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7th Intercontinental Geoinformation Days

[ would like to thank all of the contributing authors and reviewers to the 7t
Intercontinental Geoinformation (IGD) Symposium, 18-19 November 2023.
In this international symposium, which has 76 papers, 37 papers are from
Tirkiye and the remaining 39 papers are from 11 different countries.

Best regards

Prof. Dr. Murat YAKAR
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IGD-7 Technical Program

18 November 2013
Time Session 1: Geographic Information Systems
A geostatistical analysis of soil salinity and its impact on wheat yield in Gujranwala District
10.00-10.10
Asma Javed, Shakeel Mahmood
10.10-10.20 Seismicity analysis of the Eastern Hindu Kush Region using geospatial techniques
) ) Mahnoor Qadir, Shakeel Mahmood
10.20-10.30 Analysis and forecasting of coastline morphology in Pakistan using digital shoreline analysis
) ) Mazhar Shakoor, Shakeel Mahmood
10.30-10.40 Analysis of snow avalanche causes and damages in District Chitral, Pakistan
) ) Ramsha Sohail, Shakeel Mahmood
10.40-10.50 Mapping of frequently flood affected villages in Eastern Hindukush Region, Pakistan
) ) Ramsha Sohail, Shakeel Mahmood
Time Session 2: Remote Sensing
Optical remote sensing application of Kizilcadren-Sivrihisar (Eskisehir) REE-Thorium Deposit
11.00-11.10 .
Cihan Yal¢in, Orkun Turgay
An application of remote sensing and GIS in geothermal alteration and potential in
11.10-11.20 Ziga/Aksaray (Tiirkiye)
Hacer Bilgilioglu
Comparing land motion in Chiang Mai and Bangkok, Thailand, using Sentinel-1 InSAR time
11.20-11.30 series
Kunlacha Inpai, Timo Balz
Assessment of urbanization and different land use and land cover types on urban heat islands
11.30-11.40 in growing cities, a case study: Tabriz, Iran
Khalil Valizadeh Kamran
Performance evaluation of spectral indices and classification algorithms for built-up area
11.40-11.50 extraction using PRISMA hyperspectral images
Seyed Hedayat Sheikhghaderi, Mostafa Mahdavifard, Ayub Mohammadi, Seyed Kazem Alavipanah
Time Session 3: Geographic Information Systems
12.00-12.10 Eme_rging.t_rends in geographic information systems
Samir Ganili
12.10-12.20 GIS-based soil loss estimation using revised universal soil loss equation
) ) Ekundayo Adesina, Oluibukun Ajayi, Joseph Odumosu, Abel Illah
12.20-12.30 Land use anq land cover classes affected by possible sea level rise in Mersin city center
) ) Onur Giiven, Umit Yildirim, Ciineyt Giiler, Mehmet Ali Kurt
12.30-12.40 LULC change and COz emissions in Shangai 2000-2020
) ) Jianwen Zheng, Yishao Shi, Katabarwa Murenzi Gilbert
12.40-12.50 Trend analysis of precipitation and temperature in the Western Black Sea region of Tiirkiye
) ) Muhammed Zakir Keskin, Ahmad Abu Arra, Seyma Akca, Eyiip Sisman
Time Session 4: Remote Sensing
Spatio- Temporal Land use/ cover Changes Analysis Using Remote Sensing and Landscape
13.00-13.10 Spatial Metrics, A Case Study of basin Liqvan
Khalil Valizadeh Kamran, Fatemeh Adimi
Exploring the difference between Standard Precipitation Evapotranspiration Index (SPEI) from
13.10-13.20 in-situ meteorological stations and SPEIbase
Ahmad Abu Arra, Seyma Akca, Muhammed Zakir Keskin, Eyiip Sisman
13.20-13.30 Monitoring changes in air pollution using Sentinel-5 data
) ) Behnaz Ghaderi, Payam Alemi Safaval, Zahra Azizi
Evaluation of the application of the multi-temporal method in Sentinel 2 satellite images for the
13.30-13.40 separation of agricultural products
Samira Asadnezhand Khormazard, Mir Masuod Kheirkhah Zarkesh, Bagher Ghermezcheshmeh
Investigating the effects of land cover land use change on surface temperature using Landsat
13.40-13.50 satellite images

Esra Sengiin, Ugur Alganci, Dursun Zafer Seker
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Time

Session 5: Surveying and Geodesy

14.00-14.10

Examination of earthquake effects in closed reinforced concrete structures
Muhammed Emin Isik, Nuri Erdem

14.10-14.20

A tool for basic surveying and geodetic calculations
Muaz Ayran, Veli il¢i

14.20-14.30

Time series analysis of Turkish National Sea Level Monitoring System (TUDES) level data for
Amasra Station
Ahsen Celen, Yasemin Sisman

14.30-14.40

Examining PPP accuracy in relation to altitude
Emre Akman, Veli {lci

Time

Session 6: Land Administration, Cadastre and Land Use

15.00-15.10

Assessment of land use land cover changes through remote sensing data in Multan Tahsil
Sajjad Hussain

15.10-15.20

Urban transformation applications
Muhammed Emin Isik, Nuri Erdem

15.20-15.30

Comparison of machine learning regression methods for mass real estate valuation
Batuhan Kamil Saglam, Muhammed Oguzhan Mete, Ufuk Ozerman, Reha Metin Alkan

15.30-15.40

Spatial clustering of villages: a solution for agricultural area management: Case study of
Aghmiyun agricultural area, east Azerbaijan province, Iran
Javad Ghasemi, Bahman Tahmasi

15.40-15.50

The investigation of house value criteria in Atakum-Mimarsinan District Pre- and Post-Pandemic
by multiple regression analysis
Simge Anakli, Yasemin Sisman, Mehmet Emin Tabar

Time

Session 7: Remote Sensing

16.00-16.10

Detection of collapsed buildings from post-earthquake imagery using mask region-based
convolutional neural network
Esra Yildirim, Taskin Kavzoglu

16.10-16.20

Waterbody change detection using Sentinel3 thermal imagery (Case study: Mighan Wetland, Iran)
Maryam Sadat Aghamiri, Azadeh Aghamohammadi, Zahra Azizi

16.20-16.30

Impact of climate change on the assessment of the content of the indicator organic suspended
matter and sea surface temperature of the Caspian Sea
Ismayil Zeynalov, Rena Achmedova

16.30-16.40

The impact of climate change on the temperature regime of the Kelbajar and Lachin regions of the
Republic of Azerbaijan
Said Safarov, Arzu Majidzade

16.40-16.50

Applicability of satellite data in estimating Actual Evapotranspiration by SEBS algorithm (Mughan
plain, Ardabil, Iran)
Mahmoud Sourghali, Samaneh Bagheri, Khalil Valizadeh Kamran

16.50-17.00

The modeling and analysis of empirical systems with complex networks
Leyla Naghipour, Khalil Valizadeh Kamran, Mohammad Taghi Aalami, Vahid Nourani
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19 November 2023

Time Session 8: UAV Photogrammetry
Assessing algae accumulation in an artificial pond using UAV-based orthophoto
10.00-10.10 .
Seyma Akca, Nizar Polat
Classifying unmanned aerial vehicle images for urban vegetation mapping utilizing SVM
10.10-10.20 LS .
Zahra Azizi, Payam Alemi Safaval
10.20-10.30 Crack detection for bridge inspection utilizing UAV photogrammetry technique
) ) Abdurahman Yasin Yigit, Murat Uysal
10.30-10.40 Monitoring shoreline and areal change with UAV data
) ) Adem Kabadayi, Yunus Kaya
10.40-10.50 Assessing the contribution of RGB VIs in improving building extraction from RGB-UAV images
) ) Richmond Akwasi Nsiah, Saviour Mantey, Yao Yevenyo Ziggah
The effect of the Number and Distribution of Ground Control Points (GCP) on map production
10.50-11.00 AT T
Volkan Izci, Ali Ulvi
Time Session 9: Geographic Information Systems
Delineation of groundwater potential zone and mapping using GIS/Remote Sensing techniques
11.10-11.20 and Analytic Hierarchy Process (AHP) for District Bhimber, Pakistan
Muhammad Shahid Usman, Ghani Rahman, Saira Munawar
11.20-11.30 Spatial distribution of public services and facilities in the Sahand new city of Iran
) ) Shiva Sattarzadeh Salehi, Firouz Jafari
11.30-11.40 Geopark Potential of Osmaniye Province
Nuri Erdem
Logging methodology decision-making with the new high-resolution DEM of Tiirkiye
11.40-11.50 ; o
Arif Oguz Altunel, Oytun Emre Sakici
11.50-12.00 Spatial and regression-based missing precipitation data imputation: Western Black Sea region
) ) Seyma Akca, Muhammed Zakir Keskin, Ahmad Abu Arra, Eyiip Sisman
Time Session 10: Close-Range and Aerial Photogrammetry
12.10-12.20 Monitoring gglly erosion from UAV data
Yunus Kaya, Nizar Polat
12.20-12.30 Evaluating the ground point classification performance of Agisoft Metashape Software
) ) Nizar Polat, Abdulkadir Memduhoglu, Yunus Kaya
The effect of segmentation parameters on extracting the crown area of Tehran pine trees (Pinus
12.30-12.40 eldarica)
Ali Hosingholizade, Seyed Kazem Alavipanah, Parviz Zeaiean Firouzabadi
Digitization and archiving of Turkish motives by photogrammetric methods
12.40-12.50 Tl
Eda Menekse, Ali Ulvi
12.50-13.00 3D modeling of a stone sarcophagus at Kanlidivane Ruins
) ) Aydin Alptekin, Murat Yakar
13.00-13.10 Use of photogrammetry in criminology

Muhammed Emin Biyik, Murat Yakar
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Time

Session 11: LiDAR - 3D Laser Scanning

13.20-13.30

The accuracy evaluation of point cloud data generated with iPhone 15 Pro Next Gen LiDAR sensor
Ramazan Alper Kucak

13.30-13.40

Terrestrial photogrammetry and handheld laser scanning technique in 3D modeling of small
objects
Zekeriya Kacarlar, Ali Ulvi

13.40-13.50

A comprehensive study on enhanced accuracy analysis of LiDAR data
Berkan Saritas, Gordana Kaplan

13.50-14.00

Investigating the utilization of iPhone lidar sensor in documenting cultural heritage
Emine Beyza Dortbudak, Seyma Akca

14.00-14.10

Investigation of the usability of handheld laser scanners in reverse engineering applications
Yaren Dogdu, Murat Yakar

14.10-14.20

Indoor mapping with wearable laser scanner and iPad lidar
Dogukan Sugdlii, Abdurahman Yasin Yigit

14.20-14.30

Evaluation of point cloud software in terms of 3D architectural drawings
Ali Ulvi

14.30-14.40

Incorrect use of wearable mobile LiDAR: Example of Mersin Soli Beach and Ankara National
Library Underpass
Atilla Karabacak, Murat Yakar

Time

Session 12: Remote Sensing

14.50-15.00

Assessing the vulnerability of residential lands against earthquakes and ways to reduce
vulnerability using spatial analysis: Case study of Tabriz city
Sana Foroughi, Farzad Rezaei, Faezeh Khoshkhoy

15.00-15.10

Evaluation of the quality of climate time series maps extracted from GEE (case study: Arasbaran
region - Iran)

Sajjad Moshiri, Khalil Valizadeh Kamran, Omid Rafieyan, Ahmad Nikdel Monavvar, Mohammad Ebrahim
Ramazani

15.10-15.20

Estimation of land subsidence using DInSAR and SBAS techniques
Mojdeh Miraki, Hormoz Sohrabi, Siavash Bakhtiarvand Bakhtiari

15.20-15.30

Comprehensive temperature analysis of Tiirkiye between 2013 and 2023 using Google Earth
Engine and ERAS Dataset
Abdullah Sukkar, Ugur Alganci, Dursun Zafer Seker

15.30-15.40

PM10 air pollutant prediction using deep learning LSTM Model: A case study of Istanbul, Tiirkiye
Omar Wisam Alqgaysi, Dursun Zafer Seker

15.40-15.50

Estimation of chlorophyll concentration on surface water bodies from hyperspectral satellite
data
Martina Frezza, Valeria La Pegna, Davide De Santis, Dario Cappelli, Fabio Del Frate

Time

Session 13: Land Administration, Cadastre and Land Use

16.00-16.10

Spatial analysis of the vulnerability of rural housing to earthquakes (case study: rural settlements
in the Tehran metropolitan area)
Bahman Tahmasi, Hassan Ali Faraji Sabokbar, Seyed Ali Badri

16.10-16.20

The effect of smart mobility performance in mitigation of climate change, the experiences of
European cities
Parinaz Badamchizadeh, Iraj Teymuri, Ali Oskouee Aras, Fereidoun Babaie Aghdam

16.20-16.30

Evaluating land use plans in line with climate change adaptation policies in the Semnan Urban
Region
Vahid Isazade, Abdul Baser Qasimi, Taher Parizadi, Esmail Isazade

16.30-16.40

Preventive measures in disaster management can make the difference
Lucrezia Vittoria Natale, Donato Abruzzese

16.40-16.50

Utilizing photogrammetry for forest rehabilitation assessment: Remote sensing techniques
applied to Mt Rubavu in Rubavu District, Rwanda
Sabato Nzamwita, Isaac Nzayisenga, Patience Manizabayo
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Time Session 14: Geographic Information Systems

Groundwater analysis and management plan using integrated community perception and geo-
17.00-17.10 | spatial techniques in Wana, South Waziristan

Saddam Hussain, Shakeel Mahmood

Mapping Covid-19 incidence hotspots in Pakistan using spatial-statistical approach
17.10-17.20 .

Shakeel Mahmood, Zara Tariq

Flood Vulnerability Assessment Using Geographical Information System: Case Study of Mpazi Sub-
17.20-17.30 catchment, Kigali

Patience Manizabayo, Hyacinthe Ngwijabagabo, Isaac Nzayisenga, Sabato Nzamwita, Laika Amani, Eugene

Uwitonze

Multi-sensorial data-based assessment of artificial surfaces and vegetation index for the response
17.30-17.40 | to population expansion: A case study of Musanze Secondary City, Rwanda

Katabarwa Murenzi Gilbert, Yishao Shi, Isaac Nzayisenga

Land surface temperature and urban heat island analysis using remote sensing and GIS: A case
17.40-17.50 | study in Mersin, Tiirkiye

Mehmet Ozgiir Celik, Murat Yakar
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1. Introduction

Abstract

This study applies geostatistical analysis to examine how soil salinity affects wheat yield in the
Gujranwala area in the context of changing rainfall patterns and climate change. The goal of
the research is to determine the geographical and temporal patterns of soil salinity and how
they affect agricultural productivity, with a particular emphasis on wheat cultivation. Despite
the use of comprehensive geostatistical techniques and statistical analysis, the study finds a
strong negative relationship between wheat production and soil salinity as determined by
electrical conductivity (EC). As geostatistical techniques such as Linear Regression Rate (LLR)
assess the influence of soil salinity on wheat yield, Inverse Distance Weighting (IDW)
examines the distribution of salt in the soil. Finding hotspots for extremely salinized soil
emphasizes the need for precise controls and thoughtful land management. Increasing soil
salinity monitoring, encouraging targeted irrigation, looking into crops that can withstand salt,
enhancing drainage, and teaching farmers how to manage soil salinity are some of the
recommendations. This geostatistical analysis concludes that there is a notable negative link
between Gujranwala wheat yield and soil salinity, which offers important information to land
managers, policymakers, and agricultural experts. Understanding soil salinity dynamics
enables proactive measures to enhance agricultural output.

product (GDP) and 43.7% accounts for total

Worldwide, 20% of total cultivated land and 50% of
irrigated areas are under salt stress. In Pakistan, about
14% of irrigated lands have deteriorated with salinity,
while 64% yield losses are reported due to salinity. As a
result, only roughly 23 Mha of land are left that may be
used for agriculture (Irum and Ehetisham-ul-Haq, 2017).
According to estimates, there are 14 billion ha of usable
land on the planet, 6.5 billion ha of which are semi-arid
and arid zones. This semi-arid and dry region has a 1
billion hectares salt-affected area (Balal et al., 2013).
Salinity in soils is divided into primary and secondary
salinity, with primary salinity resulting from the
weathering of primary minerals or the parent material,
and secondary salinity resulting from improper use of
the soil and irrigation techniques that cause the rise of
highly salinized ground water and its contribution to the
salinization process.

The country’s economy is dependent on the
agricultural sector (Khan et al.,, 2013). Almost 20% of
national income contributes in the gross domestic

employment. 66% of the population of the country
resides in non-urban areas and their income depends
directly or indirectly on the agriculture sector (Abdullah
et al, 2015). The agriculture sector recorded a growth of
2.67% during the year 2019-2020. In Pakistan, the salt-
affected area is 4.5 Mha (Aslam, 2016). This situation is
particularly alarming, given Pakistan's reliance on the
pressures put on regional food items by growing
populations and farming exports. In Pakistan, salinity has
impacted about 5.7 million hectares of land, including
about 2 million hectares of abandoned agricultural land
that could be extremely productive in the canal areas. In
addition, a 62% decline in agricultural output has been
connected to soil salinity. Salinity of the soil has
significantly impacted Pakistan's agricultural sector,
resulting in lower yields and lower farmer incomes. Due
to its strong nutritional value, which includes providing
carbohydrates, nutrient-rich fiber, and vitamins, wheat is
a staple crop in many temperate regions and is in high
demand. To do a geostatistical analysis of the Gujranwala
district's soil salinity and its impacts on wheat yield from
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2000 to 2020 is the major objective of this work in light
of the Gujranwala district's high soil salt content may be
having a severe influence on wheat yields and quality,
which might have significant consequences for the area's
farmers as well as the general public.

2. Method

The data will be analyzed using statistical software
and geostatistical tools. The study will also review
relevant literature on soil salinity and wheat yield to
provide context and support the analysis. To analyze Soil
Salinity impact on wheat yield in District Gujranwala, a
methodology based on GIS and remote sensing
techniques was employed. The method include two
criteria analysis of Soil Salinity. These criteria include;
Impact of Soil Salinity on Wheat Yield. The following
steps were taken in the analysis process: The Soil
samples data of Physiochemical parameters of soil and
Wheat Yield data from 2000 to 2020 taken from Principal
Scientist of the Gujranwala Soil and Water Testing
Laboratory and the Directorate of Crop Reporting
Service, Agriculture Department Lahore. The Linear
Regression Model and IDW analysis is performed. All the
analysis are applied in spatial and temporal domains
with in extent of Gujranwala district and years 2000 to
2020 of Gujranwala district.

To calculate the salinity levels of the soil samples,
process them. This could include: Adjusting
and utilizing instruments to gauge pH and electrical
conductivity (EC). Steps consist of: GIS data importation
into ArcGIS or QGIS software. Generating themed maps
of the research area's various salinity levels. To evaluate
the association between historical crop yield data and
soil salinity, process and analyze the data. Typical actions
include: Arranging the yield data according to the soil
salinity levels at eachlocation. Calculating various
salinity ranges' mean, median, and variance statistical
metrics. Finding the association between yield and
salinity using statistical tests, such as correlation
analysis. Correlation coefficients are calculated to
express the direction and intensity of
correlations. Regression analysis is used to model how
salinity affects crop productivity. ANOVA should be used
to compare crop yields at various soil salinity levels. Due
to its applicability for investigating the linear
correlations between variables, linear regression was
selected for the study on the geo-spatial evaluation of soil
salinity and its impact on wheat crop output in the
Gujranwala District, Pakistan.

2.1. Study Area

Gujranwala is centrally located in Punjab, Pakistan,
with geographical coordinates ranging from 312 to 322 N
latitude and 732 to 742 E longitude (Figure. 1). The study
area is bordered by Gujrat and Mandi Bahauddin to the
north, Sheikhpura to the south, Hafizabad and Pindi
Bhatian to the west, connecting it to Jhang, Chiniot,
Sargodha, and Faisalabad to the southwest. Covering a
total area of 3622 km? (1390 sq mi), Gujranwala is
characterized by a typical altitude of 226 meters (744
feet) above sea level.

Positioned within the fertile plains of Punjab,
Gujranwala benefits from irrigation through canals. The
region is a part of Rachna Doab, which slopes from the
northeast to the southwest and is traversed in its eastern
portion by the Upper Chenab Canal. Throughout the year,
the geographic area of Gujranwala witnesses’ significant
seasonal variations. The summer months, spanning from
June to September, experience high temperatures
ranging from 36 to 42 degrees Celsius (108 °F) (Kundu et
al,, 2018).

T3°300"E T40'0"E TEIOE

4 PAKISTAN

32°300°N
32°30°0°N

\C”

Road Network

Railway Line

B study Area

32°0'0"N
200N

0 s 0 10

7330'0"E T4V T4I00E

Figure 1. Location of study area.
3. Results

An adequate statistical linear regression analysis
was run on the data to establish the association between
crop yield and salinity (ECe) in a farming area. In this
study, the linear regression analysis was computed using
the statistical program SPSS. In this situation, wheat yield
was the dependent variable, and linear regression was
used to estimate its value based on the measured EC,
which served as the independent variable. While the
independent variable is sometimes referred to as the
predictor variable, the dependent variable is sometimes
called the outcome variable. It provides statistics that
evaluate a regression model's performance. It evaluates
how effectively the independent variables (predictors)
provide explanation for variation in the dependent
variable (wheat yield). The correlation coefficient (R) in
the present study is -0.935a, showing a very significant
negative correlation between the predictors and Wheat
Yield. An R Square value of 0.875 indicates that the
model's predictors can explain around 87.5% of the
variation in wheat yield. In context of the complexity of
the model and the size of the sample, the Adjusted R
Square value of 0.871 indicates that the predictors
represent around 87.1% of the variation in wheat yield.
The difference between the estimated and actual Wheat
Yield numbers in the present case is averaged out to be
1.434 standard errors of the estimate. The F Change
statistic of 237.795 shows the model's overall
significance, indicating that the variables jointly
influence considerably to explaining Wheat Yield. The
analysis revealed a strong negative correlation (r =.933)
between EC and Wheat yield, and the regression model
was able to account for 87% of the variance. This
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indicates that the model was well-suited for the data and
statistically significant, as evidenced by a significant F-
value of 55 and a p-value of less than .0005. Figure 3.10
illustrates a negative correlation between EC and wheat
yield over the study period from 2000 to 2020.
Specifically, electrical conductivity demonstrated an
increasing trend, while wheat yield exhibited a
decreasing trend.
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Figure 2. Scatter plot of EC and Wheat by year.
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The analysis revealed a strong negative correlation (r
=.933) between EC and Wheat yield, and the regression
model was able to account for 87% of the variance. This
indicates that the model was well-suited for the data and
statistically significant, as evidenced by a significant F-
value of 55 and a p-value of less than .0005. Figure 2
illustrates a negative correlation between EC and wheat
yield over the study period from 2000 to 2020.
Specifically, electrical conductivity demonstrated an
increasing trend, while wheat yield exhibited a
decreasing trend.

4. Discussion

The analysis and interpretation of the results from the
geostatistical analysis of soil salinity and its effect on
wheat yield in the Gujranwala District are presented in
the discussion section. It examines the consequences of
the findings, addressed the study's goals, highlights its
most important results, and gives perspectives into the
study's general worth. Wheat production and soil

salinity: The investigation showed an alarming negative
association between wheat yield and soil salinity, as
assessed by electrical conductivity (EC). Salt has a
negative effect on agricultural output as demonstrated
by a correlation between higher soil salt levels and lower
wheat production. The study evaluated the extent of the
reduction in wheat yield caused to soil salinity in order
to quantify the impact. Authorities and farmers can use
this information to better understand the financial
consequences and decide on appropriate soil salinity
management techniques.

This knowledge can direct focused actions and
techniques of land management. Identifying potential
hazards and hotspots: the study found regions that need
to be immediately targeted for salinity management
measures because of their high soil salinity hotspots.
Furthermore, it detected locations vulnerable to the
development of salinity, contributing in preventing
future growth and mitigating potential effects on
agricultural productivity. Adaptation strategies: In order
to mitigate the negative consequences of soil salinity in
the Gujranwala District, the research proposes solutions
for adaptation.

5. Conclusion

Understanding the relationship between soil salinity
and agricultural productivity is made possible by the
geostatistical analysis of soil salinity and its effect on
wheat production in the Gujranwala District. The
following conclusions and suggestions can be drawn
from the data: In the Gujranwala District, soil salinity has
a major negative effect on wheat yield. Wheat production
is negatively correlated with increased soil salinity, as
measured by electrical conductivity (EC). Areas with
greater salt levels and variations in salinity status over
time were identified by the geographical and temporal
examination of soil salinity patterns. For focused
treatments and methods of land management, this
information is essential.

The study emphasizes how crucial it is to put
adaptation measures into effect to lessen the negative
consequences of soil salinity. These tactics can include
enhanced irrigation systems, methods for reclaiming
land, crop choices, and salinity-reduction-focused soil
management techniques. The research has consequences
for policy, underlining the necessity for the creation and
application of laws that support sustainable land use,
water conservation, and salinity control methods.
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1. Introduction

Abstract

This study presents a geo-statistical approach to analyze the seismicity of the Eastern Hindu
Kush region using earthquake records from the past 200 years obtained from the USGS open-
source geo-database. The study also utilized SRTM, Digital elevation model to visualize the
spatial range, magnitude, and depth of earthquakes in the region. The IDW and Weighted
Overlay Analysis approaches were employed to interpolate seismic data in a GIS environment.
For seismic assessment in the Eastern Hindu Kush region, a Seismic Hazard Zonation Map
(SHZM) based on fault density, seismic depth, and magnitude was developed. The map
highlights that the north-eastern side of region is located in a zone with a high level of seismic
activity. Western Chitral, the western part of Upper Dir, and Lower Dir fall under a moderate
seismicity zone, while Swat, south-eastern Chitral, and the northern section of Upper Dir lie in
a zone with strong seismic activity. The study findings revealed that the Hindu Kush Region is
vulnerable to moderate and high-magnitude earthquakes, posing a risk to the region's
residents, particularly given their socioeconomic status and the highly susceptible nature of
their houses. As a result, the findings of this study can give significant insights to disaster
management authorities in decision-making and policy planning to improve community
resilience and minimize the potential negative effects of future earthquakes.

depth earthquakes (Mitrofan et al. 2022). The presence
of several reverse and oblique strike-slip faults in the

Globally, over the past few decades, catastrophic
events have caused significant damage to various
communities  (Bommer 2022). Among these,
earthquakes are one of the devastating geological
hazards causing human deaths, physical damage, and
social disruption (Khurram et al. 2021). Rima, Tibet,
experienced an earthquake on August 15, 1950, which
resulted in the deaths of over 3000 people and the
displacement of about 5,000,000 people (Siddiqui 2022).
An earthquake that struck on May 31, 1970, off the coast
of Peru claimed the lives of almost 70,000 people
(Jiménez et al. 2023). Off the coast of central Chile, there
was an earthquake that killed 525 people and caused
multiple structures to collapse in 2010 (Bouih et al.
2022).

The Himalayan, Hindukush, and Karakoram
Mountain ranges are among the world's most seismically
active areas, due to the convergence of the Eurasian and
Indian plates (Joshi and Thakur 2016). The rugged Hindu
Kush region, in particular, is a tectonically complex area
and likely the world's most active zone for intermediate-

Hindukush region is responsible for the frequent
intermediate to severe earthquakes. Moreover, due to
lithospheric subduction within the sharply falling
Hindukush region, several mantle earthquakes impact
the northeast-trending plane zone beneath the area, with
an average of more than five earthquakes of 5 Mw per
year occurring. This zone is approximately 700 km long
and stretches to around 300 km depth. Understanding
the seismicity of regions like the Hindukush is critical for
predicting and mitigating the impact of earthquakes and
other natural disasters (Khalid et al. 2021).

This study is an attempt to model earthquake
susceptibility. Geostatistical modeling adds a scientific
and data-driven dimension to earthquake risk
assessment. This can improve the efficiency of mitigation
strategies by more precisely focusing on high-risk zones
of the Eastern Hindu Kush region (Du et al. 2023). This
research is an important contribution to the field of
seismic hazard mitigation because it will help to update
policies and encourage inter-disciplinary collaboration.
The mapping provides important information for land-

* Corresponding Author

Cite this study

*(shakeelmahmoodkhan@gmail.com) ORCID ID 0000-0001-6909-0735

Qadir, M., & Mahmmod, S. (2023). Seismicity analysis of the Eastern Hindu Kush Region
using geospatial techniques. Intercontinental Geoinformation Days (IGD), 7, 5-8,
Peshawar, Pakistan


mailto:shakeelmahmoodkhan@gmail.com
http://igd.mersin.edu.tr/2020/
https://orcid.org/
https://orcid.org/

7th Intercontinental Geoinformation Days (IGD) - 18-19 November 2023 - Peshawar, Pakistan

use planning, infrastructure development, and
emergency preparedness.

Pakistan is situated in a seismically active and
earthquake-prone region of the world, where the
Arabian, Indian, and Eurasian tectonic plates interact at
different rates, resulting in a complex seismo-tectonic
environment (Khurram et al. 2021). The Hindu Kush
region, in particular, is notorious for large earthquakes
that can cause fatalities and infrastructure damage. On
October 26, 2015, the Hindu Kush earthquake occurred,
causing significant damage in northern areas of Pakistan
and Afghanistan (Yariyan et al. 2020; Lantada et al. 2018;
Aslam et al. 2018). The earthquake, which had a
magnitude of 7.5, was caused by reverse faulting that
occurred at a depth of 210 kilometers beneath the Hindu
Kush region of Afghanistan. The earthquake struck 45
kilometers southwest of Jarm village in Afghanistan's
Badakhshan Province and 150 kilometers northwest of
Pakistan's Chitral region (Aslam and Naseer 2020).
Mountain ranges are created by massive geological
pressures, while deformations within restricted borders
or active fault zones commonly cause earthquakes
(Rehman and Burton 2020; Chen and Shearer 2016).

Given the high seismicity of the Hindu Kush region
and its potential for devastating earthquakes, research in
this area is critical for understanding the seismo-tectonic
environment and seismic risk (Aslam et al. 2021). There
is a need for comprehensive studies to identify the active
faults, their characteristics, and the magnitude and
frequency of earthquakes in the region (Hildebrandt et al.
2021). This research can help develop earthquake
hazard maps, assess the potential impacts of earthquakes
on the built environment and infrastructure, and develop
effective strategies for disaster risk reduction and
mitigation. Furthermore, research can help improve the
understanding of earthquake ground motion
characteristics and the response of structures to seismic
loads in the region. This knowledge can inform the
development of building codes and guidelines to improve
the earthquake resistance of structures and reduce the
potential for damage and loss of life in the event of an
earthquake.

2. Method

The present study utilized geospatial approaches to
analyze seismicity events primarily based on secondary
data obtained from various sources. Spatial interpolation
was applied to geo-visualize the spatial pattern of
earthquake magnitude and depth. All spatial input layers
were combined using weighted overlay analysis in GIS
environment. The study employed earthquake data with
magnitude 4 and above for the last 200 years from the
United States Geological Survey (USGS) earthquake
catalog. The data include location (latitude and
longitude), depth, and magnitude. The Shuttle Radar
Topographic Mission (SRTM), Digital Elevation Model
(DEM) with a spatial resolution of 30 meters was also
obtained from the USGS open-source geo-database. The
geological map including geological formations and
geological structures of the study region was acquired
from the Geological Survey of Pakistan (GSP). Political
map of Pakistan containing international and district

boundaries was acquired from the Survey of Pakistan
(SoP). The acquired data were processed and then Geo-
database was created to store it. The earthquake location
was geo-visualized in the form of point data in GIS
environment. The earthquake depth and magnitude were
linked to the location data in Geo-database. Then
geological and political maps were digitized and .shp files
of geological formations, geological structures
particularly fault lines and pollical boundaries were
created.

The spatial pattern of earthquake depth and
magnitude was revisualized by utilizing Inverse Distance
Weighted (IDW) technique of spatial interpolation. IDW
technique was used for the set of points to identify the
amount of surface variation required for analysis
(Watson and Philip 1985). The study employed Weighted
Overlay Analysis to create thematic maps for visualizing
seismicity geographically. For Weighted Overlay
Analysis, an important step was to reclassify layers of
variables like seismic magnitude, seismic depth, and fault
density. Depending on each input layer's relative
significance to the analysis, each layer was assigned a
weight. The Delphi technique was used to assign weights
to the classes of each input layer. The study analyzed the
geospatial patterns of earthquake hazards and identified
areas of high and low seismic activity.

2.1. Study Area

The Hindu Kush extends southwestward from the
Pamir Knot to Afghanistan and serves as a natural barrier
separating South and Central Asia (Khan et al. 2021).
Tirich Mir is the highest peak in the Hindu Kush
Mountains with an elevation of 7,708 meters above mean
sea level. In Pakistan, the districts of Chitral, Swat, Upper,
and Lower Dir cover the Eastern Hindu Kush. The 700
km-long Hindu Kush Mountain range is located in
northeast and central Afghanistan and northwest of
Pakistan (Rusk et al. 2022). The Hindu Kush system has
a median north-south dimension of around 240 km and a
cross-sectional area of about 966 km (Joya et al. 2021).
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Figure 1. Location map of study area

The Eastern, middle, and Western are the three
sections of the Hindu Kush (You et al. 2017).
Administratively, the eastern Hindu Kush covers districts
of Chitral, Dir Upper, Dir Lower, and Swat (Figure 1).
Geographically, it extends from 34234'11" to 36254'30"N
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latitude and 71°11'56" to 73952'5"E longitude
(Mahmood and Atiq 2022). In this area, the Indian plate
gradually rotates counterclockwise to encroach into the
Eurasian plate. The region is seismically active. The focal
depth of earthquakes ranges from 50 to 300 km
(Mitrofan et al. 2022).

Influence Rate

Influence Rate |
32%
4

38%
8 2

I Weighad Overtoy Ay ]

Influence Rate
30%

[ Setsmicity Zonation in Lastern Mindu Kush Region J

Figure 2. Seismic Magnitude in Eastern Hindu Kush

3. Results

3.1. Seismicity in Eastern Hindu Kush during 200
years span

The Hindu Kush region is characterized by a high
degree of seismic activity, as demonstrated in Figure 3,
which displays earthquakes with magnitudes of 4 and
above over the past 200 years in the Eastern Hindu Kush.

3.2. Causes of Earthquake in Eastern Hindu Kush

Pakistan, located in South Asia, is situated in a highly
seismically active region and holds significant
importance within the Indian-Eurasian collision zone.
The convergence of the Indian and Eurasian plates in the
western Himalayas and the subduction of the Arabian
plate beneath the Eurasian plate near Makran are two
key factors responsible for the elevated seismicity of the
region (Rehman et al. 2016). The country's seismic
environment has a notable impact on the seismicity of
Asia.

3.3. Seismic Magnitude

The area has been divided into different groups
according to the seismic magnitude. The values of
seismic magnitude vary from region to region. The
brown color in the map shows the area where there is
low seismic magnitude whereas the light brown color
shows the areas with higher seismic magnitude.
According to a study, earthquakes of magnitude 5.0 and
above are frequent in the Hindu Kush region.

3.4. Seismicity Zonation

The approach of seismicity zoning of the Eastern
Hindu Kush region has been depicted in Figure 9. The
region is delineated into three zones based on fault
density, seismic depth, and magnitude. The resulting
seismic hazard map highlights that the north-eastern
side of the region is located in a zone with a high level of
seismic activity. On the other hand, the western Chitral,
the western part of Upper Dir, and Lower Dir fall under a
moderate seismicity zone, while Swat, south-eastern
Chitral, and the northern section of Upper Dir lie in a zone
with strong seismic activity (Figure 9). This area is highly
vulnerable to earthquakes due to weak building codes
and the susceptibility of existing structures. As a result,
the region is at a high risk of being severely impacted by
seismic events.

4. Discussion

The analysis revealed that the earthquakes in the
Eastern Hindu Kush are caused by the collision of Indian
and Eurasian tectonic plates (CUI et al. 2019). The
findings indicate that the northeastern side of this region
has quite active seismic activity. Swat, south-eastern
Chitral, and the northern part of Upper Dir have
strong seismic activity, compared to western Chitral, the
western half of Upper Dir, and Lower Dir, which have
moderate seismicity. The region's seismic hazard is
undeniable, as shown by historical occurrences like the
2005 Kashmir Earthquake, which had an epicenter
nearby the earthquake that occurred on October 26 and
produced multiple aftershocks, and a much more recent
earthquake of 5.2 magnitudes that occurred on
November 22 (Basharat et al. 2021).

The analysis also revealed the cascading nature of
disasters in the Hindu Kush region. It is essential to
recognize that earthquakes can trigger secondary and
tertiary hazards, such as landslides, landslide dams, and
glacial lake outburst floods. As observed by Shafique
(2020), landslides that were both widespread and
disastrous were caused by the 2005 earthquake.

The study emphasizes that disaster resilience in the
mountainous area requires making decisions based on
the best Disaster Risk Reduction (DRR) and climate
change adaptation studies available. A comprehensive
framework is necessary for evaluating hazards' risks and
recommending actions to make communities in the
Eastern Hindu Kush region more resilient.

5. Conclusion

In conclusion, the study sheds light on the high
seismicity and potential dangers posed by earthquakes in
the Eastern Hindu Kush region. With the region being
prone to secondary and tertiary hazards triggered by
earthquakes, such as landslides and glacial lake outburst
floods, it is crucial to adopt a multi-hazard approach to
disaster risk reduction. By prioritizing initiatives that
increase the population's resilience to catastrophic
disasters, constructing earthquake-resilient buildings,
avoiding construction on slopes, and addressing
vulnerabilities found in socio-economic and political
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situations and processes, policymakers can significantly
reduce disaster risk and protect the region's population.

Overall, the study highlights the importance of
understanding the nature of disasters and adopting
appropriate measures to ensure the safety and well-
being of communities in the Eastern Hindu Kush region.
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Abstract

A sustainable protective strategy's design and informed coastal management depend on the
assessment of coastal erosion and accretion. This study analyses Pakistani coastal dynamics
from 1990 to 2020 using the Digital Shoreline Analysis System (DSAS) version 5.1 linked with
ArcGIS software. The study, which focuses on erosion and accretion, uses metrics like Liner
Regression Rate (LRR), End Point Rate (EPR), and Shoreline Change Envelope (SCE) to divide
the area into four segments (a, b, ¢, and d) within the western zone. The findings show that the
rates of erosion and accretion along Pakistan's coastline vary significantly. Maximum erosion
rates are found on Transect Id 49, which reaches -42.28 m/yr; maximum accretion rates are
found on Transect Id 105, which reaches 2.27 m/y to 2.77 m/y. Significantly, regions
bordering Iran—segment d, in particular—accrete more than the original section between
1990 and 2020. The predominant process is erosion, which affects a large amount of
Pakistan's coastline, especially in areas with a high concentration of industry and areas
recently devastated by disasters. These results highlight the necessity of customized coastal
management plans that take into account the intricate interactions between anthropogenic

and natural elements in the area.

1. Introduction

Globally, coastal regions belong to the most valuable
and vulnerable ecosystems (Kron, 2013; Hossain et al,,
2020). According to researchers like, coastal regions are
essential because they serve as transitional zones
between terrestrial and aquatic ecosystems (Golla et al.,
2020). By decreasing storm surges (Tognin et al,, 2021),
increasing carbon sinks (Lovelock and Reef, 2020, Ward
et al,, 2021), balancing sediment and nutrient cycling
(Lonborg et al, 2021), and creating biodiversity
conservation areas, they reduce exposure to natural
hazards (such as coastal flooding and tsunamis) (Hopper
etal,, 2021). In contrast to 20% of the world's coastlines
that are retreating at less than 10 meters per year and
only 10% of the coasts that are either stable or
advancing, over 70% of the world's coasts are retreating
at rates of about 10 meters per year or more (INOC,
1991). Brunn's, (1962) rule says that, the near shore
bottom adjusts in response to sea level rise to try and find
a new equilibrium and restore the ratio between the
distance offshore at which the waves hit the bottom (L)
and the water depth at that distance (D). Equilibrium is
created by the shore's erosion, which is equivalent to the
sea level rise multiplied by the ratio (L/D).

Even though Pakistan's coastline is important, there
haven't been many efforts to assess how erosion has
affected it’s roughly 1000 km of coastline. The majority
of studies done to evaluate erosion and accretion along
the Pakistani shoreline are small-scale and localized. In
particular, Waqas et al. (2019) investigated the
spatiotemporal variability of the offshore barrier islands
(BIs) of the Sindh coast from 1974 to 2017, whereas ljaz
et al. (2017) examined the evolution of the main tidal
creeks of the Islamic Republic of Pakistan (IDR) coastline
from 1979 to 2017. As a result, reliable and efficient
shoreline mapping is required for the implementation of
proactive planning strategies for the future maintenance
and control of coastal resources (Thomas et al,, 2017). In
order to accomplish this, extracting shoreline features
from digital remote-sensing imagery is a potential and
useful technique (Narayana, 2016).

In order to accomplish this, extracting shoreline
features from digital remote-sensing imagery is a
potential and useful technique (Narayana, 2016). With
gratitude to enhanced sensor technology, open access
data policies, and near real-time data collection, remote
sensing has the unique feature of delivering
geographically unlimited data at a lower cost than
conventional ground-based evaluation (Szuster et al,
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2011). Remote sensing has greatly helped coastal
observation for more than 40 years by supplying timely,
cost-effective data at various geographic scales
(Luijendijk et al, 2018). Furthermore, its abilities
provide a rare window into past events to track the
morphology of the shoreline over time and predict
potential changes to the shoreline in the future using
historical data.

2. Method

This study utilizes a combination of remote sensing
data and existing databases for data collection. High-
resolution satellite photos capture the research area at
various times. Additionally, preexisting databases from
governmental organizations, academic institutions, and
prior studies supplement the data collection. The section
provides a comprehensive overview of the Digital
Shoreline Analysis System (DSAS) and its relevance to
shoreline change analysis. DSAS, a widely-used tool
employing GIS techniques, analyzes historical shoreline
positions, quantifies erosion and accretion rates, and
offers statistical tools for assessing significance. The
section highlights DSAS's efficiency, accuracy, and ability
to handle large datasets.

To digitize shorelines for different time periods, DSAS
and GIS software will be used, and shoreline positions
will be manually digitized based on visual indicators. The
digitized shorelines will then be used to determine rates
of shoreline change, erosion, and accretion. DSAS's
statistical tools, including linear regression, will assess
the scope and significance of shoreline changes over
time. Spatial analysis approaches will identify hotspots of
coastal change and vulnerable segments by
superimposing shoreline change data on relevant spatial
information. The analysis of shoreline change findings
will unveil the primary causes and patterns of coastal
erosion and accretion in the research area, presented
through maps, charts, and statistical summaries to
illustrate geographical and temporal changes in coastal
dynamics.

Remote sensing data and pre-existing datasets will all
be used in the data gathering for the Digital Shoreline
Analysis System (DSAS) assessment of coastal erosion
and accretion processes in Pakistan. For conducting a
thorough research of shoreline dynamics and
comprehending the coastal processes in the study area,
precise and complete data gathering is essential.

A single database will be created from every piece of
information that has been gathered, including remote
sensing images, and existing datasets. Through this
aggregation, the data may be easily managed and
accessed  throughout the analytical process.
Georeferencing is an essential step in spatially aligning
various datasets. Techniques for data resampling can be
used to uniformly scale and standardize the spatial
resolution of the datasets. By taking into account several
elements that affect shoreline dynamics, this integration
makes it possible to analyze patterns of coastal erosion
and accretion in great detail. In order for the data to be
used in the DSAS analysis, it may be necessary to convert
or standardize it into a consistent format. In order to do
this, data may need to be converted into GIS-compatible

forms, like shape files or raster formats, while
maintaining metadata and attribute information.
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Figure 1. Transect generation for Study Area.
2.1. Study Area

Pakistan’s shoreline is about 1050 km-long coastline.
This shoreline can be divided into two parts: the Sindh
Coast (270 km) and the Makran Coast (720 km). The
Exclusive Economic Zone (EEZ) of the nation is
approximately 240,000 square kilometers in size, and its
maritime zone, which includes the continental shelf,
stretches up to 350 nautical miles from the shore. The
Indus canyon, which covers the coastal shelf, is a notable
feature of the region (Figure 1). Along the coasts of the
two provinces, Sindh and Baluchistan, the extent of the
continental shelf differs noticeably. The two provinces
share authority over the seaward coastal zone up to 12
nautical miles (NM) from the coastline.
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Figure 2. Location of study area.

The topography of Pakistan's coastline is heavily
influenced by the nearby mountain ranges and the
gradual deposition of sediments from the Indus River,
resulting in a wide coastal plain in some areas. Overall,
Pakistan's coastline varies significantly in elevation and
topography, depending on the location. The central and
eastern parts of Pakistan's coastline are typically flat and

10
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susceptible to flooding during monsoon season, with
much of the land barely rising above sea level.

The weather is typically hot and humid all year long,
reaching highs of up to 40 degrees Celsius (104 degrees
Fahrenheit) in the summer. Heavy rainfall is brought to
the maritime regions, especially in the east, during the
monsoon season, which lasts from June to September.
During the monsoon season, the Indus River delta is
especially vulnerable to flooding, and the rains can
seriously harm the area's infrastructure and crops.

3. Results

By fitting a regression line to all shoreline sites along
a transect, the least squares regression (LRR) approach
is used to calculate the rate of shoreline variation.
Positions of the shoreline in the future and their
corresponding confidence intervals can be predicted by
this method, which considers all data points independent
of changes in trend or accuracy. The overall average LRR
rates for all segments exhibit a degradation tendency
with values of -144.59 m/yr, -289.4 m/yr, -21.92 m/yr,
and -84 m/yr, and an accumulation trend with values of
1.0 m/yr, 2.11 m/yr, 3.21 m/yr, and 8.48 m/yr for
segments 1, 2, 3, and 4, accordingly. It shows more
erosion along segment (b) and moderate to low along
segment (c) to (d) while more accretion along segment
(d). Segment (a) shows moderate erosion in Sky Blue
colour,Segment (b) and (c) shows High to low erosion in
Orange and Purple color respectively. Segment (d) show
high accretion in Light Green color.
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Figure 3. Coastline Change Analysis in terms of LRR.

The end point rate (EPR), a straightforward statistical
metric, is calculated by dividing net shoreline movement
(NSM) by the interval between the earliest and latest
shoreline measurements. EPR average rate is shown in
Figure 3 with the number of erosional transects at -6.15:
96% of all transects are subject to erosion of all transects
with statistically significant erosion, 88.07%: highest
value depreciation in 86.24%: While the average of all
erosional rates is: -40.73 at transect ID: 49, -7.14.
Number of accretions transects in an EPR 13 percent of
all transects are incremental transects: Among all
transects with statistically significant accretion, 11.93%
are: 10.09%, 2.77 as the maximum value accretion at
transect ID 105, and 1.16 as the average of all Accretion

rates. The coastline is primarily subject to segment-wise
degradation, as indicated in table 4.14, according to the
rates of coastal position.
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Figure 4. Coastline Change Analysis in terms of EPR.

4. Discussion

The Digital Shoreline Analysis System (DSAS)
evaluation of coastal erosion and accretion trends in
Pakistan has shed important light on the dynamics of the
nation's coastline. The study has successfully identified
rates of shoreline change and the primary hazards to the
coastline by analyzing historical shoreline sites and using
cutting-edge methods like DSAS version 5.1. The data
point to segment-by-segment degradation as an
important concern for Pakistani coastal communities.
The study also identifies variances in the dynamics of
other segments, highlighting the demand for specialized
management approaches. This study utilized GIS and RS
to evaluate 30 years (1990 to 2020) of data for the
Pakistan coastline. Results indicate that erosion is
noticeable along the coastline. The EPR approach is
effective if the coastline experiences a steady movement
whether toward the ocean or landward, but the LRR
method is advantageous for segment-specific
examination of coastal change.

5. Conclusion

Analyzing the spatiotemporal changes in the
shoreline might be a useful non-structural strategy for
coastal area decision-making. The current study may
help in determining how susceptible the shoreline is.
Human activity and environmental factors have
significantly altered the coastline landscape over the past
thirty years. The probable trends in shoreline alterations
were predicted using the DSAS model, making it easier to
create plans to reduce coastal risk. The shoreline in the
western zone eroded significantly as a result of the
development of Gwadar Port and its ancillary
infrastructure, including breakwaters and jetties, whilst
the shoreline in the eastern zone eroded comparatively
little. Such constructions have the potential to interfere
with natural coastal processes, change sediment
transport and deposition patterns, and cause erosion and
coastline retreat in the area. The results of the study
indicate that natural coastal accretion, which entails
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Abstract

Avalanches are a major problem in the Central Asian area, which includes the Karakorum,
Hindu Kush, and Pamir ranges. Avalanches are frequently caused by the glaciers of Chiantar,
Tirchmir, and Atrak near Chitral district. This study investigated the causes of avalanches in
Chitral using data from the Digital Elevation Model (DEM) acquired from USGS. High-
resolution Shuttle Radar Topography Mission (SRTM) DEM (30 m) from USGS was used to
examine the causative factors such as elevation, slope, aspect, and hill shade. The objectives of
the study were to determine the causes of natural avalanches, evaluate the amount of damage
caused between 2010 and 2020, and provide a distribution map that shows the danger zones.
Using GIS technology, it was discovered that the length and steepness of the slope, together
with the lack of summit trees, were the main causes of large avalanches in Chitral. Avalanche
hotspots throughout the last ten years were identified on the distribution map that resulted.
Forecasters can identify danger areas and describe scenarios with the use of this information.
The avalanche inventory map helps policymakers create preventative measures for risky
locations in Chitral, which helps with risk management.

1. Introduction

Large glaciers that split off from their main bulk and
tumble rapidly downward are typically the source of a
snow avalanche. (Davies and McSaveney, 2002). In the
winter, it is a serious hazard to individuals living in
mountainous places and infrastructure i.e., buildings,
roads (McClung and Schaerer 2006). Slope failure is
controlled by the relationship between snow qualities
and meteorological conditions (Mahboob et al. 2015).
The structure and strength of snow layers, which are
influenced by external variables such as wind,
precipitation, and temperature, dictate the stability of an
avalanche. Throughout the winter, the snowpack
accumulates and is composed of several layers with
highly changeable physical characteristics that are
subject to variations in heat, water vapor concentration,
and radiative fluxes brought on by shifting weather
patterns. (Piacentini et al., 2020).

Snow avalanches in mountainous regions result in
large financial losses and a high death toll. The kind of
terrain, the weather, the presence of thick snowpacks
over weak layers, and outside triggers are all factors that
favor avalanche formation. These outside elements,
which include explosions, earthquakes, passing skiers,

and crumbling cornices, can add weight to the snowpack
or cause it to break apart and trigger avalanches.
(Podolskiy et al., 2010).

A secondary consequence of the destructive
propagation of snow avalanches may be the massive
deposition of surface rock and plant fragments that have
traveled and piled alongside the debris from the
avalanche. (Choubin et al., 2020). The accumulation of
such snow-rock-debris and the mass wasting caused by
snow avalanches have more detrimental long-term
impacts. The accumulation of such snow-rock debris and
the mass wasting brought on by snow avalanches result
in more catastrophic long-term damage (Wesselink et al.,
2017; Eckerstorfer and Malnes, 2015). The worldwide
snow avalanche regime has been seen to be shifting
during the past ten years (Oleinikov and Volodicheva,
2019). One of the main factors cited for raising the
frequency and irregularity of occurrences as well as their
risk and destruction is climate change. (Laute and
Beylich, 2018).

In alpine regions around the world, avalanches
represent a major risk to people, structures, and
transportation systems. In Switzerland, avalanches claim
the lives of 25 people on average every year; most of
these deaths happen during winter sports activities and
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they regularly cause damage to infrastructure (Techel et
al,, 2015). In March 2012 and again in February 2015, a
significant avalanche cycle hit mountain villages in
Central Asia (Pakistan, Afghanistan, and Tajikistan),
destroying towns, killing livestock, and killing hundreds
of people. (Chabot and Kaba, 2016). Since 1950, Austria
has seen almost 1,600 fatal avalanches, with an average
of 30 fatalities year. In the past 55 years, the backcountry
and off-piste have seen almost two thirds of all avalanche
deaths (Holler 2007).

Around 172 people were killed and over 2 miles of
road were buried in February 2010 when 17 avalanches
that began in the southern approaches of the Salang Pass
in the Hindu Kush Mountain range were caused by
powerful winds and rain, according to World Atlas. A
large number of cars were crushed by the avalanche and
left to rot in frigid coffins, while other cars were forced
into the valley's death jaws. A similar sequence of
destructive avalanches struck four districts in the
northeastern area of Afghanistan in February 2015. In
the province of Panjshir, some 60 miles northeast of
Kabul, over 100 houses were destroyed by avalanches.
The trucks and rescue workers who were en route to the
affected areas had difficulties due to heavy snowfall and
fallen trees, which hindered their ability to reach the
villages. A little over 310 persons lost their life in the
accident (Ancey, 2016).

The biggest snow glacier in the world is located in
Northern Pakistan, many hundred kilometers away from
the glacier, across higher terrain and inside the severe
shaking zone of the Hindu Kush. As of right present, there
is no infrastructure in place to monitor seismic snow
avalanches. (Khan et al., 2013).

2. Method
2.1.Data Collection

In this research, secondary data were used to
achieve the desired objectives. The secondary data were
acquired from concerned government departments and
other private organizations. Digital Elevation Model
(DEM), having 30m resolution, was obtained from the
United States Geological Survey (USGS). The imagery
data of the affected areas of Chitral were obtained by
Landsat-8. The data related to damages by avalanches in
the past were obtained from National Disaster
Management Authority (NDMA) and, other sources.
Some statistical data were acquired from other research
articles, newspapers etc.

2.2. Data Processing

On the DEM of Chitral, analytical methods like as
elevation, slope, aspect, and curvature were used to
provide a visual result of the reasons of avalanche. Three
rasters were required for the current study work flow.
The pixel values in this DEM are in feet. In addition, the
DEM values were used to derive the slope and aspect.
Tables depicted the consequences of the avalanches in
past years as well as the severity of the avalanches. A
distribution map was created to depict the key avalanche
hotspot regions in Chitral.

2.3.Study Area

Chitral is situated between 35°14'00"" and 36°56'00"
N and 71°11'00" and 73°42'00" E. Its surface area is
14,850 km?2. Geographically, Gilgit Baltistan’s Ghizer
District and the Swat District are located on the eastern
side of Chitral. On the southern side of Chitral is Upper
Dir; on the western side borders Afghanistan. Chitral is
the largest of the districts that make up Khyber
Pakhtunkhwa (KP), which is located in northwest
Pakistan (Khan, 2013). Chitral stands at one of the
highest elevations in the KP province. The Chitral area of
Northern Pakistan traverses the Hindukush Range in the
SW Pamir Syntaxis (Nusser, 2001).
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Figure 1. Location of the study area.

The climate in Chitral is moderate, with pleasant
summers and extremely cold winters. Summer
temperatures range from 22 to 24 degrees Celsius, while
winter temperatures range from -4 to -6 degrees Celsius.
Chitral has a moderate climate, with westerly winds that
bring rain predominating from December to March
throughout the winter. 16 degrees Celsius is the average
annual temperature, with an average minimum
temperature of 8 degrees and a high temperature of 24
degrees. Winters are cold, with January being the coldest,
while summers are hot, with July being the hottest.
(Ashrafetal., 2012).

3. Results

3.1. Analysis of Causative Factors
3.1.1. Slope

Slope angle is the principal factor that influences and
causes avalanche release. To the second DEM raster, the
Slope Function was appended. Specifically, a slope range
of 30 to 50 degrees—that is, greater than 30 degrees and
less than 50 degrees, respectively—was selected as the
pixels-based value for essential slope-tolerance for this
local function. Slope angles are one of the general
parameters for avalanche vulnerability owing to slope.
Avalanche initiation zones are systematically identified
between 30 and 50 degrees (often even 60 degrees) as
both wet and dry surfaces may be covered. The avalanche
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occurrence in this location is caused by the Chitral's slope
degree, as indicated by the findings of the assessment's
tilt study.
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Figure 2. Slope of Chitral.

3.1.2. Elevation

While height doesn't directly affect the likelihood of
snow avalanches, it does have an impact on the
metrological factors that determine the stability of the
snowpack. Consequently, height continues to be a crucial
topographical factor in assessing avalanche danger in a
spatial sense. Moreover, the wind speed increases in
response to altitude changes, which increases the
quantity of snowfall the wind produces. Elevation
standards often include 4000 meters or above. It has
been observed that most of the ice cover accumulates
above 4000 m in Eastern Hindukush (between 4000 and
5500 m) since the study-area districts are in the HKH
range. Therefore, in Chitral, height is a key factor in
initiating the snow cover that leads to the Avalanche.
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Figure 3. Elevation of Chitral.

3.1.3. Aspect

Using the Aspect Function, the original DEM raster
was processed. Selected pixels were assigned an aspect
of 112.5 to 202.5 (Aspect: Southeast & South), which
means that they were greater than 112.5 degrees and
less than 202.5 degrees, respectively. The values under
investigation represent the Southeast aspect
geographically because sun radiation rapidly focuses on
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certain aspect parts of the landscape, leading to the
melting of ice.
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Figure 4. Aspect of Chitral.
3.1.4. Hillshade

The haded relief, or hillshading, technique adds a
lighting effect to a map by taking into account variations
in the studied area's height. To improve the visibility of
the terrain, it mimics the sun's effects on hills and valleys,
including shadows, shading, and lighting.
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Figure 5. Hillshade of Chitral.

3.2. Analysis of Damages

13 3 Arkari Valley 12 people killed, 5 houses damaged
Karimabad 19 people trapped, few vehicals
were trapped because of the
blockage of roads
harch: 2011 Susom Village 2 students killed
Karimabad 6 injured, few catties killed
Sher shal village 15 people killed, many injured
Karimabad 10 people killed
Lowari tunnel 14 persons trapped 7 died
A 3 : Lowar! top 2 persons killed
Rech valley 1 death
2017 Reach valley 8 people killed, 10 injured,7 houses
damaged
Drosh Four persons killed

Figure 6. Locations, dates and effects of avalanches.

There was insufficient data available on damages
during the preceding 10 years. Google Scholars and
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DAWN news provided the previously stated information
of large-scale avalanche accidents in the Chitral area. The
figures presented above indicate the timing and extent of
the principal avalanche occurrence. Based on data, 2017
was the most catastrophic year in the preceding decade
since most of the avalanches happened in Chitral.

3.3.Inventory map of Avalanches
The map below depicts the distribution of the key

avalanche incidents and the regions in Chitral that are the
biggest avalanche hotspots.
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Figure 7. Main hotspot of Avalanches in Chitral.

4. Discussion

Records of avalanches from ranges including peaks
over 7000 meters are not accessible. However, extreme
altitudes and notable vertical relief above the terrain and
snowline indicate certain common features. Near high
mountain summits, winter weather with cold, dry snow
is always predictable. The prolonged duration of
snowpack instability is suggested by cold temperatures.
Elevated altitudes indicate elevated solar radiation
under clear sky conditions, which can rapidly exacerbate
instability and potentially generate natural avalanches or
increase the probability of human activation.

In some circumstances, there may be a greater chance
for snow entrainment to generate bigger masses due to
the steep vertical relief above the snowline. According to
data from several sources, avalanches of significant size
begin to deposit on slopes of around 10°, while snow
avalanches begin to discharge on slopes between 25° and
55° (McClung, 2013).

Humans often misjudge avalanche instability, which
leads to many accidents. (McClung and Schaerer, 2006).
The results of icefalls are generally unpredictable. Risk
management must be used if icefalls need to be crossed
in order to avoid placing an excessive number of people
in danger in one location at a time, including possible
camp sites. The fact that snow avalanches caused by
icefall have been a significant cause of fatalities makes
forecasting more challenging. It may be argued that when
the monsoon loads the accumulation zone, glacier
mobility increases, even though there is no data to
support this theory in terms of mortality rates.

5. Conclusion

In order to develop snow avalanche causes, the
current study used a novel and integrative approach
inside GIS by including crucial topography
characteristics. The results show that there is a moderate
to high risk of avalanche hazard in several areas of the
study's target districts in Pakistan's northern zone. The
analysis of avalanches in Chitral both geographically and
temporally exposed a number of avalanche-related
problems and damages. But the study also pinpointed the
main natural avalanche sources in Chitral, and the main
avalanche hotspot sites are shown on a map based on the
majority of avalanche incidences in the region's districts.
Additionally, elevation and related significant
topographic data were extracted using SRTM DEM data
with a 30-m spatial resolution used in this study;
however, for optimal outcomes, high-resolution DEM is
recommended.

Recommendations

Non-structural methods
Avalanche zoning
Artificial Triggering
Afforestation

Structural Defenses

Acknowledgement

I would like to express my sincere appreciation to
my co-author, Dr. Shakeel Mahmood, for his vital
contributions and unflinching support during this
project.

References

Ancey, C. (2016). Snow avalanches. In Oxford Research
Encyclopedia of Natural Hazard Science.

Ashraf, A, Naz, R, & Roohi, R. (2012). Glacial lake
outburst flood hazards in Hindukush, Karakoram and
Himalayan Ranges of Pakistan: implications and risk
analysis. Geomatics, Natural Hazards and Risk, 3(2),
113-132.

Chabot, D., & Kaba, A. (2016). Avalanche forecasting in
the central Asian countries of Afghanistan, Pakistan
and Tajikistan. Proc. 2016 Intl. Snow Sci. Wksp.,,
Breckenridge, CO.

Choubin, B., Borji, M., Hosseini, F. S., Mosavi, A., & Dineva,
A. A. (2020). Mass wasting susceptibility assessment
of snow avalanches using machine learning
models. Scientific Reports, 10(1), 1-13.

Davies T, McSaveney M (2002) Dynamic simulation of the
motion of fragmenting rock avalanches. Can Geotech
] 39(4):789-798

Eckerstorfer, M. & Malnes, E. Manual detection of snow
avalanche debris using high-resolution Radarsat-2
SAR images. Cold Reg. Sci. Technol. 120, 205-218
(2015).

Fort M, Cossart E, Arnaud-Fassetta G (2010). Hillslope-
channel coupling in the Nepal Himalayas and threat to
man-made structures: the middle Kali Gandaki valley.
Geomorphology, 124(3-4),178-199

16



7th Intercontinental Geoinformation Days (IGD) - 18-19 November 2023 - Peshawar, Pakistan

Hagq, L., 2007. Community response to climatic hazards in
northern Pakistan. Mountain Research and
Development 27 (4). http://dx.doi.org/10.1659/
mrd.0947.

Hewitt, K. (2009) Rock avalanches that travel onto
glaciers and related developments, Karakoram
Himalaya. Inner Asia. Geomorphology, 103(1), 66-79

17

Hoéller, P. (2007). Avalanche hazards and mitigation in
Austria: a review. Nat Hazards, 43, 81-101

Jessie Yeung, Sophia Saifiand Sajjad Qayyum, CNN;
Updated 1309 GMT (2109 HKT) January 15, 2020;
https://www.cnn.com/2020/01/15/asia/kashmir-
pakistan-avalanche-intl-hnk/index.html


https://edition.cnn.com/profiles/jessie-yeung
https://edition.cnn.com/profiles/sophia-saifi

7th Intercontinental Geoinformation Days (IGD) - 18-19 November 2023 - Peshawar, Pakistan

7th Intercontinental Geoinformation Days

igd.mersin.edu.tr

Mapping of frequently flood affected villages in Eastern Hindukush Region, Pakistan

Ramsha Sohail *1*®', Shakeel Mahmood !

1Government College University, Department of Geography, Lahore, Pakistan

Keywords Abstract

Eastern Hindukush Region
Literature Review

Point Level Geocoding
Vulnerable villages Maps

In order to locate and map the villages in the Eastern Hindu Kush region that are frequently
affected by flooding, this research offers a rigorous analysis that combines point level
geocoding techniques with an extensive literature assessment. In Eastern Hindu Kush region,
flooding is a frequent and destructive natural calamity that affects infrastructure and

populations. This study uses information from the literature and geospatial data to identify
the communities that are most vulnerable in order to solve this problem. In order to precisely
pinpoint these communities on digital maps, this research uses advanced geocoding
techniques, which offers insightful information for activities aimed at mitigating and
preparing for disasters. This study provides an integrated picture of the flood-prone regions
in Eastern Hindu Kush region by merging historical flood data with academic research
findings. This allows for targeted interventions and resource allocation for disaster
management and community resilience.

1. Introduction

Floods are thought to be the most destructive hazard
on a global scale (Rehman and Khan 2013; Qasim et al.
2016). Approximately half of all hydrometeorological
disasters are related to flooding (Halgamuge and
Nirmalathas 2017). The frequency and intensity of
catastrophic floods have grown recently as a result of
climate change, and they have become even more intense
as a result of the encroachment of human activity along
rivers (Khalid et al., 2018). In general, strong rains (Tariq
and Giesen 2012; Mahmood et al. 2016a, b), dam
breaches, river embankments, and the quickly melting of
snow and glaciers (Jonkman et al. 2008; Sajjad et al.
2019) are the main causes of floods. Similarly,
unexpected modifications to land cover and the fast
expansion of communities inside floodplains aggravate
floods even more (Syvitski and Brackenridge 2013; Igbal
etal. 2018).

The Eastern Hindukush region in Pakistan,
characterized by its diverse topography and intricate
river systems, faces the recurrent challenge of floods.
This natural disaster often results from a combination of
factors, including intense monsoon rains, glacial
meltwaters and rapid snowmelt from the towering peaks
(Gupta and Sah 2008). As watercourses navigate through
steep terrains, the susceptibility to flash floods and
riverine inundation increases, impacting both rural and
urban communities (Hunter et al. 2005; Ali 2007). The

socio-economic and environmental implications of
floods in this region underscore the need for
comprehensive understanding and effective mitigation
strategies to safeguard lives and livelihoods.

2. Method

Frequently flooded villages in Pakistan's Eastern
Hindukush region are mapped using an approach that
incorporates information from a comprehensive
literature assessment drawn from a variety of sources,
including scholarly articles and newspapers. In order to
pinpoint patterns, trends, and critical elements
influencing a given village's susceptibility to periodic
floods, a thorough analysis of past flood records,
meteorological data, and scientific research was
conducted in the first phase. This examination of the
literature made it easier to identify high-risk areas,
important environmental indicators, and socioeconomic
variables that increase the impact of floods on nearby
towns. Additionally, it gave rise to a basis for
comprehending the dynamics of flood events,
encompassing the part played by local topography,
climate, and land use practices.

Point-level geocoding was used in the process to
shift to a spatial analysis approach after the literature
evaluation. This required converting textual data—like
village names that are cited in the literature—into spatial
coordinates, or latitude and longitude. The places that
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are commonly impacted by flooding were shown by
plotting these geocoded points on a digital map using
Geographic Information System (GIS) tools. A more
precise identification and visualization of susceptible
communities was made possible by the incorporation of
geospatial data, which also let stakeholders and decision-
makers evaluate the geographical distribution of flood-
prone regions and rank intervention solutions.

2.1. Study Area

The districts of Chitral, Upper Dir, Lower Dir, and
Swat make up Pakistan's Eastern Hindu Kush region.
Geographically, it covers the area between 34°34'11" and
36°54'30" North Latitude and 71°11'56" to 73°52'5" East
Longitude. A fourth region in Pakistan known as the
Hindu Raj would be included in a comprehensive
depiction of the Hindu Kush.

A long, twisting chain of mountains, including steep
peaks like Mount Darkot and Buni Zom, which strike
southward from the Lupsuk Peak in the Eastern region
and continue to the Kabul River, forms this area. Hindu
Kush includes this mountain range (Mahmood, 2019).
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Figure 1. Location of study area.

The research region has cold to warm summer
temperatures, with minimums of 16 °C and maximums of
32 °C. From December to February, the temperature
drops below freezing. The hallmark of the winter season
is the presence of snowfall. The difference between the
minimum and greatest amounts of rainfall in December
and March was 823 mm and 2149 mm, respectively.
Snow usually begins to fall in November and moves
southward when the temperature drops in December.
Depending on the height, snow melting continues into
March (Mahmood and Rahman, 2019).

3. Results

The Eastern Hindukush Region of Pakistan's
inventory map of villages impacted by flooding shows a
worrying pattern of repeated flood damage over the
previous ten years, especially in tehsils like Kalkot,
Chitral, Dir, Wari, Babuzai, Bahrain, and Timergara.
These places are particularly vulnerable to floods due to
a number of variables. First off, during periods of intense
rainfall, the region is vulnerable to flash floods due to its

geography, which is made up of steep hills and river
valleys. The risk of riverbanks overflowing and
surrounding settlements being inundated is increased by
the mountainous topography, which speeds up water
runoff. Furthermore, communities frequently settle in
flood-prone locations since there are few other viable
places to live, which makes the vulnerability worse
owing to improper land-use planning and zoning rules.
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Furthermore, insufficient infrastructure in these
tehsils exacerbates the effects of floods. Villages that lack
sturdy drainage systems and flood prevention measures
are vulnerable to harm during severe weather
conditions. Older or badly maintained infrastructure
frequently fails to resist the power of flooding, with
disastrous results for the impacted populations.
Moreover, soil erosion is a result of deforestation and
poor land management, which lowers the ground's
natural capacity to absorb excess water and raises the
risk of floods. The confluence of these variables
underscores the pressing requirement for all-
encompassing flood alleviation tactics, encompassing the
adoption of sustainable land-use methodologies,
enhanced infrastructure, and community education
initiatives, in order to protect the Eastern Hindukush
Region against the catastrophic consequences of periodic
flooding.

4. Discussion

Over the past ten years, the Eastern Hindukush
Region of Pakistan—which includes tehsils like Kalkot,
Chitral, Dir, Wari, Babuzai, Bahrain, and Timergara—has
seen an alarming trend of recurring flood devastation.
The creation of an inventory map that details the
different elements that contribute to these places'
susceptibility is crucial to comprehending the effects of
floods on these settlements. The geology of the area,
which is marked by rocky terrain and steep slopes, is one
important component that enhances runoff during
periods of heavy rainfall and speeds up the escalation of
floods. The issue is made worse by the communities' poor
construction of drainage systems and flood prevention
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measures, which makes them very vulnerable to
flooding.

By itself, a hazard is not always disastrous. Any
danger might have catastrophic effects on a population
that is already vulnerable. One of the primary worldwide
priorities is disaster resilience, which can only be
achieved by reducing the vulnerability of vulnerable
groups (Sarker et al,, 2022). Vulnerability management
helps communities that are vulnerable become resilient
ones. According to Nasiri et al.,, (2016), vulnerability is a
relationship that varies in both time and space between
exposure and susceptibility of people, groups, structures,
and objects. In addition to other demographic and
environmental trends that have consistently exposed
more people to natural hazards, the causes include
population density, population growth, poverty, gender,
age, and physical disability.

5. Conclusion

According to the research's findings, it will be easier
to distinguish between high- and low-risk places by
looking at the spatiotemporal pattern of flood-affected
villages between 2010 and 2020. As a useful method for
identifying flood risk from historical data, our analysis
suggests using spatial statistics between 2010 and 2020.
The spatial statistical approach is also demonstrated by
the findings; with careful application, this method may be
very helpful in identifying and analyzing flood mitigation
strategies at the local level. The study has several
limitations that should be noted, such as the fact that this
analysis did not take into account anthropogenic or
natural flood-influencing elements. On the basis of the
categorical variables, the inquiry has been conducted.
Within the subdivision, the risk zones are determined by
how well the flood hotspots are identified. As such,
mitigating actions must be considered in order to lower
the danger of flooding hazards.
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1. Introduction

Abstract

The Kizilcadren-Sivrihisar rare earth element (REE)-Thorium deposit is situated within the
Eskisehir Province of Tiirkiye. The deposit in question represents the sole commercially viable
rare earth element-thorium (REE-Th) source within Tirkiye, thus rendering it a significant
supplier of these crucial minerals. The Kizilcadren-Sivrihisar REE-Thorium deposit exhibits a
captivating mineral assemblage that possesses the potential to unlock valuable resources.
Within the geological composition, a complex interplay of minerals takes place, involving
fluorite, bastnasite, and barite. The Kizilcaéren-Sivrihisar deposit can be effectively mapped
using optical remote sensing techniques. This phenomenon can be attributed to the fact that
the deposit exhibits several discernible characteristics that can be identified through the
utilization of optical remote sensing techniques. This study demonstrates the presence of
fluorite-bearing zones, which are characterized by the fluorite index. The present investigation
provides evidence for the concurrent presence of divalent iron alongside fluorite. Quartz is
also present within this ore-bearing zone. Magnesite and calcite are also found within the
serpentinitic-mafic zone in the study area. In conclusion, the study area successfully identified
the ore-bearing fluoritic zone through the application of remote sensing processing using
ASTER L1T data. The aforementioned studies have demonstrated that optical remote sensing
possesses significant potential as a valuable instrument for the examination and assessment of
the Kizilcaéren-Sivrihisar REE-Th deposit. The utilization of optical remote sensing enables the
mapping of deposits, the identification of their extent, and the evaluation of their economic
development potential.

Remote Sensing in mapping geological characteristics,
estimating the potential of resources, and informing

In the field of Earth sciences and mineral resource
exploration, Optical Remote Sensing has emerged as a
revolutionary technology, shedding light on novel
approaches for detecting and characterizing crucial
mineral deposits. Rare Earth Elements (REE) and
Thorium deposits are of great importance due to their
diverse applications in advanced technologies and
sustainable energy systems. By harnessing the
capabilities of light and electromagnetic radiation,
Optical Remote Sensing offers a novel methodology for
the non-invasive examination and evaluation of
subterranean resources. This introduction explores the
significant applications of Optical Remote Sensing in
understanding the complexities of REE-Thorium
deposits. It emphasizes the crucial role of Optical

strategic decision-making for a more efficient utilization
of resources in the future. As we embark on this
expedition, we will unveil the intricate relationship
between technology and geology, which is reshaping the
landscape of mineral resource management and
fostering a new era of sustainable development.

With the development of remote sensing
technology in recent years and the emergence of new
methods accordingly, the separation of mineral deposits
such as REE and radioactive raw materials can now be
done successfully with ASTER data. In this article, the
geological map of Kizilcaéren Thorium-REE deposit and
the mapping of minerals accompanying the ore minerals
are explained. ASTER L1T is used for remote sensing
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data for making mineralogical and geological mapping
of the study area.

Despite considerable REE developments in Tiirkiye
(e.g., Eskisehir-Kizilcaéren, Malatya-Kuluncak, Sivas-
Karacayir), there 1is still no agreement on the
petrogenesis of REE in these places due to a lack of
previous investigations (Cimen et al., 2020).

The primary constituents of major and strategic
radioactive elements include uranium and thorium.
Applications are pursued in order to locate these
elements due to their prevalence in numerous
geological locations. Based on prior research (Sasmaz,
2008), it has been determined that the primary sites for
the enrichment of radioactive elements in Tiirkiye are
situated in the western region of Anatolia.

The Eskisehir-Kizilcadren deposit is situated in the
northwestern region of Tiirkiye and encompasses a
mineral assemblage consisting of fluorite, bastnasite,
and barite. The Kizilcaéren region has been recognized
as a significant rare earth element (REE) deposit in
Tirkiye due to its average tenor weight of 2.78% and
estimated REE content of approximately 4.67 million
metric tons (Mt) (Kaplan, 1977; Oztiirk et al., 2019). The
area of the mineralization in question was first
identified in 1959 using airborne gamma-ray
spectrometry, as a result of the radioactivity emitted by
thorium (Giiltekin et al., 2003).

According to Nakoman (1979) four types Th-REE
mineralization was identified. The classification
primarily relies on the mineral paragenesis.

A study by Cimen et al,, (2020) suggests that the
rocks that host the REE-Th mineralization in the
Eskisehir-Kizilcabren = consist  of  hydrothermal
metasomatized carbonatite and limestone, respectively.

The Kizilcadren-Sivrihisar REE-Thorium deposit in
the Eskisehir region is noteworthy for its abundant
concentration of Rare Earth Elements (REE) and
Thorium, making it an intriguing topic for research. By
harnessing the complex interaction between light and
electromagnetic radiation, Optical Remote Sensing
emerges as a pioneering approach, providing a non-
intrusive and comprehensive understanding of the
geological intricacies associated with this deposit. This
paper delves into the specific application of Optical
Remote Sensing in the context of the Kizilcadren-
Sivrihisar REE-Thorium deposit.

2. Method

Pre-processing and image enhancement steps were
employed in the remote sensing application of one of
Tiirkiye's well-known REE-Thorium deposit.

Firstly preprocessing was applied to the ASTER L1T
satellite imagery dataset of the deposit. In
preprocessing, VNIR(Visible infrared bands) and
SWIR(Shortwave infrared bands) clipped and
radiometric calibration applied on these bands, later
VNIR and SWIR bands stacked then IARR atmospheric
correction applied on stacked VNIR and SWIR bands in
ENVI Software. Radiometric calibration was also applied
on TIR (Thermal Infrared bands), later Thermal
Atmospheric correction (TAC) applied before Emissivity
Correction in ENVI. All the preprocessing completed

with atmospherically corrected VNIR and SWIR bands
stacked to the atmospherically corrected and Emissivity
corrected TIR data. Vegetation index (b3-b2)/(b3+b2)
applied for vegetation mask created and applied to the
final ASTER data for preprocessing is completed with
masking on the final data for image processing (image
enhancement) process for the discrimination of
mineralogical and geological units of the study area.

2.1. Image Processing (Image Enhancement) Step

Image processing or image enhancement application
is made for mineralogical mapping and alteration
mapping, rock type mapping is the must. For this
reason, Mafic Minerals detected by
(b12/b13)*(b14/b13) Carbonaceous rocks (CI) were
detected with (b13/b14) formulae for limestone and
dolostone and Quartz (QI) detected with
(b11/(b10+b12)*(b13/b12) for silicification Quartz
bearing rocks (QRI) are detected with
(b10/b12)*(b13/b12) formulae. Hydroxyl bearing (OH)
minerals are detected with b4/b5 In addition Fluorite
bearing zones detected by FI(Fluorite Index) with
(b8/b6)*(b5/b3) from Hafez et al., (2021), Magnesite is
detected by  (b6+b8)/(b7+b9) formula and
ferrous(Il)Iron was detected by(b5/b3)+(b1/b2) and
ferrous hydroxides is detected by (b6+b8)/b7,
serpentine rich rocks is detected with (b7+b9)/b8
formulae with band arithmetic methods In ENVI
software. Later these ratios were combined. And also
decorrelation stretch was used for image processing
step in the study area.

3. Results

Figure 1 represents the general geological situation
of the study area. In Figure 2. Bluish zones contain
ferrous iron (divalent iron) and light green zones
represent carbonaceous (calcite) zones. In Figure 1
bright zones contain calcite, magnesite and few divalent
irons.

e
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Figure 1. General rock discrimnation of the study area
with RGB 7-4-2 combination

Figure 2 contains thorium bearing ore zones are
represented by bluish zones. Bright green and greenish
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zones contain carbonates like calcite and magnesite.
Pink and reddish zones contain divalent iron.

Figure 3 contains fluoritic zones in reddish and
orange zones have the thorium related minerals and
green areas represent the magnesite (magnesium
carbonate) zones. In Figure 2, Hydroxyl bearing
alteration minerals exist in the bluish and bright blue
zones. Figure 3 contains fluoritic zones in reddish and
orange zones have the thorium related minerals and
green areas represent the magnesite (magnesium
carbonate) zones.

Figure 2. Magnesite-Calcite-Ferro(II)Iron in RGB band
math combination image of study area

Figure 3. Fluorite-Magnesite-OH in RGB band math
combination image of study area

Figure 4 contains fluoritic zones in reddish and
orange zones have the thorium related minerals and
blue zones represent the magnesite (magnesium
carbonate) zones.

Figure 5 contains fluoritic zones in blue and bluish
and orange zones have the thorium related minerals
and green zones represent the magnesite (magnesium
carbonate) zones. Blue zones represent Quartz bearing
or quartzitic rocks.
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Figure 4. Fluorite-Magnesite-Serpentine RGB
math combination image of study area

= 0000

Figure 5. QRI-MRI-Fluorite in RGB band math
combination image of the study area.
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4. Discussion

The Kizilcadren-Sivrihisar REE-Thorium deposit
exhibits a captivating mineral assemblage that
possesses the potential to unlock its valuable resource.
In the geological composition, a complex interplay of
minerals takes place, involving fluorite, bastnasite, and
barite. The combination of these distinct minerals
presents a compelling narrative regarding the origin
and development of the deposit, providing invaluable
knowledge about its historical context and economic
importance.

The interdependent association among the three
minerals, namely fluorite, bastnisite, and barite,
provides significant insights into the dynamic geological
processes that influenced the formation of the
Kizilcadren-Sivrihisar deposit. The utilization of Optical
Remote Sensing, which possesses the capability to
identify and differentiate minerals through their
distinctive spectral characteristics, has emerged as a
pivotal instrument in comprehending the complex
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dynamics of mineral interactions. The technology assists
in the identification of the distribution, concentration,
and potential economic significance of these minerals
within the geological matrix of the deposit by capturing
their distinct reflectance patterns. By examining the
mineral composition of fluorite, bastnasite, and barite,
we can enhance our comprehension of the genesis of the
deposit and establish a foundation for effective resource
management strategies.

5. Conclusion

The previous studies have established a correlation
between fluoritization and the presence of thorium and
rare earth elements (REE) in the study area. This study
demonstrated the presence of fluorite-bearing zones
using the fluorite index. The study demonstrates the
coexistence of divalent iron with fluorite. Quartz is also
present within this zone containing ore. The study area
also contains deposits of magnesite and calcite within
the serpentinitic-mafic zone.

In summary, the study area has successfully
identified ore-bearing fluoritic zones through the
utilization of remote sensing techniques.
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Abstract

Where energy production is essential today, geothermal energy, one of the renewable energy
sources, is of great importance. Ziga geothermal field, chosen as the study area, has an essential
geothermal potential. Ziga Geothermal Area benefits from numerous sources, wells, thermal
tourism, residential heating, greenhouse cultivation, and balneological practices. Hydrothermal
alteration zones are one of the critical indicators for the exploration of geothermal fields. It
contributes significantly to the exploration studies by narrowing the target areas in the
feasibility studies of geothermal exploration studies. With remote sensing (UA) techniques in
detecting hydrothermal alteration minerals spread over large areas, it is ensured that large
areas can be evaluated holistically, and effective results can be obtained by saving time and
economy. In the study, it was evaluated in a GIS environment by using ASTER satellite data to
determine the hydrothermal alteration zones. The differences in the determined parameters of
all alteration types in the study area were mapped with ASTER data. As a result of the data
obtained by remote sensing and GIS methods, guiding data for the discovery of new potential

areas in the rocks of Ziga and its surroundings are explained in detail in the study.

1. Introduction

Countries' energy needs are constantly increasing
depending on their development and growth rate.
Today, energy consumption is equated with the level of
development. About 90% of the energy consumption in
the world is met by coal, oil, and natural gas, which are
called fossil fuels. Alternative energy sources are being
researched due to the high carbon dioxide emissions of
fossil energy sources and the fact that they are not
renewable. Geothermal energy, one of the alternative
sources, is significant because of its low carbon dioxide
rate and renewable nature. Geothermal energy is
preferred because it is uninterrupted compared to
renewable energy sources such as the sun and wind
(Arslan et al. 2000).

Geothermal energy can be defined as hot water and
steam formed by the heat in various depths of the
earth's crust, whose temperature is above the regional
and atmospheric temperatures and contains molten
minerals, salts, and gases. Since the waters that make
up the geothermal fluid are generally of meteoric
origin, geothermal resources are renewed as long as
the atmospheric conditions continue (Kara, 2010).
Parameters required for the formation of a geothermal

system; The heat source deep in the earth's crust is the
fluid that carries the heat (nutrition), the reservoir rock
that contains the fluid, and the cover rock that prevents
the loss of heat. Magma activities that reach shallow
depths in the crust and/or the earth's surface from
fractured and weak zones due to tectonism constitute
the heat source of the geothermal system. Meteoric
waters, which filter through cracks and cracks from the
earth, accumulate in the reservoir rock, which is
porous and permeable, after warming in the depths.
Some of these waters rise along the fault lines and
reach the earth's surface and form geothermal
resources.

The criteria taken into account in geothermal
resource exploration; are hot springs, steam outlets,
geysers, and hydrothermal alteration zones. The most
important of these is hydrothermal alteration, and
potential geothermal areas have been determined by
investigating hydrothermal alteration zones in many
countries. Hydrothermal alteration is the chemical and
mineralogical changes that occur in the rocks in the
relatively shallow parts of the earth's crust by being
affected by the heat-loaded fluids circulating in them.
In this study, alteration types, distributions, and
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