilgit Baltistan region. Exceptionally, Deosai Plateau contains less incised regions. The
increased incision represents high value of surface roughness and relative uplift. Surface
roughness significantly appears in Hunza fault, MKT, RSF and along Karakorum fault.
Computation of surface roughness through DEM provides efficient map to indicate
neotectonics activity.
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