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09:45-10:15

Land Management (Chair: Prof. Dr. Chryssy POTSIOU - FIG Honorary President)

Spatio-Temporal analysis of climate change in India: A theoretical perspective

Rajaram Patil, Moushumi Datta

Investigation of assembly centers in the disaster areas in Merkez District of Usak Province in Turkey

Fatma Yiiksel, Fatih Taktak
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Remote Sensing & Photogrammetry - 1 (Chair: Dr. Artur GIL - University of the Azores, Portugal)
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Mapping of flood areas using Sentinel-1 Synthetic Aperture Radar (SAR) images with Google Earth Engine cloud platform - A case study
of Chamoli district, Uttarakhand- India
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Using Sentinel-1 GRD Sar Data for volcanic eruptions monitoring: The Case-Study of Fogo Volcano (Cabo Verde) in 2014/2015

Rafaela Tiengo, José Pacheco, Jéssica Uchda, Artur Gil

Determination of vineyards with support vector machine and deep learning-based image classification

Ozlem Akar, Ekrem Saralioglu, Oguz Giingér, Halim Ferit Bayata

Assessing the interrelationship between LST, NDVI, NDBI and land cover change in Amuwo-0dofin, Lagos Nigeria

Alfred Sunday Alademomi, Chukwuma John Okolie, Daramola Olagoke, Samuel Akinnusi, Elias Adediran, Hamed Olanrewaju, Abiodun Olawale
Alabi, Tosin Salami, Joseph Odumosu

Detecting changes in Mangrove Forests along the Bintang Bolong Estuary, Gambia using Google Earth Engine, Sentinel-2 Imagery and
random forest classification

Lisah Ligono, Chukwuma Okolie

Remote sensing approach for aerosol optical thickness (AOT) monitoring in relation to the road network in Lagos Metropolis, Nigeria
Chukwuma Okolie, Emmanuel Ayodele, Erom Mbu-Ogar, Samuel Akinnusi, Olagoke Daramola, Abdulwaheed Tella, Rose Alani, Alfred Alademomi

12:00-13:00

13:00-14:15

Surveying & Geodesy (Chair: Assoc. Prof. Dr. Lyubka PASHOVA - National Institute of Geophysics, Geodesy and Geography - Bulgarian Academy of
Sciences, Bulgaria)

Vertical accuracy assessment of Dems around Jabal Al-Shayeb Area, Egypt

Ali Shebl, Mohamed Atalla, Arpad Csamer

The current state of use of satellite-based positioning systems in Turkey

Nuri Erdem, Abdulsamet Demirel

Estimation of tidal constituents from sea level registrations in BAB "St. Kliment Ohridski", Livingston Island
Lyubka Pashova, Borislav Alexandrov

Accuracy assessment of positioning based on single and Multi-GNSS

Lukman Abdulmumin, Yusuf Ramalan, Haruna Ibrahim, Abubakar Adamu Musa

Monitoring bathymetric changes of Commodore Channel, Lagos Nigeria

Babatunde Anibaba, Peter Nwilo, Chukwuma Okolie, Michael Orji, Olagoke Daramola

Accuracy assessment of established control within University of Lagos, Nigeria

Abiodun Alabi, Alfred Alademomi, Tosin Salami, Adedayo Okutubo, Wale Oyedokun

Establishment of a geodetic network for the deformation monitoring of the Third Mainland Bridge
Samuel Akintoye, Hamed Olanrewaju, Hannah Abioye, Chukwuma Okolie, Samuel Akinnusi, Adegbite Usman

14:15-14:30

14:30-16:00

Geographic Information Systems 1

Suitability analysis of solid waste dumpsites in Igabi Lga, Kaduna State - Nigeria

Kaka Atta, MUHAMMAD NURA Idris, Yabo Stephen, Lukman Olawunmi Giwa

Comparative analysis of pedestrian stride length methods

Nimet Karagoz, Fatih Glilgen

Monitoring and prediction of land cover change in Anambra River Basin using cellular automata and markov chain technique

Peter Nwilo, Nna-Njar Gertrude Njar, Utibe Bassey Inyang, Chukwuma John Okolie, Olagoke Emmanuel Daramola, Michael Joseph Orji, Hamed
Olabode Olanrewaju, Samuel Akinbola Akinnusi, Andy Osagie Egogo-Stanley

Geospatial intelligence (Geoint) with Geographic Information Systems (GIS)

Halil ibrahim Onyil

Age and gender differences in perceptions and health impacts of noise in an academic environment

Alfred Alademomi, Johanson Onyegbula, Rahmat Adepo, Chukwuma OKkolie, Abiodun Alabi, Babatunde Ojegbile, Olagoke Daramola, Nehemiah
Alozie, Samuel Akinnusi, Taiwo Adewale

FAHP And GIS based land use suitability analysis for agriculture in Aksaray City, Turkey

Siileyman Sefa Bilgilioglu




18 November 2021 - Thursday

09:00-10:30 Remote Sensing & Photogrammetry 2
SFM photogrammetry for land use change analysis in a Sub-Urban area of Nigeria
Chima lheaturu, Chukwuma Okolie, Solomon Musa, Emmanuel Ayodele, Andy Egogo-Stanley
Monitoring the change of coastline with remote sensing and GIS: A case study from Izmit and Gemlik Gulfs, Turkey
Tiimay Arda, Melis Uzar
Analysis of Land-Use/Land-Cover dynamics in Ibadan Metropolis, Oyo State, Nigeria
Aliyu Zailani Abubakar, Swafiyudeen Bawa, Yahaya Abbas Aliyu, Tarwase Tosin Youngu, Usman Sa'i Ibrahim, Ayo Olalekan Fatoyinbo
Fully automated drought analysis from the products of the moderate resolution imaging spectroradiometer (MODIS)
Ali Levent Yagci
Development of a user-friendly program: “Real-Time Image Properties Display”
James Olaleye, Abiodun Alabi, Alfred Alademomi, Damilola Olatayo, Tosin Salami
Determination of Karina Lagoon surface area water temperature changes using remote sensing methods
Elif Akyel, Ozsen Gorumluoglu
Using remote sensing to monitor aerosol optical thickness (AOT) and its relationship with land cover in Lagos Metropolis, Nigeria
Emmanuel Ayodele, Chukwuma Okolie, Samuel Akinnusi, Erom Mbu-Ogar, Olagoke Daramola, Abdulwaheed Tella, Rose Alani, Alfred Alademomi
10:30-10:45
10:45-12:00 Geographic Information Systems 2
Mapping federal government dams in Nigeria
Sola Oluwayemi, Adedayo Olayiwola
Monitoring the spatial distribution of CO2 within the University of Lagos Main Campus
Alfred Alademomi, Musa Animashaun, Oluwatimileyin Abolaji, Chukwuma Okolie, Babatunde Ojegbile, Olagoke Daramola, Nehemiah Alozie
Spatial relationship between NDVI, EVI, SAVI and land cover changes in the Lake Chad area from 1987 to 2017
Peter Nwilo, Chukwuma OKkolie, Abdulkareem Umar, Samuel Akinnusi, Babatunde Ojegbile, Hamed Olanrewaju
Assessment of noise levels and associated health impacts in an academic environment
Alfred Alademomi, Johanson Onyegbula, Rahmat Adepo, Chukwuma Okolie, Babatunde Ojegbile, Abiodun Alabi, Olagoke Daramola, Nehemiah
Alozie, Andy Egogo-Stanley, Inioluwa Ayantayo
Application of GIS and analytical hierarchy process for flood vulnerability assessment in Adamawa Catchment, Nigeria
Ayila Adzandeh, Dupe Olayinka-Dosunmu, Isa Hamid-Mosaku, Chukwuma Okolie, Peter Nwilo, Caleb Ogbeta
Locational analysis of infrastructural facilities in selected oil and non-oil producing areas of Akwa ibom State
Mbom-Abasi Inyang, Alabi Soneye, Chukwuma OKolie, Shakirudeen Odunuga, Johanson Onyegbula, Samuel Akinnusi, Hamed Olanrewaju
12:00-13:00
13:00-14:15 Remote Sensing & Photogrammetry 3

Comparative analysis of forest change by type of Natural Park using clear cuts method

Eun Ha Park, Ji Young Kim, Jin Won Kim, Byeong-Hyeok Yu

Shallow-water bathymetry using Landsat 8 imagery - Example of Ibafon Creek

Chukwuma Okolie, Emmanuel Ayodele, Oluwatobi Raji, Waliyah Adedokun, Olagoke Daramola, Samuel Akinnusi, Hamed Olanrewaju
Vegetation mapping from vegetation indices using a UAV-based sensor

Emmanuel Ayodele, Chukwuma Okolie, Imole Okediji

Evaluation of Landsat and MODIS imagery fusion for high-resolution evapotranspiration mapping over large agricultural area
Ayoub Moradi

Accuracy assessment and conflation of DEMs over Kaduna State, Nigeria

Swafiyudeen Bawa, Moses Mefe, Ebenezer ayobami Akomolafe, Monye Joseph Chukwuweta, Lukman Abdulmumin, Abubakar Adamu Musa
Applications of remote sensing in solving Myriads of Geological Problems: A review

Ogbonna Okpuru, Maruf Orewole, Sunday Olotu

3D modeling of underwater objects using photogrammetric techniques and software comparison

Seda Nur Gamze Hamal, Ali Ulvi

Documentation of cultural heritage by photogrammetric methods: a case study of Aba's Monumental Tomb

Engin Kanun, Aydin Alptekin, Murat Yakar
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ABSTRACT

Climate Change has affected human activities directly and indirectly. There have been several causes
and impacts of climate change. Due to climate change, there have been changes in the pattern of
rainfall, rise in temperatures, evaporation, and salinization of sources of water due to rising sea
levels. Glacial melting is increasing year by year. Climate change is due to the observable but micro
level alterations in the Earth’s orbit that are responsible for changing the amount of solar energy
the planet receives. satellites orbiting around Earth and other related technological advances have
given a helping hand to the scientists to be able to capture remotely sensed data so that the planet
can be studied from all the angles and aspects. Though climate change is a global concern, its effects
are being experienced all over the globe but, at varying degree. It will have negative impacts on
agriculture, supply of water, quality of air, coastal areas and health of people. India is the second
largest country in terms of population and heavily depends on the various sectors like agriculture,
fisheries, and forests which are sensitive to changes in climate. It is, therefore, bound to face the

worst adverse impacts of climate change.

1. Introduction

The World Bank suggests that the districts that fall in
central India show maximum vulnerability to changes in
climate as they lack the required infrastructure and
depend on agriculture on a very large scale. The districts
in Vidarbha region of Maharashtra state are especially
vulnerable to the damages caused by climate change. A
major source for the decline in income of the farmers has
been the changes in the climate. Increased temperature
and disturbed precipitation are found to be damaging the
crop yields and, consequently, the wealth of the farmers.
Industrialization induced climate change, is the major
cause of global warming and changing patterns of
rainfall. Also, according to the estimation of the World
Bank, unattended climate change would cause the Indian
average temperature to rise to 29.1°C in the next few
decades. As the aspect of changing climate becomes more
intense, it will affect several parts of India extremely.
When the average temperature in 2009-18 to the that in
1950-80 are compared, it is found that some pockets
have already been affected by climate change by
becoming hotter than before. In several parts of states
like Rajasthan, Gujarat, Tamil Nadu, Kerala, and the

North-East, it is observed that, there has been a rise of
nearly 1° C in the average temperature during the last
decade. It is higher than the historical average in the
1950-80 period.

Changes in climate have always been harmful to man.
An increase of 0.3 - 0.6 °C is observed in the he average
surface temperature of the globe since the several
centuries. The rise in temperature may be minimal, but it
can be disastrous with unrepairable impacts. There are
noticeable impacts of changing climate which occur in
the form of melting of glaciers, forest fires, changing
rainfall patterns, rising of sea levels, coastal cities under
water level, floods, and droughts. Tsunami (2004),
Uttarakhand flash floods (2013), Kashmir floods (2014),
Kerala flood (2018 & 2019) and Krishna River Basin
floods (2019) are some examples in various parts of
India. India has been able to create a stable platform to
discuss and bring in better cooperation between the
nations on issues related to climate through its pledge for
Paris Agreement. Also, India is an example by committing
to bring down its emission intensity of gross domestic
product (GDP) by 33-35% of 2005 levels by 2030.
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2. Method

This paper based on secondary data collected from
various articles, books, journals, reports and other
related material published online and offline.

2.1.Research objectives

e Tounderstand the concept of climate change

e To study the major causes of climate change

e To administer the impact of climate change in
India

2.2.Study area

India is a country in South Asia. It comprises of
twenty-nine states and eight union territories. Its
population stands second in the world after China. Its
latitudinal extension is between 68% and 96° East and
longitudinal extension is between 89 and 36° North
approximately. It is a major developing country in the
world and is the largest democracy too. It is highly
agrarian in nature due to its fertile soil and favorable
climatic conditions. It is however now being affected by
changes in climate making it a matter of concern.

Lecation of Study Area:
INDIA

Figure 1. Location of India with States

2.3.Factors leading to climate change greenhouse
gases (GHGS)

Major source of climate change is greenhouse effect.
The earth’s surface warms due to the energy received
from the Sun. Most (90 %) of the sun’s insolation is
absorbed by these gases and radiated back towards the
surface. Out of the total energy passing the atmosphere,
some of it gets scattered and only some of it gets reflected
into the atmosphere from the surface of the Earth. Gases
like CO2, methane, and Nox and water vapor, comprise
less than 1% of the atmosphere. They are called
'greenhouse gases'. Human activities like decomposition
of wastes in land fields, agriculture and rice cultivation
and release of carbon dioxide during burning of fuels as
coal, oil, and natural gas also lead to an increase in
greenhouse gases.

2.3.1. Human activities

Most of the population in India is engaged in
agriculture. The agro-based activities, various land-uses,

etc., lead to rise in the levels of methane and nitrous
oxide. Industries produce greenhouse gases like
chlorofluorocarbons, whereas automobiles lead to ozone
generation. According to 5t Report of IPCC,
approximately 95 % human activities over the past 50
years led to global warming. Industrialization and
urbanization are major factors in the process.

2.3.2. Emission of CO2

Volcanic eruption is one of the most-deadly natural
disasters on the Earth’s surface. The eruption releases
carbon dioxide (CO2) in large quantities. It is also emitted
through natural processes such as respiration and
manmade activities like burning of fossil fuels. This gas
directly impacts the environment and human beings.

2.3.3. Ocean currents

71% of the Earth’s surface comprises of oceans and
water bodies. Hot and cold ocean currents flow along all
coastlines. The vast water bodies absorb the sun's
insolation twice the atmosphere. Therefore, the oceans
form a major component of the climate system.

2.3.4. Water vapor

Atmosphere is getting heated due to solar energy,
because of which the amount of water vapor is increasing
in the atmosphere day by day. Water vapor rises as the
temperature of the Earth's atmosphere rises leading to
precipitation. This cycle is very important for the smooth
functioning of the ecology on globe.

3. Discussion and results

According to scientists, global temperature will
continue increasing for few decades, due to the
greenhouse gases emitted due to human activities. It has
resulted in the loss of glaciers, rise in sea level, huge
floods, droughts, shifting of plant and animal ranges and
a change in the pattern of floral reproduction and heat
waves. Following are the impacts of climate change on
environment and human life.

It is observed from table 01 that the annual mean
temperatures of states of India have increased
considerably in all the states. Only Chhattisgarh,
Haryana, Jammu and Kashmir, Meghalaya, Orissa,
Punjab, Uttar Pradesh, Uttarakhand and West Bengal do
not show an increase. Sikkim (+0.05 o C/year) tops the
chart followed by Manipur (+0.03 o C/year) and the least
has been observed in Punjab (-0.01 o C/year). The major
reasons for the change is the increase of carbon in the
atmosphere and other greenhouse gases.

Table 02 represents that from 1901 to 2010, the
highest fluctuations are observed in Meghalaya (+14.68
mm/year) and Andaman and Nicobar (-7.77 mm/year).
The driving factors for changes in rainfall may include
changes in wind direction and wind speed, occurrences
of cyclones, changes in temperature, rate of evaporation
and alterations in the land use of the areas. The changing
trend implies that the states with high differences in
average rainfall have undergone the above conditions
and will continue to do so.
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Table 1. Mean Temperature Trends, 1901-2010 (State level annual and seasonal mean temperature trends based upon 282 surface
meteorological stations for 1951-2010. Increasing (+) and decreasing (-) trends significant at 95% level of significance are shown in
bold and marked with *’ sign)

Mean Temperature Trends in Degree Celsius Per Year

State Annual Winter Summer Monsoon Post monsoon
Andaman and Nicobar Islands +0.01* +0.01* +0.01* +0.01* +0.01*
Andhra Pradesh +0.01* +0.01* +0.01* +0.01* +0.01*
Arunachal Pradesh +0.01* +0.02* +0.01 +0.01 +0.02*
Assam +0.01* +0.01* No trend +0.01* +0.02*
Bihar +0.01* No trend No trend +0.01* +0.02*
Chhattisgarh No trend No trend -0.01 No trend +0.01
Delhi +0.01* +0.01 +0.01* +0.01 +0.02*
Goa +0.02* +0.02* +0.02* +0.02* +0.03*
Gujarat +0.01* +0.02%* +0.01 +0.01* +0.02*
Haryana No trend -0.01 No trend -0.01* +0.01
Himachal Pradesh +0.02% +0.02%* +0.01 +0.03* +0.02*
Jammu and Kashmir -0.01 No trend -0.02 -0.02 -0.02*
Jharkhand +0.01* +0.01 No trend No trend +0.02*
Karnataka +0.01* +0.01* No trend +0.01* +0.01*
Kerala +0.01* +0.01* +0.01* +0.01%* +0.01*
Lakshadweep +0.01* +0.02%* +0.02%* +0.01%* +0.01*
Madhya Pradesh +0.01* No trend No trend No trend +0.03*
Maharashtra +0.01* No trend +0.01* +0.01 +0.01*
Manipur +0.03* +0.04* +0.02% +0.02% +0.03*
Meghalaya No trend +0.01* -0.01 No trend +0.02*
Mizoram +0.01* +0.02% No trend +0.02% +0.02%
Orissa No trend No trend No trend -0.01* +0.01
Punjab -0.01* -0.02* -0.01 -0.01* No trend
Rajasthan +0.01* +0.01* No trend +0.01 +0.02*
Sikkim +0.05%* +0.05%* +0.02%* +0.05%* +0.04*
Tamil Nadu +0.02% +0.03* +0.03* +0.02% +0.02%
Tripura +0.01% +0.01* -0.01* +0.01%* +0.03*
Uttar Pradesh No trend No trend -0.01 No trend +0.01*
Uttarakhand -0.01 +0.01 -0.02 -0.02* +0.01
West Bengal No trend No trend -0.01* +0.01* +0.01*

Table 2. Average Rainfall Trends, 1901-2010 (State level annual and seasonal rainfall trends based upon 1451 rainfall stations for
1951-2010. Increasing (+) and decreasing (-) trends significant at 95% level of significance are shown in bold and marked with “*’ sign)
Mean Temperature Trends in Degree Celsius Per Year

State Annual Winter Summer Monsoon Post monsoon
Andaman and Nicobar Islands -7.77* -2.70* -0.51 -2.93 -1.35
Andhra Pradesh +1.31 +0.29 +0.35 -0.14 +0.46
Arunachal Pradesh -3.63 -0.10 No trend -2.30 -0.83
Assam -2.96 0.08 -0.56 -2.19 -0.75
Bihar +1.41 -0.06 +0.59* +1.11 +0.11
Chhattisgarh -2.03 +0.02 +0.04 -2.38 +0.06
Delhi -0.51 +0.16 +0.40* -0.32 -0.20
Goa -3.82 No trend -0.31 -2.61 +0.04
Gujarat +1.41 No trend -0.03 +1.27 -0.02
Haryana +0.45 +0.07 +0.39* -0.01 -0.23*
Himachal Pradesh -3.26 -0.18 +0.31 -2.85 -0.21
Jammu and Kashmir +2.13 +1.88* -1.07 -0.16 -0.37
Jharkhand +0.84 -0.13 +0.43 +0.44 +0.03
Karnataka -0.05 +0.10 -0.41 +0.61 +0.14
Kerala -1.43 -0.40 -1.15 -2.42 +1.68
Lakshadweep +3.22 -0.33 -0.44 +1.73 +0.83
Madhya Pradesh -1.81 -0.06 No trend -1.74 +0.03
Maharashtra -0.71 +0.04 0.15 -0.29 -0.05
Manipur +1.94 +0.10 +1.63 -0.89 +0.11
Meghalaya 14.68 +0.52% +2.25 +9.27 +2.04
Mizoram +0.33 -0.31 +2.80 +7.71 -6.19
Orissa +0.69 +0.06 +0.65* -0.23 -0.83
Punjab -2.41 +0.09 +0.22 -1.49 -0.13
Rajasthan +0.04 +0.02 +0.17* -0.09 -0.04
Sikkim -3.12 -0.12 -0.83 -1.36 -0.11
Tamil Nadu +0.80 -0.16 -0.47 -1.35*% +1.49
Tripura +0.77 +0.11 +1.73 -1.11 -0.55
Uttar Pradesh -4.42% -0.22 +0.02 -3.52*% -0.33
Uttarakhand -1.07 -0.01 +0.86 -1.45 -0.63
West Bengal +3.63* +0.16 +1.34* +1.45 +0.19
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3.1. Impact of climate change on agriculture

The increasing population has resulted in scarcity of
natural resources. Climate change has affected crop
productivity due to alterations in temperature and
rainfall. It has also caused changes in soil quality due to
which the yield of cereals will decline in India.

3.2.Impact of climate change on atmosphere

Climate change may affect health of human beings as
it increases ground-level ozone and the particulate
matter causing air pollution. Ground-level ozone results
in several health issues- diminished lung function,
increased hospitalization and fatal incidences of asthma
and premature deaths.

3.3.Impact of climate change on urbanization

India’s urban system is the second largest on globe. It
comprises of 310 million people spread across 5161
urban spaces in 2005. It is surprising to know that 5100
urban centers comprise roughly 30% of the total Indian
population which is expected to rise to 40% by 2030. It
is projected that the population of 70 urban spaces will
rise to 1 million inhabitants by 2025.

3.4.Impact of climate change on health

Climate change affects maximum particularly
children, pregnant women and old people. It is expected
that between 2030 and 2050, changing climate change
may lead to death of 2,50,000 people every year due to
problems like malnutrition, malaria, diarrhea, and heat
stroke.

3.5.Water borne diseases

Such diseases are vulnerable to climate change and
represent variations according to changes in the season.
Also, diarrheal diseases are another common occurrence
during the monsoon season. Increased variability of
rainfall as a result of climate change affect freshwater
sources on a large scale globally. It is observed that
scarcity of water has already affected 40% people all over
the Earth.

3.6.Flood borne diseases

Floods have become common all over the globe which
contaminates several freshwater resources and
increases the risk of water-borne diseases. If the
contamination is due to animal waste, it leads to
epidemics of leptospirosis, rotavirus and cholera in the
affected areas. Absence of basic sanitation is a major
factor in increasing water borne diseases.

3.7.Impact of climate change on migration

Sudden changes in climate lead to migration of people
as they become victims of droughts or floods in the rural
areas. This leads to overcrowding of the urban spaces
and related impacts are experienced. In India, a large
chunk of population is estimated to be affected by issues
related to global warming in the near future.

3.8.Impact of climate change on poor and the
vulnerable people

Climate and weather have a direct and indirect
relationship with mankind. Vulnerable and poor
populations are mostly affected by climate change due to
higher food prices, loss of income, water scarcity,
declining health and forced outmigration. The slum
dwellers and other migrants and poor who generally
live-in vulnerable areas like the riverbeds, flood plains,
hill slopes will be extremely affected.

3.9.Impact of climate change on food supply

Temperature is the main component of climate
change. Rising temperature and uneven precipitation are
responsible to decrease the production of staple crops.
Ultimately it will increase the prevalence of malnutrition
and under nutrition in most of the country.

3.10. Impact of climate change on transportation

Transportation is very important to human life. Due
to disasters like storms, floods, cyclones, coastal flooding,
etc., a great damage is caused to the infrastructure of the
affected area. The carbon emission in India has always
remained very high except the current year 2020 which
may be due to the Coronavirus driven lockdown which
has reduced the transportation and industrial activities
to the minimum in the country.

3.11 Impact of climate change on economy

The World Bank estimates a loss of about 2% in
National Gross Domestic Product of the country. It is a
result of shortage of clean water and the damage caused
to the sectors like agriculture and fisheries, tourism and
energy. Therefore, it can be said that when the health is
affected, the economy is also affected.

3.12. Impact of climate change on coastal area

According to Aggarwal and Lal, the Indian coast is
predicted to undergo a rise in sea level between 30 and
80 cm over the next century. If timely measures are not
taken, then, the people living in coastal areas may get
affected badly. The coastal cities of Mumbai, Kolkata and
Chennai are at an average elevation of 2-10 meters and
lie in the Low Elevation Coastal Zone (LECZ) category.
Hence, they are most likely to suffer from flooding.

4. Conclusion

From the above, it can be concluded that, in the Indian
continent, there has been an increase in the annual mean
temperature during the last century. The predicted
climate change reveals that the country will experience
disastrous events that will enormously impact human
life. It must be agreed that the climate is changing and it
will surely lead to detrimental impacts Therefore,
thinking about measures for mitigation and adaptation,
both is equally important. Same is the case with
developed nations who are trying hard to cope with the
challenges posed by changing climate. However, with a
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very large and diverse population, India needs to put
more efforts to counter the impacts.

5. Recommendations

Taking into consideration the increasingly changing
climate, following are the recommendations to reduce
the impact on human race.

Boosting health care services

Controlling the growth of vector

Spreading awareness about health insurance
Higher investment and greater research in
climate change

Undertaking health risk assessment studies
Vulnerability mapping using GIS

Establishment of baseline conditions

Scenario modeling
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Disaster Within the scope of this study; post-disaster assembly areas in Merkez district of the Usak
Post-Disaster province in Turkey, criteria for determining these areas, sizes of the areas, and compliance
Geographical conditions with the specified standards, would be evaluated. Besides, the distribution of post-

Information Systems
Disaster Response
Planning

disaster assembly areas would be evaluated, and the maps prepared by using Geographical
Information Systems (GIS). This study indicates that the assembly areas in Merkez/Usak are
not sufficient, especially in the populous neighborhood, and many of them have infrastructure
problems. The distribution of the areas is also another problem in different neighborhoods

from different reasons. The analysis made through the GIS also showed that the distribution
of assembly areas is not homogenous in terms of accessibility.

1. Introduction

Turkey’s Earthquake Regions Map, which was
entered into force in 1996, was updated by AFAD in 2018
and entered into force on 1 January 2019 under the name
of Earthquake Hazard Map of Turkey. In Figure 1,
Earthquake Hazard Map of Turkey was adapted and the
condition of Usak province indicated. According to the
information from Turkey’s Earthquake Regions Map,
Usak province was located in the second-degree
earthquake zone, except the Esme district. Esme district,
was located in the first-degree earthquake zone. In
Earthquake Hazard Map of Turkey, more detailed data is
used instead of this degree system, and the concept of
earthquake zone is no longer used. “ The new map is
prepared with much more detailed data taking into
account the most recent earthquake source parameters,
earthquake catalogs and new generation mathematical
methods. Unlike the previous map, the new map shows
the peak ground acceleration values rather than
earthquake zones and replaces the ‘earthquake zone’
concept.” (AFAD, 2019d).

EARTHQUAKE HAZARD MAP OF TURKEY \
N

Figure 1. Earthquake Hazard Map of Turkey and the
Condition of Usak Province. (Adapted from the
Earthquake Hazard Map of Turkey). (AFAD, 20194d).

2. Post-disaster assembly areas

Such criteria have included in many national and
international research and studies. For example, “The
Study on A Disaster Prevention/Mitigation Basic Plan in
Istanbul including Seismic Microzonation in the Republic
of Turkey” final report is prepared by the Istanbul
Metropolitan ~ Municipality = (IMM) and Japan
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International Cooperation Agency (JICA) in 2002. In this
report, under the title of Parks and Open Space
Availability for Primary Safety Evacuation of Residents, a
new urban disaster emergency evacuation system has
recommended. The recommended evacuation system
consists of two phases. The first one is called as Primary
Evacuation Areas and constitutes the post-disaster
assembly areas. The latter is called Regional Evacuation
Areas and functions as shelter areas and tent villages. In
the report, both phases have been explained, and the
criteria for their determination have been included also.
Within the Primary Evacuation Areas part of the chapter,
the report also stated how much area per person should
be. According to the report, for all citizens and residents
in the area, the gross minimum area should be
determined as 1.5 m? per capita. The report also states
that the evacuation area should be selected from
publicly-owned lands. (Tezcan et al, 2021; Zhu et al,,
2016; JICA and IMM, 2002).

In another study, which examined the factors related
to the planning of post-disaster assembly areas and
shelter areas, it was stated that five criteria should be
considered when determining the assembly areas. In the
accessibility criterion, it is emphasized that the assembly
areas should be accessed by every individual easily. The
connection with the road axis is determined as the
second criterion by this study. In the criteria for
availability and multi-functionality, some of the areas
that may be recommended as assembly areas are given
as an example, and some examples from active and
passive green areas are presented. Within the scope of
this criterion, the requirement that the area should not
be smaller than 500 m? comes to the forefront. In the
context of ownership, as indicated in the report on
Istanbul as well, it is stated that publicly-owned lands
should be preferred as a priority. The study includes the
area sizes in the last criteria, and provides several
examples from other studies, in addition to the JICA and
IMM report which determined the minimum areas as 1.5
m? per capita. For example, in another study, it is stated
that the area should be determined based on building
block, and it is recommended that it should be specified
as 2 m? minimum as well. (Asikkutlu et al. 2021; Cinar et
al. 2018; Xu et al. 2016).

3. Assessment of post-disaster assembly areasin
Merkez district of Usak province

In the JICA and IMM report, the gross minimum area
per capita was indicated as 1.5 m?. The area per capita
standard that would be taken into consideration in this
study would be 1.5 m? per capita, as in the report. In the
scope of this study, assembly areas will be evaluated in
the neighborhoods of the Merkez district. The population
data was obtained from the TurkStat address-based
population registration data for 2018. The names,
addresses, status of the infrastructure and
superstructure, and area sizes of the assembly areas
were reached through the Usak Provincial Disaster and
Emergency Directorate and via e-Government.
Accordingly, the infrastructure status, which is one of the
seven criteria indicated by AFAD, would be examined as
well. Then, the capacities of the areas were calculated,

and it was identified which assembly area could serve a
population of how many during an emergency. The size
of the area per capita in each neighborhood was
calculated. Lastly, it was indicated whether the size of the
area per capita in compliance with the standards or not.
A total of 43 determined assembly areas in 28
neighborhoods of Merkez district have listed. 11 of these
28 neighborhoods do not have any assembly areas.
According to inquiries via e-Government, when you click
on any area in these neighborhoods, the three assembly
areas thatare closest to thatarea are listed and shown on
the map. When we analyze the neighborhoods that have
assembly areas in the context of area per capita, 9 of them
are not in compliance with the standards (calculations
made according to the specified 1,5 m? standard).
Kemal6z neighborhood, which has the most population,
meets the standards in this context as its area per capita
is 2.9 m? After Kemaldz, the two most populated
neighborhoods are  Cumhuriyet and  Atatiirk
neighborhoods, respectively. Both of them are below the
accepted 1.5 m? standard. The area per capita in these
populous neighborhoods are quite less, and there are
also the less populous neighborhoods that have less than
1 m? assembly area per capita. Besides, some
neighborhoods are well above the standard, so the areas
could be used by their immediate vicinity as well.
Another criterion to be considered when
determining the area is ownership. When we look at the
Central District of Usak, all assembly areas consist of
parks and picnic areas and are all public ownership.
According to the information obtained from Provincial
Disaster and Emergency Directorate, all assembly areas
in Usak province is composed of public ownership areas,
and no expropriation has been mentioned.
Another criterion is the infrastructure status and
whether it is capable of satisfying the basic needs or not.
In this context, the status of the electricity, water, and
sewer system of the areas was examined. Water
infrastructure in four of the 43 assembly areas is not
capable of satisfying the needs. At the same time, in all of
these four parks, the sewer system is not suitable as well.
The only park where electricity infrastructure is not
suitable is Halil Kaya Gedik Park in Fatih neighborhood.
The biggest problem, in terms of infrastructure, is the
issue of the sewer system, 23 of the 43 assembly areas
are not capable of satisfying the sewerage related needs.
In fact, sewage infrastructure is not suitable in all
assembly areas in Aybey, Durak, Fevzi Cakmak, Isik, and
Islice neighborhoods.

4. Examination of the distrubution of post-disaster
assembly areas with GIS

In this study, the distribution of the assembly areas
in Merkez district has examined by using the coordinates
obtained from Usak Provincial Disaster and Emergency
Directorate. The study examined the distribution of the
areas in the district by using neighborhood boundaries
and satellite image. Using coordinate information, the
locations of the areas have marked, and the distribution
of the areas on central neighborhoods has shown with
ArcMap 10.6. Figure 2 shows the locations and
distribution of 43 areas according to the neighborhoods.
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Assembly areas that are near to the center have
more densely located, and their numbers and frequency
decrease as they move away from the center. The areas
thatare far from the center comprise the areas, which are
generally larger and have a use as a picnic area. Towards
the center, the parks, which are smaller and have the
characteristics of neighborhood parks, are located as an
assembly area. Especially as you move away from the
center, the number of easily accessible areas is not much.
However, some of the areas that are easily accessible and
too close to the buildings have some safety concerns such
as the collapse of buildings during an emergency.

The densities of the assembly areas are shown in
Figure 2, according to their distribution and area sizes.
The Kernel Density map prepared in ArcGIS with Kernel
Density tool by using the point features of the assembly
areas. “The Kernel Density tool calculates the density of
features in a neighborhood around those features. It can
be calculated for both point and line features.” (Esri n.d.).
As is seen from the kernel density map and the
information so far, high-density areas are the large-sized
assembly areas far from the center. Even though the
number of areas is more in the center, their sizes are not
even close to the ones with the highest density areas.

Another analysis in ArcGIS has made using the
Multiple Ring Buffer tool. This tool creates multiple
buffers around the input with specified distances. So in
this study, the distances specified as 100, 300, and 500
meters around the assembly areas. Accessibility to the
areas easily by each individual is crucial during an
emergency. So, the walking should be 500 meters or less.
(Aksoy et al. 2009; Cinar et al. 2018; Sentiirk 2017;
Tarabanis and Tsionas 1999). In that case, Figure 3
shows that they are not sufficient even in central
neighborhoods, in terms of accessibility. The distances of
100 and 300 meters from the assembly areas could serve
a very small area in each neighborhood. Even the
maximum distance of 500 meters could not serve the
whole neighborhoods. So, in emergency, the areas are not
in the easily accessible distance for many individuals.

Acknowledgement

Assembly areas are of vital importance during the
first 12-24 hour period after the disaster. Therefore, its
role in disaster management and planning is quite much.
In the event of a disaster, it is very crucial to reach the
people who are exposed to the disaster to the assembly
areas in the shortest time possible. Therefore, the
capacity should be sufficient to serve all citizens.
Although areas that are large and capable of serving
many people are considered as favorable, the main point
is the determination of building block scale and
neighborhood-scale assembly areas that can serve each
settlement. Easily accessible assembly areas would be
lifesaving during a disaster, especially by raising public
awareness about the areas beforehand. There should not
be any problems in terms of infrastructure and
superstructure in the assembly areas, and the areas
should be in good condition to respond to the vital needs
of the disaster victims. All of this is very valuable in the
event of a possible disaster.
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In this study, the compliance with the standards of
the assembly areas in Merkez/Usak has examined, and
the distribution of these areas has also evaluated by
using GIS. All 43 assembly areas determined in the
district are located in the central neighborhoods, and
some of these areas are not sufficient, especially in the
populous neighborhoods. While 11 of the 28
neighborhoods do not have any assembly area, area per
capita is below the accepted standard in 9 of the 17
neighborhoods which have an assembly area. Besides,
most of the assembly areas have infrastructure
problems, especially in sewage infrastructure. In respect
of the distribution of areas, while there is a more
homogeneous distribution in some neighborhoods, there
are problems, especially in neighborhoods where single
and larger areas are determined as assembly areas. So,
this distribution causes trouble in terms of accessibility
to assembly areas. Also, the safety concerns such as
collapse of buildings should be considered besides the
accessibility. In the event of a disaster, accessibility to
those areas in a safe way would be as important as the
sufficiency of the areas. For this reason, easy-to-access
areas that can respond to smaller settlements on the
building block scale and neighborhood-scale should be
determined as assembly areas. The deficiencies in the
assembly areas need to be corrected, and new assembly
areas need to be determined in the neighborhoods where
the areas are not sufficient. With GIS, the analysis and use
of spatial and non-spatial data could be achieved easily.
That’s why it would be very advantageous using GIS to
identify deficiencies of the assembly areas and to
determine the new areas.
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1. Introduction

ABSTRACT

Creating detailed 3D building models with independent sections presents some challenging
obstacles, including the gathering and managing of massive 2D and 3D datasets. In order to
solve the problems that arise during the evaluation and management of real estate taxation, it
is necessary to investigate what kind of advantages 3D systems can offer. Most part of the
datasets to be used are not available directly (e.g. architectural plan, building models etc.). It
is aimed to develop methods for saving time and standardizing by providing automations in
the process of making these data available. It is aimed to develop a feasible, cost-effective
approach that balances performance and quality in the subject-specific 3D model production
process. Rule-based modelling was preferred as a 3D modelling method. With this modelling
approach, necessary coding has been made in CGA language for producing 3D models. Thus,
3D models can be produced automatically with independent sections regardless of the
number of buildings. The relational database was transferred with City Engine, a procedural
3D modelling program, with CGA codes prepared. Afterwards, 2D geometries of buildings and
building independent sections were arranged in GIS program and associated with attribute
data including real estate tax parameters and other GIS attributes.

can support mass computation of net area and
consequently facilitate taxations of properties (Isikdag et

A 3D city model is by definition a three-dimensional
graphic image capable of translating real city objects, like
buildings or urban furniture, into a virtual scene (Catita
etal, 2014). The use of geoinformation for enabling and
facilitating smart city environments covers a wide range
of fields including 3D modelling (Isikdag, 2020).

Compared with 2D, 3D GIS describes the objective
world in a more realistic way, and shows geospatial
phenomena to users via 3D modelling technology (Zhang
et al, 2014). Incorporating 3D models into the land
development industry addresses such challenges by
providing data that better describes land and buildings in
3D (Kalantari and Nechifor, 2017). In the transformation
from 2D GIS to 3D GIS, a great number of 3D datasets
(e.g., city models) become necessary (Atila et al., 2013).
3D GIS would be a good solution for the representation,
registration, and management of different legal
information associated to cadastral location (Hajji et al.,
2021). Isikdag et al.,, 2014 stated that 3D representations

al, 2014). There will be positive impacts of the 3D
cadastre as it is supportive of the land market for a larger
number of land objects and so increases in the real estate
contribution to GDP are anticipated (Griffith-Charlesand
and Sutherland, 2013).

The objective of this paper was to enable GIS, 3D and
real estate tax evaluation integration by creating 3D
models for buildings with separate floors and
independent sections. The term ‘independent section’
here corresponds to a section, which is separated from
other sections by walls or other partitions and has its
own title deed or certificate of ownership. In other
words, a section, which is individually managed, sold or
bought, is considered to be an independent section. This
division is complicated and can be changeable, according
to the different functions and architectural plans of the
building. Large numbers of independent sections may
exist on a floor, a floor may be a completely independent
section, or the whole building may be one independent
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section. GIS based procedural 3D modelling method is
used for creating building models with independent
sections including real estate tax evaluation parameters.
It is seen that this method is an efficient and cost-
effective approach for purpose of study. With this paper,
we plan to help solving these scientific problems.
Investigating the advantages of 3D systems to detect
greatand minor errors and ensuring compliance with the
principle of transparency that arise during the evaluation
and management of real estate taxation. Conducting
comprehensive research on 3D model production
methods, detail levels of models and other parameters
that can be used in real estate tax management.
Developing an applicable, cost-effective approach that
balances performance and quality in the subject-specific
3D model production process. Since the vast majority of
data sets to be used cannot be used directly (e.g.
architectural plan, etc.), developing methods for saving
time and standardization by providing automation in the
process of making these datasets available. Analyzing the
cost-benefit analysis, efficiency and evaluating the result
effects of 3D systems carried out for these purposes

2. Method

Workflow of whole system is shown at Figure 1. When
the methods are considered in detail, hierarchical
processing sequences were designed and implemented.
Geodatabase was designed in GIS software ArcGIS.
Related GIS attribute files about real estate tax
determination were linked with main GIS geodatabase
after preparation of UML schema shown at figure 2. Next
step was applying real estate tax calculations with
related parameters. CGA language was used for the
purpose of procedural 3D modelling and each
independent section of the building models was created.
Attribute files related to these independent sections
were then connected with the 3D model geometries. The
independent sections were linked with the related
attribute GIS files which included tabular data within
footprints of sections. In the following stage, rule-based
parameters and codes were created to extrude
independent sections. These codes were created using
CGA language, and GIS-based 3D models were generated
via City Engine software. Orthoimagery was posed with
the 3D land surface containing 3D models of the ground
surface. For these operations, data such as orthoimagery
and DEM are first prepared / arranged in the GIS
program. In order to perform these operations in the City
Engine program, orthoimagery and DEM are directly
matched in places where there are no buildings. In places
where there are buildings, with the "rule" file we
prepared for the City Engine program, Orthoimagery
parts corresponding to the roof of the buildings are
assigned to the roof as "texture". Thus, image matching
to the roof could be done automatically over a single
orthoimagery without the orthoimagery breaking down.
This 3D approach to model creation was applied to 121
buildings and 1814 independent sections related to
them. The details of methodology and study is explained
briefly in following section with case study.

Methodolgy Flowchart Diagram for Creating 3d Real Estate System
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Figure 1. Methodology workflow diagram
2.1. Tax evaluation parameters

In order to generate the real estate tax values on the
models produced in the study make the determination
and tracking of tax values more accurate, current,
transparent and fair we have investigated the real estate
tax criteria applied in our country and in the world.
During the research and determination of coefficients,
we were in constant contact with the local government to
think contrary to current practices. There are different
and contradictory practices in our country regarding the
determination of real estate tax rates. Although the
coefficients and scoring differ according to the countries,
similar parameters are generally used and these
parameters and coefficients can be updated according to
the need. These determined parameters and real estate
tax value calculation formula is presented below.

a: General fair value on street basis

[3: Material of the building (quality of building)

Bk: Building material coefficient

0: Age of the building

0k: Age coefficient

¢: Construction area of building

@k: Area coefficient

w: Function of independent section (shop, flat,
apartment etc.)

wk: Function coefficient

U: Floor number of independent section (height from
street)

Yk: Floor number coefficient

A: Independent section real estate tax

11
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2.2. Case study
2.2.1. Data preparation

This stage of study was the main part of job before 3D
model creation. First step was matching and aligning
floor plans and building footprints with ArcGIS software.
Study area is located at Trabzon / Turkey. At the end of
study final 3D models will be in 2 parts such as
independent section 3D models and building exterior 3D
models with facades. If these raw datasets were not
aligned, final models will seem horizontally shifted. GIS
data obtained from municipality includes too many
essential GIS attributes but some part was relevant for
our study and some part was not. Figure 2 shows a screen
of raw data processing and gathering necessary data for
model creation. Other side there was some non-standard
attribute data and we corrected them. We have collected
building facades from 4 sides (aspects) of buildings.
Facades of buildings were stored in jpeg format and
named in folder building number_aspect, i.e.
building_1001_north. These specially named facades will
be automatically matched with related building exteriors
with the help of CGA code and name of files.

d

Figure 2. Data preparation stages

2.2.2. Extrusion of building independent sections in
City Engine

After these three parameters were matched, the CGA
rule was redesigned for the recognition of these height
parameters. All the independent sections of the whole
building from ground to roof were 3D extruded via City
Engine (Figure 3). In Trabzon, 121 different buildings
and 1814 related independent sections were modelled in
3D via procedural modelling. In addition to the 3D
models of the independent sections, building facade
models were created by taking photographs of the
building fagades in the field. The GIS information for
these models was obtained from the local government
and was associated with the relevant models in the
database. General views of the 3D building models are
shown in Figure 3.

3. Results

The procedural modelling method has proven to be
suitable for studies conducted at the neighborhood,
district or city scale level. First, its integration of GIS data
into the system has advantages over other methods. In
the case of a 3D model of a single building, software like
3d Max and SketchUp become advantageous because

knowledge of professional 3D modelling is not required,
and thus, there is no need for preliminary studies in the
procedural modelling method. These systems are
desirable for small projects; however, if the number of
buildings subject to 3D modelling is overly numerous, the
correct choice would be procedural modelling. As the
number of buildings increases, the procedural modelling
method makes a significant difference in the total
number of iterations, i.e., the number of 3D models
produced over time, the accuracy of the study, the details
of the models, the total number of polygons within the
model, etc. If the architectural plans used for modelling
are in the form of precise CAD data and the buildings are
produced in accordance with the plans, the produced 3D
models will have high accuracy. On the other hand, if the
data used is scanned raster data, like that which is
currently stored in most of the local administrative
systems, then the accuracy will be slightly reduced.

o
N

T assay

Figure 3. General view of created 3D building models

With the help of GIS based procedural 3D modelling
technique, 3D visualizations can be made quickly in the
system. In figure 4, 3D visualization of real estate taxes
was made according to the square meter unit value. This
visualization can definitely be done with normal
modelling approaches, but thanks to procedural
modelling, this visualization can be done very quickly
with attribute data. For this purpose, we have created a
colour ramp for real estate tax values and set RGB colour
codes as attribute. CGA can directly visualize the colour
due to attribute.

a- General view of tax value visualisation

b- Isolated view of tax value visualisation
Figure 4. 3D visualization of real estate square meter
unit value

Another visual output that may be produced quickly
in the system is the 3D visualization of taxpayers who
paid and did not pay the property tax in the past years. In
order to make this visualization, the visualization shown
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in figure 10 was made by using the attribute information
in the database. For this purpose, we have created a color
ramp for real estate tax payer and non-payers by setting
RGB color codes as attribute. CGA can directly visualize
the color due to attribute. Light green means taxpayer
has no loan and dark green means taxpayer has one or
two year tax loan. Shades of red means related taxpayers
has more than two year accumulated loan.

Figure 5. 3D visualization of paying and non-paying
taxpayers

4. Conclusion

Results indicated that the procedural modelling is an
efficient approach for creating the core features of 3D
building components for 3D city models. Using 3D
models produced in this study, 3D visualization of
property tax values calculated by mass appraisal method
could be made practically via GIS attribute information
recently prepared by municipality technical works office.
All the 3D models and GIS files can also be shared with
citizens due to permission of administrator at local
authority.  System  brings  transparency  and
accountability for local government studies. In study, 2”
cases were found most useful cases. Firstis colouring the
independent sections and buildings due to update tax
values. Second is colouring same objects due to payment
status of taxes. With the help of parametric modelling
users are able to make these visualizations and queries
in a few seconds. Now this system is at evaluation and
informing platform however the model may be a decision
support system in recent future.

The system brings speed and flexibility to 3D
modelling studies. One rule can be used for modelling
many buildings, thus making the system fast. In addition,
applying any changes to the 3D models for any possible

scenario is easy, as the system provides an adaptable
environment. This flexibility works in terms of changing
3D models in an automatic system for integration with
other formats such as City GML and COLLADA. This study
has shown that 3D modelling provides easy
understanding and functionality for taxation
applications with the help of visualization. Users can
easily query tax values in 3D and get access about
detailed GIS information related with the independent
section.
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Keywords ABSTRACT

Remote sensing The present study addresses the status of forest land cover mapping and analytical findings of
GIS practical conservation for sustainable development of forested area. Remote sensing and GIS
Land use technique are known for reminders special analysis. Chandoli forest area presented the

Land cover
Forest

biodiversity and it is essential for ecosystem. There is tropical evergreen, moist deciduous
forests. It is including in Sahyadri tiger reserve. The study highlighted those forests are has

degraded in small scale but it is the problem for sustainable ecosystem in this National Park
Forest area. There should be some remedies for controlling the degradation by road network
and settlement due to human activities. Forest cover in the world is 31%, where as in India
have 24.56%, 16.50 % in Maharashtra State, 23.19 % in Kolhapur District and Shahuwadi

tehsil is acquired 23.38%.

1. Introduction

Forest ecosystem plays very important role in global
ecological balance and natural environment. Forest
provides a valuable timber for domestic and commercial
use many industries like paper mills, mat making,
plywood, sports goods and furniture at directly based on
raw materials derived from forest. Forest employment to
about 4 million people to earn their livelihood in forest-
based applications. Forest as the treasures of earth have
as much important as they satisfy needs of the living
beings and because of their significant role in the
environmental harmony.

Recent decades the problem of deforestation in world
had raised considerable international in interest due to
the industrial revolution as well as human activities. The
rapid development of GIS and remote sensing techniques
have provided a reliable effective and practical way to
characterized terrestrial ecosystem properties and used
in planning for sustainable development as well as
conservation of natural resources. According to United
Nations study about forest, the total area of the world in
1900 was nearly 7000 million hectares and by 1975 it
was reduced to 2890 million hectares. In the context of

India according to recent state of the forest report the
forest cover in India is 67.5 million hectors and it
constitutes 20.5 percent of geographical area
represented by 41.68 million hectares of dense forest
and 25.87 million hectares an open forest. The
biodiversity is essential for ecosystem that is present in
the Chandoli forest. There are most of the floras and
fauna recent plays a vital role in the forest ecosystem.
Due to the human activities, there are fundamentally
attaining the diversity of live and resulted in measure
theory of species are currently declining.

2. Method

Satellite imagery of IRS of 1999 and 2015 satellite
data have imported in address imagine software and
Geo-rectified with image-to-image registration using
UTM wgs84 projection the satellite data for land use and
land cover are GIS software or have used for processing
analysis and integration of spatial data simple statistical
methods have used for data analysis cartographic
technique used to draw the diagram.

Papers prepared in accordance with the principles of
writing and approved by the review board are published.
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2.1.Research objectives

1. To assess the land use and land cover pattern of the
study region.
2. To assess the changes in forest cover.

2.2. Study area

The study area is northern part of Kolhapur district.
Itis lies between 170 00°00” to 17017’ 00” North latitude
and 73°41’ 33” to 73° 53’ 30” East longitude. It is located
entire in the Western Ghat. The study region covers
about 317 square km of geographical area the average
height of above mean sea level from 600 to 800 m it is
comprises Northern Sahyadri mountainous region in
Shahuwadi tehsil. It consists a semi evergreen an
evergreen vegetation mixed with grassland 50
supporting to the variety of endemic plant and animal
species Nearly 23 species of mammals, 122 species of
birds, 20 species of amphibians and reptiles are known
to be resident in the forest. Chandoli the total population
is 1939 according to 2011 census.

Geographical location of the Shahuwadi tehsil lies
between 160 54’ 36” North and 739 56’ 46” East
longitude. Total area of the Shahuwadi tehsil is 104352
Sq. Hectors covered in 145 villages. According to the
census of 2011 population of the Shahuwadi Tehsil was
1,85,661.

3. Discussion and results

The land use, land cover pattern shows that current
utilization of land resources. India being one of the
important countries for utilization of natural resources
like land, soil, water and climatic conditions etc. India has
experienced the utilization pattern of natural resources
and land use pattern varies from place to place as well as
state to state. Chandoli National Park is the most
important for the research of forest cover and its current
status. After creating the layer and its processing we have
analyzed following results. Land-use of a region is a
combined result of the natural set up and human
dynamism within socio economic set up and
technological development. Land-use context in a special
context is essential to understand regional zone of the

areas of optimum land-use degraded areas etc. The use of
land constitutes a major item in national planning and
this is especially in India.
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Figure 1. Location of Chandoli National Park (Source:
Based on SRTM Data)

Table 1 shows that the land use and land cover
pattern of Chandoli National.

Table 1. Chandoli National Park: LU/LC Pattern (1999 -
2015)

Year 1999 Year 2015
Name Change
of in
Class Area Area Area Area  percent
in H. in % in H. in%
Forest 9479 7503 7985 7076 -6.18
Cover
Agri- 43637 12 17557 155 392
Land
Barren 53191 647 120008 1062  63.96
Land
Water 195835 1644 181684 1607  -2.24
Body
Built
up 9396  0.83 12210 1.08  29.94
Land
Total
1129959 100 11299.59 100
Area

Figure 2 and 3 reveal that, what type of land use and
land cover pattern existing in the study region. The
maximum proportion of the land cover presented from
forest cover and minimum proportion is represented
from the built-up land. Near about 70 per cent of the area
occupied by forest during the year 1999 and it is reduced
in the year 2015 and presented only 70.66 percent. It is
reduced by 6.18 percent during this period. The area
under water body has slightly decreased from 16.44 per
centin 1999 to 16.07 per cent in 2015. It is decreased by
2. 24 percent. Area under Barren land has increased by
468 hectors, it was 6.47 percent in 1999 and 10.62
percent in the year of 2015. In the year 1999 the area
under agriculture was 1.2 percent. It is also increased in
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year 2015 (1.5 5 per cent), it is increased by 39 percent.
Area under built up land was 93.96 sq. ha (0.83 per cent)
and 122.8 sq. ha (1.08 per cent) in the year 2015.

(Chandoli National Park: LULC {1999-2015)
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Figure 2. Chandoli National Park: LU/LC Pattern (1999 -
2015)

Figure 3. Map of Chandoli National Park: LU/LC Pattern
(1999 -2015)

} CHANDOLI NATIONAL PARK: LULC 1999 N

LEGEND
| [ e
T v
[ woent
| | oD
[ e

UL S Bl
- — —

[ CHANDOLI NATIONAL PARK: LULC 2015)

3.1.Degradation factors analysis

Present study indicates that, there are two factors
also affected to degradation of forest area which are
settlements and road network. We have prepared the
map of buffer zone about settlements and road network
which are affects to natural vegetation. There are more
road network affects to forest less than settlements. We
have created five buffer zones by 100-meter scale. Most
of the area covered by cart road with is also affected to
the natural vegetation and wildlife; it is the best method
for environmental conservation and its management in
the ecosystem Eco sensitive zone.

Figure 4. Buffer Zones of Road Network and Settlements
(Source: Based on SRTM Data)
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4. Conclusion

Chandoli forest are experienced and slightly
degradation in the proportion of the forest area. The
study has reveals, there are more than 70 percent land is
occupied by forest land due to heavy rainfall and
physiographic condition. The study area presented the
Barren land increased by 63% due to the deforestation
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existing in that area. There is agricultural land is
increased with less rate, due to the growth of population
and people are interested to practice of agricultural in
this area. Study area experienced the increasing pattern
in built up land due to the increasing population. Water
bodies of the area are slightly decreased. Most
degradation factors affect the forest land such as road
network and settlements. The Chandoli national parks
should be establishment of a forestation in a barren land
and hill slopes. The human activities such as
deforestation, grazing of livestock should be avoided in
this area. Present study has highlighted that most
advanced technique that is remote sensing and GIS
provide a powerful tool for mapping and detecting
changes current studies in forest distribution.

5. Recommendations

Following steps should be taken for conservation of
forest.

1.Regulated and planned cutting of forest.
2.Reforestation

3.Check over forest clearance for agricultural purposes.
4.Proper utilization of forest product.
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ABSTRACT

Flood inundation maps, which can be created using satellite images, offer useful information
for flood risk preparation, control, communication, response, and mitigation during a disaster.
This study discusses the Chamoli disaster, which occurred on February 7, 2021 in Uttarakhand
state, India using Sentinel-1 data acquired pre, during, and post the flood to understand its
impact on the region. This study also describes an automated flood inundation mapping
method based on Sentinel-1 synthetic aperture radar (SAR) data using Google Earth Engine
(GEE) platform. In this study, the backscattered product of SAR images after pre-processing
from the GEE platform was used. For validation approaches both direct (field data) and
indirect (secondary data) is used. Secondary data include optical Remote sensing images from
the Sentinel-2 satellite, which were used in the study. For Sentinel-2 data processing ArcGIS
has been used. The field data were obtained at different flood-affected areas on different time
scales. To summarize, study results from Sentinel-1 SAR data using GEE can be a valuable
method for monitoring flood inundation areas during a disaster, as well as enhancing existing
efforts to save lives and livelihoods of populations, as well as safeguard facilities and

industries.

1. Introduction

Floods are most often caused by hurricanes and
torrential rain, or by flooding streams, rivers, or oceans;
this form of natural disaster is one of the most common,
affecting almost every demographic and region on Earth.
Floods, since they are such diverse disasters, provide
emergency planners with a vast range of perspectives.
During a crisis, the immediate concern is for human life
and the resources required to provide emergency
service. The Floods Directive of the European Union (EU)
describes a flood as the temporary covering of ground by
water that is not usually flooded by water. During the
monsoon season, heavy river drainage triggers extensive
flooding. River flooding is a common natural occurrence
that happens when a river catchment absorbs more
water than it can handle due to runoff, melting snow, or
ice . Floods will damage bridges and homes, destroy
power grids, and even cut off parts of towns or rural
communities from the first responders that need to
access them Long-term worries about severe floods
depend on structural damage; food is often the most

serious problem since crops are lost and livestock
drowns in major flood disasters.

Every disaster occurrence (floods, earthquakes, and
cyclones) causes changes in the geometric, dielectric, or
both properties of sensing materials, which can be easily
tracked using SAR backscatter. The SAR backscatter from
flood-affected areas differs from that of non-flooded
areas, allowing for precise flood mapping. Several studies
have been conducted to explore the effective use of SAR
data in flood mapping.

Users with a cloud-based framework, such as Google
Earth Engine (GEE), can retrieve and process large
amounts of Sentinel-1 data directly in the cloud, rather
than downloading and processing it locally. Data
processing is done in parallel on Google's computing
infrastructure, which greatly increases processing speed
and opens up new possibilities for end users. In recent
years, the GEE cloud technology has seen widespread use
in a variety of remote sensing applications. Several
studies make use of time-series EO data from the GEE
catalog for a variety of operational purposes, including
urban development mapping, global forest transition,
global forest watch, and global surface water explorer.
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The GEE platform has several benefits, including the
inclusion of multitemporal EO datasets, a parallel
processing architecture, and the potential to handle large
datasets efficiently. All of the evidence mentioned above
indicate that the cloud-based rapid flood mapping
solution must be publicly accessible, effective, reliable,
and user-friendly to stakeholders and decision-makers.

In this study, flood-affected areas were mapped using
Sentinel-1 SAR images and a processing chain in the GEE
cloud platform. The GEE is efficient in data handling,
simple to implement with few user inputs, has a short
processing time, is scalable to larger spatial extent flood
mapping, and is universally applicable. GEE is evaluated
in this study on the major flood event of Chamoli district,
Uttarakhand state, India, on February 7, 2021. Finally, we
use Sentinel-1 SAR images to generate operational high
resolution flood maps.

2. Study area and datasets

2.1 Study area

The study area selected for this research work is a
Chamoli district, which is the second largest district of
Uttarakhand state of India and the location map of the
study area is shown in the Fig. 1. Gopeshwar is the
district's administrative headquarters. Chamoli district
geographically located between 792 15' 00" E to 802 00’
00" E Longitude and 292 15' 00" N and 312 00' 00 N
Latitude and falls in Survey of India toposheet numbers
53 0, M and N. The district has a geographical area of
7,604 square kilometers. The district's elevation ranges
from 800-8000 m. The climate of the districtis influenced
by altitude. From November to March is the winter
season. The district has a total population of 391,605,
with male and female populations of 193,991 and
197,614, respectively. The population density is 49
people per square kilometer, and the gender ratio is
1000:1019. The national literacy rate is 82.65%, with
male and female literacy rates of 93.40 and 72.32
percent, respectively.
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Figure 1. Location map of the study area

2.2 Datasets

For mapping the Chamoli flood event, both SAR and
optical images are used. The available Sentinel-1 SAR
images from pre, during, and post is used for flood
mapping. Sentinel-1 Ground Range Detected (GRD)
images collected from the GEE platform are already
terrain-corrected c%images with a pixel scale of 10 x 10
m. To validate the results, Sentinel-2 optical images that
are freely available from USGS Website are used. The
Sentinel-2 image acquired pre and during the flood i.e.,
on 31 Jun 2021 and 10 Feb 2021 was used. The spatial
resolution of Sentinel-2 optical images is 10m. In
addition to these imaging satellite datasets, global
surface water data and DEM, World Wildlife Fund
(WWF) Hydro SHEDS data are fetched into the GEE
platform for a better understanding of the area's flooding
events. Global surface water data and WWF Hydro
SHEDS have spatial resolutions of 30 m and 3 arc sec,
respectively, and a detailed description of these datasets
can be found in the Earth Engine Data Catalog.

3.Methodology

As it works on a parallel processing architecture, the
GEE cloud platform can excellently perform various tasks
ranging from data retrieval to flood mapping in a
systematic way. The flood mapping processing chain is
divided into 4 stages, i.e., 1) Sentinel-1 Data Collection, 2)
Metadata Filtering, 3) Permanent Water Body Mask
Creation and 4) Flood mapping using GEE. Figure 3
shows the conceptual structure of the proposed
processing chain for flood mapping using Sentinel-1 with
GEE.
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Figure 2. (a) Image captured pre-flood by sentinel-1, (b)
Image captured During flood by sentinel-1, (c) Filtered
image pre-flood (d) Filtered image During flood

3.4 Validation approach

Both direct (field data) and indirect (secondary
data) validation approaches are used. Secondary data
include optical remote sensing images from the Sentinel-
2 satellite, which were used in the study. The field data
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were obtained at different flood-affected areas on
different time scales.
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Figure 3. Methodology for processing Sentinel-1A SAR
data

3.5 Sentinel-2 data collection and image processing

Optical images captured by Sentinel-2 during 31 Jun
2021 and 10 Feb 2021, are being analyzed and used to
locate flooded areas. Optical imaging is commonly used
for flood prediction and mapping due to a variety of
advantages. The Sentinel-2 image acquired pre and
during the flood i.e., on 31 Jun 2021 and 10 Feb 2021 was
used. The detailed step-by-step method used on sentinel-
2 pre-flood and during-flood images to extract
permanent water bodies from the pre-image and to
locate flooded areas from the during flood image is
shown in Fig 4.

(a)m;r —.

Figure 4. (a) & (b) Pre-flood and during flood image by
sentinel- 2 respectively
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Figure 5. Methodology for processing sentinel-2 optical
data

4 Results and discussions
4.1 Flood mapping using GEE for Sentinel -1 image

The images are classified as pre-flood, flood, and
post-flood based on the duration of the flood. The images
acquired are 10th of February designated as flood
images.SAR images are naturally degraded by granular
noise such as speckle noise due to the coherent nature of
the scattering phenomena. All 6° images are converted to
natural scale from decibel (dB) scale as the first step in
the flood mapping process. For a refined Lee speckle
filter with a 3 x 3 window size, a user-defined function is
created. DEM available on the GEE cloud platform with a
spatial resolution of 3 arc sec was used. When generating
flood maps at the districtlevel, itis important to mask out
higher elevation regions to reduce computing time.This
is accomplished by importing the HydroDEM into GEE
from terrain data obtained with. Terrain() is an
operation. Using the .select() operator, the slope image
was obtained from the terrain dataset. Finally, the flood
affected areas are extracted and the resultis shown in the
figure 6.
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Figure. 6 Flood affected areas observed by Sentinel -1
SAR data using GEE
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4.2 Flood mapping using ArcGIS for Sentinel -2 image

The optical sensors' inability to penetrate the
clouds, as well as their reliance on the sun's illumination,
limit the availability of optical imaging during the flood
period. However, optical sensor data is less expensive
and easier to read than SAR data. The optical image
captured during the flood on 10 February 2021 with the
Sentinel -2 sensor is taken into account. The image is first
geometrically corrected. The satellite imagery is then
classified using ISODATA, an unsupervised classification
technique. It separates the image into several objects
based on their homogeneous characteristics and
classifies/clusters them. First, the image is divided into
five class. The water features are then highlighted from
the classified image using the recoding technique. The
inundated areas are later extracted from the image by
overlaying the digitized mask. The extracted resultant
water layer is illustrated in Figure 8. Flood assessment
and mapping are used not only to locate affected areas,
but also to monitor the sustainability of environments.
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Figure 7. Flood affected areas observed by Sentinel -2
optical data

5.Conclusion

In this study, a practical technique for flood
monitoring at the required spatial resolution was
proposed using SAR images. Its specific aim was to
highlight the possible use of Sentinel-1 SAR data sets
from the European Earth Observation mission for flood
monitoring in the Chamoli district of Uttarakhand state
on February 7,2021. Our analysis of the various Sentinel-
1 parameters revealed that the best results were
obtained using the VV polarization configuration.

The methodology for extracting the flood-affected
region using optical images was also discussed in this
study. The flooding zone is identified by overlaying the
digitized pre-flood image mask on the extracted water
layers. As a result, we may conclude that geospatial and
earth observation tools provide timely data for effective
decision-making and comprehensive flood disaster

management. Because of the weather conditions during
floods, it is difficult to obtain cloud-free optical data, and
SAR data should be used to estimate the flooded region.
This method was established by using a publicly
accessible data and analysis tool, GEE, which can be
especially beneficial to developing countries. The
established flood prone areas will serve as crucial inputs
for flood modelling and analysis, assisting in flood risk
management.

Figure 8. Aerial and field p
Chamoli flood disaster

The research was carried out in Google Earth Engine,
a cloud-based integrated development environment
(IDE) platform, and code was written in JavaScript, which
is the code link of the evaluated work and performance.
https://code.earthengine.google.com/a28356f36fa16b6
b78b31ee35edde970
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ABSTRACT

The last eruption in the Fogo Volcano, which began in November 2014, was the first
eruptive event captured by the Sentinel-1 (S1) mission. The present work sought to
complement previous research and explore the potential of utilizing data from the
Synthetic Aperture Radar (SAR) S1 mission to better monitor active volcanic areas. S1
Ground Range Detected (GRD) data was used to analyze the changes that occurred in
the area before, during, and after the eruptive event and was able to identify the
progress of the lava flow and measure the affected area (3.89 km? in total). Using the
GRD data on Google Earth Engine (GEE) platform demonstrated high potential in terms
of response time to monitor and assess eruptive scenarios in near-real-time, which is

fundamental to mitigate risks and to better support crisis management.

1. Introduction

The archipelago of Cabo Verde is located between
latitudes 142 and 182 North and longitudes 222 and 262
West. Situated in the Atlantic, 1300 km from the Canary
Islands, its territory has 10 islands and 13 islets and Fogo
Island was the site of the last eruption (Fig. 1). Fogo
Volcano is the most active volcano in this archipelago,
with about 26 eruptions in the last 500 years.

After almost 20 years since the last eruption occurred
in 1995, a new eruptive event with strombolian
characteristics began in November 2014 and lasted
approximately 78 days.

Fogo Island has an extensive eruptive history being
the only island of the Archipelago of Cape Verde to have
volcanic activity. The Fogo Volcano has a caldera with
approximately 8 km in diameter that was formed from
two collapses that occurred in the central part of the
volcano and Pico do Fogo was formed in the sequence of

collapses on the eastern flank of the island (Brum da
Silveira etal., 1997).
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Figure 1. Map of Fogo Island, one of the ten volcanic islands of
the Cabo Verde Archipelago. The Pico do Fogo (Fogo Volcano)
constitutes the higher point of the island (2829m).
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Eruptive events may make it impossible to access
affected areas and gather in situ data. Thus, the
advancement of geospatial technologies proves critical in
better understanding the genesis of these events
remotely (Pyle et al,, 2013; Jerram, 2018).

Mapping and updating the cartography of areas with
active volcanism configures a fundamental task as it
constitutes a tool to be used in the planning and crisis
management process, as well as in the development of
research, risk assessment, and crisis management (Fitz,
2008; Silva etal., 2018).

SAR data provides several advantages over other
monitoring techniques due to the acquisition process of
data in inaccessible and all-weather scenarios, by day or
night. Besides that, S1 allows a relevant improvement for
cost-effective monitoring and risk assessment of active
volcanic areas. S1 pixel resolution is about 5x20 m in
azimuth and range, respectively, with a revisiting cycle of
6 days. High spatial resolution SAR data is fundamental
to allow the detection of unconformities in remote areas.
SAR data is becoming essential in collecting relevant
information about the dynamic processes by which an
eruption can be generated (Fujira et al,, 2017).

The GRD data from S1 mission was used in this study
to identify the progress of the lava flow and measure the
affected area, in order to assess its potential to monitor
and assess eruptive scenarios in near-real-time, which is
fundamental to mitigate risks and to better support crisis
management.

2. Data and methods

This paper is focused on the application of S1
products in order to analyze eruptive scenarios. S1 GRD
data was used to monitor the progression of the lava
flows related to the 2014 /15 eruption event through the
detection of surface changes.

GRD is a S1 product that corresponds to SAR data
detected, analyzed, and projected to the ground range
taking into account the ellipsoidal Earth model, with
separation capability in the object-target ratio of
approximately 20 x 22m (ESA, 2016; ESA, 2021; Mullissa
etal, 2021).

GRD consists in a product that presents the image
amplitude values relative to backscattering, considering
parameters such as surface roughness. These images
require preprocessing to remove thermal noise. The
workflow shown in Figure 2, suggested by Filipponi
(2019), was applied to process this data in the SeNtinel
Application Platform (SNAP) software.

GRD THERMAL
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DATA NOISE REMOVAL
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CALIBRATION —_— [—Y
FILTERING TERRAIN CORRECTION

BORDER
N
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CONYERSION TO dB

Figure 2. Workflow for removing thermal noise from S1 GRD
data in SNAP software

The first stage of this procedure consists of the Apply
Orbit File step, which corresponds to a refinement of the
accuracy and the information referring to the position
and speed of the satellite. Thenceforth, the Thermal Noise
Removal step was applied in order to remove the thermal
noise, thus normalizing the backscattering signal of the
images. Subsequently, the Border Noise Removal
procedure was used to compensate for the Earth's
curvature levels, thus reducing the low-intensity noise
contained in the images. Calibration step was then
applied, ensuring that the image pixels were correlated
with the backscattering that occurred during the
information acquisition phase (ESA, 2021). Then, Speckle
Filtering step was applied, which corresponds to the
process of filtering speckles and noise. Afterward, the
Range Doppler Terrain Correction step was undertaken
to perform the geometric correction of the terrain to
compensate for image distortions. The last step of this
workflow consisted in converting the backscattering
coefficient into decibels through a logarithmic
transformation.

The GRD data acquired by the S1 mission is described
in Table 1.

Table 1. S1 data used to generate the GRD of the area affected
by lava flow

Image acquisition dates Orbit
08 November 2014 Descending
27 November 2014 Ascending
09 December 2014 Ascending
21 December 2014 Ascending
02 January 2015 Ascending
07 February 2015 Ascending

To map the lava flow of the 2014/15 eruption, the
GRD data was analyzed to identify the different paths
that lava flow ran through day by day.

With the GRD data processed, the raster calculation
tool of Arcmap 10.4 software was used to compute an
Image Differencing Change Detection (Lu etal., 2004). In
this procedure, each image after the start of the event is
subtracted from a pre-event image. For this purpose, the
value of an image referring to the last hours of the
eruption was subtracted from an image prior to the
beginning of the event. Very high (“change”) and very low
(“no change”) values were thresholded in order to obtain
the change detection map. To assess the accuracy and
validate each change detection procedure, the Overall
Accuracy was computed with independent validation

datasets with 50 change/no change sampling points
(Congalton and Green, 1999).

3. Results and discussion

In order to analyze the lava flow temporal
progression, S1 GRD data was used to identify the
affected area along the eruptive event. The successive
change detection procedures showed Overall Accuracies
ranging between 0.70 and 0.90. The surface changes that
occurred during the 2014/15 eruption can be visualized
in Figure 3. These changes are in line with the detailed
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description made by Cabral (2015) for this eruptive
event.

)
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Figure 3. Level-1 GRD S1 multitemporal data used to illustrate
the progression of the lava flow during the 2014 /15 eruption.

In Figure 4, it is possible to note that some of the areas
previously observed as affected by the 2014 /15 lava flow
were not identified in the change detection procedures
with GRD data. It might be explained by the fact that there
were no substantial roughness changes in the overlap
area of 2014/15 lava flow with that of 1995 which
occured at Cha das Caldeiras, as exposed by Bignami et
al., (2020).
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Figure 4. Changes detected with S1 GRD data throughout the
2014/15 eruptive event

The values of the total area affected by the lava flow
were estimated to be approximately 3.89 km?. The result
is in relative agreement with other authors' findings
when applying different techniques (Table 2).

Table 2. Total areas affected by the 2014/15 eruption,
according to different authors

Area (km?) Reference
5,42 Cappello etal,, (2016)
4,85 Richter etal., (2016)
4,97 Bignami et al,, (2020)
4,8 Bagnardi et al,, (2016)
4,53 Vieira etal,, (2021)

The use of cloud-based platforms (e.g., GEE) allows
their users to instantly access and analyze geospatial
data through web interfaces (Gorelick et al., 2017). The

user accesses all the cloud-hosted data without having to
download the data of interest, in addition to the
possibility of developing custom algorithms based on
Python and JavaScript (JS) Application Programming
Interfaces, which greatly reduces the computational
constraint on the part of users (Navarro, 2017; Kumar &
Mutanga, 2018; Garcia et al., 2018).

A]S-based application was generated in GEE platform
using a code by Google (2021) and adapted in order to
compare the GRD images of S1 referring to the area
affected by the lava flows resulting from the eruptive
event. The data filtering parameters used in the JS script
were applied to the GEE-based data collection entitled
'COPERNICUS/S1_GRD', with \'AY polarization
corresponding to the IW mode.

The images in this application refer to the period from
October 2014 to February 2015 (Fig. 5).

Figure 5. GEE-based application using S1 GRD data to observe
the path of lava flows during the eruptive event. Above) Image
from October 15t (2014) in a scenario prior to the eruption.
Middle) Image from November 27t (2014) corresponding to
the first hours of the eruptive event. Below) image from
February 12t (2015) showing a post-eruption scenario.
Application available at:
<https://rafaelaptiengo.users.earthengine.app/view/fogocom
parision>.

By selecting an image from before and after the
eruptive event, the app is able to show the surface
changes caused by the lava flow.

The use of GEE proves to be, therefore, a great asset
to ensure greater speed of response, since it presents
results in a matter of minutes after the script
development.

4. Conclusion

Monitoring surface changes during eruptive events
using S1 GRD data proved cost-effective in terms of data
processing and analysis, with lower computational cost,
and results consistent and coherent with those
previously obtained with S1 SLC data or other types of
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SAR data (including commercial high spatial resolution
sensors). Therefore, this approach is pertinent and
suitable for research but is especially valuable to
integrate low-cost monitoring systems of active volcanic
areas in near-real-time. The systematic use of GRD
products can thus serve as the basis for event monitoring
that confers greater agility in computation and analysis
time for decision support. Furthermore, with the
availability of the no-cost computing power provided by
the GEE platform, and being GRD the only S1 data type
currently available in the GEE catalog, this
methodological approach can be considered as pertinent
and cost-effective for supporting near-real-time
monitoring and crisis management in active volcanic
areas.
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1. Introduction

ABSTRACT

The study aims to determine the spatial distribution of vineyards with support vector
machines (SVM) and convolutional neural network (CNN) based deep learning model.
Multispectral (MS) and Panchromatic (PAN) bands of the high spatial resolution Worldview-
2 (WV-2) satellite image were used for the study area located in Erzincan Uziimlii district. MS
and PAN bands were fused to enhance the spatial resolution of the WV-2 multispectral image,
making the vineyards more distinct and visible. Then, training samples were collected for five
predetermined classes (vineyard, forest, soil, road and shadow) within the boundaries of the
study area to generate training and test data, and the satellite image was classified using both
Support Vector Machine (SVM) and CNN algorithms. Classification results were investigated
using error matrices, kappa analyzes, and Mcnemar tests. As a result of the accuracy analysis,
general classification accuracies and kappa values for CNN and SVM were obtained as 86.00%
(0.8536) and 63.33% (0.6077), respectively. It has been observed that the CNN classifier
provides higher classification accuracy (24% higher than the SVM). In addition, it was
examined whether the differences between the McNemar test and the classification results
were significant or not. As a result of the McNemar test for CNN and SVM, a value of 10.298
x”"2 was calculated. The fact that the calculated x”2 value is greater than 3.84 reveals that the
CNN classifier significantly increases the classification accuracy at the 95% confidence
interval.

sensing have been developed to meet the needs of
various applications. In recent years, different learning-

Remote sensing techniques and satellite images make
great contributions in many areas such as the detection,
tracking, protection of agricultural products,
environmental and urban applications. Image
classification is used in many different areas such as
monitoring tropical forests (Christian ve Krishnayya
2009), which are of great importance in terms of being a
rich natural resource with biological diversity,
monitoring of coastal change (Gungor et al. 2010),
monitoring of urban development (Chi et al. 2009),
object extraction (Zhang et al. 2007), classification of
land cover (Huang et al. 2011) and classification of
product types (Sun and Di 2020). Image classification,
also called information extraction, is the process of
transforming this information into meaningful land
cover information by using the pixel values in an image
(Gao 2009). Image classification algorithms in remote

based algorithms have been developed for classification
in order to quickly extract the most accurate and reliable
information from satellite images. Commonly used
learning-based classifiers include Random Forest,
Bagging, Boosting, Decision Trees, Artificial Neural
Networks, Support Vector Machines and K-Nearest
Neighbor. These algorithms are also called machine
learning methods. Machine learning methods using large
enough data and parameters can automatically infer
rules and constraints that users cannot see/notice
directly. These methods try to find the most suitable
model for the new data with the decision rules created
with the training and test data. In addition, in recent
years, deep learning algorithms, which are a sub-branch
of machine learning methods, have been widely used for
more accurate and reliable determination of agricultural
products in precision agriculture applications. For
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example, Grinblat et al. (2016) used deep learning
algorithms to recognize plants from the vascular
structures of plants and identified plants with high
accuracy. Ferentinos et al. (2018) used deep learning
algorithms to detect diseased plants. They detected the
diseased ones on 25 different plant species with 99.53%
accuracy. Chlingarian et al. (2018) made product yield
predictions with deep learning algorithms. In addition,
they defined plant species by classifying images with
99.58% accuracy with deep learning algorithms
(Abdullahi etal. 2017). As can be seen from the studies,
various satellite images and methods are used in the
determination of agricultural products. It will be possible
to detect agricultural products in a shorter time and
accurately with the methods and satellite images
selected according to the characteristics of the study area
and the product. Cimin grape, which has economic value,
is an endemic variety grown in the Uziimlii region. This
study aims to determine the distribution of the
cultivation areas of Cimin grape using satellite images.

1.1.Study area and dataset

An area of 25 hectares in Uziimlii district, where the
Cimin, or Uzimli grape, which is described as the
Erzincan grape is grown, was determined as the pilot
study area (Figure 1). Uziimlii District is located in the
Upper Euphrates Section of the Eastern Anatolia Region,
within the borders of Erzincan Province. A large part of
the district land (80%) is located in the Oz Mountains
(approximately 3500 m altitude.) region extending to the
north of the Erzincan basin, and a small part (20%) is
located in the Erzincan plain (approximately 1200 m
altitude). Uziimlii (410 km2) is the second smallest
district of Erzincan province after Otlukbeli (254 km2) in
terms of area size (TR Erzincan Governorship, 2021).

The Worldview-2 (WV-2) satellite image used in the
study has 8 MS bands (Coastal, Blue, Green, Yellow, Red,
Red Edge, Near-Infrared 1, NearInfrared 2) with a spatial
resolution of 2 m and a panchromatic band with a spatial
resolution of 0.5 m. Radiometric, atmospheric and
geometric corrections of this image used in the study
were made by the company from which the satellite
image was taken.

2. Method

The study includes accurate and reliable
determination of grape fields using two widely used
machine learning methods, Support Vector Machine
(SVM) and convolutional neural network (CNN). In the
study, the WV-2 MS and PAN images were fused using
the Hyperspherical Color Space (HCS) pan sharpening
method to discern the grape areas more clearly in the
image. The HCS is a method developed for the
Worldview-2 images (Padwick 2010), and there are
various articles in the literature supporting that the HCS
image fusion method gives successful results in terms of
spectral and spatial aspects (Akar 2019; Li et al. 2015;
Padwick et al. 2010; Anshu et al. 2017). For this reason,
the HCS method was preferred in this study. Then,
training pixels were collected in ENVI software for five
classes (vineyard, forest, soil, road, shadow) over the

fused image. A total of 70505 pixels were collected. Using
this training data, the image was classified using SVM and
CNN algorithms. Python programming language were
used to classify the image with CNN. Optimum
parameters for the image in classification were
determined by a trial and error approach. The
classification methods used for this study are explained
theoretically below.

V420 N—
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Figure 1. Study area
2.1. Support vector machine

The Support Vector Machine (SVM) classifier can
classify data that is both linearly separable and
nonlinearly separable. The aim is to determine the
optimum hyperplane that separates the classes from
each other (Vapnik 1995). If the classes are linearly
separable from each other, it determines the planes
with the greatest distance from the planes separating
the classes from each other and uses these planes to
create a linear discriminating function. Classes are
separated by linear functions. If these classes cannotbe
separated linearly, they are moved to another higher-
dimensional space where the classes can be separated
linearly by using a positive C parameter and kernel
functions that will minimize the classification error
and maximize the distance between the planes.
Classification takes place in this space (Ozkan 2008;
(Tso and Mather 2009; Stephens and Diesing 2014,
Colkesen and Yomralioglu 2014) The most widely used
kernel function is the Radial basis function since it
performs well (Thanh Noi and Kappas 2018); Kavzoglu
and Colkesen 2009).

2.2. Deep learning

Deep learning, which is usually characterized by
neural networks containing more than two hidden
layers, is recognized as one of the ten breakthrough
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technologies of 2013 (Zhu et al. 2017). The deep learning
model created in this study is based on the structure of
convolutional neural networks. Convolutional neural
networks (CNN), which are effectively used in image
operations, are also successful in classifying satellite
images (Saralioglu and Gungor 2020).

In the model created in this study, four 3D
convolution layers were used. The filter size of each layer
was set to be 3x3. The filter numbers were created as 128
in the first layer, 64 in the second layer, 32 in the third
layer, and 16 in the 4th layer. After the convolution
layers, two fully connected layers were used. The first is
a dense layer that makes a rough classification of the
features extracted by the convolutional layer. The second
is the last layer in the model and is used with a Softmax
classifier that extracts the class scores. The Softmax
classifier produces values between 0 and 1 for each class
and ensures that the class with the highest score is
evaluated correctly. Parametric Rectified Linear Unit
(PReLU) as activation function, Adam as optimization
method, and categorical cross-entropy as subduction
function was used in the model. The total number of
parameters in the created deep learning model is
3118405.

3. Results and discussion

The accuracy of the thematic images (Figure 2)
obtained as a result of the classification of the image with
the SVM and CNN algorithms were examined with error
matrices. In the accuracy analysis with error matrices, a
total of 150 random points were scattered on the image
proportionally to the area occupied by each class. When
the overall classification accuracies produced from the
error matrices were examined, the CNN method
classified the image with an accuracy of 86.00% and the
SVM method with an accuracy of 63.33% (Table 1).
Accordingly, it is seen that the CNN method classifies the
image 23% better. Calculated Kappa values also support
this result.

Table 1. Overall classification accuracies and kappa

analysis
Overall Accuracy Cohen's kappa
CNN 86.00 0.8536
SVM 63.33 0.6077

In addition, the success of these methods for each
class was also examined by the Producer's (PA) and
User's (UA) accuracies (Figure 3). According to Figure 3,
in terms of PA, forest, road and shadow classes were
classified 8%, 67% and 54% better, respectively, by the
CNN method. According to UA, the CNN method was 22%
more successful than SVM in vineyard class, 24% in
forest class and 27% in soil class. In general, CNN method
performed better than SVM. When the error matrices
were examined, it was observed that the spectral
characteristics of the forest and vineyard classes were
very similar causing the most confusion among all
classes. Similarly, granular stabilized roads in the Road
class, very dark pixels in the Soil class and Forest class
have similar spectral characteristics with the shadow
class, resulting in incorrect classification results. SVM
was not as successful as CNN in classifying these classes.

W Vineyard
I Forest
I Soil
e [JRoad
R e W Shadow

Figure 2. a) Fused image, b) Thematic images obtained
from CNN, c) Thematic image obtained from SVM

In addition, it was examined whether the differences
between the McNemar test and the classification results
were significant. As a result of the McNemar test for CNN
and SVM, the value of 10.298 x2 was calculated (Table 2).
The fact that the calculated x2 value is greater than 3.84
reveals that the CNN classifier significantly increases
accuracy in the 95% confidence interval in the
classification process.

Producer's and User's Accuracies
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80.00%
60.00%
40.00%
20.00%

0.00%

Accuracy

PA(%) | UA (%) PA (%) | UA (%)
SVM CNN
WVineyard| 77.42% | 70.59% | 77.42% | 92.31%

M Forest 70.27% 54.17% 78.38% 78.38%
= Soil 90.00% 55.10% 90.00% 81.82%

Road 33.33% 88.89% 100.00% 85.71%
W Shadow 35.71% 100.00% 89.29% 96.15%

Figure 3. Producer’s and User’s Accuracies

Table 2. Assessment of the significance of the difference
between CNN and SVM with McNemar test

fin _fiz  for  fop Total X
CNN-SVM 65 35 12 38 150 10.298

fi1 : The number of samples that both methods can
correctly classify, f,,: The number of samples that both
methods cannot classify correctly, f;,: The number of
samples misclassified by method 1 but correctly
classifiedby method 2,f,;: The number of samples
misclassified by method 2 but correctly classified by
method 1.
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4. Conclusion

In the study, it is aimed to determine the spatial
distribution of the vineyards with the SVM and CNN
algorithms, which are the most widely used machine
learning approaches. As a result of the analysis, the CNN
method classified the specified study area with an
accuracy of 86.00% and the SVM with an accuracy of
63.33%. Accordingly, the CNN method showed 23%
better classification performance than SVM and classified
the spatial distribution of the vineyards more accurately.
Kappa analyzes also support this result. In addition, the
fact that the XZ value, which was calculated as 10.298
with the McNemar test, was greater than 3.84, shows that
the results obtained from these two methods are
significant and the performances of these two methods
are different. As a result, the CNN method performed
better than SVM in the classification of vineyards, which
are agricultural products.
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