INTERNATIONAL RESEARCH AND REVIEWS IN

ENGINEERING

VOLUME - 2

EDITOR
ASSOC. PROF. DR. SELAHATTIN BARDAK

DECEMBER
2023

))SERUVEN

YAYINEVI




Genel Yayin Yonetmeni / Editor in Chief ¢ C. Cansin Selin Temana
Kapak & i¢ Tasarim / Cover & Interior Design  Seriiven Yayinevi
Birinci Basim / First Edition ¢ © Aralik 2023

ISBN ¢ 978-625-6644-07-6

© copyright

Bu kitabin yayin hakki Sertiven Yayinevi'ne aittir.

Kaynak gosterilmeden alinti yapilamaz, izin almadan higbir yolla cogaltilamaz.
The right to publish this book belongs to Seriiven Publishing. Citation can not
be shown without the source, reproduced in any way without permission.

Seriiven Yayinevi / Seriiven Publishing

Tiirkiye Adres / Turkey Address: Kizilay Mah. Fevzi Cakmak 1. Sokak
Umit Apt No: 22/A Cankaya/ANKARA

Telefon / Phone: 05437675765

web: www.seruvenyayinevi.com

e-mail: seruvenyayinevi@gmail.com

Baski & Cilt / Printing & Volume
Sertifika / Certificate No: 47083



INTERNATIONAL RESEARCH
AND REVIEWS IN
ENGINEERING

VOLUME 2
December 2023

Editor
Assoc. Prof. Dr. SELAHATTIN BARDAK






CONTENTS

Chapler /

PROCEDURES APPLIED IN THE REHABILITATION
OF OPEN SOLID WASTE DUMPING AREAS IN
TURKEY

MAFAC INUF CINER ..ueeueeeeeeeeieeeeereieeueeneieeneieensersssssssessssesssssesssssnseses

Clapler 2

UNDERSTANDING EXTREME RAINFALL UNDER
CLIMATE CHANGE USING CMIP6 CLIMATE
MODELS OVER TURKIYE

N2 77 7ol 0 24 0 O

Chapler 5
ELECTROMAGNETIC THRUSTERS

)5 071471700 21 0L OF . U N

Chapler

BASICS OF LAB-ON-A-CHIP

EMPAN KAPLAN ....uovveeevveeiiireeervueeseeseeesssnnsssssesssssssssssssssssssssssssssssans

Chapler &

GALVANIZED STEEL OF WELDING TECHNIQUE
AND INDUSTRIAL APPLICATIONS

Ferit ARTKIN .....coovuvieiiisiniieiininnieeinnnniieeinnninseessnieesisssssesssssssesss



g hapler €

CLASSIFICATION OF POLES USED IN ENERGY
TRANSMISSION AND DISTRIBUTION

Hilini ZENK, FAruk GUNER  ....o.eoveeeeeeeeeeeeeeeereeesesesssessssesssssssssssssssssssssns 93

Chaptler 7

ANALYSIS OF VIDEO-SHARING PLATFORM
COMMENTS ABOUT FURNITURE PRODUCTS
WITH WEB MINING APPROACHES

Selahattin BARDAK, Timugin BARDAK .......cccovevivvuiiiinuiirisueessiecssnnnens 119

Chapler &

EXPERIMENTAL INVESTIGATION OF DARRIEUS-
SAVONIUS HYBRID VERTICAL AXIS WIND
TURBINE PERFORMANCE FOR HOME
APPLICATIONS

Faruk KOSE, Ismail ARDIG ........ccccuoeveveneeurreeresssinsssesssssssssesessssssssssens 129

Chaper 2

THE NECESSITY AND ADMISSIBILITY OF
GAINING ANDROID SMARTPHONES’ ROOT
PRIVILEGES

Tayfun YILDIRIM, Nursel YALCIN .......cccccovvuerirvirisueisseeinssncssssnesssnees 153

Chapler 10

ANALYSIS OF ENERGY INTENSITY INDICATORS
OF TURKIYE AND THE NECESSITY OF NUCLEAR
ENERGY FOR SECURITY OF SUPPLY

Oguzhan ERBAS, Halit ARAT ..........cuuevuevvueinsreiiricssecnienisicssaecssuessseens 169



C ?/M/?&;‘ Vi

A REVIEW OF TITANIUM METAL POWDER
PRODUCTION THROUGH PLASMA
ATOMIZATION

Ahmet DAYANC, Mustafa GULESEN .........c.cccoeveeeevereseeerereseseasanannns 185

Chaptler 12
TESTING METHODS OF MAGNETIC MATERIALS

Dursun EKMEKCI, EMtah KAPLAN ....oo.uoovueeeveeeeeveseeeeesesesessssessssssesns 199

Chapler 15

ZINC-ALUMINUM BASED METAL MATRIX
COMPOSITES

Mustafa GULESEN, OSsan Selith KIBAR .....ueeeeeveeeeeseeessrssessssessssssssnes 217

Chaplr 1/

GRAPE DRYING USING WITH RENEWABLE
ENERGY SYSTEM CONTROLLED BY ARDUINO
10T CLOUD

Gokhan UCKAN, Nilay AKKAYA , Fatma Bildirici AKDENIZ............... 231

Clhaptler 15

LOCAL OPTIMIZATION OF INLET AIR COOLING
COGENERATION CYCLES

Rabi KARAALL .......uuuouuivniiineiniriiinecisiinsiinsiesssesssnesssnesssessssesssessssssssnes 255



Chaptir 16

DIGITAL AGRICULTURE APPLICATIONS OF
SUGAR BEET PRODUCTION

Ayten YILMAZ YALCINER, Tijen OVER OZCELIK
Zeynep Banut YAMAN ....uiiiiiiiiiiiiiininiieiiiniieeciininieeiimiieeesmmsiecimnne

Chagler 17

BRAIN-COMPUTER INTERFACE SYSTEM WITH
THE MOST COST-EFFECTIVE EEG DEVICE

Mestut MELEK ........ccueeuuiieuieeenieenneeeneeeneeeenerennersssessssssanesssnessssessssssnnessnne



~

II ll| lll III ll
VY | , "y | ‘
I" 'v/'V' "y |

vy Ty?

@W /

PROCEDURES APPLIED IN THE
REHABILITATION OF OPEN SOLID
WASTE DUMPING AREAS IN TURKEY

Mirac Nur CINER'

1 Ars. Gor. Istanbul University-Cerrahpasa, Engineering Faculty, Department of Environmental
Engineering, Avcilar, Istanbul-Turkey; mirac.ciner@iuc.edu.tr ORCID: 0000-0002-9920-928X



2 * Mirac Nur CINER

Introduction

In today’s world, the increasing population and demands of modern liv-
ing result in a significant amount of municipal solid waste (MSW) generation.
If generated solid wastes are not disposed of in a manner consistent with en-
gineering designs, they pose a significant risk to the environment and human
health. Within the framework of the global sustainable development approach,
strategies that transform waste from being a threat to the environment and
human health into an input for the economy should be adopted (Saltabas et
al., 2009). The implementation of these strategies is only possible through the
application of the waste management hierarchy. According to the waste man-
agement hierarchy, the first step is to prevent waste generation at the source.
For wastes that cannot be prevented, the method should focus on reducing
the amount of waste at the source (Oktem, 2016). These two management ap-
proaches should be the priority in the integrated management of wastes, both
globally and in our country. The next management approach is the 3R meth-
od, which stands for reuse, recycle, and recover/energy recovery. After these
steps, the final option is the disposal of solid wastes. Generated waste is ren-
dered harmless to the environment and public health through various disposal
methods, which are categorized into three main groups: sanitary landfilling,
biological, and thermal processes (Arikan et al., 2017). In less developed and
developing countries, solid wastes are often haphazardly disposed of in open
solid waste dumping areas, such as riverbanks, road edges, abandoned mines,
riverbanks, and coastlines, away from residential areas (Ertlirk and Gorgiin,
2011). In Turkey, this method has been historically used for many years for
the disposal of solid wastes.

According to the 2020 MSW statistics of the Turkish Statistical Institute
(TURKSTAT), among the 1389 municipalities in Turkey, 1387 municipalities
providing waste services were determined to have collected 32.3 million tons
of waste. Of the generated 32.3 million tons of waste, 69.4% is sent to sanitary
landfill facilities. When looking at past years’ waste statistics, an increase in
the amount of waste going to sanitary landfilling is observed (TURKSTAT,
2020).

Additionally, according to the 2020 data, the per capita daily average
waste collected in Turkey is 1.16 kg. Personal preferences, influenced by
factors such as income level, sociocultural structure, population growth, and
geographical location, contribute to the variation in the amount of generated
waste (Mahees et al., 2011; Akintayo et al., 2023). In the three major cities
of Turkey, the per capita daily average waste generation is determined to be
1.233 kg for Istanbul, 1.031 kg for Ankara, and 1.458 kg for Izmir (TURK-
STAT, 2020). According to this statistic, only Izmir is among the top 20 cities
with the highest waste production per capita among major cities (Table 1).
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Table 1. The ranking of the top 20 cities with the highest per capita average waste

generation
(TURKSTAT, 2020)
Average Average
Amount Amount
Collected of Waste Collected
of Waste
. Waste per Person . Waste
Number Province . Number Province . per Person
Quantity (2020) Quantity
(2020)
(tons) (Kg/ (tons)
(Keg/
Person- Person-day)
day) v
1 Bartin 77522.6 2.056 1 Yalova 133298.6 1.48
2 Kilis 79403 1.985 12 [zmir 2336954 1.458
3 Kars 99666 1.887 13 Antalya 1318612 1.429
4 Mugla 676811.4043 1.86 14 Cankiri 71344.41 1.404
5 Canakkale 256572.837 1.849 15 Sinop 67009.05 1.373
6 Ardahan 26596 1.782 16 Karabiik ~ 94476.36 1.354
7 Burdur 122906.35 1.747 17 Edirne 155208.8 1.332
8 Agrt 176084 1.514 18 Usak 138188.2 1.307
9 Artvin 58062.09 1.489 19 Bolu 111319 1.302
10 Sirnak 211676 1.486 20 Van 542750.8 1.301

The Current Situation in Municipal Solid Waste Disposal

As of the year 2020, 69.41% of the collected 32.3 million tons of waste
is directed to sanitary landfill facilities. However, a significant percentage,
around 17%, is disposed of in municipal dumpsites. Despite the increasing
awareness of waste recycling and reuse globally with the concept of ‘cra-
dle-to-cradle,” open dumping is still employed in the disposal of generated
solid waste.

Figure 1 illustrates the distribution of waste quantities according to waste
disposal methods in Turkey between the years 2012 and 2020. These methods
include disposal in MSW landfills, sending to recycling facilities, and other
disposal methods (open burning, burying, dumping into rivers and land). In
2012, 37.81% of the generated waste was dumped into MSW landfills, while
this ratio decreased to 17% in the year 2020. Meanwhile, the quantity of waste
sent to sanitary landfills and recycling facilities has increased from 2012 to
2018. However, in our country, especially in small settlements that are still
inaccessible to municipalities, methods such as burning waste, dumping into
rivers, streams, and land, and sending it to municipal landfills continued in
2020.
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= 2016 61,23 28,80 9,79 0,19
= 2018 67,20 20,20 12,30 0,20
= 2020 69,40 17,00 13,20 0,40

Figure 1. MSW quantity and disposal methods collected annually over the years
(TURKSTAT, 2020)

The Environmental Impacts of Open Dumping Areas

Open dumping is not a ultimate disposal method and brings along many
environmental problems. Foremost among these are the inability to control
leachate, the release of accumulated landfill gas into the atmosphere, the
growth of pests threatening human health, and odor problems.

The leachate from solid waste, not subject to any containment system in
open dump areas, contaminates both underground and surface waters. Leach-
ate contains high concentrations of inorganic and organic pollutants and ad-
versely affects the quality of the water sources it travels through (Bayhan &
Ozbek, 2015). Rainwater that falls onto irregular disposal sites, along with
the inorganic and organic substances present in solid waste, dissolves through
various reactions and permeates into leachate. The content of leachate is sub-
ject to various factors, including the proximity of solid waste to the surface,
the content of solid waste, environmental interactions of leachate, landfill age,
pH, climatic conditions, and waste age (Kadilar, 2021). The age of the landfill,
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a parameter closely influencing leachate composition, results in a high propor-
tion of biodegradable volatile fatty acids in leachates from young landfill ar-
eas. As landfill age increases, biological decomposition is completed, and the
quantity of easily decomposable organic matter in leachate gradually decreas-
es. In 2-3 year-old landfill areas, organic matter, microorganism types, and
inorganic pollution loads reach their maximum (URL 1). These pollutants, at
high concentrations, mix with surface and groundwater through various trans-
port mechanisms, contaminating clean water sources and increasing treatment
costs. The transport of these pollutants depends on climate, meteorological
conditions, geographical and geological factors, and reaches recipient envi-
ronments through transformation reactions and complex transport (Haksev-
enler Giirsoy & Ayaz 2021). Particularly, the population living in settlements
around open dumping areas, who try to obtain drinking and utility water from
underground sources through wells, is at significant risk (URL 2). Given the
increasing pressure on water resources today, preserving the quality and quan-
tity of existing sources is crucial.

In addition, dust clouds and gases generated from expansive areas cov-
ered by solid waste contribute to air pollution. Failure to control the generated
gases can lead to open-air fires and explosions. In open dumping areas, the
anaerobic decomposition of biodegradable organic components results in the
emission of various gases such as methane, carbon dioxide, and hydrogen
sulfide (Samarahan, 2020). The majority of landfill gases consist of approxi-
mately 40-60% carbon dioxide and 45-60% methane, with trace amounts of
other gases also observed (Efe, 2022).

CO, is one of the significant greenhouse gases that play a role in the global
energy balance and is anthropogenically released into the atmosphere through
waste decomposition. Carbon dioxide accounts for approximately 76% of
global anthropogenic greenhouse gas emissions, while methane contributes
to about 16% (Aydin et al., 2011). When looking at the sectoral distribution
of total greenhouse gas emissions, energy ranks first with 278.33 million tons
of CO, equivalent (75.3%), followed by waste with 33.93 million tons of CO,
equivalent (9.2%). The Industrial Processes sector follows with 31.69 million
tons of CO, equivalent (8.6%), and agriculture with 25.7 million tons of CO,
equivalent (7.0%) (Figure 2) (URL 3). The prevention of emissions of CH,
and CO, gases, which have a high greenhouse effect and pose threats to the
environment and public health, is only possible through the proper disposal of
waste. These gases generated in landfill areas have a high energy potential and
are of significant importance to the economies of countries.
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Figure 2. Sectoral distribution of total greenhouse gas emissions (URL 3)

Republic of Turkey Ministry of Energy and Natural Resources announced
in June 2022 that the installed capacity based on biomass and waste heat en-
ergy was 2,172 MW (URL 4). The biomass source here includes municipal
waste, sewage sludge, excreta from large and small livestock, poultry ma-
nure, slaughterhouse waste, forestry and forestry industry waste and residues,
oilseeds, sugar and starch plants, fiber crops, and plant residues. Biomass is
utilized to obtain energy through methods such as direct combustion, gasifica-
tion, pyrolysis, fermentation, and biomethanization (Srivastava et al., 2020).
Waste-to-energy facilities hold a 2.14% share nationwide, which is approxi-
mately 10 times the installed capacity in 2011 (Figure 3) (URL 4).
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Figure 3. Proportion of biomass and waste heat energy within the total installed
capacity (URL 4)
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Besides global warming, the gases generated in open dumping areas pose
risks of poisoning, explosion, and fire, threatening both the environment and
public health. Especially during the summer months, fires can spread to for-
est areas at high wind speeds, causing destruction. An example of this is the
fire that occurred in the Bayrakli Area within Burgazada boundaries. The fire,
which broke out on October 6, 2003, in the Bayrakli Area, quickly spread to
many points due to high wind speed. The fire, which was brought under con-
trol after 8 hours, resulted in the destruction of approximately 11 houses and
40 hectares of land (Kilig, 2017).

Rehabilitation of Open Dumping Areas

Slope Regulations

In the initial stage, it is crucial to ensure the slope stability of the waste
mass to achieve a well-defined geometry (Ertiirk and Gorgiin, 2011). The
maximum and minimum slopes on the upper layer are calculated, taking into
account future settlements and surface water drainage. At this stage, the pri-
mary goal is to prevent rainwater from penetrating into the waste, minimizing
the contact of water with pollutants. To achieve this, the upper surface of the
waste dumping area is leveled and brought to the same grade. Subsequently, to
enhance stability and create a foundation for other layers, a pre-fill layer with
a thickness of approximately 50 cm should be placed on top of the leveled
waste surface. Unless there are regional geotechnical constraints, the waste
slope should not exceed 1 in 3 (33% slope), and the upper slopes should not
exceed 20 in 1 (5% slope) (Rushbrook & WHO, 2001).

Gas Drainage Layer

The collection of landfill gas generated in open dumping sites and its
disposal in a manner that poses no risk is essential. The gas drainage layer,
approximately 30 cm thick and placed on top of the initial fill layer, serves to
distribute pressure and protects the mineral impermeable layer from gas pres-
sure (Oztiirk, 2015). Typically, gravel with a permeability of around 1x10-
m/s is used in this layer. In areas where the waste depth exceeds 7m, vertical
gas wells (with a diameter of approximately 1m) are drilled, while in areas
with a depth less than 7m, horizontal drainage can be employed (Gokge &
Hasanoglu, 2015). Landfill gases can be collected using passive or active sys-
tems (Duan et al., 2021). Passive systems rely on the principle of utilizing the
diffusion movement of gas within the landfill area, while active gas collection
systems involve removing the gas through a vacuum collection system. Pas-
sive systems are more economical and require less maintenance compared to
active gas collection systems. However, in these systems, creating a pressure
gradient in the gas extraction wells and trenches is necessary. If an insufficient
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pressure gradient is established, the desired level of gas emission cannot be
achieved. In such cases, air may infiltrate the solid waste masses, disrupting
anaerobic treatment. Additionally, the direct release of collected gas into the
atmosphere and the absence of energy recovery are among the disadvantages
of this method. In active methods, the extracted gas is burned to generate en-
ergy. It is recommended to use hybrid systems that combine both active and
passive collection methods in landfill sites.

Impermeable Layer

The impermeable layer generally consists of two compacted clay layers
with a permeability of less than 1x10® m/s each. In places where obtaining
clay is challenging, a geomembrane can be used (Sarptas et al., 2006). When
there are clay deposits in the vicinity, a natural clay layer is preferred over a
geomembrane due to its natural origin. Cost-benefit analysis is considered in
the selection process.

The Water Drainage Layer

The layer located above the impermeable zone is the water drainage
layer. This layer facilitates the drainage of rainwater and surface water. It is
composed of low-lime, high-permeability gravel or sand with a permeability
greater than 1x103 m/s (Sarptas et al., 2006). This layer allows the drainage
of precipitation and surface waters without infiltrating into the solid waste. In
open dump areas, the management of two different water characterizations is
necessary: surface water due to rainfall and leachate water.

In the drainage of surface waters, the establishment of two sub-systems is
mandatory. The first system is designed for the collection of rainfall directly
onto the waste disposal site, ensuring the collection of surface runoff and its
diversion outside the open dump area without causing damage to the cover.
The water seeping from the upper soil layer is collected through drainage pipes
in the gravel layer placed on the clay layer and directed outside the site. The
second system aims to collect the flow from the water collection basin above
the site before it enters the field. For this purpose, water diversion trenches are
excavated around the site, designed based on precipitation data obtained from
the General Directorate of Meteorology to determine the amount of surface
runoff (Gok¢e & Hasanoglu, 2015).

Final Cover Formation

Lastly, agricultural soil is spread on top for the vegetation of the landfill.
This layer varies in thickness, depending on the root depth of the selected plants,
and should be at least 1 meter thick. When choosing plants, short-rooted spe-
cies that do not harm the impermeable layer and drainage layer with their roots
should be selected. Additionally, the chosen plant species should be resistant to
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landfill gases. A list of some species that can be used as cover plants in landfill
areas is provided in Table 2 (Gok¢e & Hasanoglu, 2015). In the 4th section of
the Directive on Solid Waste Landfill Management published in 1993, possible
alternatives for the ‘Upper Surface Impermeability System’ given in the ‘Prin-
ciples of Rehabilitation of Unregulated Old Landfills’ are provided. In this con-
text, a layer containing natural and artificial impermeable materials is selected
based on the proximity to resources and cost considerations. In open dumping
areas where the final cover layer is applied, significant settling can be observed
after 15-20 years. Therefore, before the closure process, it should be determined
that there is no risk of settlement or sliding in the area.

Table 2. Some plant species that can be used in the final cover formation (Gokge &
Hasanoglu, 2015)

Latin Name

Astragalus hamosus

Sarothamnus scoparius

Trifolium arvense

Lotus ornithopodioides

Medicago lupilina

Trifolium lappaceum

Onobrycis vicieafolia

Medicago disciformis

Trifolium campestre

In a study by Saglik et al. (2021), the environmental issues arising from
the increase in global population and consumption habits led to an increase
in MSW generation. Focusing on the rehabilitation of the former landfill near
the Canakkale Onsekiz Mart University Terzioglu Campus, the study empha-
sizes its visual significance. The historical use and current status of the former
landfill are examined, and post-rehabilitation plant recommendations are pro-
vided to make the area suitable for landscape design. It is concluded that these
recommendations will enhance urban life quality by increasing green space
and eliminating visual pollution while contributing significantly to the fight
against environmental pollution. The study highlights that completed rehabil-
itation and landscape design efforts will eliminate the hazardous image in the
perception of users, creating a safe environment and providing an effective
solution to environmental problems (Saglik et al., 2021).

In their study conducted in 2006, they identified the potential issues re-
lated to open dump areas and their environmental impacts that Turkey may
encounter during the integration process with the European Union (EU). Mea-
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sures to be taken for the rehabilitation of open dump areas and the necessary
legal regulations for this process are examined, with a particular focus on the
open dump area of Kusadasi Municipality. In the context of Turkey’s har-
monization process with the EU Environmental Acquis, the rehabilitation of
existing open dump areas emerges as an inevitable step. In this regard, general
tasks such as the assessment of the current situation in the area, the planning
of the cover layer and upper use, and the design of the gas collection system
and leakage water are listed. As part of the study, a specific preliminary study
conducted on the open dump area of Kusadast Municipality details the reha-
bilitation-related tasks, aiming to guide decision-makers with similar exam-
ples during Turkey’s EU harmonization process (Sarptas et al., 2000).

The study (2006) provides strategic information and recommendations
for the landscape restoration and improvement of existing open dump areas
based on a sampling conducted at the Tuzlucayir-Mamak open dump area.
This study emphasizes that the proposed landscape restoration highlights the
need to cease disposal activities at the current Tuzlugayir-Mamak open dump
area and rehabilitate the area. At the same time, it emphasizes that the Tuzlu-
cayir-Mamak illegal dump is in Ankara’s watershed and is a key part of An-
kara’s Open-Green Area System. This suggests that a method should be used
that protects the environment and provides recreational benefits (Dilek, 2006).

A study conducted in (2007), investigated the vegetation initiatives im-
plemented at the Adana-Sofulu Landfill in the Mediterranean Region for the
improvement of Solid Waste Disposal Areas. Selected plants, including Al-
thea rosea, Cynodon dactylon, Inula viscosa, Melilotus officinalis, and Thym-
bra spicata var. spicata, were irrigated with leachate from the landfill, and their
development under adverse conditions in the landfill area was evaluated. The
findings indicate that Althea rosea, Cynodon dactylon, and Melilotus offici-
nalis can thrive successfully in landfill areas, while Inula viscosa and Thym-
bra spicata var. spicata are comparatively less effective in terms of biological
remediation. Additionally, the study examined the effectiveness of planting
urban landfill areas and irrigating the plants with leachate and tap water, de-
termining that the plants exhibited better growth in the landfill area. The study
emphasizes that increasing plant diversity through irrigation could contribute
to faunal enrichment and underscores the importance of monitoring microbial
activities in landfill areas (Erdogan & Uzun, 2007).

Maintaining and Monitoring the Rehabilitated Area

After the open dump area is rehabilitated, it is essential to monitor whether
there are any ongoing risks to the environment and public health. Additionally,
regular area monitoring should be conducted, and maintenance procedures
should be applied when necessary. The monitored parameters and control in-
tervals are provided in Table 3.
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Table 3. Maintenance and monitoring intervals for rehabilitated wild landfill sites (URL 2)

Control Point Potential Problems Check Frequency
Top cover Erosion and abrasion on the soil Once a year and after heavy
surface rain
Surface Drainage Accumulation of soil in the Four times a year and heavy
surface drainage layer, control of rainfall
drain pipes after that
Groundwater Groundwater pollution Twice a year
Monitoring
Landfill Gas Odor, broken gas chimneys, Regularly
Monitoring compressors and flare equipment
Flora Vitality level Four times a year
Conclusion

After the solid wastes generated in our country are collected in accor-
dance with the Solid Waste Control Regulation, the necessary obligations and
responsibilities are fulfilled during disposal in a manner that does not pose a
threat to the environment and human health. According to TURKSTAT data,
in 2012, there were a total of 672 facilities, including 83 waste disposal facil-
ities and 589 recycling facilities, in operation. As of 2020, the number of san-
itary landfill facilities has increased to 174. These facilities serve a population

of 78.92 million in 1389 municipalities.

The management of solid waste is an international issue that encompasses
various environmental, financial, and social aspects. Therefore, approaches to
waste management should be steadfast and continuous, considering these rea-
sons. Ensuring the systematic disposal of waste is essential for the improve-
ment of a country’s welfare. In our country, according to the National Waste
Management and Action Plan, it is targeted that 35% of the waste generated in
2023 will be recycled, and 65% will be disposed of by sanitary landfill. Within
the framework of this goal, it is imperative to develop policies that minimize
the quantity of waste sent to municipal landfills and disposed of through other
methods.
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INTRODUCTION

A projected increase in the frequency and intensity of extreme precipita-
tion occurrences is among the most significant effects of a forthcoming warm-
er climate. It is possible to observe this rising trend of extreme precipitation in
both climate model projections and observation records (Martel et al., 2021).
Climate incidents such as fires, floods, heatwaves, and droughts have been
recorded as caused by climate change and global warming (AghaKouchak et
al., 2014; Roshani et al., 2020; Kim et al., 2020; Bras et al., 2021; Carnicer
et al., 2022; Cavus et al., 2023) The scientific community generally affirms
the fact that global warming and climate change exacerbate extreme events
with regard to their duration, frequency, or intensity. Accordingly, numerous
socio-economic sectors are unfavorably affected by these events all around
the world (Iyakaremye et al., 2021; IPCC, 2021; Chiang et al., 2021; Baghel
et al., 2022). Furthermore, these extreme events are more likely to be sensitive
to climate change than the average climate, portraying them as a notorious
global hazard (Guan et al., 2022). Based on CRED (2021), bringing forth 13%
of disaster-associated casualties over the last twenty years, worldwide human
mortality is seriously impacted by severe temperature incidents. In addition to
that, a shocking 1.65 billion people have been impacted by floods, while 1.45
billion have been affected by droughts, as stated by Baghel et al. (2022).

Previous studies have shown that the frequency and intensity of climate
extremes have risen on a global scale, and this pattern is expected to persist
in the future (Donat et al., 2016; Myhre et al., 2019; Papalexiou & Montanari,
2019; Guan et al., 2022). Also, in conformity with the conclusions of Kouman
et al. (2022), the current climate trends are predicted to last in the 21st cen-
tury, as the results of both suggested high- and moderate-emission scenarios
suggest. Because of the widespread implications they can have, the investiga-
tion of climate extremes, their variations, and their impacts on socioeconomic
factors is of great importance (AghaKouchak et al., 2014; Moazenzadeh et al.,
2018). The coupled effects of climate change, land use and land cover alter-
ations, population increase, and unplanned urbanization provoke the negative
impacts of such extremes even more severe (Kourtis and Tsihrintzis, 2022).
Thus, it is key to meticulously investigate the changes in climate extremes on
a global, regional, and local scale (Wang et al., 2022; Wudineh et al., 2022).

Considering the changing climate, extreme precipitation characteristics
are most important in determining drainage, irrigation, and infrastructure de-
signs effectively. These characteristics, which give an overview of the return
level of extreme precipitation for return periods and extreme precipitation du-
ration, are frequently used in hydrological infrastructure design and engineer-
ing applications (Quali et al., 2018). To ensure their relevance and efficiency
in infrastructure development and flood risk management, extreme precipita-
tion characteristics must be updated, considering ongoing climate change and



International Research and Reviews in Engineering II - December 2023 + 17

anthropogenic activities that are changing precipitation patterns. Engineers
and planners can strengthen the resilience of critical infrastructure and adapt
to changing climate patterns by integrating up-to-date rainfall estimates, pro-
tecting populations from the negative impacts of extreme rainfall events in the
future (Panos et al., 2021).

In climate science, general circulation models (GCMs) are crucial since
they offer important insights into future climate data (Randall et al., 2007).
GCMs mimic complex interactions between climate factors and provide pro-
jections on regional and global scales by mathematically simulating Earth’s
atmosphere, oceans, and historical climate data. The Coupled Model Inter-
comparison Project (CMIP) brings together many GCMs from research cen-
ters around the world. This lets us compare and evaluate model performance
in a structured way and gives us a solid set of projections (Pierce et al. 2009).

Modern climate models from leading research institutions worldwide are
used in CMIP6, the sixth phase of the CMIP. With the advent of CMIP6 mod-
els, precipitation pattern simulation and its implications for future climate sce-
narios have advanced significantly (Bagcaci et al., 2021; Eyring et al., 2016).
Its main goal is to improve projections for numerous variables, including pre-
cipitation, and expand our understanding of climate processes. CMIP6 builds
on the strengths of its predecessors by adding improvements such as better
representation of physical processes, higher spatial resolutions, and better ini-
tialization techniques. These all help make simulations of changes in precipita-
tion more accurate on a global and regional level (Eyring et al., 2016; Wyeser
et al., 2020). Including Shared Socioeconomic Pathways (SSPs), which cover
a variety of potential future socioeconomic growth scenarios, is a notewor-
thy improvement in CMIP6 (O’Neil et al., 2016). The alternative narratives
presented by these SSPs illustrate alternate societal and economic pathways,
enabling an examination of diverse greenhouse gas emission trajectories and
their associated climate impacts. The intricate interactions between human ac-
tivities, including population expansion, technological improvements, energy
consumption, and their influence on future precipitation patterns, are better
understood by researchers by linking CMIP6 models with SSPs.

While GCMs are the main resource for future climate data, their resolu-
tion is generally coarse, particularly for regional and local studies. The reso-
lution required to represent localized extreme weather phenomena needs to be
improved in global climate models, even though they offer vital information
about large-scale climate patterns (Dulicre et al., 2011; Roberts et al., 2018).
In contrast, downscaling techniques make it possible to convert coarse glob-
al climate model results into fine-scale regional assessments, allowing for a
more precise and detailed projection of extreme rainfall occurrences (Teutsch-
bein et al., 2012; Liang et al., 2008; Done et al., 2015). Quantile Delta Map-
ping (QDM) is a statistical downscaling technique that has drawn interest and



18 - Sertac ORUC

shown promise in this setting (Cannon et al., 2015). QDM is a powerful meth-
od that bridges the gap between fine-scale regional assessments and coarse-
scale global climate models. It does this by keeping the statistical features of
precipitation, like extreme quantiles. This method checks the differences in
precipitation quantiles between what a climate model says and a historical cli-
mate dataset (reference data). It then uses those differences to change the mod-
el’s predictions for the future. In addition to handling non-stationarity in the
relationship between global climatic variables and local precipitation, QDM
has many advantages over conventional approaches (Kim et al., 2021). Work-
ing directly with quantiles allows QDM to capture changes in the precipitation
distribution, which is particularly important when estimating extreme values
essential for building infrastructure and creating climate adaptation plans.
Nevertheless, it should be noted that extreme precipitation events do not dis-
play spatial uniformity and instead demonstrate significant spatial variability.

The study aims to achieve several objectives, to estimate and intercom-
pare the change in future extreme rainfall characteristics over Tiirkiye using
the QDM downscaling approach and CMIP6 global climate models. The study
also seeks to discuss the impact of climate change on the frequency of extreme
rainfall, how temporally and spatially daily extremes change, and the need
for updated information. The findings of this research have the potential to
significantly improve Turkey’s preparedness and response to climate change,
promote sustainable urban development, and protect community well-being
in the face of evolving environmental uncertainties. In the following sections,
the study’s methodology will be explained, including the use of reference data,
climate models, frequency analysis, and the QDM downscaling approach. Ac-
cordingly, extreme precipitation patterns over Tiirkiye in the future will be
calculated using CMIP6 models. The paper will conclude with a summary of
key findings and some final remarks.

STUDY AREA, DATA and METHODOLOGY

2.1. Study Area

The location of Tiirkiye is mainly on the Anatolian Plateau in Western
Asia, which has the coordinates 36° and 42° north latitude and 26° and 45°
east longitude (Figure 1). The country has borders with the Black Sea in its
north, the Aegean Sea in its west and the Mediterranean Sea in its south. It has
a total land area of 783.562 km?. A mild Mediterranean climate is mostly dom-
inant in the Tiirkiye, yet due to its complex topography, mountainous regions,
and being impacted by the sea, other climate conditions such as temperate
continental, oceanic, and dry mid-latitude steppes are also seen. While milder
conditions are experienced in the coastal areas, mountains like Taurus and
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Northern Anatolia located parallel to the sea blocks the diffusion of marine ef-
fects towards the inland parts (Oruc, 2022). This leads to limited precipitation
and continental climatic conditions for the inner parts of the country with hot,
dry summers and cold winters (Amjad et al. 2020). Temperature and rainfall
patterns display diverse features in Tiirkiye as well. The Central Anatolia re-
gion gets around 400 mm of yearly precipitation while the Black Sea region
gets over 2200 mm, making it the highest amount in the country.
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Figure 1. Study area (Oruc, 2022)

2.2. Data

2.2.1. Reference Data ERAS5-Land

The ERAS5-Land data from the European Centre for Medium-Range Weath-
er Forecasts (ECMWF) were used in this work to downscale and correct biases
in the CMIP6 global climate models and to evaluate the performance of the
bias-corrected and downscaled data. ERAS5-Land, as detailed by (Mufioz-Sa-
bater et al., 2021), offers an open-access data set that extends from 1950 to ap-
proximately 2-3 months prior to the present, delivering high-resolution hourly
information on surface variables. This dataset, which has an approximate grid
spacing of 9 km, is the outcome of reprocessing the land component of the
ERAS climate reanalysis with a more precise spatial resolution. The ability to
operate at more exact scales thanks to the horizontal resolution of 0.10° x 0.10°
instead of 0.25°x0.25° is the main difference between this set and its original.

2.2.2. CMIP6 Global Climate Models

In this study, the CMIP6 global climate models were used as the source of
future projections. The6th edition of the Coupled Model Comparison Project,
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(CMIPO6), (Eyring et al., 2016; O’Neill et al., 2016), is understood to have per-
formed better compared to its predecessor CMIP5. Although the CMIP 6 data
is relatively new, there appears to be a growing interest in the implementation
of the latest projections.

Moreover, Baggaci et al. (2021) stated that CMIP6 products in Turkey
performed better than CMIP5 for precipitation and temperature, and therefore
the results of climate change impact studies should be updated with the lat-
est data. Therefore, CMIP6 models are not only the most up-to-date climate
models, but also perform better on Turkey than the previous version of CMIP5
models. Table 1 lists the top ten CMIP6 models that demonstrate enhanced
performance over Turkey, as identified by Bagcaci et al. (2021), while Figure
2 graphically presents the SSPs, outlining them as prospective future scenar-
10S.

Table 1. Top 10 CMIP6 climate models over Tiirkiye used in the study (Precipitation
and Temperature) (Bagcaci et al. (2021)

Rank Precipitation Temperature
CMIP 6 GCM CMIP 6 GCM
1 HadGEM3-GC31-MM MPI-ESM1-2-HR
2 GFDL-ESM4 CNRM-ESM2-1
3 ACCESS-CM2 NorESM2-MM
4 EC-Earth3 MRI-ESM2-0
5 CNRM-CM6-1-HR EC-Earth3-Veg
6 MRI-ESM2-0 CESM2
7 EC-Earth3-Veg HadGEM3-GC31-MM
8 HadGEM3-GC31-LL CNRM-CM6-1
9 MIROC6 CESM2-WACCM
10 UKESM1-0-LL BCC-CSM2-MR
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Figure 2. CMIP6 Global Climate Model Future Scenarios (O’Neill et al, 2016)

2.3. Method

2.3.1. Bias Correction

The quantile delta mapping method (QDM) has been developed to elimi-
nate systematic biases in model outputs, while simultaneously preserving the
relative changes observed within the quantiles of the models’ variable under
scrutiny (Cannon et al., 2015). A relative change term taken from the model
data and a bias-corrected value obtained using reference data make up the core
equation of the quantile delta mapping approach. This method differs from the
detrended quantile mapping approach in that it takes into account all modeled
quantiles in addition to the modeled mean. (Cannon et al., 2015; Gumus et al.,
2023).

o

xm,p (t) = E|:~::l:’1,i'i:;:l (t) * d:lrl (t)
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Zomni(8) is the bias corrected reference period data, 4m () is the
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relative change in the model data over the reference and projection pe-
riods.

2.3.2. Multi-model ensemble average

In climate modeling research, the multi-model ensemble average
(MMEA) is frequently employed to account for the biases and uncertainties
introduced by GCMs (Kim et al., 2016, Ahmed et al., 2019). In this approach
predictions of different models utilized to produce a single yet more accurate
predictions. The idea behind this approach is that combining the strengths of
multiple models will create a more robust and accurate predictive model that
any single model cannot achieve individually. Using an ensemble average, in
which the individual model predictions are averaged together to get a final
output, is one method of combining the predictions of multiple models. On the
other hand, it should not be forgotten that this may not always be the optimal
method, However, it can be a straightforward and simple way to combine the
predictions of different models. R software version 4.2.2 was used to conduct
the analysis.

2.3.3. Extreme Value Analyses

For researching meteorological extremes, extreme value analysis (EVA)
is often utilized (Oruc, 2021). Extreme value theory (EVT) focuses on analyz-
ing the statistical characteristics of t