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ABSTRACT

MONITORING BULBULDERESI AND BAKACAK LANDSLIDES WITH
PHOTOGRAMMETRIC TECHNIQUES

Muratoglu, Biikay

M. Sc., Department of Geological Engineering

Supervisor: Assoc. Prof. Dr. M. Liitfi Stizen

May 2009, 87 pages

Every year, thousands of people all over the world are loosing their lives in
natural disasters. As a second most widespread hazard, landslides are still a
disaster problem for Turkey. The long-term monitoring studies of instability
phenomena have a paramount importance for Turkey to reduce its both direct
and indirect effects.

The objective of this thesis is to monitor the activity of the Biilbiilderesi
and Bakacak landslides in Asarsuyu Catchment for 42 years period by the
digital aerial photogrammetric techniques while evaluating the possible use of

archive aerial photography in such analysis.

To achieve the purpose of the study an orthophoto map was generated by
aerial photographs belonging to 1994 year. The orthophoto map was utilized as
a base map for aerial photo interpretation of different sets of aerial photographs
corresponding to 1952, 1972, 1984 and 1994 years. As a result of this, 4
landslide activity maps are obtained. In addition, the characteristics of these
landslides are analyzed by utilizing digital elevation model (DEM) created from

stereo photographs of 1994,



As a result of the study, no considerable variation is detected in the
position of main boundaries of Biilbiilderesi and Bakacak landslides except
some minor differences. However, within the landslides many topographical
changes were observed between 1952 and 1994 period. Based on the profiles
from toe to crest of the Biilbiilderesi landslide, the approximate length was
measured as 4773m whereas the approximate width was about 2614m. The areal
extent was calculated as ~12km? having an approximate slope gradient ranging
between 10-15° with local variations. On the other hand, the approximate length
of Bakacak landslide was 4420m and the approximate width was 832m from toe

to crest with an area of ~4km? and with an approximate slope angle 9-14°.

Keywords: Diizce, Bolu Mountain, Landslide, Digital photogrammetry,
Orthophoto map
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BULBULDERESI VE BAKACAK HEYELANLARININ FOTOGRAMETRI
TEKNIKLERI ILE IZLENMESI

Muratoglu, Biikay

Yiiksek Lisans, Jeoloji Miihendisligi Bolimii

Tez Yoneticisi: Dog. Dr. M. Liitfi Stizen
Mayis 2009, 87 sayfa

Her yil, tim diinyada dogal afetler yiiziinden binlerce insan hayatini
kaybetmektedir. En yaygin ikinci tehlike olarak heyelanlar Tiirkiye i¢in hala bir
afet sorunudur. Uzun siireli izleme ¢alismalar1 duraysizlik olgusunun dogrudan
ve dolayli etkilerini azaltmak amaciyla Tiirkiye i¢in fevkalade Onem

tasimaktadir.

Bu tezin amaci, Asarsuyu Havzasi’ndaki Biilbiilderesi ve Bakacak
heyelanlarinin 42 yillik zaman dilimi igerisindeki etkinligini arsiv hava
fotograflar1 ile tespit ederken, ayni zamanda bu arsiv fotograflariin sayisal

fotogrametrik degerlendirmeler ile kullanimini incelemektir.

Calismanin amacina ulagmak i¢in 1994 yilina ait hava fotograflariyla bir
ortofoto harita tiretilmistir. Ortofoto harita 1952, 1972, 1984 ve 1994 yillarina
iliskin hava fotograflarinin yorumlanmasinda altlik harita olarak kullanilmustir.
Bunun sonucunda, 4 heyelan etkinlik haritas1 elde edilmistir. Ayrica, 1994’¢ ait
stereo fotograflardan olusturulan sayisal yiikseklik modeli (SYM) kullanilarak

heyelanlarin 6zellikleri analiz edilmistir.

Vi



Bu ¢alismanin sonucu olarak, bazi kiigiik farkliliklar disinda Biilbiilderesi
ve Bakacak heyelanlariin ana smirlarinin konumlarinda 6nemli bir degisiklik
saptanmamustir. Ancak, 1952 ve 1994 arasindaki donemde heyelanlar iginde
bircok topografik degisiklik gézlenmistir. Topuktan taca kadar olan profillere
gore Biilbiilderesi heyelaninin yaklasik uzunlugu 4773m yaklasik genisligi ise
2614m olarak Sl¢iilmiistiir. Alani ~12km?, yerel degisikliklerle yamag egimi 10-
15° olarak 6lgiilmiistiir. Diger taraftan, ~ 4km?® alan1 ve 9-14°lik yaklagik egim
acistyla topuktan taca Bakacak heyelaninin yaklagik uzunlugu 4420m ve
yaklasik genisligi 832m’dir.

Anahtar Kelimeler: Diizce, Bolu Dagi, Heyelan, Dijital fotogrametri, Ortofoto

harita
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CHAPTER 1

INTRODUCTION

Since the start of history natural disasters have menaced mankind and the
world history has been shaped by them. As a result of this, millions of people

have lost and will be loosing their lives all over the world.

Natural disasters are one of the most destructive events which are
suddenly occurring, unavoidable, uncontrolled and causing loss of life and great
damage to property. In other words, as Siizen (2002) stated that “disasters are
natural hazard events in which a natural phenomenon or a combination of
natural phenomena such as earthquakes, mass movements, floods, volcanic
eruptions, tsunamis etc., can cause many loss of lives and damage to the

property”.

According to Centre for Research on the Epidemiology of Disasters
(CRED), natural disasters have been aggregated in three main categories;
geophysical, biological, hydro-meteorological disasters. Furthermore, hydro-
meteorological disasters are divided into three subgroups which are
climatological (droughts, extreme temperatures and wildfires), hydrological
(floods and wet mass movements) and meteorological disasters (typhoons,
hurricanes, cyclones, storms, winter storms, tropical storms, tornadoes). On the
other hand, geophysical disasters include earthquakes, volcanic eruptions and
dry mass movements whereas biological disasters consist of epidemics, insect

infestations and animal attacks (Scheuren et al., 2008).

In our country, due to its geological, seismic, topographical and climatic

characteristics and combination of them provide a setting for many types of



natural disasters. Not only as a main disaster earthquake, but also mass

movements and floods can be seen frequently in our country.

When the risk profile of Turkey is analyzed it is obviously seen that
Turkey has many geological disadvantages due to lying more than 95% of the
country in one of the most active earthquake and landslide regions in the world
(Okay, 2005).

To emphasize the dramatic picture of Turkey based on the Emergency
Events Database (EMDAT), the statistical information about the number of
death, injured and affected people according to some types of natural hazards
seen in Turkey is stated on Tablel.1 (URL 1). Since the beginning of the 20th
century about 91.500 people have lost their lives, about 94.000 people have been
injured and about 9.000.000 people have been affected due to all natural
disasters. The estimated damaged cost is around $25.000.000.000. It should also
be noted that these numbers are somewhat underestimated especially in events
rather than earthquakes as alerts of individual small events might not always
reach to EMDAT to be considered.

Table 1.1. Number of casualties, injured and affected people due to some
natural hazards occurred in Turkey (Emergency Events Database, 2009-URL1).

TYPES OF NATURAL NUMBER NUMBER OF NUMBER OF
HAZARDS OF PEOPLE PEOPLE
CASUALTIES INJURED AFFECTED
Earthquakes 88.538 92.866 6.874.596
Landslides 665 254 14.344
Floods 1.274 180 1.743.386
Storms 100 139 13.639
Extreme Temperatures 100 450 8.450
TOTAL 90.677 93.889 8.654.415

Compared to previous years, there is an increasing trend in hydro-

meteorological disasters across the world. Supporting that, reported hydrological




disasters in recent decades have increased by 7.4% per year, on average.
Moreover, between the years 2000 to 2007, occurrence and impact of
hydrological disasters have an average annual growth rate of 8.4% (Scheuren et
al., 2008).

As the second most widely seen natural hazard, landslides are still
disastrous for Turkey. The statistics claimed by Okay (2005) informed that 25%
of country area is exposed to landslide hazard and 11% of total population is
located in landslide areas. Moreover, 16% of total disaster losses are due to
landslides. Some triggering factors that cause mass movements in Turkey are
using slopes for agricultural purposes, natural vegetation removal, deforestation
activities, inappropriate interaction of mankind with slopes, geological

properties, earthquake and intense rainfall.

Unfortunately, landslides occur in all 81 provinces of our country.
Nevertheless, particularly the Black Sea region is known as one of the most
landslide-prone region in Turkey. According to Turkish Chamber of Geological
Engineers (2006), in 1926 Of-Siirmene landslide 146 people lost their lives and
2211 buildings collapsed. As a result of 1985 West Black Sea landslides
occurred in Zonguldak, Kastamonu and Sinop, 1684 residential estates were
affected. In 1988, not only 64 people dead but also property was greatly
damaged after 1988 Catak landslide. After 1990 Trabzon, Giresun and
Giimiishane landslides, 65 people lost their lives and property had been
enormously damaged. Furthermore, Senirkent landslide that occurred in 1995
caused 74 dead. Like 1998 Beskdy landslide, 2005 Koyulhisar-Kuzulu landslide
caused great economic losses and casualties. The number of casualties of former
was 50 and latter was 15. Therefore, all these examples prove that the long-term
monitoring studies of slope instability phenomena have a paramount importance

for countries to reduce its both direct and indirect effects.



1.1 PURPOSE AND SCOPE

In 1977 supported by United Nations Development Programme (UNDP)
funds, with the participation of 13 European countries and 3 more countries
having observer status, Trans-European Motorway (TEM) Project was started.
In Turkey’s borders started from Kapikule then continued through the biggest
industrial hub Istanbul to capital Ankara, Anatolian Highway is the major and
crucial route between Europe and Asia. Besides being an alternative of D-100

road and its geopolitical significance, the Anatolian Highway reduces the

average travel time between Istanbul and Ankara (Figure 1.1).

Figure 1.1. D-100 road and its alternative Anatolian Highway (TEM) that
connect Istanbul to Ankara.

Being a part of the Anatolian Highway, Bolu Mountain Highway Pass is
starting from Kaynasli, continuing in the east direction through Asarsuyu
Valley, crossing Bolu Mountain and ending in Yumrukaya district on

Gumiisova-Gerede route.

Apart from its geographical and economical significances, Bolu Mountain

Highway Pass excites many people’s interest due to encountered slope



instability problems during its construction. The Southeastern part of the
Asarsuyu Catchment, especially Bolu Mountain Highway Pass is determined as
having very high susceptibility to slope instabilities. The list of the reasons are:
lack of lateral supports due to E-5 Highway cut slopes, proximity to active
faults, extra vibration due to heavy traffic on E-5 Highway, the presence of
flyschoidal units (Siizen, 2002; Siizen and Doyuran 2004a, b). Dalgi¢ (1998a)
states that with a length of 4-5 km and width of 2-3 km. Biilbiilderesi and 4-5
km length and 1.5 km. width Bakacak landslides are the largest landslides of the
Asarsuyu Catchment. As toe of the Biilbiilderesi landslide is passing close to a
section of the Anatolian motorway where a 2.6 km long viaduct has been built,
ensuring the stability of the slide is important for the long-term integrity of the

structure.

The purpose of this thesis is to monitor the Biilbiilderesi and Bakacak
landslides for 42 years period to determine forthcoming behaviors of these slope
movements in order to prevent potential life and property loss, while
investigating the potential use and observing the limitations of stereo aerial
photography in monitoring actions of large landslides.

1.2 GEOGRAPHICAL SETTING

The study area is located northwestern part of Turkey, between Diizce and
Bolu cities, close to Kaynash district (Figure 1.2). The area is covered by
1/25.000 scale topographic maps of quadrangles G26-b3, G26-b4, G26-c1 and
G26-c2 of Adapazari. The study area is bounded by the coordinates 4516000 N
and 359000 E in the northwestern edge and 4510000 N and 365000 E in the
southeastern edge in Universal Transverse Mercator (UTM) projection (Zone
36N, European Mean Datum 1950). The area is sited in Asarsuyu Catchment

and covers approximately 36 km?



Figure 1.2.  Location map of the study area. a) Color coded digital elevation
model of Turkey, b) Location map of the study area within the Diizce-Bolu
region.

1.3 LITERATURE SURVEY

Previous studies about landslide monitoring by means of digital
photogrammetric techniques are presented in this section. Once the publications



and researches describing photogrammetric applications to landslides are taken

into consideration, it is seen that the literature is quite scarce.

Monitoring landslide activity is of paramount importance for landslide
studies. There are sophisticated tools available for monitoring geomorphological
changes and landslide movements. Although traditional field-based geodetic,
geotechnical and geophysical methods (Cencetti, et al., 2000, Yal¢inkaya and
Bayrak, 2001, Giirbiiz et al., 2005) include inclinometers, piezometers, wire
extensometers (Corominas et al., 2000), and land surveying devices (Franklin,
1984) that are necessary to acquire very precise information on specific
locations in active landslides, these time consuming field procedures provide
only point-based measurements and they do not give information about past
movement episodes (Hervas et al., 2003). On the other hand, modern tools
include Global Positioning Systems (Gili et al., 2000; Malet et al., 2002) and
remote sensing methods (Hervas et al., 2003) such as satellite (Bajracharya,
2006; Tralli et al., 2005) and aerial imagery, Synthetic Aperture Radar (SAR)
(Bovenga et al., 2006; Colesanti and Wasowski, 2006) and Light Detection and
Ranging (LIDAR) (Adams and Chandler, 2002; Ager et al., 2004) enables to
reconstitute both the recent and historical development of mass movements on

different scales.

The development of photogrammetry started in 19™ century after the
invention of photography. The technical development of the photogrammetry
has passed through the phases of plane table photogrammetry, analogue
photogrammetry, analytical photogrammetry, and has entered the phase of
digital photogrammetry since eighties due to improvements in computer
technology (Konecny, 1985).

Photogrammetry, that is the measurement of shape, position, and
dimension of objects on a surface from stereo photographs, is an effective and a
powerful tool in geomorphological studies (Lane et al., 1993; Smith, 1996;
Chandler, 1999). By using 3D stereo-photographs surface morphology can be

accurately measured. The photographic archive provides an extensive source of



historical data allowing long-term analysis of surface changes, and has an
important advantage over other monitoring systems (Lane et al., 1993; Lane et
al., 1994). Combined with aerial photo interpretation, photogrammetric

techniques are used to monitor slope movements.

At this point, Cheng (2000) examined the Tsau-Lin Big Landslide to
reveal its condition and to compare the surface deformation before and after the
1999 Taiwan earthquake and suggests a method to integrate aerial
photogrammetry, image processing and geographic information systems. After
creating DTMs and orthophotos of the study area before and after the 1999
Taiwan earthquake by digital photogrammetric techniques, total area and
volume of the landslide was estimated. Moreover, overtopping elevation and

volume of the water storage of the upstream were calculated.

Mora et al. (2003) claimed that integration of GPS measurements and
digital photogrammetry techniques become a powerful tool for movement
monitoring including small displacements preceding the failure phase. In their
study, the combination of kinematic GPS and digital photogrammetry was used
to measure the surface displacements, rate of movement in the landslide body
and to estimate the volume by generating precise DEMs of the Ca’di Malta

landslide in Italy.

Karsli et al. (2004) studied the application of landslide activity maps
created by digital photogrammetric techniques for evaluating the mass
movement hazard in Ardesen, Rize. The availability of multi-year aerial photo
coverage integrated with field checks helped to assess the morphological
changes and production landslide activity maps. As a result of this study, the
sliding area was calculated and the quantity of the ground change in the

landslide area was investigated by using profiles of the landslide.

Cardenal et al. (2006) carried out a study for the application of the digital
photogrammetry in order to obtain very high quality information for landslide

susceptibility maps and hazard analysis. They suggest a new methodology to



improve the prediction capacity of the landslide hazard maps by clearing some
uncertainties due to poor resolution in the DEMs used in such maps. This
methodology is based on the combined use of information related to landslide
conditioning factors such as lithology, landcover, slope, meteorology, etc. and
aerial photographs that were processed with digital photogrammetric techniques.
Hence, a new high resolution DEM was obtained to be used for the

susceptibility analysis.

Ferndndez et al. (2006) conducted a study by means of comparing digital
photogrammetry techniques that are digitalization from ortophotographies
(monoplotting), digitalization on aerial photographs and geometrical correction,
translation to a topographical map and digitalization, and digital
photogrammetric stereoplotting for the elaboration of landslides databases. The
landslide scarp databases derived from different methodologies have been
compared by displacement between significant points of scarps, the lengths of
scarps and the fitness of scarps to a DTM. Finally, best results are obtained with
the methodology of digital stereoplotting whose scarps database is well fitted to
the DTM.

The multi-temporal monitoring of landslides in archaeological Incan site
El Tambo, Ecuador was performed by Yugsi et al. (2006). In order to identify
precisely the ground change in the study area, three sets of aerial photographs
corresponding to different years were subjected to digital photogrammetry
analysis. Then derived DTMs were used for orthophoto generation. 3D
visualization and orthophoto interpretation enable to describe the slope
instability processes that are occurring in the area and to correlate them with
other key factors like type and level of erosion or type of material.

Mayuzumi and Ogawa (2006) studied the monitoring of several landslides
by comparing two DEMs before and after the Niigata Chuetsu earthquake.
These two DEMs were generated from aerial photographs by using digital
photogrammetry techniques. To extract the ground change before and after the

earthquake, the elevation values before the earthquake was subtracted from the



elevation values after the earthquake. In the differential image, the points of a
minus value show decrease of the elevation values whereas the point of a plus
value show increase of the elevation values by the earthquake. On the other
hand, the points of a value 0 show changeless before and after the earthquake.
Furthermore, the differential image was compared with 1/25.000 scale disaster

map to identify the landslide points.

Another earthquake-triggered landslides developed along an active normal
fault were investigated by Gallousi and Koukouvelas (2007) by means of digital
photogrammetric analysis. The analysis of the landslides is based on a sequence
of maps interpreted from both historical aerial photographs and direct field
mapping. Geomorphic and volumetric evaluation of two landslides and drainage

pattern were monitored by using generated DEM differences and orthophotos.
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CHAPTER 2

GEOLOGY OF THE ASARSUYU CATCHMENT

2.1 REGIONAL GEOLOGY AND PREVIOUS STUDIES

The lithostratigraphical units of the study area are consist of various
metamorphic, volcanic, sedimentary rock sequences represent a time interval

from Paleozoic to Quaternary (Figure 2.1).

The main geographical features in the region are Asarsuyu River along
southeast-northwest direction, Bolu Mountain and North Anatolian Fault Zone

(NAFZ) extends along the length of the Asarsuyu Valley.

The Anatolian Highway that is the main artery between Ankara and
Istanbul excites many scientists’ interest due to the geographical significance of
itself and the presence of the engineering problems during the construction of
Bolu Tunnel. Several studies had been performed and focused on geology,
engineering geology problems and tectonism of the region. Table 2.1 shows a

brief summary of the accomplished studies in the research areas.
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Table 2.1. Previous studies of the study area (modified from Siizen, 2002)

Researcher

Location

Studies

Blumenthal (1948) Bolu Region First definitions of tectonic units
Ketin (1955) Bolu Region First sub-d|V|S|or_1 of Paleozoic
Massifs
E Geology of the region and Coal
Uysall1 (1959) Bolu-Merkesler Resources
Abdiilselamoglu (1959) | Mudurnu-Goynitk | Definition of Paleozoic and

Mesozoic formations

Ketin (1967)

Bolu-Gerede-
Mengen-Yigilca

Geology of the region
(Paleozoic Units)

Northern Slopes

First defined the age of the

Batum (1968) of Asarsuyu conglomerates that overlie Bolu
Valley Massif as Silurian
Orkan et al. (1977) Bolu Mountain Geology of the region
- Mudurnu- .
Goziibol (1978) Dokurcun-Abant Geology of the region
Gormiis (1980) Yigilca Stratigraphy of the region

Yilmaz et al. (1981)

Abant-Dokurcun

Evolution of tectonic units,
relations of metamorphic rocks
and the ophiolitic rocks

Gormis (1982a) Yigilca Stratigraphy of the region
Gormiis (1982b) Yigilca Geologic evolution of the region
> Kaya (1982) Eégﬂg;ﬁgg?} Stratigraphy of the region
8 Kaya & Dizer (1981-1982a) Mengen Stratigraphy of coal resources
- Stratigraphy of Upper
8 Kaya & Dizer (1981-1982b) North Bolu Cretaceous and Paleocene
D) sequences
Cerit (1983) Mengen Geology of the region
Serdar & Demir (1983) BquAIL/Iengen— Geology of the region and
ant petroleum resources

Oztiirk et al. (1984)

Abant-Yenicaga

Stratigraphy of north and south

of NAFZ
Stratigraphy of Upper
Kaya et al. (1986) Yigilca Cretaceous and Paleocene
sequences
Camdag- . . .
Aydin et al. (1987) Stinnicedag Complete stratigraphic outline
Cerit (1990) Bolu Massif Geology of the region
Erendil et al. (1991) Bolu Massif Geology of the region
Yalgin & Cerit (1991) Bolu Massif Mineralogy and .geOChemIStry of
clay minerals
Koral et al. (1994) Asarsuyu Microfabric srgucrfé in Paleozoic
Gedik & Alkas (1996) Bolu Region Geology and Carbondioxide
potential
Sozen et al. (1996) Diizce-Devrek Geochemistry of the region
Giiler (1999) Bakacak Geological studies
Ustadmer & Rogers (1999) Bolu Massif Geochemistry and evolution of

the Bolu Massif
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Table 2.1. (Continued)

Ozmen (2000) Diizce-Bolu Geology of the region
Kazak (2004) Bolu Geology of southeagt part of the
Bolu Basin
Karacam (2005) Bolu-Gékgesu Investigation of reservoir

geology of the units

Canik (1980) Bolu Hydrogeology of the region
. . Landuse pattern and NAFZ
Aktimur et al. (1983) Bolu Region related problems
. Anatolian Preliminary design of
Astaldi (1990) Motorway Giimiigova-Gerede stretch

Dalgic (1994 a,b)

Bolu Mountain
Highway Pass

Engineering geology of
Highway pass and Bolu Tunnel

Stability and nature of the

Dalgig et al. (1995) Asarsuyu Yumrukaya landslide
Dalgi¢c & G6ziibol(1995) Bolu Tunnel Stability problems in tunnel
Lithology and the fracture
Dalgi¢ (1997) Bolu Tunnel pattern in the Bolu Tunnels
Simgek & Dalgig (1997) Diizce COﬂSOlIdatlé)Ig;)sropernes of
Prediction of deformation inside
Aydan & Dalgig (1998) Bolu Tunnel the Bolu Tunnel
> Slope stability problems in the
8 Dalgi¢ (1998,a) Asarsuyu Asarsuyu valley
— Selection of crushed rock
8 Dalgig (1998,b) Asarsuyu quarries for the construction of
o the Anatolian Motorway
Geotechnical studies on Tasalti
@) _ ! §
> Isin (1999) Kaynagli-Elmalik landslide area
o Engineering geology and
L Sentiirk (1999) Bolu Tunnel geotechnical characteristics of
% Bolu Tunnel
— Deformations in the Bolu
(ZD Unterberger and Brandl (2000) Bolu Tunnel Tunnels after Diizce earthquake
L Engineering geological,
Aydan et al. (2000) Diizce seismological and geotechnical
aspects of Diizce earthquake
5 . Engineering report of the
Sucuoglu et al. (2000) Regional Marmara and Diizce earthquakes
Landslide Hazard Assessment
Stizen (2002) Asarsuyu by using GIS and Remote
Sensing
Glimiisova- . . .
Aksu (2002) Gerede Engineering geology studies
Data driven bivariate landslide
Siizen and Doyuran (2004a) Asarsuyu susceptibility assessment using
GIS
A comparison of the GIS based
Siizen and Doyuran (2004b) Asarsuyu landslide susceptibility

assessment methods multivariate
versus bivariate
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Table 2.1. (Continued)

Ozben (2003)

Bolu Tunnel

Engineering geology of Bolu
Mountain Tunnel

Yesilnacar and Siizen (2006)

Asarsuyu

A land-cover classification for
landslide susceptibilty mapping

Pamuksuz (2007)

Ketin (1969)

Bolu-Mengen

Regional

Engineering geology of
Kopriibagi Dam

First definition of NAFZ

Ambraseys(1970) Regional Characteristic features of NAFZ
Tokay (1973) Gerede-llgaz Characteristics of NAFZ
Mudurnu-

Goziibol (1978)

Dokurcun-Abant

Structural properties of NAFZ

Sengor & Canitez (1982)

Regional

Characteristics and evolutionary
model of NAFZ

Oztiirk et al. (1984)

Abant-Yenicaga

Paleo and Neo-tectonic
structures

Cerit (1990) Bolu Massif Tectonic setting of the region

. Igneciler- Neotectonics and seismicity of
Demirtag (1993) Dokurcun NAFZ

Nurlu (1993) Bolu-Sapanca Fault analysis by using remote
sensing

Barka and Erdik (1993)

Gilimiisova-Gerede

Active Faults of Glimiisova-
Gerede Highway

Neugebauer (1994)

Abant

Closing-up structures, effects of
bends in NAFZ

Structures and kinematics of

Neugebauer (1995) Adapazari-Bolu NAEZ
g Yenicaga-Gerede- Geology of the region and
Saroglu et al. (1995) Eskipazar characteristics of NAFZ

Neugebauer et al. (1997)

Abant-Sapanca

Seismic observations of the
western NAFZ

Paleoseismicity and neotectonics

Demirtas (2000) Abant-Gerede of NAEZ
.. .. Slip distributions of Diizce
Akyiiz et al. (2000) Diizce Earthquake
Taymaz (2000) Golcuk:Sapanca— Selsmotectonlqs of Marmara
Diizce region
Ozmen (2000) Diizce-Bolu Active faults and garthquakes of
the region
Ozden et al. (2000) Diizce Diizce earthquake apd tectonism
of the region
Giimiisova- Engineering geology and
Aksu (2002) Gerede tectonism of the region
Late Holocene Earthquakes on
Hitchcock et al. (2003) Diizce the Eastern Diizce Fault and
Implications
Neotectonics of southeast part of
Kazak (2004) Bolu the Bolu Basin
Sengor et al. (2005) Regional Characteristics of NAF
Pucci et al. (2007) Diizce The Diizce segment of NAF
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2.2 GENERAL STRATIGRAPHY OF ASARSUYU CATCHMENT

In this study, for the description of the geological units in and around the
Asarsuyu Catchment, the nomenclature proposed by Siizen (2002) is adopted.
The geological map of the study area and the stratigraphic columnar section are

shown in Figure 2.2 and Figure 2.3, respectively.

352500 355000 357500 360000 362500 365000 367500 370000 372500
|

. Talus+Landslide Mass _: Findiklidere Mb.

. Aksudere Fm.

e Asarsuyu Fm s+t Kocadere Fm
Gypsum . Yedigoller Fm.

. Caycuma Fm.
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| Quaternary Alluvium

Figure 2.2.  Geological map of the study area (Siizen, 2002).
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2.2.1 Yedigoller Formation

Yedigoller Formation is the local geologic basement and the core of the
Bolu Massif. The formation comprises southwestern part of the Bolu Massif and
is mainly composed of jointed and fractured amphibolite, gneiss (metagranite),
metadiorite and meta-quartzdiorite and first named by Aydin et al. (1987).
Yedigéller formation is overlain by Devonian ikizoluk Formation is composed
of phyllite, slate and limestone with tectonic contact, which does not outcrop in
the Asarsuyu catchment (Dalgig, 1994a). Due to excessive cataclastic
metamorphism, some of these lithologies turn into mylonitic rocks. Near fault
zones, cataclastic deformation can be observed and thought to be related to

tectonic events occurred in the region.

The age of the metamorphics are determined as Paleozoic by Blumenthal
(1948). Ketin (1967) cited the age of the assemblage of amphibolite, gneiss and
basic rock in Bolu-Gerede-Mengen-Yigilca region as Pre-Cambrian. Canik
(1980) suggested that at the northeastern part of Bolu, Cambrian red sandstone
overlies the metamorphic units such as gneiss, biotite, muscovite and albite.
Therefore, like Canik (1980), Aydin et al. (1987) and Cerit (1990) concluded
that the age of the formation should be Precambrian. On the other hand, Erendil
et al. (1991) claimed that the age of the formation is Pre-Late Ordovician. As a
result of these arguments, the age of the Yedigdller Formation is assigned as

Pre-Devonian.

2.2.2 Kocadere Formation

Erendil et al. (1991) defined Kocadere Formation that is represented by
massive to thick bedded purplish grey conglomerates and sandstones. Reddish
brown mudstone-siltstone alternations (3mm-3cm) can be observed in
sandstones. Conglomerates are poorly sorted, and their components are derived
from underlying metamorphics, and magmatic rocks. Also, conglomerates are

composed of granite, granodiorite, amphibolite, chlorite and quartz. The matrix
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of greywacke consists of quartz fragments, chlorite and sericite. Moreover, the

formation does not have any fossil content (Erendil et al., 1991).

Kocadere formation is overlain by Aksudere formation conformably. The
equivalent of this formation is defined by Kaya (1973) as Kurtkdy Formation of
Ordovician age. The other equivalents of Kocadere formation are “Hamzafakili
sandstones” (Tokay, 1952), Isigandere Formation (Gormis, 1982 a, b) and
“purple arkoses and conglomerates” (Batum, 1968) with the age of Late
Silurian. Canik (1980) determined the age of other equivalent Cukurviran
Formation as Silurian. The age of Kocadere Formation is determined as Late
Ordovician-Early Silurian (Erendil et al., 1991).

2.2.3 Aksudere Formation

The formation composed of phyllites, shale and recrystallized limestone,
dolomitic limestone, sandstone, siltstone and marl that are easily eroded and
represented by dark grey, beige, bluish-greenish grey and brown (Erendil et al.,
1991).

The upper boundary is conformable with Kirdoruk Formation which is not
observed in the study area. Gormiis (1982a) defined the equivalent of the lower
facies of this formation as Kocadere formation that is determined as Early
Devonian age. On the other hand, the equivalent of the upper facies defined as
Middle Devonian Haciyerdere Formation. Onalan (1981) stated that Silurian
GoOzdag Formation and Late Silurian Dolayoba Formation are correlated with
the lower facies of Aksudere formation. Kaya (1973) defined Aksudere
formation equivalent with Kartal formation consist of mudstone-sandstone-
limestone alteration characterized by dark grey, fine grained mudstone,
yellowish-brownish fine grained, thin bedded sandstone and dark grey, sandy,
thick laminated limestone. Dalgig (1994a, b) grouped the Kocadere and
Aksudere formations under Ikizoluk formation consist of phyllitic rocks, slates
and limestones and assigned an age of Devonian. Also he claimed that the

Ikizoluk Formation overlies Yedigéller Formation with a tectonic contact. The
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age of the Aksudere Formation is assigned as Late Silurian to Early-Middle
Devonian (Erendil et al., 1991).

2.2.4 Buldandere Formation

Erendil et al. (1991) described all of the Upper Cretaceous-Paleocene units
that cover the Paleozoic Bolu Massif as Buldandere Formation that consists of
marine sediments and volcanic-volcanoclastic units. The formation is separated
into three units which are Ispahlar, Findiklidere and Devretkaya members that
overlie the Bolu Massif (Erendil et al., 1991). However, only Findiklidere

member can be observed in the study area.
2.2.4.1 Fidikhdere Member

The formation contains gradational layers of beige, white, light grey
turbiditic limestone; grayish-greenish sandstone, siltstone, marl; greenish-
purplish grey mudstone, tuff and conglomerate. The Caycuma Formation
overlies Findiklidere member conformably. Based on the fossil content the age
of this formation is determined as Campanian — llerdian by Erendil et al. (1991).
The equivalent of this formation is stated as Cretaceous Flysch
(Abdiilselamoglu, 1959), Eocene Gokveren Formation (Goziibol, 1978 and
Yilmaz et al., 1981), Upper Cretaceous/Paleocene Sarikaya Formation (Gormiis,
1980), Campanian/Lower Paleocene Akveren Formation (Ketin and Giimiis,
1963; Gedik and Korkmaz, 1984; Aydin et al., 1987), Upper
Cretaceous/Paleocene Findicak Formation (Dalgig, 1994a, b).

2.2.5 Caycuma Formation

The formation is composed of turbiditic sandstone-claystone alternations,
calcareous mudstone and marl with gypsum intercalations and firstly named by
Saner et al. (1979). The lower facies of this formation is represented by
pyroclastic and volcanic rocks and named as Melendere Member that cannot be

observed in the study area. The lower boundary of Caycuma Formation is
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conformable with Findiklidere Member. However, its upper boundary is

unconformable with Asarsuyu Formation (Erendil et al., 1991).

Gormiis (1982) defined the equivalent of Caycuma Formation as Alaptura
Formation with an age of Middle Eocene. On the other hand, other similar unit
is stated by Dalgi¢ (1994a, b) as Late Eocene A¢gma Member characterized by
alternations of grey-beige argillaceous limestones, gypsums, calcareous
mudstones and white-beige clayey gypsums. Based on the fossil records the age

of the formation is assigned as Eocene by Erendil et al. (1991).

2.2.6 Asarsuyu Formation

The main lithologies of the formation are alternation of clayey silt, sandy
silt and block, gravelly sand. Asarsuyu Formation is assigned an age of
Quaternary and named by Dalgi¢ (1994a, b). Furthermore, he differentiated this
formation from Quaternary Deposits. The upper boundary of the Asarsuyu

Formation is unconformable with Quaternary alluvium.

The age of this formation is assigned by Abdiilselamoglu (1959), Goziibol
(1978), Aydin et al. (1987) and Canik (1980) as Pliocene and is supported by
fossil records. For the age of Plio-Quaternary is based on palynological data by
Astaldi (1990).

2.2.7 Quaternary Deposits

The quaternary deposits are the youngest units in the study area and are
categorized as slope debris, alluvial cone and alluvium by Dalgi¢ (1994a).
According to Dalgi¢ and Simsek (2002) these alluvium deposits are generally
observed in the Asarsuyu Valley and are consist of rounded, subrounded, pebbly
sand, blocky pebbly sand and blocky pebbles derived from weakly altered,

intermediately soft-very compact amphibolite, metagranite.
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2.3 TECTONIC SETTING OF ASARSUYU CATCHMENT

The study area is located at the western part of the Pontide Belt, within the
North Anatolian Fault Zone. In addition to being the most prominent currently
active right lateral strike-slip fault, NAF extends approximately 1500 km across
northern Turkey (Sengér et al., 2005). Being within the NAFZ, Diizce-Bolu area

is one of the most tectonically active regions represented in Figure 2.4 (URL 2).

1oecree [
mpeGReE [
m DEGREE [__|
v DEGREE[__|
VDEGREE [

Figure 2.4.  Earthquake zone map of Turkey and Diizce-Bolu region (General
Directorate of Disaster Affairs, 1996-URL?2)
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Associated with NAF, Diizce, Bakacak and Elmalik are the active faults
that control the tectonism of the region (Barka and Erdik, 1993; Hitchcock et al.,
2003) are shown in Figure 2.5.
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Figure 2.5. Map showing the active faults in Diizce-Bolu region (Ozmen,
2000).

The Diizce fault appears in the east to join the single trace of the NAFZ
via a right-releasing step-over formed by the WNW-ESE trending Bakacak and
Elmalik faults (Pucci et al., 2007). The Diizce fault plays an important role in
the deformation and morphological evolution of the area; its right lateral strike-
slip motion formed the Diizce Basin (Simsek and Dalgig, 1997). Ozden et al.
(2000) states that this E-W trending fault extends from Akyazi in the west to
Bolu Tunnel in the east, with a length of 75 km. Diizce fault is the northern
branch of the NAF system and is the source of the 12 November 1999
earthquake (M=7.2). As a result of this earthquake, 40 km long surface rupture
between Golyaka and the Bolu Mountains was occurred, and some part of the

Bolu Tunnel had been collapsed resulting in abandonment of collapsed part and
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later the tunnel was re-routed. Being a 10-15 km long active strike slip fault,
Bakacak fault extends southeastward from the Diizce fault to west of Bolu. On
the other hand, Elmalik fault is a northwest-southeast trending fault that extends
for a distance of about 15 km into the Bolu Basin. Based on the palaeoseismic
trench data, these two faults are evidences of Holocene fault activities
(Hitchcock et al., 2003).

When the seismicity of the study area and its vicinity is examined, it is
detected that a total of 1425 earthquakes, of which 196 greater than 4 in
magnitude have been recorded from January 1900 to March 2009. Particularly, 4
of them greater than 7 in magnitude listed chronologically as 26.05.1957 Abant
(M=7.1), 22.07.1967 Mudurnu (M=7.2), 17.08.1999 Marmara (M=7.4) and
12.11.1999 Diizce (M=7.2) earthquakes. The locations of all earthquakes with
their magnitudes occurred in the study area and its environs are shown in Figure
2.6 (URL 3).

24



oCE ob€ oo_m 8L 06C

(€ TIN-600T eI [BSIABS) SUOIIAUD S)I PUB BAIR APNIS Y} JO SOPMIIUIBUW )M SUONRIO] JudIdy  *9°7 9An31g

S q
iy ) o ,wv o ) T A R =+
ol LR o.nU
<
6Z-0C «
m‘n - o‘n @ pvog
6v-0v @
65-05 @ N
69-09@ ¢
6°L-0L
= SIANLINDY =
R g
o — Mwn* o » o
O |t Lo © )
=t @ o HDD Ly , 4
o mu, 2 ,m»vnu .md w U%an %Mm On ,Oo%mm =t
4] o o @ o9 5 i P o %)
o g oO liefedepy 29 @ 2] ,Hm ) L)
" g n:o > nmmfu %.‘nwwrﬂ .wuu r/%v ) & & ) G o % o v
2 b}
® o .? <] P S ) e 80 cmﬁm.w CI & T L0 .
LsBs o O M,.w " =] o LR ® Oo%o o,,wOo o
L] " * ﬂwnm onw Wiy 83zna O , 23 " 2] b B * 8 % oQ ] o = ) >
E6L, % 0% oD@ @ S0 m,@o o L 2 T @ . ¢ oo o @ >
[s] o @, o e o 7 I . Onuo 4] 00 g 0, ? o & o 5 o M“ & o 0g 01
— @ 2, @ = P > [
@ =] @ o @ =t
<t > . @ o @ L N w, ° . F I 0@
° - JEEany @ @ . @ 3 @ @ & v
@ eaoyeiyy @ ’ o7 t <] eapuEy O o @
. Eontl @ gt )
@ ey » R o . —
@ @ ) -—
* @P ) & a1
s N o :
& _ <
=
CC oCC VA ol€ -0¢ 8L 067¢

25



CHAPTER 3

METHODOLOGY

In this section, the application of orthophoto map generation, DEM

difference and aerial photo interpretation is explained in order to monitor

Biilbiilderesi and Bakacak landslides. The main steps of the process are

displayed according to the flowchart diagram below (Figure 3.1).
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Figure 3.1.

Flowchart for the applied methods.
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3.1 ORTHOPHOTO MAP GENERATION

3.1.1 Data Acquisition

For the area under investigation 1/25.000 scale topographical maps
corresponding to source dates of 1952, 1972 and 1994 years and 4 different sets
of stereo black and white aerial photographs corresponding to 1952, 1972, 1984

and 1994 years are ensured from General Command of Mapping.

3.1.2 Data Preparation

The data preparation stage consists of analogue to digital conversion of
aerial photographs, georeferencing topographical maps, describing camera
calibration parameters and selecting aerial photographs for the analyses for the

next stage.
3.1.2.1 Analog to Digital Conversion of Aerial Photographs

First of all, the aerial photographs have to be scanned to digital format
before they can be used in digital photogrammetry applications. For the years
1952, 1972, 1984 and 1994, 4 sets of stereo pair photographs covering the study
area were scanned by a desktop scanner at a resolution of 63 um which
corresponds to 400 dpi. The size of the photographs for 1952 is 17,5 x 17,5 cm
and for 1972, 1984 and 1994 is 23 x 23 cm. Although the scale of 1952 photos
denominated as 1/35.000 by General Command of Mapping, the scale of photos
were calculated as 1/20.000. The ground resolution indicates the distance on the

ground that’s represented by a single pixel in the map was calculated as:

0,0254 (m/inch)

Ground resolution (m) = - - (3.1
Map scale x Screen resolution(dpi)
The equation of flight height could be written in its simplest form as:
FL(m)
FH(m) = 3.2
(m) NS 3.2)
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where FH is flight height above terrain, FL is focal length of the camera and MS

is map scale.

Table 3.1. The main characteristics of aerial photographs.

ver | scle | suetom) | p Srmnd | g | Foe Lot
Height (m)

1952 | 1/20.000 175x 17,5 1.26 4200 99.69

1972 | 1/25.000 23x 23 1.58 4500 152.79

1984 | 1/15.000 23x 23 0.95 3000 151.86

1994 | 1/35.000 23x23 2.21 6050 153.29

3.1.2.2 Georeferencing Topographical Maps

Corresponding to 1952, 1972, 1994 years, 1/25.000 digitized topographic
maps in sheets G26-b3, G26-b4, G26-c1 and G26-c2 of Adapazari were
georeferenced by using at least four ground control points of the map grids. The
coordinates were in ED50/UTM projection system zone 36. The root mean
square errors of all these maps were calculated and presented on Table 3.2,
Table 3.3 and Table 3.4. Although only four points are adequate for affine
transformation, in some cases, especially in 1952’s sheets many points were
used for registration because of the deterioration in quality of the maps.
According to technical specifications of topographic maps, General Command
of Mapping (URL 4) claims that average accuracy of maps is 5m in horizontal

and 2,5m in vertical.

Map sheets of 1952, 1972 and 1994 years were produced from aerial
photographs of the same years by aerial photogrammetry technique. Then, these
maps were revised and printed in different years (Table 3.2, Table 3.3 and Table
3.4). Each set of digital topographical maps covered the study area are presented

on Figure 3.2, Figure 3.3 and Figure 3.4.
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Table 3.2. Source, revised, printing dates and RMS error values of the

topographic maps (1952 period).

S'\rﬂfert)s Source Date Revised Date Printing Date RMS Errors (m)
G26-b3 1952 1955-1956 1959 1,96
G26-b4 1952 1955-1956 1959 1,65
G26-cl 1952 1955-1956 1960 4,12
G26-c2 1952 1957 1957 1,95

Table 3.3. Source, revised, printing dates and RMS error values of the

topographic maps (1972 period).

Sl\rfeﬁs Source Date Revised Date Printing Date RMS Errors (m)
G26-b3 1972 1983 1984 1,94
G26-b4 1972 1980 1981 1,72
G26-cl 1972 1973 1977 1,85
G26-c2 1972 1974 1977 1,87

Table 3.4. Source, revised, printing dates and RMS error values of the

topographic maps (1994 period).

S'\rf(?ert)s Source Date Revised Date Printing Date RMS Errors (m)
G26-b3 1994 1995 1997 0,96
G26-b4 1994 1995 1997 1,54
G26-cl 1994 1995 1997 1,24
G26-c2 1994 1995 1997 1,22
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Figure 3.2.  Topographic map of quadrangles G26-b3, G26-b4, G26-c1 and
G26-c2 (1952 period).
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Figure 3.3.  Topographic map of quadrangles G26-b3, G26-b4, G26-c1 and
G26-c2 (1972 period).
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Figure 3.4. Topographic map of quadrangles G26-b3, G26-b4, G26-c1 and
G26-c2 (1994 period).

3.1.2.3 Describing Camera Calibration Parameters

The transformation between object space and image space was eventuated
in a camera with an image plane and a lens. Due to the distortion between object
and image this transformation cannot be done perfectly. Therefore, in order to
determine the orientation of the photographs camera calibration is a crucial
requirement (Clarke and Fryer, 1998). For this reason, camera calibration
parameters should be installed utilizing Match-AT software (Version 4.0.6). To
do that, sine qua non (without which not) parameters that are camera type, focal
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length of the camera, flight height, principal point of autocollimation (PPA) and
distance between fiducial marks were inserted. However, for the years 1972 and
1984 due to some missing information in calibration reports, even nonexistent
1952 report, aerial triangulation process cannot be performed. For instance, the
only camera information was the focal length and flight height for 1972 and
1984 sets, the lack of information about the fiducial marks and distortion
information within camera plane hampered the calculations. Therefore, by using
the parameters presented on Table 3.5 and Table 3.6, next step could be applied
to only 1994 set.

Table 3.5. Camera calibration parameters of 1994 set of photographs.

Type of Camera RC 10
Focal Length 153.29 mm
Flight Height 6050 m
_— . A X (mm) y (mm)
Principal Point of Autocollimation 0.000 20.006

Table 3.6. Calibrated data of fiducial marks referred to central cross for RC 10
camera.

X (mm) y (mm)
1 106.005 -106.002
2 -106.007 -106.004
3 -106.007 106.004
4 106.009 106.005

3.1.2.4 Selecting Aerial Photographs

To determine which photographs are covering the study area, the
coordinates of principal points of all photographs were found. Then, on 1/25.000
topographic base, these points were plotted. In addition, by considering both the
scale and the size, the photographs within the area under investigation were
selected (Figure 3.5).
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Figure 3.5.  Aerial photographs that cover the study area.

3.1.3 Data Production

3.1.3.1 Block Adjustment

Before starting the aerial triangulation procedure, the strips include each
row of photographs were created. Then, photographs in each strip were oriented
and adjusted according to the flight direction (Figure 3.6).

3.1.3.2 Aerial Triangulation

Image orientation is a prerequisite for any project including
photogrammetry. To determine the position and orientation of each photograph
at the moment of exposure, it is necessary to perform aerial triangulation process
that enables to convert image measurements into ground coordinates. The
process was achieved by Match-AT software. Aerial triangulation composed of

two steps that are interior orientation and relative orientation.
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Identification:
Crab angle: |D.EIDEID deqg
Carnera mount ratation: | 0.0000 j deqg
Azirnuth |51.4445 deg
Sequence arder: Flight direction
Photoz in strip: Phatog in project:
| Pheto ID | Order | PhotoID | StiplD  |EwPos |
945034 B, q 945032 1 W
945033 B, 945033 1 W
945032 B, 2 945034 1 W

4

13

Beverse Order 020 [ Sort 1D numerically 043
0 | Cancel Apply

Figure 3.6.  Created strip includes oriented photos.

3.1.3.2.1 Interior Orientation

The first step of aerial triangulation is setting up interior orientation. The
purpose of interior orientation is to establish a relationship between pixel
coordinate system and the image coordinate system (Karabork et al., 2004). To
achieve that, fiducial marks which are located either on the edge or in the
corners of each air photos were marked manually. According to camera
calibration report, location and numbers of fiducial marks were defined (Figure
3.7). As a result of interior orientation, RMS error was computed as 0.0107mm

and shown in Figure 3.8.
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Figure 3.7.  Orientation of the fiducial marks.

Manual Interior Orientation

Fiducial |Index [X[mm] | [mm] |Fowpix] | Column [pix] [ vefmm] [ vy [mm] | E_(J
[d 1 1060050-1060020 370400000 353150000 00032 -0.0120
54 2 -106.0070-106.0040 3631.25000  211.00000 -0.0092 0.0120 il
4 3 1060070 106.0040 294.00000 28150000 0.0092 -0.0120
S 4 1060090 106.0050 36600000 3601.50000 -0.0032 0.0120

O N

Transformation Parameters

Transformation Type : I B Parameter (2 rot., 2 scale) L]

Delta X [mm] : -124.3594 Deltay [mm] : 124.2688
Rotation [grad] : 1.3807 Affinity [grad) : -198.6538
Scale X: 0.063841 ScaleY: 0.063506
Sigmal [mm] : 0.0214 | RM.S [mm]: 0.0107 |
Bt >
0K l Apply l Cancel |
RC-10

Figure 3.8. The RMS error value of interior orientation.
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3.1.3.2.2 Relative Orientation

As the second step of aerial triangulation, relative orientation process is

composed of collection of both ground control points (GCPs) and tie points.

Firstly, the coordinates of ground control points were determined by using
1/25.000 topographical maps. These points were collected from outside of the
landslide area. The aim was to select check points in stable areas to enable to
control the accuracy of relative orientation. However, collecting GCPs was quite
difficult process in densely forested areas especially northeastern side of the
study area. Because of this difficulty, the error in readings becomes larger. After
selection, map coordinates of GCPs were imported as a text file. Then, the
distributions of the points were auto generated on the images. To reduce the
error, auto generated GCPs were adjusted manually according to corresponding
map locations (Figure 3.9). Finally, individual RMS errors for each GCP and

total RMS error were computed and shown in Table 3.7.

1 /1D 945033

Figure 3.9.  Collected GCPs (red triangles) are located on the photos.
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Table 3.7. The RMS error values of the GCPs in x, y, z.

GCP ID rx ry rz
101 0.874 0.981 -0.492
102 3.245 3.303 -0.774
103 1.932 -5.703 -1.677
104 -1.272 -1.391 1.285
105 -1.408 -2.003 -0.528
106 0.487 0.075 -0.936

After GCP generation, tie points were collected. The purpose of collecting
tie points is to establish a rectangular extent and common orientation of the
overlap area between the photographs. To obtain a stereo pair, the homogeneity
and precision of the points’ distributions have been considered while selecting
these points. To achieve that, 19 tie points marked manually on common
features like road junctions, stream intersections, field corners, etc. in both
photographs at the corners, edges, and on the center lines of the overlap area.
However like collecting GCPs process, at some areas collecting tie points has
been limited in intensive forest area. Therefore, the results were negatively
affected and the error in readings becomes larger. Then, automatic tie point
generation process was applied (Figure 3.10). As a result of this process, 259 tie
points were automatically collected. Until achieving high correlation values,
editing locations of tie points were repeated.
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Figure 3.10. Automatic tie point (yellow dots) generation.

3.1.4 Data Extraction

3.1.4.1 Digital Photogrammetric Stereoplotting

Once the images have been oriented in a terrain coordinate system,
stereoscopic vision and software stereo plotting tools can be used for contour
generation. To do this, PHOTOMOD software (Version 4.1) was utilized. This
process was entrusted by the expert operators. From the digital stereo images,
contours were digitized in a 3D coordinate system and stored in a DGN file
structure. In addition to contour data, elevation of some points were marked
where contours cannot be plotted, for instance at steep slopes. Therefore, a

vector data was generated so as to being a base for DEM extraction.

3.1.4.2 DEM Creation

A Digital Elevation Model can be defined as “a quantitative model of a
part of the earth’s surface in digital form” (Burrough and McDonnel, 1998).
DEMs are valuable basis for terrain representation and subsequent extraction of
terrain related attributes (Weibel and Heller, 1991). Once necessary
triangulation calculations have been completed and contours have been

digitized, it was possible to obtain DEM of the study area. Digital Elevation
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Model was generated with 10m interval by using Microstation V8 software
(Figure 3.11, Figure 3.12). Furthermore, in this step TIN representation of the
elevation surface was obtained in order to see how the current surface looks like
(Figure 3.13).

s 94-mun-v8.dgn (3D - V8 DGN) - MicroStation ¥8.1 E]@

File Edit Element Settings Tools Utiities ‘Workspace Window Help

Element Selection

g 7 Y|

Fence cleared LV=29, WT=1,LC=S0L.CO=0,TP=KeyPt _' ov|] — 1w ® ﬂ

Adk=Odd Ao ogd L4

Figure 3.11. Top view of relief shading representation of DEM with an
illumination angle of 45°.
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3.1.4.3 Orthophoto Map Generation

Orthophotos were created through differential rectification, which
eliminates image displacements due to photographic tilt and terrain relief so that
all ground features were displayed in their true ground position. This allows
direct measurement of distances, areas, angles, and positions (Wolf and Dewitt,
2000). In other words, orthophoto is an image where the perspective aspect of
the image has been removed. Due to being planimetrically correct orthophotos

can be used as maps (Mikhail et al., 2001).

To create an orthophoto, digital aerial photo pixels were projected to the
specified orthophoto matrix through the assignment of a gray-scale value to each
grid element of the DEM (Simard, 1997) (Figure 3.14). In other words, in order
to generate an orthophoto map, previously generated DEM with its X, y and z
data was imported as ASCII format on stereo image in PHOTOMOD software.

Perspective Centre Digital Image

DEM Matrix ~ .~ L7 -~ T T zE

Orthophoto Matrix

Figure 3.14. An illustration of the role of DEM in orthophoto generation
(Simard, 1997).
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Therefore, for 1994 year 1/10.000 scale digital orthophoto map with grids
was obtained. This orthophoto will be used as a base map for aerial photo
interpretation stage. Orthophoto map of the study area are shown in Figure 3.15
and Figure 3.16.

Figure 3.15. 1/10.000 scale orthophoto map of the study area.
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Figure 3.16. 1/10.000 scale orthophoto map with contours.

3.2 DEM DIFFERENCE

3.2.1 Data Production

After generating DEM of 1994 period, our next stage was to create DEMs
for both 1952 and 1972 period in order to reveal the surface change between
these years. Both due to lack of 1984 topographical maps and absence of camera
calibration reports of this periods’ aerial photographs, no DEM could be made

available for this stage.
3.2.1.1 Contour Data Generation

Due to the lack of camera calibration parameters except 1994 period,
DEMs corresponding to 1952 and 1972 could be only generated by digitizing
topographical maps of these years. To achieve this, previously scanned 1/25.000

scale topographical maps corresponding to 1952 and 1972 years were digitized
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by utilizing ArcMap software (Version 9.2). Therefore, contour data of two

epochs were obtained.
3.2.1.2 DEM Creation

After, obtaining the contour data corresponding to 1952 and 1972 period,
by utilizing TNTMips software DEMs of these years were acquired.

3.2.2 Data Extraction

3.2.2.1 DEM Difference

In this stage our aim was, to find the differences between the DEMs of
1952, 1972 and 1994. During this stage, in order to achieve standardization
through the three DEM, these DEMs belong to three different epochs were
resampled by utilizing TNTMips software. This resampling was vital to fix the
extents and the centers of the pixels. After that, to extract the ground change
between 1952, 1972 and 1994, each DEM was subtracted from previously dated
one. In the differential image, the points of a minus value displayed as red
showed decrease of the elevation values whereas, the point of a plus value
displayed as blue showed increase of the elevation values. In other words, as we
expected toe of the landslides should be displayed with red where the elevation
had been increased. On the contrary, at the head/scarp zone of the landslide the
elevation should be decreased and displayed with blue. The points of value 0
displayed as white showing no significant ground differences occurred between
corresponding years (Figure 3.17A, B and C). However, when the DEMs were
compared with each other, it was realized that especially at the intersection parts
of 4 sheets there were some abnormalities. It was because of the inconsistency
between sheets of 1952 and 1972 periods due to the difference in production
dates (Table 3.2 and 3.3). Therefore, the change in the surfaces if there exists

any could not be detected by the subtraction of DEMs.
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Elevation Elevation
increases decreases

Figure 3.17. Differential DEMs. (A) Difference of 1952-1994 period;
(B) Difference of 1952-1972 period; (C) Difference of 1972-1994 period.

3.2.2.1.1 Landslide Morphology

The only resulting DEM coverage corresponds to 1994 over the study area
was adopted to identify the characteristics of Biilbiilderesi and Bakacak
landslides. The task has been implemented in TNTMips software (Version 6.9)
which enables to display the profiles of these landslides. On the basis of analysis
of shape and morphology, cross-sections obtained from different parts of the
landslides were examined (Figure 3.18).
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Figure 3.18.  Cross-sections extracted from DEM on plan view.

Based on the profile from toe to crest of the Biilbiilderesi landslide, the
approximate length was measured as 4773m whereas the approximate width was
about 2614m. Total elevation difference from crest (831m) to toe (349m) of the
landslide was 482m along an axis parallel to the average movement direction
(Figure 3.19A-A"). The extent was calculated as ~12km? having an approximate
slope gradient between 10-15° with local variations. The highest point along the
head of the landslide was at an elevation of about 1036m, whereas, the base of
the head was at about 769m in elevation (Figure 3.19B-B'). At the neck where
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width of the landslide reaches its minimum value, the elevation decreases east to
west and ranges in between 518m to 601m (Figure 3.19C-C’). In the toe zone
the east part is again more elevated than the west part and the altitude varies
from 338m to 443m (Figure 3.19D-D"). In addition, when the Biilbiilderesi
landslide was examined diagonally, Figure 3.19E-E' and Figure 3.19F-F' were
extracted. The elevation differences along profiles from crest to toe of former
was 496 and in latter was 482. It is seen in the cross-sections that the east side of
the landslide is always elevated more than that of its west side. The main

direction of the movement was toward north-east.

Froiile View (4-4") Frofile View (D-D")
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Figure 3.19.  Profile views of Biilbiilderesi landslide along A-A', B-B', C-C/,
D-D', E-E'and F-F' on plan view.

On the other hand, the approximate length of the Bakacak landslide was
4420m and the approximate width was 832m with an area of ~4km?® Total
elevation difference from crest to toe of the landslide was 622m where
minimum altitude was 399m and maximum altitude was measured as 1021m

(Figure 3.20G-G"). The measurement was taken to approximate the best
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possible center line of the mass movement with an approximate slope angle 9-
14°. Measured elevation values ranged between 948m to1003m along the profile
on the head (Figure 3.20H-H"). The neck of the landslide was measured as 554m
width where the total elevation difference was 54m (Figure 3.20I1-1'). The
maximum elevation at the toe where the landslide piled material was 435m

(Figure 3.20J-J"). The main direction of sliding was toward north-west.
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Figure 3.20.  Profile views of Bakacak landslide along G-G', H-H', I-I' and J-
J'on plan view.

Asarsuyu, Elmalik and Kizilsu are the main surface waters of the study
area and its close vicinity. To understand the drainage characteristics of the
study area another product of DEM that is watershed analysis was utilized. One
of the products of watershed process was the flow path vector that shows the
network of stream channels drain each minor watershed. The flow paths which
constitute the drainage system forms a well displayed parallel drainage pattern
within landslides (Figure 3.21). Another product was watershed boundaries that
follow topographic divides between drainage systems. When it was examined it
was also seen that the majority of the boundary of landslide coincides with

drainage divides especially in crown regions.
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Figure 3.21. Flow paths and watershed polygons with landslide boundaries.

Based on the geological and geotechnical studies performed in literature
(Tsin, 1999 and Siizen, 2002) and with field studies some significant information
about the sliding material was obtained. Not only the flyschoidal character of the
lithologies but also the presence of significant amount of gypsum affects the
landslide. Gypsum can be dissolved by surface or groundwater forming karstic
depressions. These depressions vary from 1,5 to 2m in diameter and 10 to 15m
in depth. There were many pit holes that were formed by dissolution of gypsum

and many surface flows disappear here joining to groundwater. As a result of

50



this continuous recharge, stability was affected in a negative way. Apart from

these depressions, gypsum quarries could be detected in aerial photos (Figure
3.22).

Figure 3.22.  Karstic depressions represented by red circles (A) and gypsum
quarries displayed as yellow rectangles (B).
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3.3 VISUAL INTERPRETATION OF AERIAL PHOTOGRAPHS

3.3.1 Data Acquisition

Because of the fact that it was unable to achieve monitoring the surface
changes either by orthophoto production or by utilizing DEMs, a new method
had to be developed that was the visual interpretation of aerial photographs. At
this stage, previously produced orthophoto map was used as a base map in order

to transfer the interpreted information on this map.

3.3.2 Data Production

3.3.2.1 Aerial Photograph Interpretation

Aerial photo interpretation is one of the most useful and effective method
used in the recognition and classification of landslides. This process provides
not only 3D view of the terrain but also ‘birds eye’ perspective obtaining local
to regional view of landscape. In this study, multi-year aerial photographs were
used for assessing long-term evolution of the Biilbiilderesi and Bakacak
landslides. The availability of multiyear aerial photo coverage helped to assess
the morphological changes that occurred between 1952 and 1994. In other
words, aerial photo interpretation was used to investigate the activity of the
Biilbiilderesi and Bakacak landslides in 42 years. The purpose of the process is
to gather the information for monitoring the movement of the landslides, to
define the size and the extent of the main boundaries and to determine the
movements within the landslide bodies since 1950’s. This methodology consists
of an analogue photo interpretation by means of a mirror stereoscope. To do
this, 1/10.000 scale orthophoto map that has been produced previously was used
as a base map, of which all interpretations are transferred. While the
interpretation on several aerial photographs ranging from year 1952 to 1994 was
executed, first of all boundaries of the 2 main slides were determined and
transferred to the base map on a transparent overlay. After this, a detailed study

was carried out within the boundary of the landslides. In this context,
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topographical changes that can be recognized on photos were delineated and
interpreted information was transferred to the base map to assure geometric
accuracy and to provide the possibility for quantitative comparison of the maps
obtained from different epochs. In other words, surface alternations such as
slope instabilities, vegetation removal, manmade structures, etc., were detected.
In the end of visual interpretation all of the maps were scanned. After scanning,
these drawings were digitized by utilizing ArcMap software. The results have
shown that there is not a major movement on the boundaries of Biilbiilderesi and
Bakacak landslides, except some minor differences. However, within these
landslides there were many topographical changes that can be obviously seen.
These changes would be explained in detail regarding to 1952, 1972, 1984 and
1994 periods separately in the following sections. Detectable surface changes
outside the boundaries were transferred onto the base map however; they were

not taken into consideration and represented as yellow on the activity maps.
3.3.2.1.1 Interpretation of the Aerial Photographs from 1952 Period

Unlike usual E-W flight direction, in 1952 the flight line was NW to SE
(Figure 3.23). The flight altitude was 4200m. The aerial photographs that cover
the study area consist of 3 strips of the flight number 381 according to the flight
plan. The first strip includes 4 photographs that are 688, 687, 686 and 685. The
second strip consists of 652, 653, 654, 655, 656, 657 and 658. The last strip
corresponding to flight number 381 comprise photographs 623, 622, 621, 620,
619 and 618. Total number of interpreted photographs is 17. These aerial
photographs have some common characteristics such as, 1/20.000 scale, black

and white print and 17,5 x 17,5 cm size.
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Flight Line
Landslide Area

Figure 3.23.  Flight plan of 1952 period on 1/25.000 scale topographic maps.

Since there were no aerial photographs prior to 1952, analysis of the
Biilbiilderesi and Bakacak landslides will start with this period. To examine the
morphological changes, first of all the main boundary of these landslides were
drawn. Drawing the body of the landslides was not complicated. However, at
some parts of the scarps where the failure was effectively generated, it was very
difficult to determine where the boundary should be passed in 3D view. Not
only the karstic depressions due to presence of gypsum but also the presence of
intense forest areas especially at south-east part of the Biilbiilderesi landslide
makes it quite hard to draw the boundary.
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When the Biilbiilderesi landslide examined in detail, it was obviously seen
that, there were lots of flows at downslope of the main scarp (Figure 3.24A).
The flow direction of most of the slides was NNE (north, north-east). At the
western side of the crown of main slide, scarp traces of minor slides directed to
north were detected (Figure 3.24B). However, slides at the eastern side of the
crown directed to west and northwest (Figure 3.24C). Moreover, a number of
rotational slide masses were extending downslope. At the right flank, revealing a
typical flow pattern, some significant movements have been observed (Figure
3.24D). Particularly, a mottled texture due to presence of gypsum was
remarkable (Figure 3.24E). At the foot and toe of the slide where the area is
denominated as “zone of accumulation” according to Varnes (1978), some

debris flows and slides could be seen (Figure 3.24F;, Fy).

Besides, 1952 photos reveal that there were a number of surface
movements on another large landslide Bakacak. At the crown of the Bakacak
landslide, scarp traces of minor slides could be observed (Figure 3.24G). The
major movement was detected on the main body. In the middle of the main body
debris flows could be interpreted (Figure 3.24H). Particularly in the center of the
main slide, a large volume of material coming from the slide masses above on
which secondary scarps were developed (Figure 3.241). Like in the Biilbiilderesi
landslide, mottled texture in some parts of the Bakacak landslide was noticed
(Figure 3.241). Furthermore, at the right flank sliding masses could be detected
(Figure 3.24J). Not only on depletion zone but also on accumulation zone minor

slides could be interpreted (Figure 3.24K).
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Figure 3.24. Digitized landslide activity map of 1952 period.

3.3.2.1.2 Interpretation of the Aerial Photographs from 1972 Period

According to the flight plan of 1972 year, at 4500m the flight was
performed in usual E-W direction with the flight number 2641 (Figure 3.25).
Area coverage is built up by flying 2 strips. The first strip consists of 5
photographs that are 1228, 1229, 1230, 1231 and 1232. The second strip
corresponding to flight number 2641 includes the photos number 1249, 1248,
1247 and 1246. Total 9 photographs were interpreted. These are black and white
print. Unlike 1952 photos, the scale of 1972 photos is 1/25.000 and the size is 23

X 23 cm.
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Flight Line

-~ Landslide Area §

Figure 3.25. Flight plan of 1972 period on 1/25.000 scale topographic maps.

In 1972 photos it was visible that, flows on the main body of the
Biilbiilderesi landslide could be still detected. However, some parts of the flow
extending downhill disappeared due to agricultural activities and erosion.
Therefore, drawing the boundary of the flow was impossible. On the other hand,
between the years 1952 and 1972, some new slides were developed on the main
body. Also, some parts of the flow retrogressively advanced towards the main
scarp of the Biilbiilderesi landslide which indicates an activity on the main body
(Figure 3.26A). Unlike new developing slides, the traces of some old slides at
the main crown were totally vanished (Figure 3.26B and C). In addition, the
downslope movements of right flank could be still observed. However, the
boundary of the slide located at the southern part of Siiliikliig6li Hill could not
be noticed anymore. At this point, a debris flow detected on the right flank
showed a progressive movement (Figure 3.26D). This is an evidence of still
continuing activity. At the zone of accumulation, a major movement could not
be observed. However, some slides were vanished at the center of the foot and

eastern parts of the toe. Particularly, retrogressive movement of a debris flow at
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the toe was recognized (Figure 3.26E;, E;). Moreover, new landslides were
developed at the right side of the foot (Figure 3.26F).

On the other hand, at the surface of the Bakacak landslide no major
morphological differences from 1952 could be observed, except some vanished
flows at the eastern flank and developed slides at the zone of depletion (Figure
3.26G). Although the secondary scarps located at the center of main slide was
detected in 1952 photos, in 1972 they were disappeared. However, a new scarp
on this slide mass was developed (Figure 3.26H). Furthermore, no changes

could be detected on accumulation zone.
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Figure 3.26. Landslide activities between 1952 and 1972 period.
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3.3.2.1.3 Interpretation of the Aerial Photographs from 1984 Period

The 1984 flight was done in E-W direction at 3000m height (Figure 3.27).
The first strip of flight number 3702 consists of 4 photographs that are 2959,
2958, 2957 and 2956. The second strip related to flight number 3705 contains
the photographs 3009, 3010, 3011 and 3012. Total number of interpreted
photographs is 8. Although the size of the photos same with the 1972 photos (23
x 23 cm), due to low flight height the scale of 1984 black and white photos were
1/15.000.

Flight Line
—— Landslide Area §

Figure 3.27. Flight plan of 1984 period on 1/25.000 scale topographic maps.

In 1984 photos it was revealed that at the western side of the Biilbiilderesi
landslide, progressive downslope movement of the flow was still continuing
(Figure 3.28A). Besides, the flow retrogressively advanced towards the main
scarp of Biilbiilderesi landslide. It was remarkable that in the middle of the main
body previously observed debris flows could not be distinguished in 1984
photos. The reason of this could be erosion and agricultural activities. However,
the main direction of movement was realized as north-east (Figure 3.28A). The
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scarp traces of minor slides at the crown of the Biilbiilderesi landslide could be
observed yet (Figure 3.28B). No morphological changes could be detected at the
eastern side of the depletion zone. In addition, both the previously detected
slides and debris flows on right flank could not be observed in 1984 photos
(Figure 3.28C). Slides located at the center of the main body and at the right side
of foot had decreased in size (Figure 3.28D). In 12 years period the debris flow
advanced progressively at the toe of the Biilbiilderesi landslide (Figure 3.28E).

Apart from some scarp traces at the main crown, most of the flows on the
main body of the Bakacak landslide could be still noticed. However, in the
middle of the main body previously observed debris flow could not be
distinguished anymore; only its crown could be detected. In addition, it was
observed that the flow located at the western side of the main body had
decreased in size. Particularly, scarp traces on the main crown and at the right
flank were vanished (Figure 3.28F). On the other hand, between the years 1972
and 1984 new slides had developed on the zone of accumulation. Except some
parts, most of the flow at the center of main slide was vanished due to
agricultural activities (Figure 3.28G). Besides, there was not any topographical

change on depletion zone, except a vanished slide.
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Figure 3.28. Landslide activities between 1972 and 1984 period.

3.3.2.1.4 Interpretation of the Aerial Photographs from 1994 Period

According to the flight plan of 1994 year, the flight was performed at
6050m with flight number 4442 in E-W direction (Figure 3.29). The black and
white aerial photographs that cover the study area consists of 1 strip with photos
of 5034, 5033 and 5032 that were 1/35.000 scale and 23 x 23 cm sized.
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Figure 3.29. Flight plan of 1994 period on 1/25.000 scale topographic maps.

Because of the fact that no new aerial photographs were available after
1994, the last information could be gathered from 1994 photos. Also, due to
1/35.000 scale photos, details were less recognizable rather than the other
photographs. At western part of the main body of the Biilbiilderesi landslide, the
debris flow advanced further to north-east, reactivating the main scarp of pre-
1984. This fresh movement was a proof of still continuing activity. On the other
hand, because of the agricultural activities and erosion the traces of downslope
movement were cleared. On the main body, new slides and flows could be
interpreted (Figure 3.30A). No morphological differences could be observed on
the left side of head scarp. Nevertheless, most of the activities on the main body
and at the right flank were completely vanished whereas there were some slides
that could be still observed and may cause a disaster problem (Figure 3.30B).
For instance, in Dipsizgdl Village a minor landslide could be detected both on
photos and in the field check. At the toe of this slide, there were houses, a health
center and a school threatened by this movement. In addition, many mass

movements that could not be detected in aerial photos were observed in field
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(Figure 3.31). On the other hand, it was remarkable that at the right flank, new
landslides were developed (Figure 3.30C). At the western side of the
accumulation zone, scarp traces of some slides could not be detected anymore.
Besides, a new slide was occurred at the eastern part of toe. In 10 years period,
the existing debris flow was advancing further to north-west direction at the

center of accumulation zone (Figure 3.30D).

1994 photos also reveal that at the head of the Bakacak landslide no major
morphological differences from 1984 could be observed, except a minor slide at
the scarp. At the right flank, scarps of slides could be detected however;
boundary of them could not be plotted (Figure 3.30E). Also, previously
observed debris flows and scarp traces on the main body could not be
distinguished in 1994 photos (Figure 3.30F). Lastly, in 10 years period a new
landslide had developed on the accumulation zone whereas existing movements
had become extinct (Figure 3.30G).
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Figure 3.30. Landslide activities between 1984 and 1994 period.

When landslide activity maps of 1952 and 1994 period were compared it
was seen that most of the minor slides within the main bodies were vanished due
to agricultural activities and erosion. However, some minor movements of the
Biilbiilderesi landslide especially at the western side of the main body and at the
toe could be still detected (Figure 3.32A, B). On the other hand, at the head of
the Bakacak landslide common traces of minor slides corresponding to 1952 and
1994 period were observed (Figure 3.32C).
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Figure 3.31. Minor slide detected on aerial photo of 1994 year (A). A view of
same slide from SW (B). Minor slides observed in the school garden (C) and in
the base of building construction (D).
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Figure 3.32. Landslide activities between 1952 and 1994 period.
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CHAPTER 4

DISCUSSION AND EVALUATION

The purpose of this study was to monitor the activity of Biilbiilderesi and
Bakacak landslides for 42 years period by the integration of digital aerial
photogrammetry and aerial photography. In accordance with the purpose of this
study this chapter provides an overview of landslide monitoring step by step

while discussing possible errors and their reasons.

41 ORTHOPHOTO MAP GENERATION

In the framework of the objectives of the thesis two datasets that are aerial

photographs and topographical maps were used to produce needed data.

Scanning is the birth of the digital data and critical procedure in digital
photogrammetric processing. In the stage of analogue to digital conversion of
aerial photos, scanning was done by a desktop scanner. Instead of this, a
photogrammetric scanner enables higher image quality and higher resolution.
Scanning with photogrammetric scanners is incomparable in quality to a desktop

scanner. However, desktop scanners are still the cheapest and fastest solution.

The quality of topographic maps is another significant issue in data
production. Within the time, particularly 1952 and 1972 maps have been
affected by atmospheric conditions such as moisture, temperature, etc., that
cause deterioration in quality. Apart from coordinate mismatches, inadequate
information turns the easiest georeferencing stage into a quite difficult stage.
Thus, poor quality of the maps increased the RMS errors of georeferencing.
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At the beginning of the thesis, the aim was to produce orthophoto maps of
4 different years by utilizing digital photogrammetric techniques and to reveal
the ground displacement between these years. However, due to insufficient
information in calibration reports of 1972 and 1984, even nonexistent 1952

report orthophoto map generation could not be done for these years.

Because of the fact that, the camera calibration information was available
only for 1994 photos, digital photogrammetric techniques could only be applied
to them in order to generate an orthophoto map. Since the orthophoto is a
product that derived from other data, it is dependent of the quality of these base

data. The parameters that directly affected the quality of an orthophoto are:

- The quality and resolution of source images

- Interior and relative orientation of the images

- The accuracy of digital elevation model

- The detailed information about the archive aerial photography mission
(such as, camera model, camera calibration report, flight information,

etc...)

The linear relation between image resolution and data accuracy is
mentioned above. On the other hand, in aerial triangulation process during
relative orientation the coordinates of ground control points had to be read
rigorously from 1/25.000 topographical maps due to lack of GCPs’ information
belongs to past years. Furthermore, collecting evenly distributed GCPs is quite
difficult process in densely forested areas especially northeastern side of the
study area. The uncertainty of GCPs’ location and the Systematic errors can be
reduced by collecting the coordinates of GCPs by using high precision geodetic
GPS receivers in the field.

After completing aerial triangulation, stereoscopic vision was provided in
order to perform software stereo plotting to obtain contour data. Because of the

fact that this process was entrusted by the expert operators, it was totally

68



dependent on expert knowledge. Hence, DEM was created and used in

orthophoto map generation which was used as a base map in further stages.

4.2 DEM GENERATION

At this point, our aim was to subtract DEMs corresponding to different
epochs in order to extract the ground change between these years. To achieve
this, 1/25.000 topographical maps belonging to only 1952 and 1972 could be
digitized to obtain contour data due to unavailable 1984 topographical maps.
Therefore, 2 DEMs were created. With the previously produced 1994 DEM, 3
DEMs of different epochs was subtracted from previously dated one that creates
a surface representing the change of form over that period if there exists any.
However, because of the inconsistency between the intersection parts of 1952
and 1972 sheets due to the difference in production dates, ground change
detection could not be accomplished. Ideally, alternative DEMs obtained from
different sources could be used in order to achieve higher accuracy.

Unfortunately there were no alternative DEM sources available for this study.

4.3 AERIAL PHOTO INTERPRETATION

Having a newer sight of view, analogical interpretation of aerial
photographs was performed to assess the morphological changes that occurred
between 1952 and 1994. At this stage, geomorphological boundaries were
identified through three-dimensional interpretation of the aerial photographs.
The surface alternations were mapped onto previously produced orthophoto map
to assure geometric exactness, and the possibility for quantitative comparison of
the maps obtained from different epochs. Nevertheless, the manual
transformation is always remaining as a large debate due to its subjectivity.

Because visual interpretation dependent directly to experience of the interpreter.
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CHAPTER 5

CONCLUSION

The purpose of this study is to investigate the potential use and limitations
of archival aerial photographs for long-term monitoring landslide activity by
means of digital aerial photogrammetry. For this purpose, Biilbiilderesi and
Bakacak landslides are selected as the study area. Being an economically
significant area because of its proximity to both D-100 road and Anatolian
Highway, Biilbiilderesi and Bakacak landslides are found as appropriate study

area for this thesis.

In order to generate orthophoto maps of 4 different periods, the necessary
data that are topographic maps and aerial photographs were obtained. After
converting the photos to digital format and georeferencing the topographic
maps, to apply the digital photogrammetric techniques camera calibration
parameters were needed. However, due to lack of camera calibration parameters
of 1952, 1972 and 1984 period, digital photogrammetric techniques could be
applied only for 1994 period. After applying block adjustment and aerial
triangulation, stereo vision of 1994 photos was achieved. Then by digital
photogrammetric stereoplotting contour data was generated in order to create a
DEM. The DEM matrix imported on obtained stereo image enables to produce

the orthophoto map of the study area.

Because of the fact that multi-temporal monitoring could not be achieved
by orthophotos for 4 periods due to above reasons, it was determined to reveal
the morphological changes by using DEMs. To achieve this, DEMs of 1952 and
1972 were generated by digitizing topographic maps. Due to lack of 1984
topographical maps this could not be done for 1984 period anyway. To extract
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the ground change between 1952, 1972 and 1994, each DEM was subtracted
from previously dated one. As a result of this, 3 differential images were
obtained. However, when these images are compared with each other, it was
realized that there were inconsistencies between the intersection parts of 4 sheets
of 1952 and 1972 periods. The reason of this self-contradiction is the difference
in production dates of the sheets. Therefore, the ground change could not be
detected by the subtraction of DEMs.

Finally, aerial photo interpretation was used to investigate the activity of
the Biilbiilderesi and Bakacak landslides in 42 years. The information that was
the size and the extent of the main boundaries and the movements inside the
landslides by utilizing a mirror stereoscope was detected. After transferring
visually interpreted data on to the previously produced orthophoto map which
was used as a base map, landslide activity maps for each period were generated.

It is concluded that:

e Although the study area and environs were faced with 50
earthquakes, of which 2 are greater than 7 in magnitude
(26.05.1957 Abant (M=7.1) and 22.07.1967 Mudurnu (M=7.2)),
have been recorded from 1952 to 1994, there are no considerable
variation in the position of main boundaries of Biilbiilderesi and
Bakacak landslides except some minor differences.

e Within the landslides there are many topographical changes
explained in detail in Chapter 3 between 1952 and 1994 period.
Some new minor slides have been developed; on the other hand
existing slides could not be detected anymore due to agricultural
activities and erosion.

e Biilbiilderesi and Bakacak landslides extend through Ankara-
Istanbul E5 highway have jeopardized the stability of the highway
at various locations. Although, the slides were detected and

transferred on to the base map, they were not taken into
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consideration for this study. These interpretations should be
considered as the first attempts for more detailed analysis.

Based on the profile from toe to crest of the Biilbiilderesi landslide,
the approximate length was measured as 4773m whereas the
approximate width was about 2614m. The extent was calculated as
~12km? having an approximate slope gradient between 10-15°
with local variations. East side of the landslide is always elevated
more than that of its west side.

The approximate length of Bakacak landslide was 4420m and the
approximate width was 832m from toe to crest with an area of
~4km? and with an approximate slope angle 9-14°.

According to the information gathered from performed studies it is
concluded that Bakacak and Biilbiilderesi landslides are not active
but there exists minor slope instabilities on the previously slided

mass of these landslides.
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