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 5 May 2021 - Wednesday 
 

08:30-09:00 Opening 
09:00-10:15 Photogrammetry and Remote Sensing - 1 (Chair: Prof. Dr. Dursun Zafer ŞEKER - Rapporteur: Asst. Prof. Dr. Osman ORHAN) 

Forest health assessment using hyper spectral image and multi-criteria analysis: A case study: Ramsar Forest, North of Iran 
Khalil Valizadeh Kamran*, Behnam Khaorrami 
Geological mapping and mineral exploration based on the application of remote sensing in North Waziristan, Pakistan 
Muhammad Yaseen*, Jawerai Mehboob, Adil Nawaz 
Mapping evapotranspiration with vegetation index - temperature difference method using the products for the moderate resolution 
imaging spectroradiometer 
Ali Levent Yağcı 
A medium-sized rainfall-induced landslide detection using L- and C-band SAR images: A comparative study in agricultural lands 
Ayub Mohammadi*, Khalil Valizadeh Kamran, Sadra Karimzadeh, Masashi Matsuoka 
Effect of first wave COVID-19 outbreak lockdown measures on satellite-based tropospheric NO2 over Mersin Province, Turkey 
Fatemeh Ghasempour*, Aliihsan Şekertekin, Hakan Kutoğlu 
The estimation of the Sky glow by using the nighttime light satellite imagery in Northern Thailand 
Anurak Chakpor*, Xi Li, Vanisa Surapipit, Phattraporn Soithong 
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10:30-12:00 Surveying and Geodesy - 1 (Chair: Asst. Prof. Dr. Mahmut Oğuz SELBESOĞLU - Rapporteur: Prof. Dr. İsmail ŞANLIOĞLU) 

The efficiency of high-rate RTK for structural health monitoring 
Güldane Oku Topal*, Burak Akpınar, Vahap Engin Gülal 
The analysis process of robotic total station data to determine structural deformations 
Hüseyin Pehlivan 
Recent advances and perspectives for accurate positioning with low-cost smart devices 
Reha Metin Alkan*, Can Delice 
Accuracy of GPS single point positioning solution using IGS precise products 
Sinan Birinci*, M. Halis Saka 
Improvement of SPP NMEA output using correction projection method 
Furkan Soğukkuyu*, M. Halis Saka 
The impact of variable neighbor numbers on Wi-Fi fingerprint-based indoor positioning using the KNN and WKNN algorithms 
Behlül Numan Özdemir*, Ayhan Ceylan 
Brief history of early marine navigation 
Hatice Şeyma Selbesoğlu*, Burak Barutçu, Aytekin Çökelez 
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12:45-14:15 Geographic Information Systems and Cartography - 1 (Chair: Asst. Prof. Dr. Muzaffer Can İBAN - Rapporteur: Asst. Prof. Dr. Lütfiye KUŞAK) 

A quantitative approach for geographical vulnerability assessment of Bhasan Char, Bangladesh, using remote sensing and GIS 
Md. Tariqul Islam*, Mohammad Tarikul Islam, Atta Rabbi* 
Accuracy of digital elevation models: under canopy vs. open field 
Halit Altun, Arif Oğuz Altunel* 
Geostatistical mapping of reference crop evapotranspiration (ETo) 
Fatma Bünyan Ünel*, Lütfiye Kuşak, Murat Yakar, Abdullah Şahin, Hakan Doğan, Fikret Demir 
Mapping of local soil conditions in GIS environment: A case study in Çukurkeşlik village 
Aydın Alptekin*, Murat Yakar 
Using an integrated approach for mapping soil salinity risk in Tadla plain, Morocco 
Abdelwahed Chaaou*, Mohamed Chikhaoui, Mustapha Naimi, Aissa Kerkour El Miad 
GIS-Based landslide susceptibility mapping using weight of evidence (WoE) and random forest (RF) 
Aslan Cihat Basara*, Yasemin Şişman 
The status of wheelchair-tagged OpenStreetMap point data in European capital cities 
Müslüm Hacar*, Özge Öztürk Hacar 
Digital terrain and detail mapping of part of ABU Phase 2, Kaduna state Nigeria 
Kaka Atta, Abdulmajid Bukhari, Lukman Giwa 

14:15-14:30 Break 
14:30-16:00 Land Administration, Cadastre and Land Use (Chair: Asst. Prof. Dr. Muzaffer Can İBAN - Rapporteur: Asst. Prof. Dr. Fatma Bünyan ÜNEL) 
 Legal aspect of space activities in international context 

Mehmet İşiler*, Mahmut Oğuz Selbesoğlu, Mustafa Yanalak 
Content analysis of real estate valuation courses taught in geomatics engineering departments in Turkey 
Nuri Erdem 
Using artificial neural networks in land use/change 
Esat Fikri Kılıç*, Eray Köksal 
Generating temporal cadastral parcels with artificial intelligence algorithms within the scope of cadastre 2034 
Fatma Betül Yıldız*, İsmail Ercüment Ayazlı, Hidayet Takcı 
Easement right valuation for electric power tranmission lines 
Mustafa Yılmaz*, Reha Metin Alkan 
The urban agriculture approach to evaluating urban-rural interfaces 
İrem Yurday*, Ceren Yağcı, Fatih İşcan 
Anthropogenic intrusions leading to variability in vegetated vs non-vegetated land dynamics over the past two decades in India 
Rahul Kashyap*, A.C. Pandey 
Usability of wearable mobile laser systems in cadastral studies 
Seda Nur Gamze Hamal*, Binnaz Sarı, Ali Ulvi, Murat Yakar 

16:00-16:15 Break 
16:15-17:30 Photogrammetry and Remote Sensing - 2 (Chair: Dr. Muzaffer Can İBAN - Rapporteur: Res. Asst. Abdurahman Yasin YİĞİT) 
 Checking Landsat 8 OLI’s predictive power in the retrieval of chlorophyll-a and phycocyanin concentrations of a reservoir with high 

frequency field data 
Güray Hatipoğlu 
Investigation and modeling of physical growth of urban areas using night-time light data 
Samaneh Bagheri*, Sadra Karimzadeh, Bakhtiar Feizizadeh 
Rapid flood mapping with Sentinel-1 SAR images: A case study of Maritsa River 
Ahmet Batuhan Polat*, Özgün Akçay 
Assessment of spatiotemporal distribution of anchovy catches based on Vessel Monitoring System (VMS) and MODIS satellite data in the 
Gulf of Thailand 
Nittaya Katekaew, Jianzhong Lu, Anukul Buranapratheprat, Dudsadee Leenawarat 
Use of photogrammetric techniques for virtual modeling of historical heritage. Application: Santa Bárbara Bridge (Almería, Spain) 
Ahlem Nezreg, Patricio Martínez-Carricondo, Fernando Carvajal-Ramírez, Francisco Agüera-Vega 
Investigation of the effects of vegetation indices derived from UAV-based RGB imagery on land cover classification accuracy 
Muhammed Yusuf Öztürk, İsmail Çölkesen 



6 May 2021 - Wednesday 
09:00-10:15 Photogrammetry and Remote Sensing - 3 (Chair: Prof. Dr. Taşkın KAVZOĞLU - Rapporteur: Prof. Dr. Murat YAKAR) 
 Prediction chlorophyll content of Zizania Latifolia using hyperspectral data and machine learning 

Adenan Yandra Nofrizal*, Rei Sonob, Hiroto Yamashita, Akio Morita, Takashi Ikka 
The effect of auxiliary data (slope, aspect and elevation) on classification accuracy of Sentinel – 2A image using random forest classifier 
Furkan Bilücan*, Taşkın Kavzoğlu 
Mangrove forests changes and responses to sea level rise based on remote sensing and GIS in PKWS, Cambodia 
Nayelin Phorn, Jianzhong Lu, Pakorn Petchprayoon 
Effect of elevation on land surface temperature (LST) variation in Jos and Environs, Nigeria 
Bello Abubakar Abubakar*, Sani Abubakar Abubakar 
Application of UAV-Based multispectral images for accessing oil palm trees health using online AI platform 
Hong Lay, Zhenfeng Shao, Sanara Hor 
Sentinel-1 and -2 time-series data-fusion for olive tree identification in heterogeneous land surfaces using Google Earth Engine 
Haydar Akçay*, Şinasi Kaya, Elif Sertel, Uğur Algancı, Samet Aksoy 

10:15-10:30 Break 
10:30-12:00 Geographic Information Systems and Cartography - 2 (Chair: Prof. Dr. Hande DEMİREL - Rapporteur: Asst. Prof. Dr. Lütfiye KUŞAK) 
 Temporal analysis and future prediction of CO2 emissions of solid, liquid and gas fuels in python with FBProphet model 

Metin Kaynaklı, Mehmet Emin Tabar* 
Using analytical hierarchy process (AHP) for flood susceptibility mapping of Mersin, Turkey 
Bilal Özay*, Osman Orhan 
Analysing influence of abandoned mining sites on land use land cover and terrain in Jos, Nigeria 
Adamu Bala*, Samuel Sule Garba, Taiye Oluwafemi Adewuyi, AbdulAzeez Aliyu Onotu 
2D flood modeling with the help of GIS: Mersin / Lamas River 
Vahdettin Demir*, Aydın Alptekin, Mehmet Özgür Çelik, Murat Yakar 
Using modern methods to determine the suitable area for rain harvesting 
İldeniz Öztürk*, Lütfiye Kuşak 
Analysis of carbon absorption amount of urban forests by spatial interpolation methods 
Elif Akyel*, Fatih Kenar 

12:00-12:45 Lunch Break 
12:45-14:15 Geographic Information Systems and Cartography - 3 (Chair: Assoc. Prof. Dr. Khalil Valizadeh KAMRAN - Rapporteur: Asst. Prof. Dr. MuzafferCan 

İBAN) 
 Analysis urban green space classification using landscape pattern analysis based on GIS and remote sensing in Pattaya, Thailand 

Sopaphan Chinnabut*, Nengcheng Chen, Haoran Zhang 
Trend analysis of temperature and precipitation data of 9 stations located in Mediterranean region 
Cavit Berkay Yılmaz, Vahdettin Demir*, Mehmet Faik Sevimli, Fikret Demir, Murat Yakar 
Creating and evaluating pollution distribution map in Aegean Region by using geographical information system (GIS) and air quality 
data 
Ömer Bilginer*, Elif Akyel, Güzide Miray Perihanoğlu, Sena Tekavcu 
Determination of effective predisposing factors using random forest-based Gini index in landslide susceptibility mapping 

Alihan Teke*, Taşkın Kavzoğlu 
Trend analysis of precipitation data using Mann Kendall and Sen’s slope tests 
Osman Enes Güneş*, Aslan Cihat Basara, Yasemin Şişman 
Investigation of the shadow effect of urbanization on green areas with shadow impact analysis 
Halil İbrahim Şenol 
Spatial flood analysis to determine possible economic damage: Case study of the European side of Istanbul 
Buğrahan Özcihan, Enes Doğukan Özgener, İlker Karakap, Levent Doğukan Özlü, Yusuf Göktuğ Bağcı, Ömer Akın, Hande Demirel 

14:15-14:30 Break 
14:30-15:45 Photogrammetry and Remote Sensing - 4 (Chair: Asst. Prof. Dr. Youkyung HAN - Rapporteur: Asst. Prof. Dr. Ali ULVİ) 
 Analysis and investigation on spatio-temporal dynamic pattern of drought in Thailand 

Arpakorn Wongsit*, Nengcheng Chen, Tanita Suepa 
Using terrestrial lidar data in 3D CAD modeling applications 
Lütfiye Karasaka, Neslişah Ulutaş* 
Road extraction through satellite imagery processing and visual interpretation 
Aikaterini Karagianni 
Construction of 3D modeling based on vertical and oblique unmanned aerial vehicle imagery for efficient national park management 
Changhui Lee, Taeheon Kim, Jueon Park, Youkyung Han* 
Photogrammetric analysis of multispectral and thermal close-range images 
Özgün Akçay 
Tree detection from high-resolution unmanned aerial vehicle (UAV) images 
Halil İbrahim Şenol, Abdurahman Yasin Yiğit, Yunus Kaya 

15:45-16:00 Break 
16:00-17:15 Photogrammetry and Remote Sensing - 4 (Chair: Asst. Prof. Dr. Süleyman Sefa BİLGİLİOĞLU - Rapporteur: Res. Asst. Mehmet Özgür ÇELİK ) 
 Supervised machine learning classification in Google Earth Engine: Time series analysis in Akkuyu, Turkey 

Muzaffer Can İban*, Şafak Bozduman, Ezgi Şahin 
Analysis of the effect of training sample size on the performance of 2D CNN models 
Elif Özlem Yılmaz*, Taşkın Kavzoğlu 
Documentation of cultural heritage with Backpack lidar usage on photogrammetric purpose 
Kasım Erdal, Hasan Bilgehan Makineci* 
Extraction of high-precision built-up areas from SENTINEL-2B imagery via multi-index approach and Fuzzy C-Means algorithm 
Imane Bachri*, Ruth Virginia Zonkouan Badjo, Abdelmajid Benbouziane, Mohammed Raji, Mustapha Hakdaoui, Diomande Beh Ibrahim 
The availability of local laser technique in forest management planning 
Mücahit Emre Oruç, İldeniz Leyla Öztürk*, Ali Ulvi 
Monitoring the stability of highway cut slopes utilizing drone photogrammetry 
Ufuk Kader, Arif Oğuz Altunel* 
Using drone mapping to analyze risky areas and predict LULC at Sichang Island, Chonburi province, Thailand 
Suwatcharapong Surasanpreedee*, Kitsanai Charoenjit, Zhenfeng Shao 
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 The hyperspectral images have so far been widely used to monitor and detect environmental 
changes in vast areas. The analysis of hyperspectral images provides the spatial distribution 
(maps) of terrain physical and ecological characteristics. In this study, fuzzy set theory 
integrated with a decision-making algorithm in a Geographic Information Systems (GIS) was 
used to map Ramsar forest health. In the fuzzy set theory, all classes must have a certain 
boundary or grouping. (i.e., fuzzy) and consist of a rule base, membership functions, and an 
inference procedure. For forest health assessment, NDWI, CRI1, PSRI, PRI, and NDVI indices 
were used to infer the causative factors of forest health. Spectral indices can provide different 
methods for identifying vegetation coverings. The results of this study are quite useful in 
identifying potential forest health, where forest health protection measures can be taken in 
advance. The results also suggest that the southern and the western aspects of the study area 
are of “very low to low” forest health. Furthermore, the results introduce the potentiality of 
multi-criteria analysis integrated with GIS as an effective tool in assessing the fire-prone areas 
of forests. 

 
 

1. INTRODUCTION  
 

The majority of the current assessments of forest 
conditions are limited to ground-based visual evaluation. 
Although these conventional field assessments are 
valuable, they do not reveal physiological changes that 
characterize early stress responses (Sampson et al., 
2000). Assessing physiological conditions can indicate 
productivity and adaptability to environmental stress 
(Chapin, 1991; Colombo and ParAcker,1999) and may 
provide an early indication of the decline in stand vigor 
and productive capacity (Zarco et al, 2002). The 
applications of hyperspectral imaging to natural 
resources, vegetation, and surface water, have been 
widely tested (Mouroni et al, 2013). The spectral 
signature of vegetation is influenced by the presence of 
pigments (mainly chlorophyll-a, chlorophyll-b, 
xanthophylls, and carotenoids), canopy water 
component, whose content varies depending on the 
chemical and biological activity and the physical 
structure of plants as well (Blachborn, 1998; Baret, 1998; 
Sims and Gamon, 2002). The reflectance spectrum of 
plants provides information on the degree of senescence, 
the deterioration of leaf structure, or any diseases and 

abnormalities that plants may be affected from. [Baret, 
1998, Blachborn, 1998, Carter and Miller, 1994). Gamon 
and Surfus (1999) reported quantitative estimates of 
chemical content in leaves and canopies using indices 
derived from spectral reflectance at specific 
wavelengths. Several important eco-physiological 
properties can be inferred from these reflectance indices 
based on the links which exist between chemical content, 
leaf structure, and function. Thenkabail et al (2002) 
determined the optimal hyperspectral narrow 
wavebands, in the visible and near-infrared portion of 
the spectrum, that best characterize agricultural crop 
characteristics. Vegetation indices derived from narrow 
and broad wavebands were used to establish 
relationships with crop biophysical variables and yield. 

Moreover, integration of multi-criteria decision-
making (MCDM) methods in a spatial domain provides a 
novel framework for addressing several environmental 
problems, such as quantifying “fire risk”, “forest health” 
etc. MCDM methods have been developed to solve 
conflicting preferences among criteria (Keeney and 
Raiffa 1976). Rational decision-making requires 
combining both objective and subjective criteria 
(Pomerol and Barba-Romero2000), most notably in a 
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collaborative participatory framework for which MCDM 
methods can provide a useful framework (Saaty 1994; 
Malczewski 2002; Sadiq and Husain 2005). MCDM is 
believed to be a powerful technique for analysis and 
prediction. It also provides a rich collection of technique 
for structuring decision problem and designing, 
evaluating, and prioritizing alternative decisions 
(Feizizadeh et al, 2012 and Feizizadeh and Blaschke, 
2012a) 

Forest health mapping is useful for detecting pest 
and blight conditions in a forest and is useful for 
assessing areas of timber harvest. Within the gamut of 
the current study, a forest health map was generated for 
the study area by using five different spectral indices in 
conjunction with a Fuzzy set.  
 

2. METHODOLOGY 
 

2.1. Study Area 
 

Ramsar is the capital city of Ramsar County, 
Mazandaran Province, Iran. Green coverage of forests 
contributes to the majority of the city area and is one of 
the main vegetation hotspots in Iran regarding the 
volume of the produced trees. These forests are graded 
from 1 to 3 with an area of 42,894 ha, 32,758 ha, and 
52,972 ha respectively. The commercial utilization is 
21,202 m3 (6,505,000 cu ft) and the non-commercial 
utilization is 32,173 m3 (4,455,800 cu ft).  The Total 
Annual Precipitation (TAP) of Ramsar is about 1200 mm. 
The study area is located between the following geo-
coordinate: 50° 22' 06"- 50ᴼ 59' 31"N 36ᴼ 11' 08"- 36ᴼ 
45' 06" E. 

 
 

 
Figure 1. The geographic location of Ramsar Forest in North of 
Iran 

The methodology of the current study consists of 
three different components: (1), A Fuzzy Inference 
System for forest health (2), Fuzzy Degree Membership 
Functions, (3) Performing Scenarios. 

 
2.2.  Fuzzy Inference System for Forest Health 

 
Fuzzy logic is a human Knowledge embodying tool 

through operational algorithms. Several intelligent 
Systems have been developed globally for forest health 
assessment on an annual basis (Yan and Yang, 2001) and 
also for the estimation of risk due to natural hazards 
(Iliadis et al., 2005). According to fuzzy Algebra, every 
element of the universe may belong to any fuzzy set (FS) 
with a degree of membership that varies from 0 to 1 

(Ilidias et al, 2009). We used NDWI, CRI1, PSRI, PRI, and 
NDVI indices for evaluating forest health in the study 
area.  

 
2.2.1. Canopy Water Content 

 
Water content is an important quantity of vegetation 

because higher water content indicates healthier 
vegetation that is likely to grow faster and be more fire-
resistant (Penules et al, 1992). Plants of different species 
inherently contain different amounts of water based on 
their leaf geometry, canopy architecture, and water 
requirements. Among plants of one species, there is still 
significant variation, depending upon leaf thickness, 
water availability, and plant health. Water features 
center around the 970 nm and 1190 nm of the microwave 
spectrum and can be readily measured from 
hyperspectral sensors. However, they cannot be sampled 
by multispectral sensors.  

 
2.2.2. NDWI (Normalized Difference Water Index) 

 
  NDWI is sensitive to variations in vegetation 

canopy water content because reflectance at 857 nm and 
1241 nm has similar but slightly different liquid water 
absorption properties. The scattering of light by 
vegetation canopies enhances the weak liquid water 
absorption at 1241 nm. Applications of NDWI include 
forest canopy stress analysis, leaf area index studies in 
densely foliated vegetation, plant productivity modeling, 
and fire susceptibility studies (Gao, 1995). NDWI is 
defined by the following equation: 

 

857 1241

857 1241
NDWI




  

Equation1  

  
2.2.3. Leaf Pigments 
 

There are three main categories of leaf pigments in 
plants: chlorophyll, carotenoids, and anthocyanin. These 
pigments are critical to the function and health of 
vegetation. Vegetation with a high concentration of 
chlorophyll is generally very healthy. Conversely, 
carotenoids and anthocyanin often appear in higher 
concentrations in less healthy vegetation (Gitelson et al, 
2002). The main pigments involved in photosynthesis 
are chlorophylls and carotenoids. One of the structural 
characteristics of carotenoids is their ability to absorb 
visible light: p delocalized electrons suffer a photo-
induced transformation through which a single state (s2) 
is produced, then energy is efficiently transferred to 
chlorophyll (CHL) to form singlet CHL with slightly 
higher energy (Delgado et al, 2000). In this study, NDVI 
and CRI1 were used to evaluate chlorophylls and 
carotenoids. 
 

The Carotenoid Reflectance Index 1 (CRI1) and 
NDVI are defined as follow: 

  
1 1

1
510 550

CRI  
 

Equation 2 
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800 670

800 670
NDVI




  
Equation 3 

 
2.2.4. Dry or Senescent Carbon 
 

Senescence marks the final phase of a leaf’s 
development thereby launching degradation processes 
integral to the recycling and redistribution of the leaf’s 
nutrients. Plant growth regulators, reproduction, cellular 
differentiation, and hormone levels are internal factors 
that influence senescence (Thomas and Stoddart 1980; 
Smart 1994) In this study, the Plant Senescence 
Reflectance Index (PSRI) was utilized to assess the Dry or 
Senescent Carbon status. 

PSRI is designed to maximize the sensitivity of the 
index to the ratio of bulk carotenoids (for example, alpha-
carotene and beta-carotene) to chlorophyll. An increase 
in PSRI indicates increased canopy stress (carotenoid 
pigment), the onset of canopy senescence, and plant fruit 
ripening. PSRI is defined by the following equation: 

  
680 500

750
PSRI




 
Equation 4 

 
2.2.5. Light Use Efficiency 
 

Light use efficiency is highly related to carbon 
uptake efficiency and vegetative growth rates and is 
somewhat related to fractional absorption of 
photosynthetically active radiation (FAPAR). Light use 
Vegetation Indices (VI’s) use reflectance measurements 
in the visible spectrum to take advantage of relationships 
between different pigment types to assess the overall 
light use efficiency of the vegetation (Gamon et al, 1997). 
In this study for Light use efficiency assessment, The 
Photochemical Reflectance Index (PRI) index was used. 

 
PRI is a reflectance measurement that is sensitive to 

changes in carotenoid pigments in live foliage (Penuelas 
et al, 1992). Carotenoid pigments are indicative of 
photosynthetic light use efficiency, or the rate of carbon 
dioxide uptake by foliage per unit energy absorbed. PRI 
is defined by the following equation: 

 
531 570

531 570
PRI




  
Equation 5 

 
2.3. Fuzzy Degree Membership Functions 
 

There is no optimal method for choosing the most 
appropriated Fuzzy Membership Functions (FMFs) and 
their respective parameters; these are generally selected 
according to the preference of the decision-makers 
(Feizizadeh et al, 2013). In this respect, the sigmoidal 
membership function was used (Fig.3). The Fuzzy 
Membership tool reclassifies or transforms the input 
data to a 0 to 1 scale based on the possibility of being a 
member of a specified set. 0 is assigned to those locations 
that are not a member of the specified set, 1 is assigned 
to those values that are a member of the specified set, and 
the entire range of possibilities between 0 and 1 are 
assigned to some level of possible membership (the 

larger the number, the greater the possibility) (Zadeh, 
1968).  
 
2.4. Sigmoidal Membership Function 
 

The Sigmoidal ("s-shaped") Membership function is 
perhaps the most commonly used function in Fuzzy Set 
theory. It is produced using a cosine function. In use, 
FUZZY requires the positions (along the X-axis) of 4 
points governing the shape of the curve (Zadeh, 1968). 

 
2.5. Performing Scenarios 

 
By linking environmental factors and efficient 

forestry, GIS can perform as a tool for operational and 
practical monitoring of forest health assessment and 
management. As a planning tool, it may also play an 
important role in forest and land-use studies in a broader 
sense (Jaiswal et al. 2001). 

 
2.6.   Defining membership function 
 

In this study, the Sigmoidal function was used as a 
membership function and layer overlay was done in the 
GIS environment. On account of the optimal wizard 
availability issue for defining the Sigmoidal membership 
function in GIS, the authors utilized coding. (Fig.4) 

 

 
Figure 2.  Parameters Susceptibility Maps: WBI (a), CRI1 
(b), NDVI (c), PSRI (d), and PRI (e). 

3. Results and discussion 
 
The locations with at least a 0.5 or greater suitability 

for all the criteria were satisfied for this study thus the 
Fuzzy AND function was used. The forest health map (Fig 
5) suggests that the southern and western aspects in the 
study area are of “very low to low” forest health while the 
other aspects belong to “medium to very high” health 
zones. Determination of the fuzzy membership 
boundaries was implemented according to the opinions 
of four experts. 

The results underline a highly dynamic and spatial 
nature of forest health in the study area. Results also 
indicate that it is essential to improve our understanding 
of the causative factors of forest health to manage forest 
health as well as to prioritize the related measures.   
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Figure 3. Forest Health Susceptibility Map 

 
4. CONCLUSION 

 
In this study, Ramsar forest health was quantified in 

terms of canopy water component, carotenoid and 
chlorophyll pigments in plant foliage, plant senescence, 
and photochemical reflectance. To address the 
“fuzziness” in the spatial dataset and also to include the 
subjective judgments in the modeling process, a fuzzy 
analytical hierarchy approach in GIS was utilized to 
assess the fire risk in the study area. Results are quite 
useful in delineating potential “forest health” zones at a 
district level. The findings of the current study can be 
used as a strategic planning tool. They may also be 
applied to assess the health susceptibility of any 
vegetation coverage.  

Overall, the findings of this study demonstrate the 
potential of GIS technology, Multi-criteria Decision 
Making (MCDM), and its viability for the assessment of 
forest health by integrating objective as well as 
subjective data in a Fuzzy Logic. 
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 In mineral exploration, remote sensing tools are important and cost effective. Minerals occur 
in a variety of genetic associations, commercial deposits of minerals are limited in genetic 
types and modes of occurrences. This forms the basis of modern concept based prospecting 
and is also responsible for the significant role of remote sensing in exploration. Remote 
sensing data can help to differentiate metalogenic provinces/belts/sides and mineral guides 
in a larger terrain. Keeping In view the importance of RS Tools, digitally enhanced OLI Landsat 
8 images are applied to find alteration zones and for geological mapping of North Waziristan 
Pakistan. The territory is rough with sparse vegetation; the exposure of the Waziristan 
ophiolite, related sedimentary-igneous lithologies and inaccessibility to the area made the 
utilization of Landsat information helpful in this investigation. Spectral signatures recorded 
by Landsat 8 data were used to differentiate different rock units and alteration zones. RS tool 
i.e. band ratios, band combinations, principal component analysis and image classification are 
helpful in this regard. Final detection of the lithology and alteration zones is based on 
correlation between classes generated in the thematic map and the referenced geological map. 
On the basis of the image classification techniques; unsupervised classification, band ratios, 
five principles lithological units and alteration zones with highest percentage of clay and iron 
ratio,  results are satisfactory with overall accuracy 63.07 % in comparison with referenced 
geological map using confusion matrix analysis. The results are subject to discussion and need 
to examine about the utility and confinements of remote sensing strategy on the investigation 
zone. 

 

1. INTRODUCTION  
 

The aim of the project is to use remote sensing tools 
in identifying alterations zones for mineral perspective 
and to create a map of lithology of rocks, sediments and 
their residuals exposed on the land surface. The new map 
which would depends on unsupervised classification, 
colour composites band ratios and principal component 
analysis expand limited mapping of the ophiolite, 
approves and enhances past general conclusions and 
reveals new prospects in the territory. The application of 
multispectral imaging to the Northwest of Pakistan 
makes the construction of definite geologic maps 
economical and efficient. Applying appropriate band 
rationing and Principal Component analysis (PCA) is part 
of the analysis which entitles additional lithologic 
information from the ground. Modified map is verified 
with referenced geological map published by Geological 
Survey of Pakistan (GSP), high resolution airborne ortho 

photomap and different field reports. For the research 
purpose, Landsat 8 images are freely downloaded from 
USGS online repository. Satellite images are processed 
and analysed using software i.e. Ermapper, QGIS, ArcGIS 
and Global Mapper. The result of study are satisfactory 
enough to apply remote sensing as a tool to differentiate 
lithological units in the study area. Visual evaluation of 
multispectral images using RS tools i.e. band ratios, PCA 
and unsupervised classification, we can differentiate 
between different rock units as usually geological 
materials are not homogeneous even within specific rock 
units.  
 

2. METHOD 
 

The study goes in five stages.  
1. Creating an updated lithological map with the 

use of image processing and analysis 
2. Highlighting alteration zones. 
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3. Rectification of the map obtained by comparison 
and statistical validation with referenced data. 

4. Modification of processing parameters. 
5. Final rectification of the map. 
The ophiolite belt of Waziristan is having potential for 

certain type of ore deposits, consisting VMS type of 
copper deposits, podiform chromite & banded 
manganese(Jan 1985). The occurrences of these deposits 
in the ophiolite belt of Waziristan was first reported by 
Asrarullah of Geological survey of Pakistan, Taher Kheli, 
Aftab Ahmed (1959), Afzal (1970). A number of principal 
geological criteria for mineral prospecting, which are 
helpful in this study, have been setup by Mckinstry in 
1948 includes: 1-statigraphical–lithological, 2 
Geomorphology, 3-Structural, 4-Rock alterations, and 5-
Geobotnical, 6-Geochemical and geophysical anomalies 
(Gupta 1991). 

Seven clear, cloud free Landsat-8 images were 
downloaded from online repository of the United States 
Geological Survey (USGS) in tiff format, specifications of 
the images are shown in Table 1. The study area 
(Path/row-152/37) is captured by Landsat 8 scenes 
acquired on 15 May, 2016. Fig. 1 shows the Landsat 
image of the study area. Following techniques are applied 
on the satellite imagery. While displaying a color 
composite, three primary colours i.e. red, green and blue 
(RGB) for three bands of multispectral images are 
selected. Fig. 2-3 shows the Colour composites. When 
combining three colours in different proportions, they 
create different colours in the visible spectrum. Involving 
every spectral band (not necessarily a visible band) to an 
isolated primary colour, resultant will give us a colour 
composite. Details of band number and their usage is 
explained in Table 2. Colour visualization will always 
make it easier to interpret the multispectral images and 
capture differences between single bands. In LANDSAT 8 
OLI scanner; by combining band 4 (red), band 3 (green) 
and band 2 (blue), resultant color composite image 
shows closely what would be seen by the human eye. In 
natural colour composite (Fig. 1) bands are in the visible 
range and features on the ground appears in their natural 
colour. Fig. 1 shows iron oxide coloration in the soil, 
Rocks rich in iron oxide can be seen in dark reddish 
colour. Recent superior sediments and alluvial fan 
deposits are in light brown colour. This band 
combination used for urban studies as well as it provides 
the most water penetration and bathymetric 
information. Vegetation types are not easily 
distinguishable in natural colour composites as we do in 
false colour combinations. Similarly, natural composite 
321 is not good to distinguish shallow water from soil as 
it in 753 combination. The false colour display 
assignment can be done in an absolutely random way for 
any band of a multispectral image so that the colour of a 
target in the displayed image does not show any 
resemblance to its actual colour. The resultant image is 
known as a false colour composite. However, some 
methods can be more appropriate for the detection of 
certain features in the image. False colour composite 
schemes for exhibiting a Landsat 8 OLI multispectral 
image used in this research are RGB 653 and RGB 543. 
Fig. 2-3 shows false colour composites. In lithological 
mapping, RGB color combinations that use bands with 

low correlation coefficients are giving us better results 
due to the spectral diversity in the bands. Lithology 
interpretation is based on the following remote sensing 
tools:  

I. Colour composites  
II. Band ratios- Clay, iron-oxide, NDVI and its 

derivatives.  
III. Unsupervised classification (ISO CLASS) 
Geological colour Composite in fig. 2 shows RGB 653 

which creates an enhanced image with strongly green 
vegetation, bluish water and light to dark brown rock or 
soil. Limestone and shale are most probably pinkish or 
light in colours. RGB 753 and 652 are alternatives of this 
combination. Quaternary fan deposits are visible in light 
brownish-greyish colour, dark brown colour could be 
dunite and wherlite.  

Fig. 3 shows RGB 543 In a tropical setting, it replicate 
a conventional Infrared aerial image with red vegetation 
and grayish to bluish rock or soil. It focuses on the 
boundaries between barren and vegetated land. 
Equivalent in L5/7 to this band is RGB 432. Chlorophyll 
content in leaves is different in different types of 
vegetation which results different shades of red in every 
plant. That’s why 543 composite images are very 
convenient in determining the extent of vegetation cover 
and in the classification of vegetation in remote sensing. 
Band rationing is very simple and powerful technique in 
the remote sensing; Fig. 4, 6 & 7 shows band rationing 
images. Different band ratios like NDVI used by (Bannari 
1995), iron oxide, clays ratio and principle component 
(PCS) (Mudrov 2010) could give us better understanding 
of the geology. Basic idea of this technique is to 
emphasize or exaggerate the anomaly of the target object 
as used by (Abrams 1983). In Fig. 4 band ratio is created 
with b7/b6 in red, b6/b5 in green and b2/b3 in blue. It is 
clear from the image that geology is giving map like 
appearance with small relief in topography. Rocks 
composed of clay mineral are in blue shades, light 
reddish colour could be of chert and light yellow colour 
could be of Limestone. Clay ratio in Fig. 6 is produced 
through the combination of band b6/b7. Clays, 
carbonates and micas can produce the light grey to white 
zones in greyscale images. In pseudo color, clay with red 
colour is showing maximum value which is 1.65. It can be 
due to the reason that hydrous minerals as said by 
(Knepper 1975) or alteration zone have high absorption 
as compare to band 7. Fig. 7, Iron oxide ratio is created 
through band b4/b3 combination. Iron oxide ratio 
increases the existence of iron bearing minerals which 
can be the reason of strong absorption in b4 and 
alteration in iron oxide, also it causes strong absorption 
in band 3 and higher reflectance in band 4. Oxides of iron 
seems to be reddish with higher values i.e. 1.357.  

Unsupervised classification (ISO CLASS) is created 
(Fig. 5) with 70 number of classes using different 
classification parameters; results are verified visually 
and statistically with reference data, colour composites 
and band ratios. Unsupervised classification is executed 
using Iterative Self Organizing Data Analysis Algorithm 
Technique (ISODATA) as used by (Tou & Gonzalez 1974).  
In this classifier we don’t use training samples data as a 
base for classification. Instead, these classifiers involve 
algorithms. Undefined pixels are analyzed by these 
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algorithms in the image and collect them into number of 
classes established on the natural clusters or grouping 
present in the image values. Geological referenced map is 
reclassified in ER mapper using algorithms written under 
Table 4 and shown in Fig. 8. Five major lithlogic units are 
marked on the referenced geological map, which are 
discussed under section 4 stratigraphy and Table 3. 
Thematic map with unsupervised classification is shown 
in Fig. 9.  This map is showing 5 lithologies which are 
giving quite satisfactory results when we compared with 
referenced geological map. Fig. 10 shows referenced 
geological map prepared by Geological Survey of 
Pakistan.  

Error (Confusion) Matrix (Awad, N.M.A., 2011) allows 
for quantitative estimation of the overall accuracy of 
classification. The correct classifications results are 
presented diagonally from upper left to lower right 
corner. Table 4 and 5 shows confusion matric analysis. 
The values (Tables 3) which are not found in the 
diagonals are considered as errors said by (Congalton 
1991; Congalton 1999). The ISO classified image with 70 
clusters or classes shown in Fig. 5, each represented by a 
different color. Each class was labeled and identified as 
geology or non-geology with the help of high resolution 
ortho photomap and geological referenced map using 
ARCGIS and QGIS online imagery. The confusion matrix 
was generated through ER mapper. Confusion matrix 
between referenced geological map and the classified 
multispectral image with 70 classes was created to check 
the accuracy of the classification as shown in Table 4 and 
5. 

There was confusion between classes and just 5 
classes were showing satisfactory results out of 16 which 
are shown in Table 3. As far other lithologies are 
concerned, there was confusions in following set of 
lithologies; JZEF, TKF, JVV, JWV, QRS, KML, JZF and QTG 
(See Stratigraphy). After calculation of confusion matrix, 
highlighted maximum numbers in rows and columns 
(Table 4, 5). In this way we reduced the classes and just 
5 classes were retained. For the second time, image was 
reclassified using algorithm shown in Table 5 with just 5 
classes which are giving satisfactory results. Geological 
referenced map is also reclassified using 5 corresponding 
lithologies. After reclassification of both images, 
confusion matrix analysis giving us 63.071 % overall 
accuracy with kappa statistics 0.521 as used by (Jensen 
2005). 

 
3. RESULTS AND DISCUSSION 
 

The purpose of the study is to generate a revised map 
of the rocks revealed on the surface in geologically 
complex area and to identify VMS type deposits using RS 
tools. Geological referenced map was having 20 major 
lithologies; JUM, QFD, JPS, JUM, JWV ,QFD, QTG, JSD, 
DOLORITE  DYKE, KML, JVV, JG, QRS, JPG, ZEF, TKF, JAF, 
JZF, TRF and QAL (See Stratigraphy). Study shows that on 
a broad scale, the use of 70 classes in unsupervised 
classification produced more precise distribution of 
lithology. The result of study are satisfactory enough to 
apply remote sensing as a tool to differentiate lithological 
units in the study area. Visual evaluation of multispectral 
images using RS tools i.e. band ratios, PCA and 

unsupervised classification, we can differentiate 
between different rock units as usually geological 
materials are not homogeneous even within specific rock 
units. Within the ophiolite complex different igneous 
rock types like gabbroic rocks, ultramafic rocks, and the 
sheeted dike complex can be differentiated on the basis 
of spectral ratio, false color composites and PCs. 

The reference data used in this study was the 
geological map of North Waziristan on the scale 1:50,000. 
For further studies and to minimize uncertainties caused 
by vegetation, complex geologic history and local 
landscape evolution events, it would be valuable to use 
other data (field data, geophysical data) for reference 
purposes. Different systems like Landsat allows efficient, 
consistent data collection for geological studies. 
Combination of more information and with the help of 
higher resolution data, like high resolution spectral data, 
spatial and morphometric datasets, we can get better 
geological view of the area. Keeping in view the complex 
geological history of the area, I suggest that a 
combination of remote sensing with sampling on ground 
and geophysical data; magnetics and gravity could 
produce more accurate results. Information could be 
changed due to geomorphic processes and different 
factors; erosion and deposition, so evaluating the 
accuracy of unsupervised classification, results of 
Landsat 8 OLI data through error matrix and kappa hat 
shows that remote sensing using digital image 
processing techniques can generate moderate to high 
level results in lithological mapping especially in arid 
regions. 
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 Evapotranspiration (ET) is a crucial variable to monitor agricultural water consumption, map 
irrigated agriculture and identify agricultural droughts. ET maps can be used to analyze 
agricultural water use practices of farmers, identify irrigated farms and drought-stricken 
regions. In this study, a simple model capable of producing evaporative fraction (EF) and then 
ET from minimal remotely sensed and meteorological inputs in a trapezoidal framework is 
presented. So far, the model has successfully validated against ground data collected at three 
different eddy-covariance (ECOR) flux towers in the US. Overall, this methodology shows 
promise to estimate ET from field to regional scales in regions with limited data like Turkey.   

 
 
 
 

1. INTRODUCTION  
 

Evapotranspiration (ET) is the second largest 
component in water balance after precipitation and an 
indispensable surface variable to monitor agricultural 
water use and droughts (Anderson et al. 2013; Mueller et 
al. 2011). Therefore, monitoring ET is an immediate 
concern especially for a country like Turkey which 
agriculture heavily relies on water supply through 
irrigation to grow agricultural crops during dry 
summers.  

ET is a combination of evaporation from soils and 
transpiration from plants. While surface soil moisture, 
surface available energy and atmospheric resistance to 
water vapor transport drive evaporation rate from soil, 
transpiration is controlled by a combination of factors 
including moisture availability in �–�Š�‡�� �’�Ž�ƒ�•�–�ï�•�� �”�‘�‘�–�� �œ�‘�•�‡�á��
available energy, and atmospheric and canopy 
resistances to water vapor transport (Monteith 1965). 

In recent years, remote sensing products and 
methods have become a promising tool to map spatially 
continuous ET information �ƒ�…�”�‘�•�•�� �–�Š�‡�� ���ƒ�”�–�Š�ï�•�� �•�—�”�ˆ�ƒ�…�‡ 
(Aksu and Arikan 2017) thanks to a key remotely sensed 
surface variable, Land Surface Temperature (�6�æ). �6�æ is a 
good indicator of plant stress caused by moisture 
deficiencies in the plant root-zone (Anderson and Kustas 
2008). When soil moisture is not adequate to meet plant 
demands, stomata in the plant leaves is closed. 

Afterwards, photosynthesis and transpiration are 
slowed, thereby causing canopy temperature to rise. 
Elevated plant canopy temperatures, considered as a sign 
of non-transpiring vegetation, can be detected from 
space. Therefore, the ET models based on remotely 
sensed thermal data capitalize on these features of �6�æ to 
develop ET estimates from space. 
 

2. MATERIALS and METHOD 
 

2.1. Material 
 

The 16-day NDVI composites obtained by the 
Moderate Resolution Imaging Spectroradiometer 
(MODIS) instrument onboard the Terra satellite as well 
as daily �6�æ products acquired by the MODIS instrument 
mounted on both the Terra and Aqua satellites were 
retrieved from the Land Processes Distributed Active 
Archive Center (LPDAAC; https://lpdaac.usgs.gov/). The 
vegetation products acquired by the MODIS instrument 
are in 1-km spatial resolution and found to be very 
consistent to represent vegetation information (Huete et 
al. 2002). In the same way, the errors of �6�æ products were 
generally within ±1 K according to validation with in situ 
�6�æ observations of various land-cover types such as bare 
soil, grassland, open water and rice fields around the 
world (Wan et al. 2002; Wang, Liang, and Meyers 2008). 


