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PREFACE 

Our ecological challenges call for innovative approaches that 

transcend traditional disciplinary boundaries. It is with great 

pleasure that we present this book, "Ecological Approaches," which 

brings together diverse perspectives from spatial planning and 

design and agriculture. 

This book embraces the ethos of interdisciplinary collaboration, 

aiming to foster a deeper understanding of the complex relationship 

between the built environment and the natural world. By integrating 

architectural sciences, we believe in the potential to shape a more 

livable world that harmonizes human needs with ecological 

sustainability. 

In the spirit of fostering knowledge exchange and scholarly 

discourse, this book extends the pioneering efforts initiated by the 

"Journal of Architectural Sciences and Applications (JASA)." Since 

its inception in 2016, JASA has provided a platform for collective 

studies in related disciplines. The dedicated editors of JASA have 

played a crucial role in curating original works and disseminating 

the latest developments in the field through various publications. 

This volume, curated by esteemed experts in the field, showcases a 

rich collection of research and innovative practices that highlight 

ecological approaches within spatial planning and design.  
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We hope this book serves as a valuable resource for academics, 

researchers, practitioners, and students, inspiring further exploration 

and contributing to advancing ecological thinking in our built 

environment. 

We extend our sincere gratitude to the contributors who have shared 

their expertise and insights and the diligent researchers who have 

dedicated their time and effort to bring this publication to fruition. 

We invite readers to embark on a journey that explores the 

interconnectedness of ecological principles and spatial design, 

paving the way for a more sustainable and resilient future. 

18.05.2023 

EDITORS 

Dr. Hüseyin Berk TÜRKER 
Dr. Fatmagül BOLAT  



Architectural Sciences and  
Ecological Approaches  

May 20, 2023 
ISBN: 978-625-367-073-3 

iii 
 

 
REVIEWER LIST 

The reviewers were listed in alphabetical order 
Asuman Duru 8úDN�8QLYHUVLW\� 
%DUÕú�.DNL� 8úDN�8QLYHUVLW\� 
%XUFX�%HJ�P�.HQDQR÷OX 8úDN�8QLYHUVLW\ 
&HQJL]�<�FHGD÷ Burdur Mehmet Akif Ersoy University 
dL÷GHP�&RúNXQ�+HSFDQ  Ege University  
Havva Dinler  8úDN�8QLYHUVLW\ 
Murat Akten  Süleyman Demirel Üniversitesi  
gPHU�/�WI��dRUEDFÕ� Recep Tayyip Erdogan University  
g]J�U�0HKPHW�.XúoXR÷OX øVWDQEXO�8QLYHUVLW\-&HUUDKSDúD 
6H\LWKDQ�6H\GRúR÷OX Siirt University 
7HQG��*|NWX÷ Adnan Menderes University  
Ufuk Özkan ø]PLU�.DWLS�dHOHEL�8QLYHUVLW\ 
Zöhre Polat   $\GÕQ�$GQDQ�0HQGHUHV�8QLYHUVLW\� 
Ufuk ÇRúJXQ Karabuk University 

 



Architectural Sciences and  
Ecological Approaches  

May 20, 2023 
ISBN: 978-625-367-073-3 

iv 
 

 

CONTENTS Pages 

CHAPTER 1 1-50 

Biotechnical Approaches for Landscape Repair of Marble 
(Stone) Quarries 

 

$WLOD�*h/��øVNHQGHU�(PUH�*h/  

  
CHAPTER 2 51-77 

Ecological Approaches in Urban Planning: An Appraisal 
of New Urbanism 

 

)DWPDJ�O�%2/$7  

  
CHAPTER 3 78-88 

Exploring the Synergy between Urban Agriculture and 
Ecotherapy 

 

$KPHW�(UNDQ�0(7ø1��+�VH\LQ�%HUN�7h5.(5  

  
CHAPTER 4 89-122 

Ecology and Landscape Planning: Evolution in the World 
and Türkiye 

 

ù�NUDQ�ù$+ø1  

  
CHAPTER 5 123-155 

Effects of Ecological Factors on Urban Growth in Cities: 
Example of Artvin Central District 

 

0DQRO\D�g='(0,5�'85$.  



Architectural Sciences and  
Ecological Approaches  

May 20, 2023 
ISBN: 978-625-367-073-3 

v 
 

 

 Pages  
CHAPTER 6 156-186 

Sustainable Agriculture for Sustainable Cities  

1XUGR÷DQ�723$/  

  
CHAPTER 7 189-217 

Wood-Based Circular Bioeconomy in the Building Sector:  
Impacts, Opportunities and Innovations 

 

0HKWDS�.2d  

  
CHAPTER 8 218-233 

Demolition Stories and the Role of Architects  

(]JL�1ø=$02ö/8  

  
CHAPTER 9 234-271 

Software Used in Climate-Sensitive Spatial Planning and 
Design: PET, SVF; ENVI-met Software; UrbClim Model 

 

6HYJL�<,/0$=  

  
CHAPTER 10 272-300 

Ecological Approaches to Weed Control in Sustainable 
Agriculture: Organic Mulches 

 

'HU\D�göh7�<$98=  

 



Architectural Sciences and  
Ecological Approaches  

May 20, 2023 
ISBN: 978-625-367-073-3 

vi 
 

 

 Pages 
CHAPTER 11 301-322 

Fertiliser Applications and Techniques in Ecological 
Agriculture 

 

+DNDQ�/(9(172ö/8  

  
CHAPTER 12 323-350 

The Role of Plants in Reducing Air Pollution in Urban 
Planning 

 

$\VHO�8/86��)DWPDJ�O�%2/$7  

 



 

Citation: *�O��$��	�*�O��ø��(��(2023). Biotechnical Approaches for Landscape Repair of 
Marble (Stone) Quarries. In Türker, H. B. & Bolat, F. �(GV����Architectural Sciences and 
Ecological Approaches. 2023, Chapter: 1, 1-50. ISBN: 978-625-367-073-3. Iksad 
Publications. 

 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-1  

 

 

 

 

Biotechnical Approaches for Landscape Repair of 
Marble (Stone) Quarries 

 

 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Prof. Dr. Atila GÜL 1  
1Süleyman Demirel University, Faculty of Architecture, Department of 

Landscape Architecture, West Campus, Isparta/Türkiye. 
ORCID: 0000-0001-9517-5388 

(-mail: atilagul@sdu.edu.tr 
 
 

øVNHQGHU�(PUH�*h/�2  
2 Akdeniz University, Institute of Science, Antalya/Türkiye. 

ORCID: 0000-0003-3319-4801 
(-mail: iskenderemregul@gmail.com 

mailto:atilagul@sdu.edu.tr
https://orcid.org/0000-0001-9517-5388
https://orcid.org/0000-0003-3319-4801


 
 

2 
 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-1  

1. Introduction 

Today, as a result of rapid population growth, urbanization, and social, 

economic, cultural, and technological developments, demands for multi-

purpose products such as raw materials, energy, and by-products have 

increased and diversified. As a result of the excessive use and consumption 

of underground and aboveground natural resources to meet these needs, it 

has brought about multifaceted negative impacts (Li et al., 2008; Gül et al., 

2014). In particular, the methods and techniques of raw material 

production of natural resources have increased the negative environmental 

impacts. All types of human-induced activities have direct or indirect 

negative impacts on nature. Therefore, it is now an accepted fact today that 

it is not possible to use natural resources without harming nature or the 

environment. However, it is also an accepted approach to bring surface and 

underground natural resources into the national economy and to use them 

for the benefit of humanity (Gül et al., 2014). 

Natural stones are the most important materials that have been widely used 

both in the building sector and art since ancient times. Throughout history, 

natural stones have been used in interior and exterior architecture, 

construction, cladding, flooring, ornamentation, sculpture, tombstone 

making, gravel, porcelain and glass industry, optical industry and 

ornamentation, and so on. Natural stones maintain their importance in 

today's modern building sectors due to their resistance to atmospheric 

agents, their workability, and their wide range of uses. The activities and 

trade of the marble and stone industry have increased worldwide and 

especially in Türkiye. Türkiye is one of the countries with the richest 
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marble deposits in the world and has approximately 5.1 billion m3 (13.9 

billion tons) of marble reserves. This value represents 33% of the world's 

total reserves, which are estimated at 15 billion m3. The Turkish natural 

stone sector occupies an important place in the world natural stone market 

due to the richness of varieties and reserves, the experience of the sector, 

the abundance of raw materials, the ease of transportation by sea, the 

dynamic structure of the sector, the new technologies used, and the wide 

range of colors (7LFDUHW�%DNDQOÕ÷Õ�������� 

The production activities of marble quarries, especially those carried out 

by the open pit method, cause many negative impacts (e.g. negative 

changes in topography and visual landscape, complete removal of 

vegetation and topsoil, changes in water regime, water pollution, 

destruction of natural habitats, damage and displacement of wildlife, 

blasting, vehicle traffic, noise, intense dust generation, marble residues, 

etc.) (Sengupta, 1993; Mouflis et al., 2008; Wang, et al., 2011; Gül et al., 

2014; Akten et al., 2014; 2÷XUOX�et al., 2014; Zhang et al., 2018). 

It may not be possible or may take many years to restore the land, which 

is destroyed during or after the production activities of marble quarries and 

whose natural balance is disturbed, to return to its original state or to repair 

itself when left alone. For this reason, there is a need for landscape/nature 

repair of these areas that have been degraded and destroyed by human 

technical intervention and support. The main objective of landscape/nature 

repair is to restore and develop these areas to their ecological, visual, and 

socio-economic values within the framework of appropriate decision 

options according to the type of use (restoration, rehabilitation, and 
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reclamation) in harmony with the environment and a sustainable manner 

�*�O�HW�DO���������(Uaslan & Gül, 2014). 

Rehabilitation or reclamation activities for degraded marble quarries 

restore one or more ecosystem functions, processes, or services, provide 

land stabilization, ensure public safety, provide aesthetic enhancement, 

and often provide economic benefits in a regional context. Pinto et al., 

2001; Boscutti et al., 2017; Carrick & Krüger, 2007; Damigos & 

Kaliampakos, 2003; Chenot et al., 2017). 

“Landscape/Nature Repair” is the planning, designing, protecting, and 

management of landscape areas that have been degraded or destroyed as a 

result of human activities or natural disasters within the framework of 

renewal (restoration), improvement (rehabilitation), and development for 

various purposes (reclamation) using biological and technical methods by 

environmental, social and economic conditions (Gül et al., 2014). 

The environmental, economic, and social aspects of ongoing or abandoned 

marble production activities in rural areas, especially near settlements, are 

a matter of public concern and debate. Factors such as the high cost of 

remediation, the unwillingness of private marble managers, and the lack 

of involvement of local authorities are major obstacles to implementing 

solutions and eliminating the negative impacts in these areas.  

All processes such as the permitting process for marble and stone 

quarrying activities, site selection criteria, pre- and post-activity repair 

activities, use and recycling of marble residues, planting, and technical 

applications, which are perceived as an important problem, should be 

addressed with a holistic perspective and common solutions. In marble and 



 
 

5 
 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-1  

stone quarries, there is no suitable environment for planting due to the 

complete removal of the top vegetative soil, high-step marble mirrors, and 

hard marble surfaces resulting from the production activity. It is 

particularly important to determine the content and form of biotechnical 

repairing (vegetative and structural) applications for improvement and 

development according to the type of use of marble quarries (Gül et al., 

2014). 

Land preparation, soil improvement, and planting works have an important 

place in the landscape/nature repair process. Depending on the conditions 

of the study area, it will be possible to recreate the ecological, economic, 

and aesthetic values of the area by using appropriate plant species and 

effective planting techniques. These studies, which require time, labor, 

funding, and expertise, must be undertaken with a holistic approach to be 

successful. 

This study aims to discuss and develop solutions to bio-technical 

approaches to landscape/nature repair of degraded and destroyed areas 

resulting from "Marble Quarries Activities”. 

2. Open Marble Quarry Activities and Negative Consequences 

In geological terms, limestone that has undergone metamorphosis is called 

marble. However, for many years, the term marble has been used 

commercially to refer to rocks that have a pleasant appearance, can be cut 

and polished, and are very different in terms of origin and lithology. In the 

Mining Law dated 24 June 2010, and number 27621, Group II.B minerals 

are defined as "stones produced in blocks such as marble, travertine, 

granite, andesite, basalt and natural stones used for decorative purposes". 
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Marble quarries in each marble deposit have their specific working 

methods according to the texture and structure of the rock. For a stone with 

sufficient reserves to be exploited, it must be of a certain quality. In other 

words, it must have saleable and usable characteristics. These 

characteristics are color, pattern, appearance, hardness, transparency, 

resistance to external factors, homogeneity, and workability (cutting and 

polishing), The extent to which a stone has these characteristics is 

determined by physicomechanical tests carried out by standards �0(*(3��

2011). 

In open pit natural stone mining, all excavation and block natural stone 

production activities take place in an open area and natural environment. 

In underground natural stone mining, all excavation and block natural 

stone production activities are carried out underground, and partially 

outside the natural environment (.XODNVÕ]�� ������ $ONDoÕU�� �������

According to the continuity of the cutting process in block extraction; a-

Intermittent natural stone production methods and b- Continuous 

(uninterrupted) natural stone production methods are used. According to 

their geomorphological location, marble and stone quarries are located on 

a- Plains, b- Hills, and c-Sloping (Figure 1a-1b). Accordingly, open-cast 

quarries are named according to the morphological structures identified 

above. In addition, these structures can also be in the form of transitions 

and combinations. For example, a slope-type quarry may change to a flat-

type quarry as a result of production. In open pit quarry operation methods, 

stepped structures can occur in the form of single or multi-stage boiler 

types �.XODNVÕ]��������$ONDoÕU�������. 
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Figure 1a. Types of marble and stone quarries (0(*(3, 2011). 

   

Plain-type marble quarry Sloping backs type marble 
quarry 

Hill-type marble quarry 

Figure 1b. Pictures of marble and stone quarries (Original) 

Abandoned quarries generally consist of four parts: (1) the quarry rock, 

which is, the bare wall left after ore extraction; (2) the quarry pit, which is 

the pit formed as quarrying progresses; (3) the rock dump, which is an area 

of flat land created by the removal of topsoil and debris during the mining 

process; and (4) the storage and transport platform, which is the ore 

storage, processing, and transport platform after mining (Zhang et al., 

2018). 

The problems generally encountered in open pit marble quarry operations 

can be summarized as follows; (Darmer, 1992; Sengupta, 1993; 

*|UFHOLR÷OX�� 2002; Gül et al., 2014; 2÷XUOX� et al., 2014; Zhang et al., 

2018).) 

x Destruction of the physical environment (landscape, 
topography, etc.) and natural environmental morphology.  

x Aesthetic degradation and visual pollution in the environment.  
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x Destroys the vegetation cover and thus damages the natural food 
chain and biogeochemical cycles.  

x Causes damage to or displacement of local fauna in the area.  
x Contaminates underground and surface water resources, 

affecting their quality and quantity. 
x Changes in the drainage pattern and water management in the 

area. 
x Contaminating the groundwater of improperly selected 

dumping sites for stripping and covering layers containing toxic 
and hazardous substances, causes changes in their acidity and 
hardness. 

x Production residues in various sizes cause environmental 
pollution as a result of indiscriminate storage in the area. 

x Changes in the microclimate of the area. 
x Destruction of agricultural and forest land. 
x Damage to recreational areas. 
x Causes noise and dust due to the intensive use of large tonnage 

vehicles used for fieldwork. 
x Affects human health by causing diseases such as asthma, 

bronchitis, and COPD.  
x Quarry dust clogs the "stomata" of plants, negatively affecting 

the development of both cultivated and naturally growing 
plants, and also prevents soil aeration by clogging pores in the 
soil, leading to reduced yields. 

x Dust from the quarry can enter water bodies through the air and 
water, affecting water quality, pH changes, etc. and negatively 
impacting aquatic habitats.  

x It disrupts the structure of existing roads and hurts the 
ecosystem as a result of new road construction works. 

x Loss of fertile topsoil and erosion. 
x Vibration and other related hazards arise from blasting, etc. 
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The land that has been destroyed during or after marble quarries activities 

and whose natural balance has been disturbed, may not be able to return to 

its original state or repair itself when left alone, or it may take many years. 

For this reason, there is a need for landscape/nature repair of these areas 

that have been degraded and destroyed by human technical intervention 

and support. Marble quarry production and repair activities are temporally, 

technically, and processual different and procedurally distinct and 

interrelated, requiring a "holistic project design". 

3. Landscape/Nature Repair" Concept 

The repair or rehabilitation of an area that has been degraded or destroyed 

as a result of human activities or natural disasters, or other related concepts 

is widely used.  For example, different concepts such as "nature repair or 

nature restoration", "landscape repair” restoration", “reclaiming to 

natural”, “return to nature", "reclamation", "improvement", 

"rehabilitation", "revegetation", "vegetation cover", “recultivation”, "land 

arrangement", "soil improvement", "biological improvement", is now used 

by different professional disciplines today. This situation can lead to 

confusion in practice �(UDVODQ�	�*�O, 2014).  

Today, the terms "nature repair" and "landscape repair" are fully inclusive 

of the other concepts mentioned above.  The difference between these two 

terms is that nature repair only includes the restoration of natural areas, 

while landscape repair includes the restoration of natural or cultural areas 

that have been destroyed or degraded by both natural disasters and human 

activities. In this study, the concept of landscape repair is preferred 

because it is more inclusive.  
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$FFRUGLQJ�WR�WKH�(XURSHDQ�/DQGVFDSH�&RQYHQWLRQ���������the landscape 

is an important concept for people everywhere: in rural or urban areas, in 

high quality as well as in degraded areas, in ensuring the quality of life and 

sustainable development, in achieving balance and harmony in the 

relationships between social needs, economic activities and the 

environment �&RXQFLO�RI�(XURSH��&2(��������� 

According to the Regulation on "Reclaiming to Nature the Degraded 

Lands Degraded by Mining Activities" (Dated 23.01.2010 and numbered 

27471); The concept of “Reclaiming to Nature” is defined as "the 

rehabilitation of areas whose topography has been changed during or as a 

result of mining exploration and exploitation activities, by ensuring 

environmental safety and by the project, making them compatible with the 

environment through the relevant legislation and rehabilitation" 

(0DGHQFLOLN�)DDOL\HWOHUL�1HGHQL\OH�%R]XODQ�$UD]LOHULQ�'R÷D\D�<HQLGHQ�

.D]DQGÕUÕOPDVÕ�<|QHWPHOL÷L, 2010). 

“Landscape Repair” can be defined as "the planning, design, and 

management of landscape areas that have been degraded or destroyed as a 

result of human activities or natural disasters, by environmental, social, 

and economic conditions, within the framework of original renewal 

(restoration), improvement (rehabilitation), development for different 

purposes (reclamation) and protection by biological and technical 

methods".  

“Landscape Repair” can be grouped as “restoration”, “rehabilitation” and 

“reclamation” according to the intended use of the area (Gül et al., 2014; 

(UDVODQ�	�*�O, 2014; ùDKLQ�et al., 2014) (Figure 2). 
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*Restoration (=Original renewal): It is the process of transforming the 

natural and cultural areas that have been degraded or destroyed to an 

equivalent (original) state before the activity or recreating their old 

function. Or it is the reorganization of the area according to the conditions 

of use before the degradation.  

*Rehabilitation (iPSURYHPHQW�� It is the process of improving the 

degraded or destroyed areas in a different way from the original state or 

improving them close to their old function. Or it is the creation of new and 

different conditions in the area. 


5HFODPDWLRQ� �dHYHORSPHQW�ZLWK� GLIIHUHQW� XVHV): It is the process of 

transforming or developing the area from its former use to a condition 

suitable for different uses. Or it is the development of different types of 

use. It is the arrangement and creation of the most appropriate uses 

(agriculture, forest, recreation, settlement, industry, nature conservation, 

water storage, energy generation, solid waste storage area, etc.) within the 

framework of the existing conditions. The purpose of reclamation is to 

"make the land suitable for the new use function to be realized on the land". 

Here, the desired state must be very well defined. 

*Bio-WHFKQLFDO�ZRUNV: Biological (plantation) and technical (structural) 

methods and materials are used in combination to restore, improve and 

develop degraded or destroyed areas sustainably and rationally. 

*Replantation (=revegetation): It can be defined as all the work of 

introducing, establishing, and maintaining the intended plantation cover 

on the land after filling and arranging degraded and destroyed land. 
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7KH�DLP�RI�/$1'6&$3(�5(3$,5�RI�GHJUDGHG�DQG�GHVWUR\HG�DUHDV�RU�

ecosystems resulting from marble and quarry activities is aimed to 

improve the ecological, visual, and economic value of these areas for 

restoration or rehabilitation, or reclamation purposes in a sustainable and 

environmentally friendly manner. 

 
Figure 2. Types of landscape repair. 

In marble quarries, there is no suitable environment for planting due to the 

stepped and hard surfaces left after production activities. In addition, due 

to the complete change in the structure of the land, it is not possible to 

restore the (original) ecosystem. Therefore, restoration is not an effective 

and efficient solution for marble and quarries. For this reason, the purpose 

of landscape repair of marble quarries is primarily to ensure the 

reconstruction and improvement of the degraded ecosystem 

(rehabilitation) or to ensure the recovery and development of these areas 

Bio-technical 
Approaches 

Restoration

ReclamationRehabilitation
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whose natural structure has changed by using them for other purposes 

(reclamation). 

Basic principles of landscape repair;   

x (QYLURQPHQWDOO\�acceptable (visually and functionally) 
x Sustainable  
x Minimum effort and cost 
x (FRORJLFDO��HFRQRPLF, and social benefits and, 
x Use of biotechnological methods for rapid improvement and 

development. 
Objectives of Landscape Repair in Marble Quarries; 

x To minimize the long-term negative environmental, social, and 
economic impacts after the cessation of production, 

x To relate and integrate with the surrounding landscape, 
x To restore the area to a natural structure, both visually and 

functionally, using biotechnological methods, to ensure its 
ecological balance and to make it sustainable, taking restoration, 
rehabilitation, or promotion decisions according to the 
environmental, social, and economic conditions of the area. 

x To restore natural plant formations,  
x Limiting soil erosion and taking necessary measures,  
x Protecting and improving water resources and ensuring the water 

cycle, 
x Improve biodiversity (flora and fauna) on-site through habitat 

creation and management, 
x Increase biomass and store carbon on-site, 
x Provide education and research, 
x Make them safe and stable for future use. 
x To increase and enrich their population density.   
x To stabilize the ecosystem, and so on. 
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“Landscape Repair Planning” for degraded and destroyed marble and 

stone quarries requires a "Holistic Project" since the production and repair 

activities are closely related to each other, although they are different in 

terms of temporal and technical dimensions and processes. The Landscape 

Repair Holistic Planning approach is proposed in 4 VWDJHV��(UDVODQ�	�*�O��

2014).   

1. Production planning phase   
1.1. Pre-activity preparation  

x Actions to be taken before the permitting and allocation of 
the area. 
x Actions to be taken after the area is suitable for allocation 
and production and approval has been obtained,  

1.2. Production activity  
x Technical report, 
x Marble and stone production activity land use planning and 

extraction planning. 
2. Post-production landscape repair phase 

2.1. Post-activity landscape repair project design phase,  
x Inventory/survey of the area destroyed and degraded by 
production activities, 
x Identification and prioritization of strategic goals, type of 

landscape repair use and objectives,  
x Proposed landscape repair development plan, 
x Biotechnical repair (structural and vegetative) design 

implementation projects (land preparation, soil 
improvement works, and appropriate planting designs), 

x Budgeting and costing, the establishment of timetables and 
priorities for implementation, 
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x Preparation of implementation action programs and 
preparation of structural and planting technical 
specifications for implementation, 

x Preparation of maintenance and monitoring programs. 
3. Approval and implementation phase.  
4. Management, monitoring, and maintenance phase. 

Irrespective of the type of landscape repair used in marble quarries, it is 

essential to use appropriate biotechnological applications in all cases. 

Biotechnical applications include land preparation, soil improvement, 

inanimate and living materials (plantations), and combined design. 

4. Biotechnical Methods and Stages for Landscape Repair in 
Abandoned Marble Quarries 
Landscape repair works can be divided into 3 types according to the type 

of materials to be used: a. Biological repair (living materials), b. Technical 

repair (non-living materials) and c. Bio-technical (combined) repair 

�.|VHR÷OX�	�g]NDQ��������$NSÕQDU�HW�DO�, ������(UDVODQ�	�*�O�������� 

The natural ecological recovery process is essentially a synergy of the 

development of soil and plant systems. The degree of landscape repair is 

directly related to the characteristics and combinations of soils and 

vegetation at different stages. 

These degraded and destroyed areas require the use of living and non-

living materials compulsory due to negative effects such as a complete 

change in the topographic structure, the emergence of a sloping structure, 

lack of soil and vegetation cover, lack of water capacity, and erosion. For 

this reason, the use of a combined repair method is the most rational 

approach in terms of time, cost, sustainability, and successful results. 

Landscape repair aims to create harmony and integrity between the 
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landscape elements and the environment within the degraded ecosystem 

by using non-living and living materials in combination with the objectives 

of landscape repair and to optimize the relationship and interaction. In the 

case of biotechnological applications for landscape repair, activities are 

first carried out to regulate the soil structure and improve the soil. Then, 

applications are carried out by combining plants and non-living materials 

in line with the objectives �(UDVODQ�	�*�O�������� 

4.1. Processes of Land Structure Regularization and Soil 
,PSURYHPHQW�IRU�/DQGVFDSH�5HSDLU�RI�0DUEOH�$UHDV 
Biotechnical methods should be applied according to the characteristics of 

each open marble quarry site and the graded structure created by the 

working methods. The success of biotechnical applications in marble and 

stone quarries can vary depending on the soil preparation of the areas to 

be planted according to the purpose, the way of arrangement, the economic 

dimension, and the selection of plant species suitable for the purpose.  

Factors such as the preparation and arrangement of the land, the thickness 

of the soil, the physical and chemical properties of the soil, etc. form the 

basis for planting in landscape repair. 

In this context, the land preparation and soil improvement work in the field 

can be summarized as follows;  

x As a result of the production in marble quarries, multi-story marble 
mirror formations and the absence of soil pose a serious problem for 
biological repair (planting) works. For this reason, the top vegetative 
soil should be removed at the beginning of the production activity 
and stored in a separate place to be used later for planting purposes.  

x During the production process, a "stripping plan" should be prepared 
which includes various activities such as removal of the top layer, 
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loosening of the top layer, digging, loading, transport, pouring into 
the soil threshing, laying, leveling of the threshing area, 
construction, and maintenance of the soil threshing and grading 
roads.  

x During the production process, marble residues should be sorted 
according to size, and marble residues with large rust should be 
stored in a separate place. Marble residues and stored vegetation soil 
should be considered the most basic soil/material preparation 
process for the formation of slopes and fills.  

x Before landscape repair works, it is essential to carry out land 
shaping (grading-excavation-filling, etc.) and preparation of the land 
for the intended use. 

x Land preparation and shaping processes; factors such as landscape 
character, existing topographical structure, wildlife, erosion, surface 
and underground water resources, drainage structure, and area safety 
should be taken into account for repair purposes. 

x Where stored topsoil is insufficient, the soil should be taken from 
outside the area and compost fertilizer should be made from plant 
residues and stored.  

x Slope angles and step sizes of steep marble mirrors should be 
calculated taking into account long-term stability. This calculation 
should take into account the topographical conditions, the slope's 
ability to hold itself, and the operating technique. Where it is not 
compulsory, all slope surfaces should be designed to be stable in 
their natural state without being supported by a retaining wall. The 
lower mirror should be sandblasted and toothed to prevent the slope 
from slipping. 

x Marble mirrors can be converted to a slope with a maximum gradient 
of 45° by blasting from above (Figure 3). In addition, the main 
marble block can be cracked from the outside to the inside. The 
slopes of the upper mirrors should not exceed 30° under normal 
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conditions. Again, if mulch and hydrogels are used, this slope should 
not be exceeded to allow them to adhere.  

 
Figure 3. Top blasting of marble mirrors to create a slant (max 45°) 

�*�QJ|UR÷OX�HW�DO�������� 
 

x In areas intended for daily use, the slope and angle of inclination 
should not exceed 30o and the step height should not exceed 3 m, and 
the step width should be at least 5 m.  

x Piles made from existing piles or blasted material may be used for 
slopes to be formed by rising from the step surface to the mirror 
section surface,  

x The upper slope made uneven, fissured, and cracked by blasting, can 
prevent large amounts of soil or small-grained material from being 
transported by rain and wind.  

x In areas worked by cutting, wedging, and nailing methods, no 
additional measures are taken to ensure slope and slope stability, and 
steps and slope angles are left as they are. 

x Residual marble of various sizes resulting from production in the area 
or from the creation of a marble mirror slope should be used for infill 
purposes as appropriate. Large residues should be placed at the bottom 
and smaller sized residues should be placed on top. Organic soil 
should be spread on top and made suitable for vegetation. 

x In addition, large-sized residues can be used for retaining walls, 
embankments, boundaries, decorative purposes, etc.  In particular, 
they can be used by placing them in wire cages called gabions of 
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various sizes (e.g., 1 x1 x 2m; 1 x 1 x1m). In this way, it will be 
possible to make functional use of the large-sized residues in the area 
and to economically reuse the large marble residues without 
disturbing the natural structure.    

x Geological surveys to be carried out in landscape repair areas should 
identify the topographic slope, slope directions, natural surface 
drainage networks, geomorphological elements such as sinkholes, 
avalanche deposits, and hydrological and hydrogeological features. 
By these data, the surroundings of the activity area should be made 
safe concerning surface water or water flows that may occur after 
precipitation. Watercourses should be designed so that the 
surrounding natural drainage system is adequate under the most 
intense rainfall conditions in the region.  

x Adequate measures should be taken against the possibility of flooding 
of the hollow area in the area. Adequate water collection channels, 
basins, and drainage systems should be installed in the facilities 
intended for human use, especially in areas that do not have natural 
drainage facilities due to their hollow structure, and it should be 
ensured that the connection to the main drainage system to which the 
discharged water will be directed is always open. 

x Water collection and drainage channels around the site should be 
positioned so that they remain below the natural surface, especially in 
areas where people will be constantly present at all times. The 
surroundings of the activity area should be made safe concerning 
surface water run-off or possible water flow after rainfall. 

x The slope stability of the pit should be ensured in the excavation areas 
in the form of a pit that narrows from the surface to lower elevations.   

x In areas where people and wildlife may be harmed during repair work, 
the site must be fenced off with suitable material such as wire mesh, 
and wall and warning signs must be posted. 

x Planting pits of 50 x 50 cm or 1m x 1m can be dug on the marble 
mirrors for planting purposes. However, opening the planting pits one 
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at a time can be detrimental in terms of ecological integration, cost, 
and time. Instead, 1 m wide channels can be created on the marble 
mirrors, running along the entire step, in front of the level, and behind 
the slope.  

x  To open these channels, a hole of up to 1 m can be drilled and a 
successful loosening blast can be carried out using dynamite and 
121(/�FDSVXOH�ZLWKRXW�WKH�QHHG�IRU�$1)2��UHVXOWLQJ�LQ�D�WUDSezoidal 
profile pit section. In this way, holes and cavities can be created in the 
soil in a direction that speeds up planting in the soil, as the equipment 
does not move directly on the soil.  

x After soil preparation and backfilling, the topsoil should be mixed 
with vegetable residues and, if necessary, green-manured by sowing 
legume seeds. 

x In cases where there is no vegetative soil and it is not economical to 
provide it, the use of all types of organic waste and residues will be of 
great benefit in such areas. 

4.2. Planting Techniques and Applications 

4.2.1. Functions of planting in landscape repair  

(QKDQFLQJ� ELRGLYHUVLW\� LV� IXQGDPHQWDO� WR� ODQGVFDSH� UHVWRUDWLRQ�� ,Q�

particular, increasing and maintaining plant diversity provides a material 

basis for ecological diversity and promotes ecosystem diversity.  

It can also create diverse heterogeneous habitats that support a greater 

number of species communities, and the multi-layered roots of different 

plants lead to diverse soil microhabitats that support a variety of soil 

animals and microorganisms (Peng, 2007). 

According to the vertical structure of its plant community, an ecological 

system can be divided into several layers, such as trees, shrubs, herbs, and 

the surface layer (mosses and lichens) (Li, 2011). The tree layer has tall 
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stems and leaves that perform photosynthesis and regulate gas exchange. 

Leaf transpiration can prevent high temperatures and increase air humidity 

to regulate the microclimate. Trees, shrubs, and herbs combine to form a 

landscape, that provides scenic and recreational services for society. In the 

community ecosystem, pollination and seed dispersal for reproduction can 

be conducted via wind energy. Green plants primarily produce energy 

through photosynthesis and chemical energy bacteria to provide a variety 

of crops, fruits, prey, and other resources for consumers (humans and 

animals). The plant community is the primary producer, and it is also the 

habitat of animals. 

The ground layers (lichens or mosses and other plants) can be used for 

water infiltration and as an adsorbent for water conservation to achieve 

effective water regulation. The soil is held in place by the root systems of 

plants, thereby preventing soil collapse and soil erosion. Microorganisms 

and fungi in the soil decompose biological debris to generate, store, and 

accelerate the internal cycling of nutrients (Zhang et al., 2018). 

The functions of plants, whether herbaceous or woody are listed below 

(Çelem, 1988; $NSÕQDU�� ����� Gezer & Gül, 2009��<HOVL]�	�<�FHGD÷��

������<DúOÕ�HW�DO�������); 

x It protects the soil surface by absorbing the energy of raindrops 
with its aerial parts and preventing them from hitting the soil 
directly. 

x It prevents the movement of water and air on the surface by 
covering them at a certain height on the soil surface and reduces 
their erosive effects. 

x With its subsoil parts, it prevents the soil masses from mobilization 
by keeping them deep. 
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x Reduces the susceptibility to erosion by reducing soil evaporation 
through shading. 

x Increases the amount of organic matter and the water-holding 
capacity of the soil with its residues. 

x Contributes to the water cycle through transpiration. 
x Plants do not face the problem of destruction and fragmentation 

due to climatic and temporal conditions. On the contrary, they 
become more stable and more effective over time (Köse et al., 
1993). 

x They reduce the speed of the wind and direct it in the desired 
direction,  

x It makes a positive contribution to air circulation. 
x They have a cooling effect,  
x It filters dust and particles, 
x It regulates the ratio of CO2 and O2 in the air, and purifies the air, 
x It regulates the humidity,  
x They cover the upper part of the soil in difficult environments such 

as sloping, rocky, wet, or shady areas. 
x They prevent water and wind erosion, regulate the water regime, 

and play an important protective role such as increasing soil 
fertility. 

4.2.2. Selection of plant species  

Many factors should be taken into consideration when selecting plant 

material to be used in the landscape repair process in marble quarries. 

These factors can be categorized into 5 groups: �*�QH\��������$NSÕQDU, 

2005; Gül et al., 2014; Akten et al., 2014) 

a��(QYLURQPHQWDO�FRQGLWLRQV��Plants should first adapt to the region in 

which the area is located and then to the micro-ecological characteristics 

of the area. Annual temperature distribution and maximum and minimum 
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temperatures, rainfall, soil and air humidity, salinity, lime status, wind, soil 

pH, air, soil, and water pollution, aspect, etc. are important for species 

selection. 

b. Intended use: The use of appropriate plant species for the purpose will 

increase the chances of success. For example, climbing plants for vertical 

surface planting, species with rhizomes and stolons to cover the soil 

surface, leguminous plant species to enrich the soil with nitrogen, 

evergreen species to create a continuous green texture, shallow-rooted 

species in places with low soil depth, species with a broad crown to create 

a shading effect, species suitable for fencing, species suitable for 

windbreaks, species suitable for color composition, etc. should be selected 

and used for the purpose.   

c. Individual characteristics of the species: The natural lifespan of the 

selected plant species, stem shape, size, and height of the plant, growth 

characteristics of the plant, crown shape, size and degree of ground cover 

(shading), branching and leafing, whether it sheds its leaves or not, the 

resistance of the plants to pruning or mowing, resistance to plant diseases 

and pests, resistance to drought, and frost resistance, resistance to air 

pollution and dust, light and moisture requirements, altitude and aspect 

requirements, soil and water requirements, salt resistance, toxicity, the root 

structure of the plants, etc. should be known.  

d. Cost: The species with the simplest and most cost-effective production 

techniques (sowing and planting), supply of plant species material, labor, 

soil preparation, transportation, protection, maintenance and renewal 

work, etc. should be preferred.  
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e. Maintenance and renewal: For all types of maintenance (fertilization, 

spraying, irrigation, pruning, etc.) and renewal before and after the 

application, the most suitable and low-maintenance, resistant, and highly 

adaptable species should be preferred. 

4.2.3. General characteristics of the plants to be used and preferred in 

biological repair;  

x They should be selected from the natural species of the area. 
x They should be easy to produce and maintain.  
x They should show rapid growth and spread.  
x Plants should have a deep and strong root system. Shallow-rooted 

species should be preferred where the soil depth is shallow.  
x It should have a high-water holding capacity. 
x They should have sound and wind-blocking properties.  
x Plants should be resistant to adverse conditions and climates.  
x It should be resistant to shallow, calcareous, rocky soils and areas 

prone to erosion, 
x They should be able to tolerate extremes of pH, soil temperature, 

humidity, and nutrient deficiencies.  
x Species from the legume family should be preferred because of their 

nitrogen supply.  
x It should be able to enrich the soil in terms of nutrients with its 

abundant leaves.  
x The costs of material supply, establishment, and maintenance 

practices should be reasonable.  
x It should be compatible and complementary with other plants for 

aesthetic and functional purposes.  
x The plant composition should be created taking into account the size, 

texture, color, shape, etc. characteristics of the plants.  
x Fruitful species and species with edible leaves should be used to 

provide food sources for wildlife. 
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4.2.4. Seeding and SODQWLQJ�PHWKRGV�for planting 

When planting in marble quarries, existing plants in the area should be 

protected so that they are not damaged before and during the activity. 

Seeds, cuttings, and bulbs of plant species growing in the vicinity of the 

quarry should be collected, prepared, and stored in a suitable place. A 

variety of sowing and planting methods can be used for planting during 

repair work. Factors such as the type and quantity of plant material 

available, application equipment, financial resources, and labor 

availability play a role in their selection (Güney, 1989). 

In the planting technique, after land preparation, a composition of 

herbaceous+shrub and tree combinations is formed according to the 

purpose. Herbaceous groundcover plants increase the organic matter 

content of the soil, improve soil metabolism, protect the topsoil from 

erosion, provide shade, improve the physiological and biological 

conditions of the soil in the root zone, and make it favorable for subsequent 

cultivation and vegetation by developing on the raw soil within 1-4 years.  

Combinations can be made with shrubs and trees for pre-planting in the 

area.  The ecosystem is then developed with primary and permanent tree 

species. The formation of natural vegetation in marble quarries can take 

70-80 years or even longer (*|UFHOLR÷OX��������g]DOS�HW�DO���������.XWHU��

2014). 

Methods to be applied to herbaceous and woody plants; 

1. Sowing Pethods:  

Herbaceous or woody plant seeds can be sown in the field by different 

methods. 
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a) Sowing of woody plants: Although their growth rate is generally slower 

than that of herbaceous plants, their post-sowing care and mulching 

increase the chances of success. They can be sown in pits, islands, or rows 

using a seed drill or by hand. 

b) Sowing herbaceous crops: These can be sown by hand, with a seed drill 

or sprayer, or applied to the field in the form of broadcast seed. Spray 

sowing involves mixing seeds with water, fertilizer, mulch, and adhesives. 

This makes sowing easier and quicker and increases the chances of 

retention. Seed blankets are applied by placing seed mixtures between two 

fibrous materials and laying them on the field like a blanket. Although the 

mixture increases the chances of success, the need for very fine leveling of 

the area and compaction of the seed mixtures with wire can increase labor 

costs.  

2. Planting PHWKRGV�using cuttings and separation: 

a) Planting of woody plants: For some of the woody plants, seed 

production is very difficult, and it takes a long time for the plants to reach 

the size to fulfill their functions. In this case, the method of planting 

cuttings is preferred, and the bush bundle is shaped like a lattice fence and 

is also used as a structural element. Many methods have been developed 

for the application of woody cuttings. 

b) Planting of herbaceous plant cuttings: Some plants, especially those 

capable of vegetative propagation, are planted by separating or taking 

cuttings from the mother plant. 

3. Use of grass cuttings: In regions where there are not long dry periods, 

the pieces cut from the grass cover, which do not form deep roots, are used 
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in the form of strips, cages, or checkerboards on the field, as well as 

retaining walls by laying them one on top of the other in front of slopes 

with a backward slope. 

4. Use of soil seedlings: This method, which has a very high chance of 

survival and development rate, has disadvantages such as the need for 

nursery work and requiring more labor than planting methods. Plants 

placed in plastic, paper, and compressed peat containers can be placed in 

the field parallel to the elevation curves, at diagonal angles, in a diamond 

shape, and a cage shape. The use of soil seedlings has a higher chance of 

success than the others. 

��� &RPELQHG�Pethods: Some methods combine living and non-living 

material and take advantage of both. It is also possible to combine seed 

sowing, cutting, and planting (Güney, 1989). 

4.2.5. Species of plants that can be used in the repair of the landscape 

RI�PDUEOH�TXDUULHV 

The herbaceous and woody plants to be used in the repair process of 

marble quarries should be selected by taking into account the basic factors 

such as climate, soil, altitude, aspect of the area, the purpose of use, and 

the individual characteristics of the plants.  

Depending on the use of the area, combinations of herbaceous, shrub, and 

tree species to be selected from the natural plant species of the region can 

help to speed up both the success rate and the ecological balance.  

Some important species that can be used in the landscape repair of marble 

quarries according to the current conditions of the Lake Region or Isparta 

Region in Turkey are given in Table 1 �2UoXQ��������.|VHR÷OX�& g]NDQ��
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������*|UFHOLR÷OX������� <DYX]úHILN�& 8]XQ�������$NSÕQDU, 2005; Gül, 

et al., 2012; Gül et al., 2014; Akten, et al., 2014; Uzun, et al., 2014; &ÕQGÕN�

& Acar, 2010; *�O�	�g]oHOLN��������78%ø9(6������; g]oHOLN, 2023). 

Table 1. Some important species that can be used in landscape repair of 
marble quarries in the Lakes Region or Isparta Region in Türkiye 

Trees 
Acer negundo L., Acer campestre L., Ailanthus altissima L., Alnus glutinosa L., 
Alnus incana L., Alnus orientalis L., Betula pendula Roth, Cercis sp., Cupressus 
sempervirens L. Eleagnus angustifolia L., Eucalyptus amygdalina Labill., Fraxinus 
sp., Gleditschia triacanthos, Hippophae rhamnoides L. Pinus sp., Populus tremula 
L., Populus alba L, Prunus mahalep L., Prunus sp., Pyrus amygdalus L., Quercus 
sp.,  Robinia pseudoacacia L.,, Salix sp., Sambucus nigra L.,  Sorbus sp., Tilia 
platyphyllos SCOP., and others. 
 
 
Shrubs 

Amelanchier sp., Aristolochia maurorum L., Artemisia absinthium L., Asparagus sp., 
Astragalus sp., Berberis cretica L., Calluna vulgaris (L.) Hull,  Capparis spinosa L., 
Caragana arborescens Lam.,, Cistus sp., Colutea arborescens L., Cornus sp., 
Cotoneaster sp., Crataegus sp., Daphne sp,. Erica sp., Euonymus latifolius (L.) 
0,//(5, Eriolobus trilobatus (Labill. ex Poiret) M. Roem.,  Foeniculum vulgare 
L., Genista sp., Glycyrrhiza glabra L., Hibiscus syriacus L., Lavandula sp., 
Ligustrum sp.,  Lonicera xylosteum L., Lycium sp., Maclora pomifera (Raf.) 
Schneid., Myrtus comminus L., Paliurus sp., Pyracantha coccinea M.Roem., 
Quercus coccifera L., Quercus ilex L.,  Rhamnus sp., Rhus sp., Ribes sp., Rosa canina 
L.,, Rubus sp.,  Spartium junceum L., Salix purpurea L., Tamarix sp., Teucrium 
montanum L., Vitex agnus castus L., Vaccinium myrtillus L.,  and others.  
 

Ivy Plants 
Ampelopsis quinquefolia Michx., Convolvulus sp., Hedera sp., Jasminum fruticans 
L., Jasminum nudiflorum Lindl. Lonicera nummulariifolia -$8%�� (7� 63$&+, 
Lonicera tatarica, Lonicera sp., Polygonium sp., Parthenocissus tricuspidata 
(Siebold&Zucc.) Planch., Wisteria sp., and others.  
 

https://en.wikipedia.org/wiki/Labill.
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://tr.wikipedia.org/wiki/Carolus_Linnaeus
https://tr.wikipedia.org/wiki/Constantine_Samuel_Rafinesque-Schmaltz
https://en.wikipedia.org/wiki/Andr%C3%A9_Michaux
https://tr.wikipedia.org/wiki/John_Lindley
https://es.wikipedia.org/wiki/Philipp_Franz_von_Siebold
https://es.wikipedia.org/wiki/Joseph_Gerhard_Zuccarini
https://es.wikipedia.org/wiki/Jules_%C3%89mile_Planchon
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Herbaceous Plants 
Acantholimon sp., Achillea sp., Aethionema sp., Agropyron sp., Agrostis sp., Alkanna 
incana BOISS., Alopecurus sp., Althaea officinalis L., Anchonium elichrysifolium 
DC.) BOISS, Alchemelia alpina L., Alyssum sp., Anthemis sp., Anthyllis vulneraria 
L., Anthoxanthum odoratum, Carl Linnaeus, Arabis caucasica WILLD 
subsp. brevifolia �'&��� &8//(1, Arenaria tmolea BOISS., Artemisia sp., 
Aspilenium viride Huds., Aster alpinus L., Athyrium sp., Aubrieta anamasica 
3(ù0(1�(7�*h1(5��Aubrieta canescens (BOISS.) BORNM, Aubrieta pinardii 
BOISS., Brachypodium sylvaticum (HUDSON) 3��%($89�� Bromus inermis Leyss.,  
Bolanthus minuartioides �-$8%��(7�63$&+��+8%�-MOR. Campanula lyrata lam. 
subsp. Lyrata,  Carex sp., Centaurea sp., Cerastium sp., Crupina  sp., Convolvulus 
althaeoides L., Chrysanthemum sp.,  Crepis sp., Cryptogramma crispa,  
(L.) R.Br. ex Hook., Cucurbita  sp., Cynodon dactylon, (L.) Pers., Cystopteris 
fragilis (L.) Bernh., Dactylis glomerata L., Dactylorhiza sp., Delphinium gueneri 
P.H. DAVIS, Descampsia cespitosa (L.) P. Beauv., Dianthus micranthus %2,66��(7�
+(/'5�� Dryopteris sp.,  Deschampsia flexuosa (L.) Trin., Echinops viscosus DC,  
Epilobium sp.,  Erodium sp.,  Erigeron cilicicus %2,66��(;�9,(5+., Festuca sp., 
Foeniculum vulgare Miller., Galium saxatile L., Geranium robertianum L., 
Galanthus sp., Glaucium leiocarpum BOISS., Helichrysum sp., Hypericum sp., 
Hieracium  sp., Iberis sempervirens L., Jurinella moschus (HABL.) BOBROV, 
Lathyrus sp., Linaria grandiflora '(6)�� Linum catharticum L., Lupinus albus L., 
Lolium perenne L., Lotus corniculatus L., Malva sylvestris L., Matthiola 
montana BOISS., Melilotus sp., Medicago sativa L., Melica penicillaris %2,66��(7�
BAL., Minuartia anatolica (BOISS.) WORON, Onobrychis sp., Origanum sp., 
Paronychia sp., Pilosella sp., Poa sp., Polygala supina 6&+5(%�� Polygala 
anatolica %2,66�� (7� +(/'5., Portulaca oleracea L. Potentilla neumanniana 
Rchb., Reseda lutea L., Racomitrium lanuginosum (Hedw.) Brid. Rosularia 
sempervivum (0��%,(%���%(5*(5, Rumex sp., Salvia sp., Sideritis sp., Silene sp.,  
Saxifraga sp., Senecio othonnae %,(%�� Sesleria alba SM., Scrophularia sp., 
Scutellaria altissima L., Tragopogon  sp., Taraxacum sp. Trifolium sp., Tymus sp.,  
Vaccinium myrtillus L.,  Valeriana oligantha BOISS. (7� +(/'5., Vicia sp., 
Vincetoxicum canescens �:,//'���'(&1(, and others. 

 

https://tr.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/William_Hudson_(botanist)
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Robert_Brown_(botanist,_born_1773)
https://en.wikipedia.org/wiki/William_Jackson_Hooker
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Christian_Hendrik_Persoon
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Johann_Jakob_Bernhardi
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Ambroise_Marie_Fran%C3%A7ois_Joseph_Palisot_de_Beauvois
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Johann_Hedwig
https://en.wikipedia.org/wiki/Samuel_Elis%C3%A9e_Bridel-Brideri
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5. Biotechnical Approaches According to The Type of Marble Quarry   

5.1. Planting and Transplanting Plants in Manually Dug Pits;  

Depending on the type of tree, shrub, or herbaceous plant, the pits are 

opened on the marble surface or the mirror slope, and the plants are planted 

or sown. Pits with dimensions of 1 x 1 x 1m for trees, 05 x 0.5 x 0.5m for 

shrubs and ivy plants are opened and planting and transplanting is carried 

out by filling with vegetable soil (Figure 4). 

 
Figure 4. Planting and transplanting plants in hand-dug pits 

5.2. Planting or Sowing Plants by Creating Channels in The Marble 
Floor; 
This method can be used to create 2 or more separate channels, one in front 

of and one behind the slope, approximately 1m wide and running the 

length of the step. The planting pits, usually 50 x 50 cm, can be wider in 

areas such as marble quarries, which are devoid of soil cover and any 

biological activity. As opening the planting pits one at a time is detrimental 
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to ecological integration and is costly and time-consuming, it may be 

preferable to continue the channels along the slope (Figure 5). 

To open these channels, holes up to 1 m long are drilled and a successful 

loosening blast can be carried out using G\QDPLWH�DQG�121(/�FDSVXOH��

resulting in a trapezoidal pit section. As the equipment does not move 

directly over the soil, holes, and gaps are left in the soil in a direction that 

accelerates planting. The blasted material in this pit is then removed by 

backhoes. Soil material is then placed into these trapezoidal pits using rear 

dump trucks. 

The point to remember when planting seedlings is not to plant shallowly 

or deeply so that the seedling container or root length remains above or 

below the root collar in the hole. It should also be tied down with a heckle 

(pole) depending on the prevailing wind direction. After each planting, the 

first watering should be done, called life watering. Mixing compost 

fertilizer made from vegetables and organic waste and residues into the 

plant holes will be of great benefit.  
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Figure 5. Planting and sowing of plants by opening channels in the 

marble floor 
5.3. Planting and Sowing of Plants in The Soil Area 'HOLPLWHG� by 
Gabions on The Marble Floor  
On the stepped marble surface, which is the result of the production 

process, it is possible to make a soil filling in the form of a cushion of 

organic soil mixture with fine rust material at various depths and plant 

composition of trees, shrubs, and herbaceous plants. A 10 cm thick layer 

of coarse marble should be placed under the organic soil. The top of the 

soil should be leveled with a 2% slope. For combinations of trees, shrubs, 

and herbaceous plants, the soil should be prepared to a depth of at least 1 

meter. However, it can be prepared at least 20 cm deep for perennials and 

groundcovers, at least 30-40 cm deep for ivy and small shrubs, at least 50 

cm deep for tall shrubs and small trees, and at least 100 cm deep for tall 

trees. To prevent the soil from overflowing and flowing, and for the 
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healthy development of the plants, the edges of the soil filling can be 

limited by a gabion with a wire cage of 1m x1m x1m or other sizes. The 

gabion (wire cage) should be filled with large pieces of marble thrown into 

the area. In this way, it will be possible to clean the large marble remnants 

in the area and to evaluate them in the gabion to store the remnants in an 

organized way. However, instead of gabions, large marble boulders, 

stones, logs, etc. can be used for demarcation purposes. The width and 

length of the soil-filled cushions can vary according to the characteristics 

of the area and the purpose of the planting (Figure 6). 

 

 
Figure 6. Gabion wire cages of various sizes filled with marble residues 

(Original) 
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5.4. Planting of Trees and Shrubs in Crates or Plots with Soil on a 
Marble Base    
Where soil material is limited, trees and shrubs can be planted in various 

sizes of wooden logs or large marble blocks with a depth of at least 50 cm. 

Alternatively, trees and shrubs can be planted in various sizes of gabion 

boxes at least 1 m deep (Figure 7). 

 

 

Figure 7. Planting areas with soil made of wooden logs on a marble 
surface (Original) 

5.5. Planting Technique of Marble Mirrors Covered with Steel Mesh 

This application is the method of wrapping ivy plants on steel mesh 

covering high marble mirrors. In this way, ivy plants can quickly 

camouflage the stepped structure of marble quarries. 

In this method, the ivy plants can be hung from the top of the marble mirror 

or wrapped from the bottom up. In this way, it is possible to cover the 

marble mirrors with ivy plants by creating a cushion of soil at least 2 m 

wide and at least 50 cm deep at the top or bottom of the marble mirrors. 
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Perennial ivy species that can adapt to local conditions, are fast-growing, 

climbing, dense foliage, and durable can be used (Figure 8-9-10). 

 
Figure 8. Planting technique for marble mirrors with steel mesh covering 

(Original). 

  
Figure 9. Planting technique for marble mirrors (Original). 

 
Figure 10. Steel mesh coating technique on marble mirrors and curved surfaces. 
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5.6. Planting with Geotextile Material  

Geotextile is a material made of 100% continuous polyester or 

polypropylene fibers. Polyester geotextiles have a higher modulus of 

deformation, higher tensile strength, higher resistance to high 

temperatures, higher resistance to sunlight (this property is a great 

advantage in storage), and higher yield strength than polypropylene 

JHRWH[WLOHV��7R÷Uol et al., 2004).  

Natural fibers can also be used in the production of geotextiles in 

applications where the geotextile is expected to perform its function for a 

limited period: Natural fibers such as flax, cotton, jute, sisal, abaca, and 

kenaf... are preferred. In addition, due to the resistance of coconut fibers 

to decay, mud, and moisture, porous nonwovens made from them can be 

used to prevent soil erosion and improve soil conditions (Mecit et al., 

2007). 

In this context, methods such as terracing, consolidation of rotten slopes 

(by line weeding, knitted fences, etc.), and stabilization with ditches and 

living material are most commonly used. As these methods are costly and 

time-consuming, new techniques need to be developed and/or compared 

with existing techniques. 

Geotextiles with a coarse mesh structure provide a suitable environment 

for seed germination. This allows the vegetation layer to develop rapidly 

on slopes that will be formed as a result of marble and stone activities. 

Slopes that cannot be planted due to the geological characteristics of the 

soil (rock, slag, etc.) can be planted with geocells. 
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Slopes or walls with geocells, whose outer cells are filled with vegetative 

soil and planted, facilitate the adaptation to the environment with their 

natural colors. The slopes are covered with geotextile material and the soil 

and grass get a green and aesthetic appearance (Kocaer, 2011). Geotextiles 

can be used in landscape repair due to their technical advantages such as 

material control, space-saving, construction quality control, cost 

efficiency, technological superiority, and environmental sensitivity, as 

well as allowing the production of low-cost solutions (Figure 11). 

  
Figure 11. Use of Geotextile materials on sloping surfaces (Alibaba, 

2023). 

6. Conclusion and Proposals 

The mining sector is the most basic and well-established source of industry 

in the world and is a locomotive sector that directly provides raw 

materials/inputs to many sectors and is specifically extracted from the 

QDWXUDO�HQYLURQPHQW��.XODNVÕ]����������7KH�PDUEOH�DQG�VWRQH�VHFWRU�LV�DQ�

important sector with long, costly, and risky production processes and 

repair activities. For this reason, "Mining?" - "Nature conservation?" 

should never be favored over each other. 

In recent years, marbling activities have been increasingly on the agenda, 

especially concerning environmental issues. Due to social sensitivity, the 
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balance and harmony between marble extraction and nature conservation 

should be ensured by taking into account ecological factors. In this context, 

all mining activities require holistic planning and management with 

multidimensional approaches such as ecological, social, economic, and 

technological, by abandoning traditional habits.  

Landscape repair (restoration, rehabilitation, and reclamation) of marble 

and stone quarries, that have been degraded as a result of human activities, 

requires the production of the most ideal solutions in terms of 

environmental, social, and economic aspects with a sustainable, holistic, 

and rational approach. Therefore, humanity-environment and mining are 

inseparable parts of each other and should be considered as a whole. 

�.XODNVÕ]�� ������� In this context, differences may arise between the 

relevant stakeholders (marble operators, managers of institutions 

responsible for the area, non-governmental organizations, local people, 

academics, etc.) due to their expectations or perspectives towards the 

marble production and repair process. For this reason, it should be 

reconciled to find common solutions, especially among all stakeholders. 

The type and process of landscape repair should be determined according 

to the production type, land use, operating conditions, and environmental, 

social, and economic conditions of marble and stone quarries. Stepped and 

hard marble surfaces resulting from the production activities of marble 

quarries are not suitable for planting and are a major problem. For this 

reason, it is important to use soil preparation, soil improvement, 

appropriate plant species, and planting techniques in biotechnological 

applications in the landscape repair process. 
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The main objective of biotechnical applications for landscape repair 

should be considered as the creation of a sustainable ecosystem in harmony 

with the environment in a way that ensures the integration of " structure-

process-services ", guarantees physical stability and safety, and reduces 

negative environmental impacts. Landscape repair of marble quarries 

focuses on achieving the integration of "structure-process-services” of an 

ecosystem that can promote self-repair and eventually achieve a dynamic 

balance and self-renewal. 

Landscape restoration of marble quarries with biological and technical 

materials is a technical and scientific process. Therefore, it requires a 

multidisciplinary study compulsory (Uzun et al., 2014�� (UDVODQ�	�*�O��

2014). Structural or technical measures in landscape repair: Slope 

breakers, slope breaker discharge channels, gabions, erosion silt, ground 

rock, retaining walls, shotcrete, etc. (Uzun, 2014). The success of planting 

activities in biotechnical applications is directly related to land studies, soil 

preparations, structural arrangements, selection of appropriate plant 

species and application of appropriate planting methods, monitoring, and 

maintenance activities. Principles and recommendations for biotechnical 

applications for landscape repair of degraded and destroyed marble 

quarries; 

x Landscape repair projects should be prepared and implemented by a 
project team consisting of specialized and multidisciplinary 
professionals.  

x The landscape repair process should start with the process of marble 
and stone production activities and should be carried out together. 
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x The landscape repair planning/design process should first prepare 
the holistic environmental (ecological) social and economic 
inventory of the area in detail and the current status of the area should 
be revealed through survey studies.  

x Biotechnical application approaches in the landscape repair 
planning/design process; the shaping of the land suitable for the 
purpose, soil preparation and improvement, determination of the 
plant species suitable for the purpose, identification of pioneer and 
climax plants, production and cultivation techniques of the plants to 
be used, procurement of materials such as seeds, cuttings, bulbs, 
seedlings, etc., sowing and planting methods, measures and forecasts 
for biotechnical practices such as the techniques of using plants 
together with structural materials, mulching, fertilization, 
transportation and storage of plants, afforestation techniques, weed 
control, maintenance and monitoring, labor, implementation costs, 
provision of financial resources, etc. should be determined.  

x Necessary precautions should be taken before and during the marble 
extraction operations in order not to damage the flora, fauna, 
vegetative soil, existing water resources, etc. in the area. In 
particular, the top vegetative soil should be removed and stored in a 
suitable place. This soil should be returned to the area during the 
UHSDLU�SURFHVV��([LVWLQJ�SODQWV�LQ�WKH�DUHD�VKRXOG�EH�UHPRYHG�IURP�
the soil and stored in another area. They should then be replanted in 
the area.   

x During the land and soil preparation process, marble residues of 
different sizes in the area should be prioritized for filling, retaining 
walls, borders, etc.  

x Accumulated plant residues and waste should be used as soil 
improvement material or mulch material.  

x Slopes to be built on marble mirrors should not exceed 45o.  
x Plant species compatible with the natural environment and suitable 

for the purpose should be used in landscape repair. Natural plant 
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species should be preferred. Where necessary, exotic species that can 
adapt to the region can be used. 

x When selecting plant species, preference should be given to plants 
that cover the soil surface, have dense branches and leaf tissue, 
prevent water and soil movement on the surface, have deep and 
strong root structures, are spreading, resistant to cold and heat. 

x One of the main problems in planting is the inability to provide the 
desired quantity and variety of seeds, cuttings, seedlings, or saplings 
of natural woody and herbaceous species. Priority should therefore 
be given to the provision of seeds and cuttings and the production 
and cultivation of natural plant species (trees, shrubs, and 
herbaceous plants). Greenhouses and nurseries should be established 
and made compulsory for the production and cultivation of such 
plants in the area during the marble production process. In addition, 
private nurseries should be encouraged and incentivized for these 
studies. 

x Urban agriculture and agroforestry approaches, which provide 
contact with nature and food, provide social, cultural, psychological 
and economic benefits for urban people (Türker & Akten, 2020; 
Türker, 2021; Türker & Akten, 2022; Gül, 2022;). In this context, 
the use of urban agriculture or agroforestry techniques in the 
planning of marble quarries for advertising purposes can create a 
good opportunity on a public scale.   

x When planting, pioneer plants should be used in the first year, and 
after a few years, climax species should be planted. For example, in 
the first year, a mixture of herbaceous plants (e.g., Dactylis 
glomerata (30%), Bromus inermis (25%), Poa pratensis (15%), 
Onobrychis sativa Lam (15%), Melilotus officinalis (15%)) can be 
sown in rows or hearth sowing to using 70-100 kg of seed per 1 ha, 
and a straw mulch can be applied to the seeded area. 

x Woody and herbaceous species belonging to the legume family, 
which can be particularly useful for biological soil improvement due 
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to the nitrogen fixation of their roots and the suitability of the C/N 
ratio in their fallen leaves, should be preferred. For example, Robinia 
pseudoacacia, Alnus sp., Onobrychis sativa, Vicia sp., Lotus sp., etc. 
(*|UFHOLR÷OX�������� 

x When planting, trees and shrubs should not be used as single species 
or long rows of one species, but in small groups of the same species 
and composition with other plants (deciduous and evergreen plant 
mixtures).  

x When planting rootless cuttings (e.g., Alnus sp., Populus sp., Salix 
sp., Vitis sp., etc.), they can be planted in the ground by making large 
cracks or pits in marble surfaces or mirrors. In addition, rootless 
cuttings can also be used to create terraces on all types of 
embankments and excavations. For this purpose, rootless cuttings 
are placed in bundles in pits at least 15-20 cm deep so that half or 
1/3 of them remain in the soil (Wells, 1994). 

x As a general rule, planting will vary according to the weather 
conditions in the area. In general, the best time for planting is before 
the wettest season (Uzun, 2014). For example, for the Lake Region 
(Isparta, Burdur, Afyon, Konya, Antalya region and its 
surroundings), it should be carried out in 2 different periods, in 
spring (March and April) and autumn (September and October). 

x (FRORJLFDO�VROXWLRQV�VKRXOG�EH�found for sheltering and feeding wild 
animals in the area. For example, holes of different sizes (hole 
diameter between 4 cm and 1.5 m) can be drilled in marble mirrors 
for bird nests depending on the species (2÷XUOX et al., 2014).  Or the 
plant species that provide food sources and shelter for wildlife.   

x As a result of the planting done in biotechnical applications on the 
land, maintenance, and repair works (fertilization, mulching, 
irrigation, pruning, thinning and completion, pest control, etc.) 
works should be monitored between 1-5 years.  

x During and after the landscape repair process, the area should be safe 
for people and wildlife. For the first 5 years, the area should be 
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completely enclosed with a wire fence to prevent human and animal 
access. It can be opened for controlled use for between 5-10 years. 
After 10 years or when the ecosystem has the potential to regenerate 
itself, the area can be fully opened for use. Warning and information 
boards should be placed in the area. 
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1. Introduction 

New urbanism (NU) is a planning and design movement that aims to 

encourage environmentally friendly habits, promoting environmental and 

economic sustainability and creating more livable cities through physical 

planning. The emergence of the movement is directly related to a reaction 

to prevailing forms of urbanism, especially in the United States �àXFND��

2018). Instead of automobile-dependent suburbs, the movement emerged 

with a number of aspirations such as re-evaluating declined urban areas 

within the city, catalysing human interactions and encouraging walking 

and community life by building narrower roadways, hiding garages and 

garbage cans in alleys, and improving pedestrian links between residential 

districts and business areas (Fulton, 1996). In urban planning and design, 

it has always been important to increase the efficiency of the variables such 

as accessibility, walkability, aesthetics, size, presence of green areas and 

proximity to food and beverages of areas that form an important part of the 

urban structure such as city squares (Dinç & Gül, 2022). Typical suburban 

plannings have led to these features to become the amenities for the few. 

NU was considered as an alternative to typical suburban planning in the 

United States (Day, 2003).The concept of new urbanism arose as a means 

of endorsing residential projects that feature a combination of multiple 

uses whether residential, business, cultural, institutional, or recreational 

(mixed-use) and are situated in close proximity to both amenities and 

public transportation. These projects are designed to be compact and 

pedestrian-friendly, with the goal of increasing opportunities for social 

interaction and promoting a sense of community and social control. 
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Additionally, the emphasis on surveillance and encouraging walking is 

intended to reduce crime rates (Cozens 2008). The NU movement gained 

popularity in the early 1990s (Gonzalez & Lejano, 2009) and was 

implemented in many areas, mainly in the USA and Canada. Although 

there have been criticisms that new urbanism practices are not successfully 

meet the initial goals, the movement continues to exist and tries to adjust 

the to the conditions of a rapidly changing era through the Congress of 

New Urbanism which is an organization that was founded in 1993 to 

promote the principles of new urbanism and to facilitate communication 

and cooperation between individuals and organizations involved in the 

movement (Marcuse, 2000). It provides a discussion platform and debate 

on new urbanism, and it also organizes conferences, workshops, and other 

events to promote the movement (Fulton, 1996). 

This chapter presents the emergence, development and general framework 

of the new urbanism movement together with its history, reviews the 

criticisms of new urbanism and examines the principles of this movement 

through the Charter of New Urbanism developed by CNU. This chapter 

provides a summary of the historical development of urban planning 

movements in Turkey and evaluates the current planning and design 

movements based on their adherence to the principles of New Urbanism. 

For this purpose, the text of the Regional Plan for Istanbul for the years 

2014-2023, the most populous city in Turkey, is taken into consideration. 

Finally, in the light of comparisons and general evaluations on the two 

texts, the contributions that the new urbanism movement may offer to 

today's cities is revealed. 
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2. Material and Method 

Initially, a comprehensive review of relevant literature was undertaken to 

establish a strong basic understanding of New Urbanist principles. The 

review focused on academic articles and online resources related to New 

Urbanism, as well as the Charter of New Urbanism itself. The Charter of 

New Urbanism is a text that was reaffirmed by The Congress for the New 

8UEDQLVP��&18��KHOG�LQ�6RXWK�&DUROLQD�LQ�0D\�������9LOOLHUV�������. 

For the comparison, the principles indicated in the Charter of New 

Urbanism and the urban planning policies and strategies outlined in the 

Istanbul Regional Plan 2014-2023 �ø53� published by the Istanbul 

Development Agency were examined. 

1H[W��D�WH[W�DQDO\VLV�RQ�9R\DQW�7RROV��YR\DQW-tools.org) was conducted 

on the Charter of New Urbanism to extract the most frequent keywords 

related to NU��9R\DQW�LV�D�ZHE-based text analysis tool that allows users 

to visualize and explore textual data (Sampsel, 2018). Fourteen keywords 

were identified based on their frequency and relevance to the principles of 

NU. 

6XEVHTXHQWO\��D� WH[W�DQDO\VLV�XVLQJ�9R\DQW�7RROV�ZDV�FRQGXFWHG�RQ�WKH�

ø53 to extract the most frequent words from the document. The Istanbul 

Regional Plan is a comprehensive urban planning document that outlines 

the city's development policies and strategies for the next decade. The 

analysis revealed the most frequent words used in the report. 

Finally, the most frequent words from the Charter of New Urbanism and 

the frequencies of the same words in The Istanbul Regional Plan were 
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compared to identify commonalities and differences between the two 

documents.  

There is an order of magnitude in lexical variety between Charter and the 

regional plan. Charter consists of 1188 words while The Istanbul Regional 

Plan consists of 39475 words. In order to have a proportional comparison, 

the word values are calculated by multiplying the frequency values with 

the vocabulary density value WKDW�LV�SURYLGHG�E\�WKH�9R\DQW�7RRO. These 

values are presented in a table and a graphic. The ranking of NU keywords 

in the Charter and the ranking of the same keywords in the øRP are 

compared in value according to the table. The analysis also focuses on the 

extent to which the principles of NU are reflected in the urban planning 

policies and strategies of Istanbul, and the potential for incorporating NU 

principles into the city's development plans. 

3. The History and Emergence of New Urbanism 

The new urbanism movement, which emerged towards the end of the 

twentieth century, emerged as a response to dissatisfaction with existing 

urban planning approaches. It aimed to create livable urban environments 

based on the criticisms that the spread of suburbs, especially in American 

cities, increased automobile dependency and that traditional urban 

planning approaches caused environmental concerns and deepened social 

inequalities. Hence, examining the historical context and roots of the new 

urbanism movement is important for understanding the movement. 

3.1. Predecessors of New Urbanism 

Before the emergence of the new urbanism movement, there were 

movements that aimed to design livable environments and can be 
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characterized as precursors of the new urbanism movement. The first of 

these is Ebenezer Howard and the Garden City movement. 

The Garden City movement, conceived by British urban planner Ebenezer 

Howard in the late 19th and early 20th centuries, aimed to create self-

sufficient communities that harmoniously combined the best aspects of 

urban and rural living. Designed with a concentric pattern, Garden Cities 

featured public parks and green spaces at their core, promoting a healthier 

lifestyle for inhabitants. One of the primary objectives of this movement 

was to alleviate overcrowding and depopulate London by establishing 

satellite towns with utopian social characteristics (Fishman, 1998). Garden 

Cities emphasized a cooperative governance structure, balancing the need 

for democratic decision-making with the efficient management of 

resources. However, this approach occasionally led to dilemmas 

concerning the balance of power between local authorities and residents 

(March, 2004).  Agriculture and gardening played an essential role in the 

Garden City concept, ensuring local food production and fostering a 

connection to nature. Overall, the Garden City movement sought to create 

sustainable, well-planned communities that provided a high quality of life 

for their residents. 

As a prominent activist, Jane Jacobs' critique of modernist urban planning 

has also been highly influential in shaping contemporary planning 

practices, including the New Urbanism movement, as it also aims to create 

more sustainable, human-centered urban environments. In her 1961 book, 

“The Death and Life of Great American Cities”, Jacobs argued that the 

top-down, rationalist approach of modernist planning, with its emphasis 
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on functional segregation and large-scale development, led to sterile, 

lifeless urban environments that lacked the vibrancy and diversity of 

traditional neighborhoods (Jacobs, 2011). In her book, she also criticized 

the reliance on cars and car-oriented design. She emphasized mixed-use, 

walkability, and human-scale design to preserve urban vitality (Basmajian, 

2014). Although critics have argued that Jacobs' approaches have 

sometimes been criticized for being overly idealized and limited to the 

neighborhood scale or do not adequately address social and economic 

inequalities (Tavolari, 2019), her focus on vibrant and diverse urban 

environments continues to influence urban planning and design practices. 

Christopher Alexander's "A Pattern Language" published in 1977 was 

another influential idea that had a profound impact on the evolution of the 

New Urbanism movement (Duany et al. 2000). 

In his book, Alexander analyzed the recurring patterns in urban space 

together with event patterns and the culture created by this combination as 

a component of the city (Gabriel & Quillien, 2019). Pattern language 

approach emphasized the importance of a human-centered approach, 

focusing on the human scale, walkability, mixed use and social interaction 

�,ZDĔF]DN�	�/HZLFND��������,Q�KLV�ERRN��$OH[DQGHU�DGYRFDWHG�WKH�LGHD�RI�

designing urban environments as spaces that can evolve and adapt over 

time, responding to changing needs and conditions (Alexander, 1977). 

Even though it is not a urban planning movement itself, Rachel Carson's 

1962 book "Silent Spring" spawned a grassroots environmental awareness 

and increased public understanding of environmental issues caused by 

human activity. International actions as the Brundtland Report (1987), the 
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Club of Rome's "Limits to Growth" report (Meadows et al., 1972), 

Stockholm Conference, also known as the United Nations Conference on 

the Environment and the United Nations Conference on Environment and 

Development (1992) are examples of how growing environmental 

awareness forced governments to take action. It can be stated that these 

developments played a role in the emergence of new urbanism indirectly. 

3.2. Early Developments and Milestones in New Urbanism 

The term "New Urbanism", which was first used in the mid-1980s, gained 

an organizational structure with the establishment of the Congress on New 

Urbanism in 1993 as a non-profit organization based in Chicago. the 

Congress for New Urbanism (CNU) has become an influential force within 

the movement. Key figures in the NU movement such as Andres Duany, 

Elizabeth Plater-Zyberk and Peter Calthorpe have also helped shape its 

development. There have also been influential projects and developments 

such as Seaside, Florida and Kentlands, Maryland that have helped to 

spread the principles of NU. 

Over the years, the Congress for the New Urbanism (CNU) has worked 

with many organizations, both nationally and internationally, to promote 

the principles of NU and to foster more sustainable and livable 

communities. Some of these organizations are; American Planning 

Association (APA), U.S. Green Building Council (USGBC), Urban Land 

Institute (ULI), Smart Growth America (SGA), Institute of Transportation 

Engineers (ITE), Project for Public Spaces (PPS). CNU has also worked 

with numerous local and regional planning agencies, non-profit 
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organizations and community groups to support the implementation of 

New Urbanist principles and projects at the grassroots level. 

3.3.  Principles of New Urbanism 

New urbanism emphasizes walkability, connectivity, mixed use and 

diversity, mixed housing, quality architecture and urban design, traditional 

neighborhood structure, increased density, smart transportation, 

sustainability and quality of life (Heydari & Shojaeivand, 2017). The 

congress of New Urbanism, which still continues its activities today, has 

developed guiding principles for the planning and design of cities based 

on the notion that physical spaces have an impact on human welfare and 

happiness. These principles are addressed at three levels of scale (CNU, 

n.d.). 

The principles at the regional scale emphasize the importance of the 

natural boundaries of the metropolitan area in relation to its agricultural 

hinterland and natural landscape. The principles proposed for this scale are 

to reuse existing urban areas rather than expanding outwards to the 

periphery, to avoid blurring boundaries, and to integrate new development 

into the existing pattern. It also recommends respecting the historic fabric 

and encouraging mixed uses to support a regional economy that benefits 

all income levels. Finally, it calls for a cooperative sharing of resources 

between municipalities within the region. 

Neighborhood-scale principles emphasize the creation of identifiable, 

compact, pedestrian-friendly and mixed-use areas that promote social 

responsibility. Civic, institutional and commercial activities should be 

integrated into neighborhoods and access to school, work and other daily 
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activities should be provided on foot or by bicycle. It advocates the 

interconnection of different areas through neighborhood parks and a 

diversity of housing types and prices to encourage social interaction. 

The principles for block, street and building scale emphasize the 

importance of physically defining streets and public spaces for common 

use. Architectural projects are recommended to be integrated with their 

surroundings, accessible, safe and secure. Streets and squares should 

prioritize the safety and comfort of pedestrians, while automobiles should 

respect public space. Designs should encourage social interaction, foster a 

sense of community and democratic culture, and preserve historic 

buildings wherever possible. 

3.4.  New Urbanism Examples 

Considered the first example of new urbanism, (Hamer, 2000) Seaside, 

Florida is a small town along the gulf coast. Robert Davis enlisted the help 

of new urbanism architects Andres Duany and Elizabeth Plater-Zyberk to 

create a gated community of traditional-style homes on the land he owned. 

The architects developed a plan in which all roads lead to the center on a 

radial plan. In the center of the town there are shops, restaurants, cultural 

and educational institutions, and a central green space and wide beach 

access, which becomes the main attraction for tourists during the peak 

season (CNUb, n.d). In designing the residences, Duany and Plater-Zyberk 

XVHG�D�YDULHW\�RI�DUFKLWHFWXUDO�VW\OHV��LQFOXGLQJ�9LFWRULDQ��1HRFODVVLFDO�DQG�

Postmodern, to give each street its own unique character. The houses have 

very little front yard space and walkways between backyards to encourage 

interaction between neighbors (CNUb, n.d). Preserving the natural 
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landscape is an important aspect of the Seaside design. The preservation 

of the sand dunes on the beachfront as an ecological barrier makes it a 

pioneering example of environmentally sensitive construction practices. 

Another example of New Urbanism is a settlement in Florida near Walt 

Disney World. Led by Disney CEO Michael Eisner and planned by 

Cooper, Robertson & Partners and Robert A.M. Stern, the town was 

designed using New Urbanism principles. Accordingly, the town includes 

extensive parks and green spaces. It is made up of eight villages, each 

specially planned. Celebration is a walkable community with unique 

architectural styles, diverse amenities offers a broad spectrum of 

educational and employment options. For its focus on traditional urban 

planning principles, the Urban Land Institute named Celebration as the 

"New Community of the Year" in 2001 (CNUc, n.d.). 

Built in 1987, Kentlands, Maryland is widely regarded as one of the 

earliest examples of a New Urbanist development in the United States 

(Zurborg, 2023). It was designed by Andres Duany and Elizabeth Plater-

Zyberk. The town was designed to have walkable, mixed-use 

neighborhoods, closely built housing units and a variety of historic 

architectural styles. Each neighborhood is designed to have its own unique 

character. Kentlands has a variety of housing types, ranging from single-

family homes to apartment buildings. Each neighborhood has these 

different housing types together. Green spaces, lakes and wetlands are 

scattered throughout the neighborhoods (Tu, 1999). 

3.5. New Urbanism Critics 
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New urbanism gained rapid recognition and implementation in the 1990s 

with projects implemented in many states throughout the USA (Garde, 

2004). However, the movement has faced criticism over time regarding its 

ability to achieve its goals. For instance, although reducing car dependency 

is the primary objective, some argue that new urbanism projects do not 

have a positive impact in this regard because they are located in the urban 

periphery. Critics argue that new urbanist communities are generally 

composed of middle and upper classes which goes against the principle of 

diversity, a key principle of New Urbanism. This can lead to negative 

consequences such as gentrification, displacement of low-income 

residents and social segregation, undermining the egalitarian structure of 

these communities (Smith, 2002). 

Although New Urbanism suggests that neighborhood-scale design can 

encourage a habit of walking, Rodriguez et al. (2006) found that residents 

of new urbanist neighborhoods did not show a significant change in 

physical activity rates compared to residents of traditional communities. 

According to Dewolf (2002), New Urbanist settlements with their brick 

houses and white fences, create an artificial atmosphere that resembles a 

television set more than a real neighborhood. This appearance is thought 

to prevent the development of a sense of place and community that New 

Urbanism aims to foster. However, this is not the only criticism of the 

traditional design principles of New Urbanism. The architectural codes 

followed to create a town were seen as prescriptive and inflexible 

particularly in the early period. 
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In his study, Trudeau (2013) makes the case that while modern urbanism 

aids social and environmental sustainability in some limited ways, some 

types of its development unintentionally work against social and 

environmental sustainability aims. 

New Urbanism has evolved over time in accordance with the changing 

social, economic, and environmental conditions. Feedback from 

implemented projects and criticism from various stakeholders have also 

contributed to its evolution. Since the movement's inception, there has 

been increasing environmental awareness and growing concerns about 

climate change. As a result, New Urbanism has incorporated sustainable 

design principles such as green building practices, renewable energy, 

water conservation, and rainwater management. In response to criticism 

that New Urbanism creates inequalities, the movement has taken 

initiatives towards social equality. These initiatives include affordable 

housing, mixed-income neighborhoods, and projects targeting 

underserved communities. While traditional and vernacular architecture 

was encouraged in the first period, New Urbanism has gradually embraced 

various architectural styles. In the recent period, the movement has also 

integrated technological developments such as smart city applications. 

Overall, New Urbanism strives to adapt to changing conditions and 

continuously develop by taking into account feedback on negative results. 

3.6. Turkey’s Urban Planning  

The first planned cities in Turkey were built after the proclamation of the 

Republic in 1923. During this period, the government focused on modern 

urban designs to establish a modern and secular state (Erman, 1998). The 
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new capital, Ankara, was designed by German architect Hermann Jansen 

in accordance with modernist urban planning principles. Major cities such 

as Istanbul and Izmir also initiated modernisation efforts, resulting in the 

construction of new public buildings, infrastructure, and transportation 

systems. However, increasing industrialisation following the Second 

World War led to a rapid migration from rural to urban areas (Bal, 2007). 

As the housing and infrastructure works developed to accommodate the 

rapidly increasing urban population were insufficient to meet the incoming 

migration, informal settlements called "Gecekondu" emerged on the 

peripheries of large cities. These squatter settlements created urban 

problems that have continued to persist to the present day and have been 

severe enough to influence the country's policies. Since the 1980s, Turkey 

has adopted neoliberal economic policies and has opened up to the global 

market. As a result, significant investments have been made in real estate, 

tourism, and infrastructure projects, giving rise to the era of big projects. 

Urban development and expansion have been uncontrolled and with little 

regard for sustainable principles. Gated communities, shopping centers, 

and apartment buildings have become common features of Turkish cities 

since the 1980s. Unfortunately, Turkish cities exhibit numerous negative 

characteristics, including high housing prices, inadequate infrastructure 

and transport services, unaesthetic designs, and environmental problems. 

Recently, municipalities have commenced investing in concepts such as 

energy efficiency, green space systems, metro networks, and sustainability 

as they have become recognized and demanded. However, to overcome 
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these problems, holistic urban policies that are effective throughout the 

country are required. 

With a population of more than 16 million people, Istanbul holds the 

distinction of being not only the largest city in Turkey but also the primary 

hub of the country's economic and cultural activity (Birinci, 2023). It is 

also one of the most historically and culturally rich cities in the world with 

a heritage that spans thousands of years. Istanbul's unplanned development 

parallel to the industrialization process has resulted in a significant number 

of unhealthy, decrepit neighborhoods �g]GHPLU� 'XUDN� 	� .�ODKOÕR÷OX��

2017). In order to ensure the sustainable growth and development of 

øVWDQEXO, it is important to have a comprehensive urban development plan 

in place.  

The Istanbul Regional Plan 2014-2013, published by the Istanbul 

Development Agency, is a valuable resource for examining the planning 

approaches used in Istanbul (Akbulut & Çölgeçen, 2023). Encompassing 

a broad spectrum of topics, including land use, transportation, 

environmental conservation, economic progress, social welfare, and 

cultural heritage conservation, this plan lays out policy guidelines that 

serve as a blueprint for the city's growth and development. Designed to 

promote the well-being of its residents, the plan aims to facilitate 

sustainable and efficient urban expansion while ensuring that the city's 

unique identity is preserved for future generations.  

4. Findings and Discussion 

Within this section, a thorough examination of the research results is 

provided, honing in on the similarities and divergences evident in both 
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texts and their probable implications for the forthcoming growth of 

Istanbul. 

4.1. The Charter of the New Urbanism 

The Charter of New Urbanism text is consisting of 1118 words in total. 

7KLV�WH[W�ZDV�XSORDGHG�LQWR�9R\DQW�7RROV and the word cloud created by 

9R\DQW�7RROV�LV�VKRZQ�LQ�)LJXUH����$FFRUGLQJ�WR�WKLV�DQDO\VLV��WKH�PRVW�

frequent words are; urban, public, neighborhood, development and 

districts (Figure 2). 

 
Figure1. Word Cloud of the Charter of the NU. 

 
Figure 2. Most Frequent words in The Charter of NU. 
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In order to provide a finer representation, essential keywords of new 

urbanism have been selected among the words with highest frequency. As 

a result, 14 words were chosen: “urban”, “public”, “neighborhoods”, 

“development”, “districts”, “community”, “design”, “towns”, 

“metropolis”, “metropolis, “economic”, “building”, “street”, “pedestrian” 

and “environmental”. The frequencies of these words are given in table 1.  

�����7KH�øVWDQEXO�5HJLRQDO�3ODQ�����-���� 

The øVWDQEXO�5HJLRQDO�3ODQ�����-2023 is a text consisting of 39,475 words 

in total. 7KLV� WH[W�ZDV�XSORDGHG� LQWR�9R\DQW�7RROV� DQG� WKH�ZRUG� FORud 

FUHDWHG�E\�9R\DQW�7RROV�is shown in Figure 3. The most frequent words in 

øVWDQEXO�5HJLRQDO�3ODQ�DUH�� østanbul, objective, development, urban and 

social (Figure 4). 

 
Figure 3. The word cloud of the Istanbul Region Plan 2014-2023. 
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Figure 4. Most Frequent Words LQ�WKH�øVWDQEXO�5HJLRQDO�3ODQ� 

4.3. Comparison  

Table 1 presents the frequency and word values of selected keywords from 

the Charter of NU and the same words in WKH�øVWDQEXO�5HJLRQDO�3ODQ������-

2023), allowing for a comparison of their discursive content. 

Table 1. Comparative frequencies of key words. 
 

Charter of NU øVWDQEXO�5HJLRQDO�SODQ������-����� 
Keywords Word 

frequency 
Vocabulary 

density 
Word 
Value 

Word 
frequency 

Word 
Value 

Word 
Value 

Urban 12 0,432 5,18 286 0,096 27,46 

Public 11 0,432 4,75 125 0,096 ����� 
Neighborhoods 10 0,432 4,32 0 0,096 ���� 
Development 10 0,432 4,32 320 0,096 ����� 

Districts 9 0,432 3,89 0 0,096 ���� 
Community 9 0,432 3,89 23 0,096 2,21 
Design 8 0,432 3,46 41 0,096 3,94 

Towns 7 0,432 ���� 0 0,096 ���� 
Metropolis 7 0,432 ���� 0 0,096 ���� 
Economic 7 0,432 ���� 148 0,096 14,21 

Building 6 0,432 2,59 27 0,096 2,59 
Street 5 0,432 2,16 0 0,096 ���� 
Pedestrian 5 0,432 2,16 17 0,096 1,63 

Environmental 4 0,432 1,73 37 0,096 3,55 
Average Word Value 3,52 Average Word Value 7,29 

According to this comparison, both texts are focusing on the epithet 

“urban” which is an expected outcome regarding these texts are about 
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urban planning and design. There are five words in the CNU text that are 

not mentioned in the øVWDQEXO� 5HJLRQDO� 3ODQ� �2014-2023) which are; 

Neighborhoods, Districts, Towns, Metropolis and Street. Their absence in 

the ø53�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�WKHUH�LV�D�ODFN�RI�FRQVLGHUDWLRQ�EXW 

it indicates that the plan may focuses more broadly on larger-scale urban 

development, infrastructure, or policy, rather than on the specifics of how 

neighborhoods, districts, towns, streets, or other urban design elements are 

planned and implemented. 

The Charter of New Urbanism prioritizes walkability, mixed-use 

development, sustainability, and community building. It recognizes the 

importance of human-scale neighborhoods and streets, which are the not 

even mentioned once in the Istanbul Regional Plan. 

The highly valued words "community," and "design" in the charter suggest 

a focus on creating livable, sustainable, and equitable urban environments 

that prioritize community building and public space. Interestingly, the 

word "environmental" has a value of 1.73 in the CNU text, which is lower 

than the average word value of 3.36 for all words in the text.. It may 

indicate that although environmental sustainability is one of the important 

goals of new urbanism, it may not be its main focus. The emphasis of the 

new urbanism movement may be on developing walkable, mixed-use and 

transit-oriented communities that are socially, economically and culturally 

dynamic, walkable, mixed-use and transit-oriented, that are economically 

sustainable and livable. 

Upon analyzing the Istanbul Regional Plan 2014-2023 and the Charter of 

New Urbanism, it becomes evident that there are noteworthy differences 
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in their approaches to urban planning and development. Notably, the 

Istanbul Regional Plan places greater emphasis on economic concepts than 

the Charter of New Urbanism does (Figure 5). 

 
Figure 5. 7KH�JUDSKLF�RI�WKH�&RPSDULVRQ�RI�WKH�&KDUWHU�RI�18�DQG�ø53� 

Despite these differences, the analysis also revealed some similarities 

between the two documents, particularly in their focus on public spaces. It 

indicates that both plans aim to prioritize the well-being and prosperity of 

city dwellers. 

5. Conclusion and Suggestions 

The emergence of the New Urbanism movement is related to the problems 

associated with American cities, which have been characterized by urban 

sprawl, automobile dependence, and social isolation. In the late 1990s, the 

New Urbanism movement gained traction, and applications were made in 

various parts of the USA. The movement established guiding principles 

and a general framework for implementing its ideas. These principles 

emphasized the importance of walkability, mixed-use development, 

human scale design, and sustainable practices. The central aim was to 

cultivate lively, inclusive, and ecologically sound urban environments that 

would facilitate social engagement and nurture a strong sense of 
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community. However, over time, it is understood that the new urbanism 

movement has some shortcomings in terms of creating more livable cities 

in terms of its initial objectives. Despite aiming to reduce automobile use, 

many New Urbanism developments ended up promoting suburban 

development and automobile dependence. Many of these communities 

lacked the amenities and services that were promised, and some became 

privileged areas where those with greater financial means lived, leading to 

gentrification and displacement of lower-income residents. Strengthening 

social ties by putting the human scale at the center of urban development 

is an important step forward. However, although it has an environmental 

sensitivity, it has not sufficiently incorporated ecological principles. To be 

successful, physical planning must also address the economic, social, and 

other inequalities that contribute to urban problems. 

As a result of today's multifaceted changes, solutions are sought in the 

context of eliminating or reducing the existing problems and negativities 

that should be approached with a new vision for the future of today's cities. 

Today, a process has evolved from "Information Society" to "Super Smart 

Society" and there is a rapid transition to the production of living and self-

renewing smart cities and spaces. In this context, the importance of the 

urban planning and design process, which is suitable for new lifestyles, 

facilitates life, targets spatial quality and urban identity, protects spatial 

values, and is equipped with ecological and smart technologies, increases 

HYHQ�PRUH��*�O�	�%RVWDQ�������$\GHPLU��*�O�	�$NÕQ�������� 

Despite its declining popularity, New Urbanism can still offer a fresh 

approach to city planning and design. The movement has learned from its 
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mistakes and has updated its tenets to take into account the lessons learned 

from the problems encountered and the ecological and social sensitivities 

that have grown in recent years in urbanism.  

The new urbanism approach can be particularly effective in restoring 

livability to areas within the city that have lost their quality. It can also 

help create dynamic, diverse and sustainable urban communities. But this 

has required a renewed approach; one that addresses the issues of 

ecological problems, equity, affordability and sustainability. It also 

required greater focus on promoting walkability, mixed-use development 

and human scale design. 

The issues addressed in the development of Istanbul Regional Plan seem 

to focus on a more general sustainable development than the new urbanism 

movement, especially in terms of scale, and do not seem to take into 

account principles that would increase the connection between people and 

space, such as people and street scale, neighborhoods and social networks.  

It is worth noting that the Istanbul Regional Plan may benefit from 

incorporating some of the principles of NU to create more livable 

communities and sustainable development in the city.  

Instead of focusing on devising new business districts and the development 

of high market neighborhoods along the fast-JURZLQJ�QHWZRUN��øVWDQEXO¶V�

authorities might want to focus on reviving older neighborhoods and 

promoting inter-neighborhood connections where it is missing. At the 

same, the municipality should be wary of fostering gentrification by 

creating the type of arrangements based on beautifications and improved 

services that would only raise the level of rents and in effect, segregate. 
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1. Introduction 

As cities continue to expand a trend in unplanned and densely constructed 

DUHDV��SHRSOH�OLYLQJ�LQ�XUEDQ�DUHDV�LQFUHDVLQJO\�QHHG�DFFHVV�WR�QDWXUH�GXH�

to the decreasing green areas. Singh (2017) stated that population growth, 

IRVVLO�IXHO�FRQVXPSWLRQ��RYHUFRQVXPSWLRQ�RI�QDWXUDO�UHVRXUFHV��DQG�ZDVWH�

SURGXFWLRQ� KDYH� FDXVHG� VLJQLILFDQW� LPSDFWV� RQ� WKH� HQYLURQPHQW��

(QYLURQPHQWDO�SUREOHPV�KDYH�HPHUJHG�GXH�WR�KXPDQ�DFWLYLW\
V�QHJDWLYH�

LPSDFWV�RQ�QDWXUH��XOWLPDWHO\�QHJDWLYHO\�LQIOXHQFLQJ�SHRSOH
V�OLYHV��dDNÕU�

& 6DQFDU���������,W�LV�FRPPRQO\�NQRZQ�WKDW�DQ�HQYLURQPHQW�VLJQLILFDQWOy 

LPSDFWV�WKHLU�SK\VLFDO��FRJQLWLYH��DQG�PHQWDO�KHDOWK���(U�HW�DO����������$V�D�

UHVXOW��LW�LV�WR�FRQVLGHU�WKH�LQWHUSOD\�EHWZHHQ�KXPDQV�DQG�WKH�HQYLURQPHQW�

in urban planning strategies.   

8UEDQ�GHVLJQV� WKDW� VDWLVI\� WKH� LQWHUSOD\�EHWZHHQ�KXPDQV�DQG�QDWXUH�DUe 

FUXFLDO� LQ� HQVXULQJ� LQGLYLGXDOV
� KHDOWK\� OLYHV� DQG� WKH� VXVWDLQDELOLW\� RI�

QDWXUH�� 6XVWDLQDELOLW\� LQWHJUDWHV� GHYHORSPHQW�� HQYLURQPHQW�� DQG� QDWXUDO�

UHVRXUFHV� WR� DFKLHYH� WDUJHWHG� VRFLR-HFRQRPLF� OHYHOV�� WKHUHE\� LPSURYLQJ�

WKH� TXDOLW\� RI� OLIH� �7X÷OXHU�& dDNÕU�� �������(QYLURQPHQWDO� SV\FKRORJ\�

WKHRULHV��ZKLFK� FRQFHQWUDWH� RQ� WKH� LQWHUSOD\� EHWZHHQ� KXPDQV� DQG� WKHLU�

surroundings, guide urban and landscape designs. Eco-therapeutic spaces 

DUH�HVVHQWLDO�WR�FRQQHFW�KXPDQV�DQG�QDWXUH��SDUWLFXODUO\�LQ�LQGXVWULDOL]HG�

cities ZKHUH�FRQVWUXFWLRQ�LV�UDPSDQW� 

7KH�SULPDU\� JRDO� RI� WKLV� VWXG\� LV� WR� HOXFLGDWH� WKH� LPSRUWDQFH� RI�8UEDQ�

$JULFXOWXUH��8$��FRQFHUQLQJ�(FRWKHUDS\��(7��IRU�PDLQWDLQLQJ�D�KHDOWK\�

SV\FKRORJLFDO� VWUXFWXUH� IRU� LQGLYLGXDOV� DQG� D� VXVWDLQDEOH� HQYLURQPHQW��

0RUHRYHU��WKH VWXG\�RIIHUV�VXJJHVWLRQV�IRU�WKH�ZLGHVSUHDG�LPSOHPHQWDWLRQ�
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RI�8$�SUDFWLFHV� LQ� FLWLHV��&RQVHTXHQWO\�� WKH� VWXG\� DLPV� WR� HYDOXDWH� WKH�

FRQFHSWV�RI�(7�DQG�8$�DQG�H[SODLQ�WKHLU�LQWHUDFWLRQ� 

2. Material and Method 

,Q�WKLV�VWXG\��WKH�LPSRUWDQFH�RI�XUEDQ�agriculture practices in the context 

RI� (7� KDV� EHHQ� HPSKDVL]HG�� 7KH� FRQFHSWV� RI� (7� DQG� 8$� KDYH� EHHQ�

SUHVHQWHG�WKURXJK�OLWHUDWXUH�UHYLHZV�FRQGXFWHG�LQ�OLQH�ZLWK�WKH�DLP�RI�WKH�

VWXG\��5HFRPPHQGDWLRQV� KDYH� EHHQ�PDGH� UHJDUGLQJ� KHDOWK\� OLYLQJ� DQG�

sustainable naWXUH�LQ�WKH�FRQWH[W�RI�WKHVH�FRQFHSWV� 

3. Findings  

3.1. Ecotherapy 

,W� LV�NQRZQ�WKDW� WKH�HQYLURQPHQW� LQ�ZKLFK� LQGLYLGXDOV�DUH� LQYROYHG�� WKH�

HQWLWLHV��REMHFWV��GHVLJQV��DQG�DUUDQJHPHQWV�DIIHFW�WKHLU�HPRWLRQV��WKRXJKWV��

DQG� EHKDYLRUV�� 7KLV� HIIHFW� KDV� EHHQ� VWXGLHG� PDLQO\� LQ� UHFHQW� \HDUV� LQ�

HQYLURQPHQWDO� SV\FKRORJ\�� DUFKLWHFWXUH�� ODQGVFDSH� DUFKLWHFWXUH��

SV\FKRORJ\�� DQG� HFRORJ\� OLWHUDWXUH��7KH� FRQFHSW� RI� HFRSV\FKRORJ\� DOVR�

DGGUHVVHV� HFRORJ\� DQG� SV\FKRORJ\� WRJHWKHU�� DUJXLQJ� WKDW� PDQ\�

psychological and physical diVRUGHUV��SDUWLFXODUO\�VWUHVV��DULVH�IURP�KXPDQ�

DOLHQDWLRQ�IURP�QDWXUH��*UHHQZD\��������+DEOHPLWR÷OX���������+LOPDQQ�

������� VWDWHV� WKDW� (FRSV\FKRORJ\� DLPV� WR� UHFRQQHFW� SHRSOH�

SV\FKRORJLFDOO\�ZLWK�QDWXUH��XQGHUVWDQG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�PLQG�

and the eQYLURQPHQW�� DQG� SURWHFW� PHQWDO� KHDOWK� DQG� QDWXUH� WKURXJK�

VXVWDLQDEOH�EHKDYLRU��:HDYHU��������0HWLQ�& *�O���������,W�LV�NQRZQ�WKDW�

WKH�FRQFHSW�RI��(FRWKHUDS\��HPHUJHG��DQG�VWXGLHV�VWDUWHG�LQ�WKLV�ILHOG�E\�

GLVFRYHULQJ�WKH�KHDOLQJ�HIIHFWV�RI�QDWXUH-KXPDQ�LQWHUDFWLRQ�LQ�WKH�UHVHDUFK�

RQ�WKH�HIIHFWV�RI�HQYLURQPHQWDO�FRQGLWLRQV�RQ�KXPDQ�SV\FKRORJ\��+LODU\�
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et al��� ������� 7KH� FRQFHSW� RI� (7� LV� NQRZQ� DV� WKH� DSSOLFDWLRQ� DUHD� RI�

HFRSV\FKRORJ\��(7�LV�RQH�RI�WKH�HFRV\VWHP�VHUYLFHV�RIIHUHG�E\�QDWXUH�DQG�

LV�EDVHG�RQ�HFRSV\FKRORJ\�WKHRULHV��6XPPHUV�& 9LYLDQ���������&OLQHEHOO�

�������VWDWHV�WKDW�WKH�IRXQGDWLRQ�RI�(FRWKHUDS\�practices is based on three 

LQWHUDFWLYH�HFRORJLFDO�F\FOHV��.DUD�& Oruç, 2020). The cycles can be listed 

DV�IROORZV�  

Acceptance: ,QWHUQDO�DFFHSWDQFH�DQG�QRXULVKPHQW�ZLWK�WKH�KHDOLQJ�

SUHVHQFH�RI�QDWXUH�DQG�WKH�XQLYHUVH  

Realization: 5HFRQQHFWLQJ�RQHVHOI�ZLWh nature  

Action: 'RLQJ�VRPHWKLQJ�IRU�QDWXUH� 

(7�FDQ�JHQHUDOO\�EH�GHILQHG�DV�RXWGRRU�DFWLYLWLHV�WKDW�SHRSOH�HQJDJH�LQ�IRU�

WKHLU�SK\VLFDO�DQG�SV\FKRORJLFDO�KHDOWK��:KLOH�SHRSOH�SUDFWLFH�(7�IRU�WKHLU�

physical and psychological health, they also support the pUHVHUYDWLRQ�DQG�

VXVWDLQDELOLW\� RI� QDWXUDO� HQYLURQPHQWV�� (7� LQFOXGHV�ZLOG� WKHUDS\�� JUHHQ�

H[HUFLVH� SURJUDPV�� KRUWLFXOWXUH� WKHUDS\�� DQLPDO-DVVLVWHG� LQWHUYHQWLRQV��

HQYLURQPHQWDO�FRQVHUYDWLRQ��QDWXUH�DQG�DUW��DQG�IDUPLQJ�SUDFWLFHV��5XVVHO��

������/LQGHQ�& *UXW��������3UHW\�HW�DO��������&KDOTXLVW��������+LODU\�HW�

DO��� ������:RUGSUHVV�� ������$N�� ������� (7� FDQ� EH� FRQGXFWHG� LQ�PDQ\�

SODFHV� LQ� XUEDQ� VHWWOHPHQWV�� VXFK� DV� SDUNV�� XQLYHUVLW\� FDPSXVHV�� XUEDQ�

IRUHVWV��DQG�ERWDQLFDO�JDUGHQV��7KHVH�FDQ�EH�XVHG�DV�DUHDV�IRU�(7�purposes. 

7KH�LPSRUWDQFH�RI�(7�KDV�LQFUHDVHG�HYHQ�PRUH�LQ�WRGD\
V�FRQGLWLRQV�ZKHUH�

UDSLG�DQG�LQWHQVH�XUEDQL]DWLRQ�LV�REVHUYHG��&LWLHV�KDYH�ERWK�QDWXUDO�DQG�

DUWLILFLDO� HQYLURQPHQWV� DQG� RIIHU� VRFLDO� DQG� FXOWXUDO� RSSRUWXQLWLHV� IRU�

SHRSOH�� RQ� WKH�RWKHU� KDQG�� WKH\� FUHDWH� XQKHDOWK\� OLYLQJ� FRQGLWLRQV��7KH�

HFRORJLFDO� EDODQFH� LV� GLVUXSWHG� LQ� UDSLGO\� XUEDQL]LQJ� OLYLQJ� DUHDV��



 
 

82 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-3  

QHJDWLYHO\�DIIHFWLQJ�LQGLYLGXDOV
�SK\VLFDO�DQG�SV\FKRORJLFDO�KHDOWK��,Q�WKLV�

FRQWH[W��SHRSOH�QHHG� WR�HQJDJH� LQ�QDWXUH�DFWLYLWLHV��7KLV�QHHG�FRLQcides 

ZLWK� WKH� SXUSRVH� RI� WKH� HPHUJHQFH� RI� HFRWKHUDS\�� ,Q� WKLV� UHJDUG�� 8$�

practices are considered areas where urban people can easily connect with 

nature. 

3.2. Urban agriculture  

8$�KDV�EHFRPH�D�VXVWDLQDEOH�IDUPLQJ�PHWKRG�LQ�XUEDQ�DUHDV��,WV�SXUSRVH�

LV�WR�DGGUHVV�WKH�FKDOOHQJHV�RI�IHHGLQJ�FLW\�GZHOOHUV�ZKLOH�VXSSO\LQJ�IRRG�

SURGXFWV�� 0RXJHRW� ������� GHILQHV� 8$� DV� DQ� LQGXVWU\� WKDW� LQYROYHV�

SURGXFLQJ��GLVWULEXWLQJ��DQG�PDUNHWLQJ�IRRG�Dnd non-IRRG-related products 

XWLOL]LQJ�XUEDQ�DQG�SHUL-XUEDQ�UHVRXUFHV��6PLWK�HW�DO���������FKDUDFWHUL]H�

XUEDQ� DJULFXOWXUH� DV� �PHWURSROLWDQ-LQWHQVLYH� DJULFXOWXUH��� 8$� DLPV� WR�

VXVWDLQDEO\�SURYLGH�IUHVK�IRRG�WR�XUEDQ�GZHOOHUV�E\�XWLOL]LQJ�WKH�QDWXUDO�

DQG� KXPDQ� UHVRXUFHV� RI� WKH� FLW\�� $V� ZHOO� DV� LWV� VRFLR-HFRQRPLF� DQG�

HFRQRPLF� DGYDQWDJHV� �2UVLQL� HW� DO��� ������%U\OG�� ������� DQG� HFRORJLFDO�

EHQHILWV��'RKHUW\���������8$�FDQ�SOD\�D�YLWDO�UROH�LQ�PDLQWDLQLQJ�WKH�FLWLHV
�

ecological and socio-HFRQRPLF�V\VWHPV��)XUWKHUPRUH��8$�SURGXFHV�PRUH�

HQYLURQPHQWDOO\� IULHQGO\� IRRG�� XVLQJ� OHVV�ZDWHU�� HQHUJ\�� DQG� FKHPLFDOV�

WKDQ� FRQYHQWLRQDO� IDUPLQJ�� %RODW� 	� 'HQHUL� ������� highlighted the 

SRWHQWLDO�RI�XUEDQ�DJULFXOWXUH�LQ�HQKDQFLQJ�WKH�LPPXQH�V\VWHP�RI�FLWLHV��

thereby contributing to thH�GHYHORSPHQW�RI�UHVLOLHQW�cities. UA encourages 

ORFDO�IRRG�SURGXFWLRQ��UHGXFHV�IRRG�PLOHV��DQG�FRQWULEXWHV�WR�D�KHDOWKLHU�

OLIHVW\OH�DQG�D�PRUH�HQYLURQPHQWDOO\�IULHQGO\�IRRG�VXSSO\�FKDLQ� 

7KH�SV\FKRORJLFDO�EHQHILWV�RI�8$�DUH�DOVR�VLJQLILFDQW� 
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��8$�SURPRWHV interaction with nature and has anti-stress properties. 

8UEDQ�GZHOOHUV�ZKR�XVH�LW�FDQ�OHVVHQ�VWUHVV�DQG�HQKDQFH�WKHLU�PHQWDO�

health.  

��8$�JLYHV�LQGLYLGXDOV�D�FKDQFH�WR�JHW�ILUVW-KDQG�NQRZOHGJH�RI�

FXOWLYDWLQJ�WKHLU�IRRG��ZKLFK�PD\�ERRVW�VHOI-HVWHHP�DQG�FRQILGHQFH� 

��8$�SURPRWHV�VRFLDO�WLHV� 

��8$�DFWLYLWLHV�FDQ�PRWLYDWH�SHRSOH�IRU�D�KHDOWK\�OLIHVW\OH� 

3.3. Relationship between Urban Agriculture and Ecotherapy 

,Q� RUGHU� WR� DWWDLQ� PHQWDO�� HPRWLRQDO�� DQG� SK\VLFDO� ZHOO-being, it is 

FRPPRQO\� DFFHSWHG� WKDW� WKH� link between UA and ET entails engaging 

ZLWK�QDWXUH��(7�LQFOXGHV�DFWLYLWLHV�OLNH�JRLQJ�RXWVLGH��HQMR\LQJ�QDWXUH��DQG�

VSHQGLQJ�WLPH�ZLWK�VRLO��SODQWV��DQG�DQLPDOV��,W�HPSKDVL]HV�WKH�LPSRUWDQFH�

RI� DOZD\V� EHLQJ� LQ� FRQWDFW�ZLWK� QDWXUH� DQG� DYRLGLQJ� GLVWDQFLQJ� RQHVHOI�

IURP�LW�WR�EHQHILW�KXPDQ�KHDOWK� 

1DWXUDO� DUHDV� DUH� IUHTXHQWO\� IDU� IURP� FLW\� FHQWHUV� RU� HYHQ� RXWVLGH� WKH�

ERXQGDULHV� RI� XUEDQ� UHJLRQV� LQ� KHDYLO\� SRSXODWHG� PHWURSROLWDQ� DUHDV��

3DUWLFLSDWLQJ� LQ� (7� DFWLYLWLHV� LQ� VXFK� SODFHV� FDQ� EH� FKDOOHQJLQJ� IRU�

LQGLYLGXDOV�UHJDUGLQJ�WLPH��WUDQVSRUWDWLRQ��DQG�FRVW��8$�DUHDV�VKRXOG�EH�

FRQVLGHUHG�UHDGLO\�DFFHVVLEOH�SODFHV�IRU�(7�DFWLYLWLHV�LQ�FLWLHV��7KHVH�DUHDV�

FDQ�FRQWULEXWH� WR�ERWK�SHUVRQDO�DQG�HQYLURQPHQWDO�KHDOWK��DOORZLQJ�FLW\�

dwellers to connect easily with nature wLWKRXW�H[FHVVLYH�HIIRUW�LQ�WHUPV�RI�

WLPH��FRVW��RU�WUDQVSRUWDWLRQ� 

7KHUHIRUH�� WKH� UHODWLRQVKLS�EHWZHHQ�8$�DQG�(7� LV� VHHQ�DV�RQH� WKDW�FDQ�

HDVLO\�IDFLOLWDWH�WKH�FRQQHFWLRQ�RI�XUEDQ�LQGLYLGXDOV�ZLWK�WKH�QDWXUDO�ZRUOG�

ZKLOH�DOVR�FRQWULEXWLQJ�WR�WKHLU�PHQWDO��HPRWLRQDO��DQG�SK\VLFDO�ZHOO-being 
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DQG�WKH�VXVWDLQDELOLW\�RI� WKH�HQYLURQPHQW��$GGLWLRQDOO\�� LW� LV�NQRZQ�WKDW�

JUHHQ�DUHDV�LQ�FLWLHV�SRVLWLYHO\�DIIHFW�WKH�KHDOWK�RI�XUEDQ�LQGLYLGXDOV�GXH�WR�

WKH� XUEDQ� FOLPDWH� �gQGHU� & 3RODW�� ������ 0HWLQ� & dD÷ODN�� �������

ConseqXHQWO\��8$�DUHDV�VKRXOG�SURPRWH� WKH�UHODWLRQVKLS�ZLWK�(7�FRXOG�

OHDG�WR�PXOWLIDFHWHG�SRVLWLYH�HIIHFWV�LQ�DOO�DVSHFWV�RI�OLIH� 

4. Conclusion 

8UEDQ�DUHDV�DUH�ZLGHO\�DFNQRZOHGJHG�DV�YLWDO�KDELWDWV�IRU�WKHLU�GHQL]HQV��

DIIRUGLQJ� WKHP� GZHOOLQJ� SODFHV� ZKHUH� WKH\� DOORFDWH�PRVW� RI� WKHLU� WLPH�

�.DUD�& 2UXo���������+RZHYHU��D�SUHVVLQJ�FKDOOHQJH�WKDW�LPSDFWV�WKH�ZHOO-

EHLQJ�RI�XUEDQ�UHVLGHQWV�SHUWDLQV� WR� WKH�DYDLODELOLW\�RI�JUHHQ�VSDFHV� WKDW�

HQDEOH�D�KDUPRQLRXV�LQWHJUDWLRQ�RI�XUEDQ�H[LVWHQFH�ZLWK�WKH�QDWXUDO�ZRUOG��

7R�WKLV�HQG��WKLV�VWXG\�H[DPLQHG�WKH�FRUUHODWLRQ�EHWZHHQ�8$�DQG�(7��8$�

SOD\V�D�VLJQLILFDQW� UROH� LQ� WKH�FLW\
V�QHWZRUN�RI�JUHHQ�DUHDV��(7�DLPV� WR�

UHFRQQHFW� SHRSOH� ZLWK� QDWXUH� DQG� IRVWHU� D� IHHOLQJ� RI� HQYLURQPHQWDO�

UHVSRQVLELOLW\�� FRQVHTXHQWO\� HQFRXUDJLQJ� D� IDYRUDEOH� LPSDFW� RQ� WKHLU�

SV\FKRORJLFDO� DQG� HPRWLRQDO�ZHOO-EHLQJ��8UEDQ� UHVLGHQWV�ZRXOG� EHQHILW�

IURP�D�PRUH�VXVWDLQDEOH�DQG�OLYDEOH�XUEDQ�HQYLURQPHQW�ZLWK�WKH�KHOS�RI�

VXFK�LQWHJUDWLRQ��2YHUDOO��WKLV�VWXG\
V�ILQGLQJV�XQGHUVFRUH�WKH�LPSRUWDQFH�

RI�LQWHJUDWLQJ�8$�DQG�(7�SUDFWLFHV�LQWR�XUEDQ�VSDFHV
�SODQQLQJ�DQG�GHVLJQ��

%RWK� SUDFWLFHV� HQFRXUDJH� D� UHODWLRQVKLS� EHWZHHQ� KXPDQV� DQG� QDWXUH�

regarding the connection between UA and ET. Engaging in UA can 

VXSSRUW� PHQWDO� DQG� HPRWLRQDO� KHDOWK� DV� SDUW� RI� HFRWKHUDS\� WUHDWPHQW��

,QFRUSRUDWLQJ�8$�LQWR�HFRWKHUDS\�FDQ�GHPRQVWUDWH�WKH�SRWHQWLDO�EHQHILWV�

RI� LQWHUDFWLQJ� ZLWK� QDWXUH� RQ� LQGLYLGXDO� DQG� HQYLURQPHQWDO� KHDOWK�� 8$�

hHOSV�H[SDQG�JUHHQ�VSDFHV� LQ�FLWLHV�DQG� LW�FDQ�SURYLGH�D�VWUHVV-reducing 
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HIIHFW� DQG� FRQWULEXWH� WR� D� KHDOWKLHU� PRRG�� &XOWLYDWLQJ� SODQWV� FDQ� FDOP�

LQGLYLGXDOV��SURPRWLQJ�D�VHQVH�RI�SHDFH�DQG�WUDQTXLOLW\��8$�FDQ�DOVR�LQVWLOO�

FRQILGHQFH� DQG� VXFFHVV�� SRWHQWLDOO\� reducing depression by increasing 

LQGLYLGXDOV
�IRFXV��7KRVH�ZKR�XQGHUVWDQG�WKH�EHQHILWV�RI�8$�FDQ�SURGXFH�

KHDOWKLHU��PRUH�DIIRUGDEOH�IRRG�E\�FUHDWLQJ�DGGLWLRQDO�ODQG�DQG�SUHYHQWLQJ�

VRLO� DQG� ZDWHU� SROOXWLRQ� E\� DYRLGLQJ� FKHPLFDO� XVH� GXULQJ� SURGXFWLRQ��

2YHUDOO��WKH�EHQHILWV�RI�8$�DOLJQ�ZLWK�WKH�REMHFWLYHV�RI�HFRWKHUDS\��8$�LV�

FRQVLGHUHG�D�YLDEOH�DQG�HDVLO\�DFFHVVLEOH�PHWKRG�RI�EHQHILWLQJ�IURP�WKH�

WKHUDSHXWLF� HIIHFWV� RI� QDWXUH� LQ� FLWLHV� ZLWKLQ� WKH� VFRSH� RI� HFRWKHUDS\��

7KHUHIRUH�� LW� LV� RI� JUHDW� LPSRUWDQFH� WR� LQWegrate UA areas into urban 

planning and landscape design. 
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1. Introduction 

6SDWLDO� SODQQLQJ� FDQ� EH� FDOOHG� DV� HFRORJLFDO� VSDWLDO� SODQQLQJ�ZKHQ� WKH�

SURFHVV�FDUULHG�RXW�LQ�D�“QDWXUH-EDVHG” PDQQHU��:KHQ�VXFK�DQ�DFWLRQ�LV�

FDUULHG� RXW� EDVHG� RQ� ODQGVFDSH� NQRZOHGJH�� WKHQ� WKH� SURFHVV� LV� FDOOHG�

ODQGVFDSH� SODQQLQJ�� 7KH� ODQGVFDSH� NQRZOHGJH� LQ� TXHVWLRQ� LV� ILUVW� DQG�

IRUHPRVW� QDWXUH-EDVHG�� :LWKLQ� WKH� VFRSH� RI� ODQGVFDSH� NQRZOHGJH�� WKH�

FRQFHSW� RI� QDWXUH-EDVH� FDQ� EH� H[SUHVVHG� ZLWKLQ� WKH� FRQWH[W� RI� WKH�

PHFKDQLVPV�WKDW�IRUP�FKDUDFWHUL]H�D�ODQGVFDSH��7KRVH�PHFKDQLVPV�FDQ�EH�

LGHQWLILHG� E\� ODQGVFDSH� VWUXFWXUH�� IXQFWLRQ�� DQG� FKDQJH��7KH� FRQFHSW� RI�

ODQGVFDSH�LV�DERXW�WKH�ZKROH�WKDW�LWV�FRPSRQHQWV�IRUP�LW�WRJHWKHU��UDWKHU�

WKDQ�WKH�VLQJXODU�H[SUHVVLRQV�RI�WKH�FRPSRQHQWV�WKDW�FRPSRVH�LW��,Q�RWKHU�

ZRUGV�� DQ\� ODQGVFDSH� FRPSRQHQW� FDQ� EH� LQFOXGHG� ZLWKLQ� WKH� VFRSH RI�

ODQGVFDSH�NQRZOHGJH��ZKHQ� LW� LV�H[SODLQHG� LQ� WKH�FRQWH[W�RI� WKH�ZKROH��

7KHQ�� ODQGVFDSH� NQRZOHGJH� FDQ� EH� FRQFHSWXDOL]HG� DV� WKH� VSDWLDO� DQG�

WHPSRUDO� H[SUHVVLRQ� RI� RQJRLQJ� LQWHUDFWLRQV� LQ� D� FHUWDLQ� DUHD�� 6XFK� D�

ODQGVFDSH-EDVHG�VSDWLDO�SODQQLQJ�DSSURDFK�LV FDOOHG�DV�ODQGVFDSH�SODQQLQJ��

DQG�LW�LV�FULWLFDOO\�VLJQLILFDQW�DV�WKH�PRVW�IXQGDPHQWDO�EDVLV�IRU�VHFXULQJ�

WKH�EHQHILW�RI��KHDOWK\�QDWXUDO�HQYLURQPHQW�IRU�DOO��H[SHFWHG�IURP�VSDWLDO�

GHYHORSPHQW�GHFLVLRQV�� 

$FFRUGLQJ� WR� WKH� PRGHUQLVW� VSDWLDO� SODQQLQJ� DSSURDFK�� ZKLFK� LV� VWLOO�

LQIOXHQWLDO� WRGD\�� VSDFH� LV� DQ� REMHFW� WR� EH� VKDSHG� IRU� VRFLDO� SXUSRVHV��

7KHUHIRUH��XUEDQ�VSDFH�KDV�D�YDOXH�RQO\�ZLWKLQ�WKH�VFRSH�RI�D�FHUWDLQ�VRFLDO�

SURMHFW� �,úÕN�� ������� ,W� ZRXOG� QRW� EH�ZURQJ� WR� VD\� WKDW� VXFK� D� KXPDQ-

FHQWHUHG�SODQQLQJ�DSSURDFK�GLG�QRW�SURYLGH�DQ�DQVZHU�WR�WKH�SUREOHPV�LW�

SURPLVHG�WR�VROYH�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�ZRUOGYLHZ�GRPLQDWHG�E\�
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PRGHUQLVP��DQG�HYHQ�DGGHG�PDQ\�PRUH�SUREOHPV�DQG�FDUULHG�WKH�ZRUOG�WR�

WKH� HQYLURQPHQWDO� FULVHV� RI� WRGD\�� ,W� LV� QRW� SRVVLEOH� WR� VD\� WKDW� WKLV�

DSSURDFK�ZKLFK�KDV�EHHQ�VWDUWHG�WR�EH�DEDQGRQHG�VLQFH�WKH�ILUVW�KDOI�RI�WKH�

��WK�FHQWXU\��IRXQG�D�UHVSRQVH�DOO�RYHU�WKH�ZRUOG��)LUVW�DQG�IRUHPRVW��WKH�

ZRUU\LQJ�DVSHFW�RI�PRGHUQLVW�SODQQLQJ�DSSURDFK�IURP�WKH�SHUVSHFWLYH�RI�

HFRORJ\�LV�LWV�WHQGHQF\�WR�VHH�QDWXUH�DQG�LWV�HOHPHQWV�DV��WKH�RWKHU���:KDW�

LV�PRVW�VXUSULVLQJ�LV�WKDW�VXFK�PDUJLQDOL]DWLRQ�VWLOO�JRHV�XQQRWLFHG�E\�WKH�

OHJDOO\� DXWKRUL]HG� LQGLYLGXDOV� DQG� LQVWLWXWLRQV� IRU� VSDWLDO� SODQQLQJ� LQ�

GHYHORSLQJ� RU� XQGHYHORSHG� FRXQWULHV�� 7KH� PRVW� REYLRXV� SURRI RI� WKLV�

H[SODQDWLRQ�LV�WKH�DEVHQFH�RU�LQDGHTXDF\�RI�DFWLRQV�LQ�QDWLRQDO�ODZV�DQG�

UHJXODWLRQV� WR� HQVXUH� WKH� LPSOHPHQWDWLRQ� RI� ODQGVFDSH� SODQQLQJ�� ,W� LV�

SRVVLEOH� WR� VD\� WKDW� WKHUH� LV� DOPRVW�REYLRXV� UHVLVWDQFH� WR� WKH� HFRORJLFDO�

SODQQLQJ� DSSURDFK� �ODQGVFDSH� SODQQLQJ��PHQWLRQHG� LQ� WKLV� VHFWLRQ�� )RU�

H[DPSOH�� ZKLOH� 7�UNL\H� LV� FRQVLGHUHG� DPRQJ� WKH� *��� FRXQWULHV� LQ� WKH�

ZRUOG��ZKLFK�IRFXVHV��LQWHU-DOLD��VXVWDLQDEOH�GHYHORSPHQW��KHDOWK��FOLPDWH�

FKDQJH��*�����������LW�LV�VXUSULVLQJ�WKDW�WKH�ODQGVFDSH�SODQV�LQ�TXHVWLRQ 

KDYH� QRW� \HW� EHHQ� OHJDOO\� LQFOXGHG� LQ� WKH� VSDWLDO� SODQQLQJ� SURFHVV��

(YLGHQFH� DQG� FRQVHTXHQFHV� RI� WKLV� GLVFRXUVH� FDQ� EH� WUDFHG� IURP� WKH�

SUDFWLFHV�RI�XUEDQLVP��DUFKLWHFWXUH�DQG�HYHQ� ODQGVFDSH� DUFKLWHFWXUH� WKDW�

LQWHUIHUH�ZLWK�QDWXUH� 2I�FRXUVH��WKHUH�DUH�VXFFHVVIXO�SUDFWLFHV�RI�ODQGVFDSH�

SODQQLQJ�LQ�WKH�GHYHORSHG�ZRUOG��+RZHYHU��LI�ODQGVFDSH�SODQQLQJ�GRHV�QRW�

ILQG�ZLGHVSUHDG�H[HFXWLRQ�LQ�WKH�ZRUOG��WKH�IUDJPHQWHG�SUDFWLFHV�ZLOO�QRW�

EH�DEOH�WR�SURWHFW�WKH�IUDJLOH�ZRUOG�IURP�JOREDO�HQYLURQPHQWDO�SUREOHPV��

7KHUHIRUH��WKH�PRVW�IXQGDPHQWDO�SUREOHP�LV�WKDW�WKH�HFRORJLFDO�SHUVSHFWLYH�

DQG� WKH� FRQFHSW� RI� ODQGVFDSH�SODQQLQJ�� GHVLJQ� DQG�PDQDJHPHQW��ZKLFK�
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IRUP�WKH�EDVLV�RI�WKH�H[LVWHQFH�RI�WKH�SURIHVVLRQ�RI�ODQGVFDSH�DUFKLWHFWXUH��

KDYH�QRW�IXOO\�WDNHQ�WKHLU�SODFH�LQ�OHJLVODWLRQ�DQG�SUDFWLFH�LQ�PDQ\�SDUWV�RI�

WKH� ZRUOG� DQG� LQ� 7�UNL\H�� GHVSLWH� PDQ\� ZHOO-LQWHQWLRQHG� SDUWLDO� VWHSV��

)URP�WKH�SHUVSHFWLYH�RI�ODQGVFDSH�NQRZOHGJH��WKH�HFRORJLFDO�DSSURDFK�LV�

PDLQO\�EDVHG�RQ�WKH�VFLHQFH�RI�ODQGVFDSH�HFRORJ\��/DQGVFDSH�DUFKLWHFWXUH�

LV� WKH� GLVFLSOLQH� WKDW� KDV� HVWDEOLVKHG� LWV� HFRORJLFDO� NQRZOHGJH� DQG�

FRPSHWHQFLHV� LQ� LWV� HGXFDWLRQDO� VWUXFWXUHV� LQ� WKH� ZRUOG� YLD� ZRUOGZLGH�

SURJUDP� DFFUHGLWDWLRQ� GRFXPHQWV� �,)/$� (XURSH� ������ $6/$� /$$%��

2021��� +RZHYHU�� WRGD\�� VWLOO� LQ� PDQ\� FRXQWULHV� LQFOXGLQJ� 7�UNL\H�� WKH�

ODQGVFDSH�LV�FRQVLGHUHG�DIWHU�WKH�FLW\�KDV�EHHQ�SODQQHG�ZLWK�D�PRGHUQLVW�

DSSURDFK� DQG� LWV� EXLOGLQJ� DUFKLWHFWXUDO� GHYHORSPHQW� KDV� EHHQ� GHFLGHG��

HYHQ�FRQVWUXFWHG��)URP�WKH�HFRORJLFDO�SRLQW�RI�vLHZ�� ODQGVFDSH� LV�QRW�D�

VFLHQWLILF�EDVLV�WR�EH�HYDOXDWHG�LQ�WKH�ODVW�LQVWDQFH��RQ�WKH�FRQWUDU\��LW�LV�D�

SUHOLPLQDU\�DFWLRQ�DUHD�LQ�VSDWLDO�SODQQLQJ�HIIRUWV� 

,Q� WKLV� SDUW� RI� WKH� ERRN�� WKH� UHDVRQV� ZK\� HFRORJLFDO� SODQQLQJ�� PRUH�

FRPSUHKHQVLYHO\�ODQGVFDSH�SODQQLQJ��DUH�WKH�EDVLV�IRU�VSDWLDO�SODQQLQJ�DQG�

WKH LQIRUPDWLRQ� EDVH� LW�ZLOO� SURYLGH� LV� LQWHQGHG� WR� EH� H[SODLQHG�� 7KHQ��

H[SODQDWLRQV� DUH� SURYLGHG� RQ� WKH� GHYHORSPHQW� SURFHVV� RI� ODQGVFDSH�

SODQQLQJ�LQ�WKH�ZRUOG�DQG�LQ�7�UNL\H��,Q�FRQFOXVLRQ��HPSKDVLV�LV�SODFHG�

XSRQ�WKH�QHFHVVLW\�DQG�LPSRUWDQFH�RI�ODQGVFDSH�SODQQLQJ�DV�D�SUHOLPLQDU\�

DFWLRQ�DUHD�LQ�VSDWLDO�SODQQLQJ�SURFHVVHV�� 

2. Landscape and Ecology 

*HUPDQ� JHRJUDSKHU� $OH[DQGHU� YRQ� +XPEROW �����-������ GHILQHG� WKH�

ODQGVFDSH�DV�WKH�WRWDO�FKDUDFWHU�RI�D�UHJLRQ��/DQGVFDSH�HFRORJ\�LV�“D�EUDQFK�

RI�VFLHQFH�WKDW�GHDOV�ZLWK�WKH�FRPSOH[�FDXVH-HIIHFW�UHODWLRQVKLSV�EHWZHHQ�
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WKH�HQYLURQPHQWDO�FRQGLWLRQV�SUHYDLOLQJ�LQ�DQ\�SDUW�RI�WKH�ODQGVFDSH�DQG�

OLYLQJ�FRPPXQLWLHV�DV�D�ZKROH” �2GXP�DQG�%DUUHWW���������,Q�RWKHU�ZRUGV��

ODQGVFDSH� HFRORJ\� LV� WKH� ILHOG� RI� VFLHQWLILF� HQGHDYRU� WKDW� H[DPLQHV� WKH�

VWUXFWXUH��IXQFWLRQ�DQG�FKDQJH�RI�WKH�ODQGVFDSH�ZLWKLQ�WKH�IUDPHZRUN�RI�

DQ�HFRORJLFDO�YLHZ��.Ro�DQG�ùDKLQ�������ùDKLQ� 200�D�E���7KLV�GHILQLWLRQ��

DV� YLVXDOL]HG� LQ� )LJXUH� ��� DOVR� UHYHDOV� WKH� GLIIHUHQFHV� LQ� WKH� IRFXV� DQG�

HYDOXDWLRQV�RI�ODQGVFDSH�DUFKLWHFWV�DQG�RWKHU�GLVFLSOLQHV�LQ�WKHLU�YLHZ�RI�

WKH� VDPH� ODQGVFDSH�� $QG� SUHFLVHO\� LQGLFDWHV� WKDW� WKUHH� IRUPLQJ�

PHFKDQLVPV��VWUXFWXUH��IXQFWLRQ��DQG�FKDQJH��DUH�LQWHUFRQQHFWHG��'LOHN�HW�

DO�������� 

7KH�FRQFHSW�RI�ODQGVFDSH�VKRXOG�EH�XQGHUVWRRG�DV�DQ�LQWHJUDWHG�H[SUHVVLRQ�

RI�WKH�IROORZLQJ�ZRUGV��DGDSWHG�IURP�ùDKLQ���09��ùDKLQ HW�DO�������� 

“1. Dynamism and continuity: The European Landscape Convention 

defines landscape as "an area whose characteristics, as perceived by 

humans, are the result of the interaction and activity of human and/or 

natural factors". However, this perception does not represent a snapshot 

but a dynamic, constantly evolving and changing space.  

2. Perception and reality: The landscape as perceived by people is shaped 

by natural and cultural processes. The rhythm of the landscape (Thayer, 

1994) emerges from the continuum of processes that make up the perceived 

landscape (landscape structure) (Figure 2). The structure of an ecosystem 

(or landscape) is the physical expression of its organizational pattern. 

Process, on the other hand, includes all activities within the scope of the 

organization pattern (Capra, 1996). 
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Figure 1. 7KH�PHDQLQJ�RI�ODQGVFDSH�IRU�WKH�ODQGVFDSH�DUFKLWHFWV�DQG�WKH�

RWKHU�GLVFLSOLQHV� 
 

 
Figure 2. +DUPRQ\�RI�WKH�ODQGVFDSH�� 

Thayer (1994) defines the perceived landscape as “surface values” and 

the processes on which this landscape depends as “core value”. When 

these two are in harmony, the system is in balance. 



 
 

95 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-4  

3. Change: Landscapes are changing constantly. The environmental 

conditions that exist today are the result of events from the past. It is 

important to realize that landscape change can take place over a long 

period of time, which cannot be expressed in the lifetime of a human being, 

and that there are conditions in which this change can occur immediately.  

4. Scale and hierarchy: Landscape hierarchically covers local, regional, 

national and global scales. This hierarchy is significant in terms of 

landscape characters and its dynamics. For example, while a species tends 

to decline in a local scale study, the opposite may be the case in a higher 

scale assessment covering the same area. Or, while resources are 

recorded as being in good condition at the local scale in terms of water 

reserves, when evaluated at a higher scale within the scope of the 

mechanisms that make up that landscape, it may be understood that the 

supply of the same water resources is at risk.  

5. Interaction: The interaction between landscape components determines 

the mechanisms that shape that landscape. For example, two areas with 

the same degree of soil erosion in existing national data records may have 

very different values and importance due to the interaction among their 

landscape components and processes such as vegetation quality, biomass 

process, hydrogeological landscape structure, slope-related water 

movements (natural drainage pattern), etc.  

6. Authenticity: Each landscape is different from each other in terms of its 

constituent elements and processes. Although there are spatial repetitions 

of different landscape types (valleys, waterfalls, wetlands, etc.) in an area, 
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the landscape that emerges as a result of the interaction of its elements is 

unique to its location.  

7. Boundaries and multilayeredness: At each stage of the spatial 

hierarchy, the landscape has different spatial boundaries in terms of 

structure, function and change characteristics, and thus has a multi-

layered structure. For example, while the watershed boundary should be 

considered in defining the landscape within the scope of water process, it 

may be necessary to work in different spatial boundaries in analyzing 

habitat value, biomass process, biodiversity, visual quality, cultural 

landscape value, etc.”  

3. Ecological 3ODQQLQJ�DQG�/DQGVFDSH�3ODQQLQJ�1H[XV 

/DQGVFDSH�LV�VKDSHG�E\�WKH�FRPSRVLWLRQ�RI�LWV�FRQVWLWXHQW�HOHPHQWV�DQG�WKH�

SURFHVVHV�GULYHQ�E\�WKH�PXWXDO�LQWHUDFWLRQ�RI�WKHVH�HOHPHQWV��$�FKDQJH�LQ�

D�VLQJOH�HOHPHQW�FDQ�FKDQJH�WKH�HQWLUH�ODQGVFDSH��/DQGVFDSH�LV�D�FRQFHSW�

WKDW�FDQ�EH�XQGHUVWRRG�ZLWK�D�KROLVWLF�DSSURDFK��,Q�FRQWUDVW�WR�WKH�WRWDOLVWLF�

DSSURDFK��WKH�KROLVWLF�DSSURDFK�DUJXHV�WKDW�WKH�H[LVWLQJ�VWUXFWXUH�FDQQRW�EH�

XQGHUVWRRG� FRPSOHWHO\� E\� DQDO\]LQJ� LQGLYLGXDO� HOHPHQWV� DQG� WKHUHIRUH�

VXJJHVWV�WKDW�V\VWHPV�VKRXOG�EH�DQDO\]HG�DV�D�ZKROH��,Q�WKLV�FRQWH[W��HDFK�

HOHPHQW�VKRXOG�EH�FRQVLGHUHG�ZLWKLQ�WKH�IUDPHZRUN�RI�LWV�LQWHUDFWLRQ�ZLWK�

RWKHU�HOHPHQWV�ZLWKLQ�WKH�ZKROH�LQ�ODQGVFDSH�DVVHVVPHQWV��,Q�RWKHU�ZRUGV��

LQ� RUGHU� WR� GHILQH� D� ODQGVFDSH�� LW� LV� QHFHVVDU\� WR� H[SUHVV� HDFK� RI� LWV�

FRQVWLWXHQW�HOHPHQWV�LQ�WKH FRQWH[W�RI�WKH�ZKROH��ùDKLQ�HW�DO��������� 

+XPDQ� LQIOXHQFH� LQ� VKDSLQJ� D� ODQGVFDSH� LV� XQGHQLDEOH�� 7KHUHIRUH�� WKH�

ODQGVFDSH�HFRORJLVW�LV�QRW�RQO\�LQWHUHVWHG�LQ�QDWXUDO�SURFHVVHV��EXW�DOVR�LQ�

FXOWXUDO� ODQGVFDSHV�� LQ� RWKHU� ZRUGV�� LQ� KXPDQ� FRPPXQLWLHV� DQG� WKHLU�
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KDELWDWV�� )URP� WKLV� SHUVSHFWLYH�� HFRORJLFDO� SODQQLQJ� DQG� ODQGVFDSH�

SODQQLQJ�FDQ�EH�FRQVLGHUHG�HTXLYDOHQW�FRQFHSWV�� 

,Q� RUGHU� WR� XQGHUVWDQG� KXPDQ� LQWHUDFWLRQ�ZLWK� QDWXUH�� RU� WR� XQGHUVWDQG�

VRFLHWLHV�� FXOWXUHV�� DQG� VHWWOHPHQWV�� LW� LV� ILUVW� QHFHVVDU\� WR� XQGHUVWDQG�

QDWXUH�� )RU� WKLV�� LW� LV� PLVOHDGLQJ� WR� ORRN� DW� LWV� FRQVWLWXHQW� SDUWV� LQ� WKH�

FRQYHQWLRQDO�ZD\��,W�LV�HVVHQWLDO�WR�DQDO\]H�DQG�XQGHUVWDQG�WKH�LQWHUDFWLRQ�

EHWZHHQ�WKHVH�FRQVWLWXHQW�SDUWV��$W�WKLV�SRLQW��WKH�PRVW�FULWLFDO�TXHVWLRQ�LV�

KRZ�KXPDQV��ZKR�WHQG WR�ORRN�DW�QDWXUH�LQ�D�IUDJPHQWDU\�ZD\��FDQ�DQDO\]H�

WKHVH� LQWHUDFWLRQV� LQ� WKH�ZKROH��$OGR�/HRSROG�� FRQVLGHUHG� WKH� IDWKHU� RI�

GHHS� HFRORJ\�� HPSKDVL]HG� WKH� QHHG� WR� “WKLQN� OLNH� D� PRXQWDLQ” to 

XQGHUVWDQG� QDWXUH� �7�UNVR\�� ������� 7R� WKLQN� OLNH� D�PRXQWDLQ� LV� WR� Sut 

RQHVHOI�LQ�LWV�SODFH��2Q�WKH�RWKHU�KDQG��VXFK�HPSDWK\�ZLOO�QRW�EH�HQRXJK��

RQH�ZLOO�DOVR�QHHG�WR�TXHVWLRQ�KLV�KHU�RZQ�GHFLVLRQV�WKURXJK�WKH�H\HV�RI�

WKH�REMHFW�LQ�TXHVWLRQ��(FRORJLFDO�WKLQNLQJ�LV�D�ILHOG�RI�PHQWDO�DFWLYLW\�WKDW�

H[SORUHV�WKH�QDWXUH-KXPDQ�LQWHUDFWLRQ�RQ�VXFK�D�JURXQG�� 

)RU� PDQ\� \HDUV�� WKH� HPSKDVLV� RQ� ODQGVFDSH� DV� D� FULWHULRQ� LQ� ODQG� XVH�

SODQQLQJ�DQG�PDQDJHPHQW�KDV�EHHQ�RQ�ODQGVFDSH�YDOXDWLRQ��ZKLFK�PDNHV�

RQH� DUHD�PRUH� YDOXDEOH� WKDQ� DQRWKHU�ZLWKLQ� WKH� IUDPHZRUN� RI� ODQG� XVH�

GHFLVLRQV�� �/DQGVFDSH�DVVHVVPHQW��RQ� WKH�RWKHU�KDQG��HPHUJHG�DIWHU� WKH�

����V� DV� D� WRRO� WKDW� LQFOXGHV� ODQGVFDSH� FKDUDFWHU� FODVVLILFDWLRQ� DQG�

GHILQLWLRQ��ZKLFK�GLIIHUHQWLDWHV�RQH�DUHD�IURP�DQRWKHU��7KH�HQG�SURGXFW�RI�

ODQGVFDSH�FODVVLILFDWLRQ��RU�FKDUDFWHUL]DWLRQ��LV�D�MXGJHPHQt-LQGHSHQGHQW�

PDS�RI�ODQGVFDSH�FKDUDFWHU�W\SHV�DQG�RU�DUHDV��WRJHWKHU�ZLWK�DQ�DQDO\VLV�

RI�WKH�PRVW�LPSRUWDQW�NH\�SURFHVVHV�WKDW�VKDSH�WKDW�FKDUDFWHU��7KH�SURFHVV�

DOVR�LGHQWLILHV�IRUFHV�RI�FKDQJH��VXFK�DV�ODQG�XVH�FKDQJHV�DQG�SUHVVXUHV�
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IURP�GHYHORSPHQW� W\SHV��7KH�PDLQ�SURGXFWV� RI� WKH� ODQGVFDSH� FKDUDFWHU�

MXGJPHQW� SKDVH� DUH� WKH� GHYHORSPHQW� RI� ODQGVFDSH� VWUDWHJLHV�� WKH�

DVVLJQPHQW� RI� D� VWDWXV� WR� ODQGVFDSHV�� JXLGHOLQHV� IRU� ODQGVFDSH� FDSDFLW\�

DVVHVVPHQW�DQG��DV�D�ILQDO�SURGXFW��WKH�ODQGVFDSH�SODQ��ùDKLQ�HW�DO��������� 

3. A Brief History 

7KH�KLVWRU\�RI� HFRORJLFDO�SODQQLQJ�FDQ�EH� IRXQG� LQ� WKH� OLWHUDWXUH�RI� WKH�

:HVW�ZKLFK�LV�WKH�GHYHORSLQJ�IDFH�RI�WKH�SRVW-LQGXVWULDO�ZRUOG��7KHUH�LV�D�

FHUWDLQ�QHHG�IRU�IXUWKHU�FODULILFDWLRQ�RQ�WKH�SODFH�RI�QDWXUH��HVSHFLDOO\�LQ�

WKH� FRQWH[W� RI� DUFKDHRORJLFDO� SHULRGV� DQG� WKH� G\QDPLFV� RI� SODQQHG�

XUEDQL]DWLRQ�LQ�WKH�SRVW-LQGXVWULDO�HUD�RI�WKH�HDVWHUQ�SDUW�RI�WKH�ZRUOG��7KH�

ILUVW�KDOI�RI�WKH�����V�ZDV�WKH�WLPH�ZKHQ�HQYLURQPHQWDO�SUREOHPV�EHJDQ�

WR�FU\VWDOOL]H�LQ�WKH�GHYHORSHG�:HVW��7KLV�ZDV�IROORZHG�E\�QDWLRQDO�DQG�

LQWHUQDWLRQDO� OHJDO� VDQFWLRQV� IRU� HQYLURQPHQWDO� FRQWURO�� VHQVLWLYH� WR� WKH�

OLPLWV�RI�LQWHUYHQWLRQ�LQ�QDWXUH��$W�WKH�VDPH�WLPH��HFRORJLFDO�GLVFRXUVH�DQG�

HFRORJLFDO� SODQQLQJ� EHJDQ� WR� WDNH� WKHLU� SODFH� LQ� SUDFWLFH�� 2I� FRXUVH��

VFLHQWLILF� VWXGLHV� RQ� HFRORJLFDO� SODQQLQJ� JR� EDFN�PXFK� IXUWKHU�� ,Q� WKLV�

FRQWH[W�� ,DQ� /HQQR[�0F+DUJ� �����-������ LV� SHUKDSV� WKH� PRVW� IDPRXV�

ODQGVFDSH�SODQQHU�ZKR�OHIW�KLV�PDUN�RQ�KLVWRU\�ZLWK�KLV�ERRN��'HVLJQ�ZLWK�

1DWXUH��SXEOLVKHG�LQ�������2I�FRXUVH��PDQ\�RWKHUV�KDYH�SOD\HG�D�UROH�LQ�

WKH� GHYHORSPHQW� RI� WKH� V\VWHPDWLF� DQG� LQFOXVLYH� HFRORJLFDO� SODQQLQJ�

DSSURDFK� WKDW�0F+DUJ� �������SXW� IRUZDUG��0F+DUJ�ZDV�EURXJKW� WR� WKH�

8QLYHUVLW\�RI�3HQQV\OYDQLD�LQ������E\�'HDQ�3URI��*��+ROPHV�3HUNLQV�WR�

UH-HVWDEOLVK� WKH� 'HSDUWPHQW� RI� /DQGVFDSH�$UFKLWHFWXUH� �6WHLQHU�� �������

/DWHU�� 3URI�� +ROPHV�� DQ� DUFKLWHFW� DQG� SODQQHU� HGXFDWHG� DW� +DUYDUG�

8QLYHUVLW\��FDPH�WR�$QNDUD�LQ������ZLWK�WKH�VXSSRUW�RI�WKH�81�7HFKQLFDO�
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$VVLVWDQFH� 8QLW�� 'XULQJ� KLV� RQH-\HDU� VWD\� LQ� 7�UNL\H�� 3URI�� +ROPHV�

FRQGXFWHG�VWXGLHV�WKDW�ZRXOG�IRUP�WKH�EDVLV�IRU�WKH�HVWDEOLVKPHQW�RI�WKH�

)DFXOW\�RI�$UFKLWHFWXUH�DW�WKH�0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\�LQ�$QNDUD��

,Q� WKH� FRPSUHKHQVLYH� UHSRUW� SUHSDUHG� E\� 3URI�� +ROPHV�� WKH� PRVW�

QRWHZRUWK\�LVVXH�LV�KLV�VXJJHVWLRQ�WKDW�EXLOGLQJ�DUFKLWHFWXUH��XUEDQLVP�DQG�

ODQGVFDSH�DUFKLWHFWXUH�SURJUDPV�VKRXOG�EH� LQFOXGHG�WRJHWKHU�DQG�ZLWKLQ�

WKH� VFRSH� RI� MRLQW� HGXFDWLRQ� ZLWKLQ� WKH� )DFXOW\� RI� $UFKLWHFWXUH�

�<RUJDQFÕR÷OX���������+RZHYHU��RQO\�EXLOGLQJ�DUFKLWHFWXUH�DQG�XUEDQLVP�

GHSDUWPHQWV�ZHUH�HVWDEOLVKHG�LQ�0LGGOH�(DVW�WHFKQLFDO�8QLYHUVLW\��3HUKDSV�

WKLV� GHFLVLRQ� LV� RQH� RI� WKH� UHDVRQV� ZK\� ODQGVFDSH� DUFKLWHFWXUH�� DQG�

WKHUHIRUH�HFRORJLFDO�SODQQLQJ��LV�QRW�LQFOXGHG�LQ�VSDWLDO�SODQQLQJ�SURFHVVHV�

LQ� 7�UNL\H� DV� GHILQHG� LQ� WKLV� VWXG\�� 0RUHRYHU�� 3URI�� +ROPHV� ZDV� DQ�

DFDGHPLF�ZKR�UHDOL]HG�WKH�MRLQW�HGXFDWLRQ�RI�WKHVH�WKUHH�GLVFLSOLQHV�GXULQJ�

KLV�WHQXUH�DW�+DUYDUG�8QLYHUVLW\��WKHQ�8QLYHUVLW\�RI�3HQQV\OYDQLD��6FKRRO�

RI� )LQH� $UWV� �<RUJDQFÕR÷OX�� ������� +DUYDUG� 8QLYHUVLW\�� DV� WKH� VFKRRO�

ZKHUH�0F+DUJ�JUDGXDWHG�LQ�������:KLWDNHU�DQG�6WHLQHU��������DQG�ZKHUH�

WKH�ILUVW�ODQGVFDSH�DUFKLWHFWXUH�FRXUVHV�ZHUH�JLYHQ�E\�)UHGHULFN�2OPVWHG�

-U�� DW� WKH� EHJLQQLQJ� RI� ����V� �%D\ÕQGÕU� (UHQ�� ������� LV� RQH� RI� WKH�

XQLYHUVLWLHV�LQ�WKH�ZRUOG�WKDW�KDV�GHYHORSHG�WKH�PRVW�FRQFHSWV�LQ�HFRORJLFDO�

SODQQLQJ LQ�WKH�KLVWRULFDO�SURFHVV� 

0F+DUJ�� WRJHWKHU� ZLWK� /HZLV�0XPIRUG�� FKDQJHG� WKH� XQGHUVWDQGLQJ� RI�

UHJLRQDO�SODQQLQJ� LQ� WKH�86$�DQG�GHILQHG� ODQGVFDSH�SODQQLQJ�DV�D�SUH-

DFWLRQ�ILHOG�RI�WKH�VSDWLDO�SODQQLQJ�SURFHVV��,W�LV�H[FLWLQJ�WR�QRWLFH�WKH�WUDFHV�

RI�WKH�LQIOXHQFHV�RI�3DWULFN�*HGGHV������-�������WKH�ILUVW�SHUVRQ�LQ�(XURSH�

WR�FDOO�KLPVHOI�D�ODQGVFDSH�DUFKLWHFW��DQG�KLV�WKRXJKWV�RQ�QDWXUH�DQG�FXOWXUH�
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RQ�WKH�\RXQJ�0XPIRUG�DQG�WKHQ�0F+DUJ��&RKHQ���������LQ�KLV�ERRN�RI�

³(FRKXPDQLVP� DQG� WKH� (FRORJLFDO� &XOWXUH´�� H[SODLQV� KRZ� HFRORJ\�

FKDQJHG� WKH� PRGHUQLVW� DSSURDFK� DQG� WKH� FRQWULEXWLRQV� RI� 2OPVWHDG��

(EHQH]HU�+RZDUG��*HGGHV��0XPIRUG��0DF.D\H��*OLNVRQ�DQG�0F+DUJ�RQ�

WKDW�� UHVSHFWLYHO\� DQG� LQWHUDFWLYHO\�� &RKHQ� ������� UHSRUWV� WKDW�0F+DUJ�

GHYHORSHG�KLV�HFRORJLFDO�SODQQLQJ�DSSURDFK�EHWZHHQ������DQG�������7KLV�

GLVFRXUVH� LV� DOUHDG\� HYLGHQW� LQ�0F+DUJ’V� ELRJUDSK\�ZULWWHQ� GXULQJ� KLV�

OLIHWLPH��0F+DUJ��������DQG�WKH�VXEVHTXHQW�XSGDWHV�RI�WKLV�ELRJUDSK\�E\�

)UHGHULFN� 6WHLQHU� �������� D� PHPEHU� RI� 0F+DUJ
V� VFKRRO�� 0F+DUJ�

SURSRVHG� DQ� HFRORJy-EDVHG� PHWKRG� IRU� ODQGVFDSH� DUFKLWHFWXUH� DQG�

LQWHUSUHWHG�QDWXUH�DV�DQ�LQWHUDFWLYH�SURFHVV�WKDW�UHYHDOV�RSSRUWXQLWLHV�DQG�

OLPLWDWLRQV�IRU�KXPDQ�XVH���0F+DUJ���������(FRORJLFDO�SODQQLQJ�EHFRPHV�

D�WRRO�IRU�XQFRYHULQJ�³LQWHUDFWLQJ�DQG�G\QDPLF�QDWXUDO�V\VWHPV�WKDW�KDYH�

LQKHUHQW�SRVVLELOLWLHV�DQG�FRQVWUDLQWV�IRU�KXPDQ�XVH´�XQGHU�ZKDW�0F+DUJ�

GHILQHV� DV� HFRORJLFDO� GHWHUPLQLVP�� ,Q� KLV� IDPRXV� ERRN� ³'HVLJQ� ZLWK�

1DWXUH´� SXEOLVKHG� LQ� ������0F+DUJ� DUJXHV� WKDW� 
XQGHUVWDQGLQJ� QDWXUDO�

SURFHVV�LV�FHQWUDO�WR�DOO�HQYLURQPHQWDO�LVVXHV�DQG�VKRXOG�EH�LQFRUSRUDWHG�

LQWR�DOO�FRQVLGHUDWLRQV�RI�ODQG�XVH´��0LVUD���������0F+DUJ
V�ERRN�“'HVLJQ�

ZLWK�1DWXUH”��ZKLFK�FHOHEUDWHG�LWV���WK�DQQLYHUVDU\�LQ�������GHVHUYHV�KLJK�

SUDLVH�� ,W� LV� D� ERRN� WKDW� LV� DOVR� WKH� PDLQ� VRXUFH� RI� LQVSLUDWLRQ� IRU� WKH�

DFDGHPLF�OLIH�RI�WKH�DXWKRU�RI�WKLV�6HFWLRQ��,W�FDQ�EH�VWDWHG�WKDW�0F+DUJ�

LQFOXGHG� HFRORJLFDO� SURFHVVHV� LQ� KLV� VSDWLDO� SODQQLQJ� ZRUNV� ZLWKLQ� WKH�

VFRSH� RI� WKH� HFRV\VWHP� LQYHQWRU\��ZKLFK� KH� DQDO\]HG� DFFRUGLQJ� WR� WKH�

FDXVH-DQG-HIIHFW� UHODWLRQVKLS�� DQG� DOVR� IRXU� PDLQ� YDOXHV� DWWULEXWHV to 

QDWXUDO�SURFHVVHV�OLVWHG�EHORZ��%HONQDS�DQG�)XUWDGR�������� 
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�� $WWULEXWHV�RU�SURSHUWLHV�LQKHUHQW�WR�D�ODQGVFDSH��$UHDV�RI�ZLOGHUQHVV��

VFHQLF� EHDXW\�� VFLHQWLILF� YDOXH�� DQG� HGXFDWLRQDO� YDOXH� ZRXOG� EH�

LQFOXGHG� 

�� /DQGVFDSH� SURGXFWLYLty�� ZKLFK ZRXOG� LQFOXGH� DJULFXOWXUH�� IRUHVWU\��

H[WUDFWLYH�PLQHUDOV�DQG�UHFUHDWLRQ� 

�� &RQWULEXWLRQ� WR� WKH� FRQWLQXLW\� RI� HFRORJLFDO� EDODQFH�� ZKLFK� PLJKW�

LQFOXGH�ZDWHU�VWRUDJH�DQG�GURXJKW��DQG�HURVLRQ�FRQWURO� 

�� 3RWHQWLDO�GDPDJHV��QHJDWLYH�YDOXH��DV�D�UHVXOW�RI�QDWXUDO�SURFHVVHV�RU�

LPSURSHU�XVH�RI�UHVRXUFHV� 

'XULQJ�WKH�\HDUV�ZKHQ�0F+DUJ�ZDV�GHYHORSLQJ�KLV�HFRORJLFDO�SODQQLQJ�

DSSURDFK�� 3URI�� 3KLOLS� +�� /HZLV� -U�� � LQ� WKH� 6WDWH� RI� :LVFRQVLQ�� 86$��

IRFXVHG�RQ� ODQGVFDSH�SDWWHUQ�VWUXFWXUDO� FKDUDFWHU� DQG�GHILQHG� ODQGVFDSH�

FRQQHFWLYLW\�ZLWK�WKH�FRQFHSW�RI�“EQYLURQPHQWDO &RUULGRU” �%HONQDS�DQG�

)XUWDGR�� ������� 3KLOLS� +�� /HZLV� -U�� UHFHLYHG� D� EDFKHORU
V� GHJUHH� LQ�

ODQGVFDSH�DUFKLWHFWXUH�LQ������IURP�WKH�8QLYHUVLW\�RI�,OOLQRLV (:LVFRQVLQ�

6WDWH� -RXUQDO�� ������� WKHQ� HDUQHG� D� PDVWHU
V� GHJUHH� LQ� ODQGVFDSH�

DUFKLWHFWXUH�IURP�+DUYDUG�*UDGXDWH�6FKRRO�RI�'HVLJQ (-6725������)� +LV�

DSSURDFK�ZDV�UHIOHFWHG�DQG�LPSOHPHQWHG�LQ�:LVFRQVLQ�6WDWH�ODZV�LQ�86$��

%HIRUH�/HZLV�� LQ� WKH�ILUVW�KDOI�RI� WKH�����V�� ODQGVFDSH�FRQQHFWLYLW\�ZDV�

UHIOHFWHG� LQ� 2OPVWHG
V� 3DUN� 6\VWHP� FRQFHSW�� ZKLFK� IRXQG� ZLGHVSUHDG�

DSSOLFDWLRQ� LQ� WKH� 86$�� ,Q� ERWK� DSSURDFKHV�� ODQGVFDSH� FRQQHFWLYLW\� LV�

SODQQHG�LQ�WHUPV�RI�SHUFHSWLEOH�VWUXFWXUDO�IHDWXUHV��7RGD\��WKLV�FRQQHFWLYLW\�

FDQ� DOVR� EH� H[SUHVVHG� LQ� GLIIHUHQW� WHUPV�� (FRORJLFDO� DQG� ODQGVFDSH�

SODQQLQJ� SRLQW� RI� YLHZ�� WKH� LGHDO� LV� WR� HVWDEOLVK� FRQQHFWLYLW\� EDVHG� RQ�

https://en.wikipedia.org/wiki/University_of_Illinois_at_Urbana%E2%80%93Champaign
https://en.wikipedia.org/wiki/Harvard_Graduate_School_of_Design
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FKDUDFWHU-IXQFWLRQ�SDWWHUQ-SURFHVV� DSSURDFK� �ùDKLQ� HW� DO��� ������'R÷DQ��

������� 

,Q�DGGLWLRQ�WR�0F+DUJ�DQG�/HZLV��LQ�&DQDGD�$QJXV�*��+LOOV�GHYHORSHG�DQ�

HFRORJLFDO� SODQQLQJ� SURFHVV� IRU� WKH� ODQG� XVH� FDSDFLW\� DQG� VXLWDELOLW\� RI�

HFRORJLFDO�XQLWV��%HONQDS�DQG�)XUWDGR��������LQ������DQG�������1GXEXVL��

�������7KH�DSSURDFK��DOVR�NQRZQ�DV�WKH�“+LOOV�(FRV\VWHP�3K\VLRJUDSKLF�

8QLW�&ODVVLILFDWLRQ”��ZDV�DSSOLHG�LQ�&DQDGD��+LOOV
�FODVVLILFDWLRQ�LQYROYHV�

LGHQWLI\LQJ WRS-GRZQ�HFRORJLFDO�SK\VLRJUDSKLF�XQLWV�DW�GLIIHUHQW�VFDOHV�DQG�

KLHUDUFKLFDO�VWUXFWXUHV�DQG�GHYHORSLQJ�ODQG�XVH�VXLWDELOLW\�GHFLVLRQV�EDVHG�

RQ�WKH�VPDOOHVW�HFRORJLFDO�XQLWV��7KHQ��WKHVH�ODQG�XVH�GHFLVLRQV�DUH�FDUULHG�

WR� XSSHU� VFDOHV� RI� VXE-UHJLRQDO� DQG� UHJLRQDO� E\� UHFODVVLI\LQJ� DQG�

UHXQLI\LQJ�WKH�HFRORJLFDO�XQLWV��7KLV�W\SH�RI�ODQG�FODVVLILFDWLRQ�FRQWHQW�FDQ�

EH�FRPSDUHG�ZLWK� WKH�QRZDGD\V� WHUPV�RI� ODQGVFDSH�FKDUDFWHU�DUHDV�DQG�

ODQGVFDSH�W\SHV�SUHVHQW�LQ�WKH�(XURSHDQ�GLVFRXUVH�DQG�LQ�7XUNH\�IROORZLQJ�

WKH�&RXQFLO�RI�(XURSH�/DQGVFDSH�&RQYHQWLRQ�LQ������� 

$� ODQGVFDSH� SODQQLQJ� SURFHVV� EDVHG� RQ� DOVR� HFRORJLFDO� XQLWV�� KRZHYHU�

LQWHJUDWHG� ZLWK� HFRORJLFDO� SURFHVVHV� DQG� ZDV� GHYHORSHG� E\� %XFKZDOG�

������������������� DQG�KLV� FROOHDJXHV�� DV� UHSRUWHG�E\�.|VHR÷OX� �������

������� LQ� FHQWUDO� (XURSH�� DW� WKH� ,QVWLWXWH� IRU� /DQGVFDSH� 3ODQQLQJ� DQG�

1DWXUH�&RQVHUYDWLRQ�DW�WKH�7HFKQLFDO�8QLYHUVLW\�RI�+DQQRYHU�SDUDOOHO�WR�

WKH�KLVWRULFDO�GHYHORSPHQW�RI�HFRORJLFDO�SODQQLQJ�DSSURDFKHV�LQ�WKH�86$�

DQG�&DQDGD�� 

$V�D�ILQDO�UHPDUN��LW�PD\�EH�UHPDUNHG�WKDW�WKHUH�LV�D�FHUWDLQ�QHHG�IRU�VWXGLHV�

WKDW�ZLOO�UHYHDO�WKH�LQWHUDFWLRQ�EHWZHHQ�DERYH�PHQWLRQHG�GHYHORSPHQWV�LQ�

HFRORJLFDO� DQG� ODQGVFDSH� SODQQLQJ� LQ� WKH�ZHVWHUQ�ZRUOG��$OO� HFRORJLFDO�
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DSSURDFKHV�LQ�KLVWRU\�ZKLFK�ZHUH�SRLQWHG�RXW�LQ�WKLV�VWXG\�KDYH��RI�FRXUVH��

GLIIHUHQFHV� LQ� WHUPV� RI� SODQQLQJ� PHWKRGRORJ\�� $PRQJ� WKH� SLRQHHULQJ�

VWXGLHV��WKH�PRVW�SURPLQHQW�HPSKDVLV�DQG�VFRSH�RQ�HFRORJLFDO�SURFHVVHV�

�ODQGVFDSH� IXQFWLRQV��ZDV� SXW� IRUZDUG� E\�0F+DUJ��2Q WKH� RWKHU� KDQG��

IROORZLQJ� WKH� SLRQHHUV�� %DVWLDQ’V� ������� ������ ZRUN� LQ� *HUPDQ\� LV� D�

UHVSRQVH�WR�WKH�ZHDNQHVV�LQ�WKH�ODQGVFDSH�IXQFWLRQ�IRFXV��+RZHYHU��WKHUH�

LV� D� QHHG� IRU� UHVHDUFK� RQ� WKH� H[WHQW� WR� ZKLFK� WKLV� DSSURDFK� KDV� EHHQ�

LPSOHPHQWHG�LQ�SUDFWLFH�� 

3.1. Advancements in Türkiye 

$W� WKH� ILUVW� SODFH�� LW� ZRXOG� QRW� EH� ZURQJ� WR� VWDWH� WKDW� WKH� HFRORJLFDO�

DSSURDFK��ZKLFK� LV� DGGUHVVHG� LQ� WKLV� DUWLFOH�ZLWKLQ� WKH� VFRSH� RI� VSDWLDO�

SODQQLQJ� SURFHVVHV� DQG� OHJLVODWLRQ� LQ� RXU� FRXQWU\� KDV� VWLOO� QRW� WDNHQ� LWV�

SODFH�LQ�SUDFWLFH�GHVSLWH�WKH�H[FLWLQJ�GHYHORSPHQWV�LQ�UHFHQW�\HDUV��XQWLO�

WRGD\��LQ�WKH�ILUVW�TXDUWHU�RI�WKH���VW�FHQWXU\��7KH�0F+DUJ�DSSURDFK��ZKLFK�

ZDV�ILUVW�GHYHORSHG�LQ�WKH�ZRUOG�EHWZHHQ�����-�����EDVHG�RQ�HFRORJLFDO�

SURFHVVHV� KDV� EHHQ� GHILQHG� E\� PDQ\� SODQQHUV� RQO\� E\� PHDQV� RI�

RYHUODSSLQJ�PHWKRG� DQG� WKH� DSSURDFK� KDV� QRW� EHHQ� IXOO\� LPSOHPHQWHG��

:LWKLQ� WKH� VFRSH� RI� VFLHQWLILF� VWXGLHV�� WKH� V\VWHP� DSSURDFK�� ZKLFK�

0F+DUJ��D�ODQGVFDSH�DUFKLWHFW��GHILQHG�DV�DQ�HFRORJLFDO�SURFHVV�DQG�ZKLFK�

ZRXOG�UHYHDO�WKH�LQWHUDFWLRQV�RI ODQGVFDSH�HOHPHQWV�ZLWK�HDFK�RWKHU��GLG�

QRW� WDNH� SODFH� SURSHUO\� XQWLO� WKH� VHFRQG� KDOI� RI� WKH� ����V�� 6FLHQWLILF�

UHVHDUFKHV�ZHUH�PRVWO\� OLPLWHG�WR�WKH�DQDO\VLV�DQG�HYDOXDWLRQ�RI�V\VWHP�

HOHPHQWV��RU�HFRORJLFDO�IXQFWLRQV�ZHUH�FRQVLGHUHG�DV�YDOXHV�WKDW�OLPLW�RU�

HQDEOH� XVH�� DQG� WKH� LQWULQVLF� YDOXH� RI� QDWXUH� ZDV� LJQRUHG�� 7KHUHIRUH��

HFRORJ\� KDV� EHHQ� DQDO\]HG� ZLWK� D� KXPDQ-FHQWHUHG� DQG� IUDJPHQWHG�
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DSSURDFK�� &DSUD� ������� GHVFULEHG� WKH� LQDGHTXDF\� RI� WKH� IUDJPHQWDU\�

DSSURDFK� LQ� DQDO\]LQJ� WKH� V\VWHP�E\� VWDWLQJ� WKDW�“WKH� V\VWHPV� HQJLQHHU�

PXVW�EH�DEOH�WR�SUHGLFW�WKH�HPHUJHQW�SURSHUWLHV�RI�WKH�V\VWHP��ZKLFK�DUH�

SURSHUWLHV�WKDW�WKH�V\VWHP�KDV�EXW�WKH�SDUWV�GR�QRW”��,Q�WKLV�FRQWH[W��LW�FDQ�

EH� VWDWHG� WKDW� WKH� HFRORJLFDO� DSSURDFK� LQYROYHV� WKH� H[SUHVVLRQ� RI� HDFK�

ODQGVFDSH� HOHPHQW LQ� WKH� FRQWH[W� RI� WKH� ZKROH�� LQ� RWKHU� ZRUGV�� WKH�

H[DPLQDWLRQ�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�HOHPHQWV��&DSUD��������UHSRUWV�WKDW�

ZKLOH� VXFK� D� V\VWHPV� DQDO\VLV� DSSURDFK�� DOVR� UHIHUUHG� WR� DV� VWUDWHJLF�

WKLQNLQJ��KDG�D�VLJQLILFDQW�LPSDFW�RQ�PDQDJHPHQW�DQG�HQJLQHHULQJ�LQ�WKH�

����V� DQG� ��V�� LWV� LPSDFW� RQ� ELRORJ\�� RQ� WKH� FRQWUDU\�� ZDV� DOPRVW�

QHJOHFWHG��XQWLO�������ZKHQ�KLV�ERRN�“7KH�:HE�RI�/LIH” ZDV�SXEOLVKHG���

3HUKDSV� WKLV� PD\� EH� RQH� RI� WKH� UHDVRQV� IRU� WKH� GHOD\� LQ� UHIOHFWLQJ� WKH�

HFRORJLFDO� DSSURDFK� RU� WKLQNLQJ�� LQFOXGLQJ� ELRORJLFDO� SURFHVVHV�� LQ�

SODQQLQJ� SURFHVVHV�� &RQVLGHULQJ� WKDW� WKH� HFRORJLFDO� SODQQLQJ� DSSURDFK�

PHQWLRQHG�LQ�WKLV�VWXG\�LV�EDVHG�RQ�ODQGVFDSH�HFRORJ\��VWDUWLQJ�IURP�WKH�

\HDU� RI� ������ZKHQ� ODQGVFDSH� DUFKLWHFWXUH� HGXFDWLRQ� IRUPHG� DW�$QNDUD�

8QLYHUVLW\�LQ 7�UNL\H��WR������FDQ�EH�FRQVLGHUHG�DV�WKH�SHULRG�ZKHQ�WKH�

DFDGHPLF� LQIUDVWUXFWXUH� RQ� HFRORJLFDO� SODQQLQJ�ZDV� GHYHORSHG��$URXQG�

WKLV�SHULRG�RI�WLPH��3URI��'U��0HKPHW�.|VHR÷OX��3URI��'U��7�UNHU�$OWDQ��

3URI��'U��øOoLQ�$VODQER÷D�DQG�3URI��'U��+D\UDQ�dHOHP��ZKR�GLG�WKHLU�3K'�

VWXGLHV�DW�WKH�,QVWLWXWH�RI�/DQGVFDSH�3ODQQLQJ�DQG�1DWXUH�&RQVHUYDWLRQ�DW�

WKH� 7HFKQLFDO� 8QLYHUVLW\� RI� +DQQRYHU� LQ� *HUPDQ\� DQG� EURXJKW� WKH�

*HUPDQ� VFKRRO� RI� HFRORJLFDO� SODQQLQJ� WR� 7�UNL\H�� 3URI�� 'U�� *�QHO�

$NGR÷DQ��ZKRVH�UHVHDUFK�RQ�ODQGVFDSH�SODQQLQJ�ZDV�SXEOLVKHG�LQ�������

DV� ZHOO� DV� øVPHW� *�UVHV� DQG� øVPHW� 2OFD\� FDQ� EH� PHQWLRQHG� DPRQJ�
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SLRQHHULQJ� SHRSOH� RQ� HFRORJLFDO� SODQQLQJ��+RZHYHU�� WKH� QHHG� IRU�PRUH�

GHWDLOHG�VWXGLHV�RQ�WKH�DQWHFHGHQWV�RI�HFRORJLFDO�SODQQLQJ�LQ�WKH�DFDGHPLF�

VHQVH�LQ�7�UNL\H�LV�FOHDU��<RXQJ�'U��+D\UDQ�dHOHP�DV�UHVHDUFK�DVVLVWDQW�DW�

WKH�'HSDUWPHQW�RI�/DQGVFDSH�$UFKLWHFWXUH��ZKR�KDG�D�3K'�LQ�WKH�DERYH�

PHQWLRQHG�*HUPDQ�VFKRRO�LQ�������KHOSHG�WR�WUDQVODWH�*HUPDQ�VRXUFHV�RQ�

ODQGVFDSH� HFRORJ\� LQWR� 7XUNLVK�� $W� WKH� VDPH� 'HSDUWPHQW� lDQGVFDSH�

HFRORJ\�DQG�UXUDO�SODQQLQJ�FRXUVHV�ZHUH�FRQWLQXHG�E\�3URI��'U��1L]DPHWWLQ�

.Ro� ZKR� KDG� FRQGXFWHG� SRVW-GRFWRUDO� UHVHDUFK� DW� WKH� ,QVWLWXWH� RI�

/DQGVFDSH�3ODQQLQJ�DQG�1DWXUH�&RQVHUYDWLRQ�DW�WKH�7HFKQLFDO�8QLYHUVLW\�

RI� +DQQRYHU� LQ� *HUPDQ\� WRR� EHWZHHQ� ��69-������ WUDQVIHUUHG� KLV�

NQRZOHGJH�RI� ODQGVFDSH�HFRORJ\�WR� WKH�HFRORJLFDO�SODQQLQJ�DSSURDFK�LQ�

KLV� WH[WERRN� RQ� UXUDO� ODQGVFDSH� SODQQLQJ� �.Ro�� ������ .Ro� DQG� ùDKLQ��

������� 7KH� HFRORJLFDO� SODQQLQJ� DSSURDFK H[SODLQHG� LQ� .Ro¶V� ERRN��

DFFRUGLQJ�WR�.|VHR÷OX��ZDV�GHYHORSHG�E\�%XFKZDOG��������������������

WRJHWKHU�ZLWK�RWKHU� IDFXOW\�PHPEHUV�� UHVHDUFK�DVVLVWDQWV�DQG�VWXGHQWV�DW�

WKH� 7HFKQLFDO� 8QLYHUVLW\� RI� +DQQRYHU�� 7KLV� DSSURDFK� LV� EDVHG� RQ� WKH�

LGHQWLILFDWLRQ�RI�HFRORJLFDO�XQLWV��QRZ�FDOOHG�ODQGVFDSH�XQLWV�LQ�ODQGVFDSH 

SODQQLQJ��DQG�WKH�SRVVLELOLWLHV�DQG�FRQVWUDLQWV�WKH\�SUHVHQW�IRU�KXPDQ�XVHV�

ZLWKLQ� WKH� FRQWH[W� RI� WKHLU� QDWXUDO� SRWHQWLDO� DQG� UHVLOLHQFH�� :KLOH�

GHYHORSLQJ�DSSURSULDWH�XVHV�IRU�HFRORJLFDO�XQLWV��LW�LV�DLPHG�WR�SURWHFW�WKH�

QDWXUDO�HFRORJLFDO�ODWHQW�FDSDFLW\ RI�WKH�SODQQLQJ�DUHD�DQG�WKH�HFRV\VWHP��

7KH� FULWLFLVP� WKDW� FDQ� EH� PDGH� IRU� WKLV� PHWKRG� ZLWKLQ� WKH� VFRSH� RI�

HFRORJLFDO�SODQQLQJ�LV� LWV�KXPDQ-RULHQWHG�SODQQLQJ�SURFHVV��+RZHYHU�� LW�

VHHPV� WKDW� WKLV� PHWKRG� KDV� EHHQ� WKH� EDVLV� IRU� WKH� GHYHORSPHQW� RI�

HFRORJLFDO� SODQQLQJ� E\� WKH� ILUVW� JHQHUDWLRQ� RI� DFDGHPLF� HQYLURQPHQW� LQ�
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7�UNL\H�� 2Q� WKH� RWKHU� KDQG�� DW� WKH� HQG� RI� WKH� ����V�� WKH� ,DQ� /HQQR[�

0F+DUJ�HFRORJLFDO�SODQQLQJ�VFKRRO�ZDV�LQWURGXFHG�DW�$QNDUD�8QLYHUVLW\�

E\� 3URI�� 'U�� 1XU� 6|]HQ’V�� 6R� WKDW�� 0F+DUJ� VFKRRO� EHJDQ� WR� VKDSH�

HFRORJLFDO�SODQQLQJ�DORQJVLGH� WKH�%XFKZDOG��*HUPDQ��VFKRRO�� ,W� VKRXOG�

DOVR� EH� QRWHG� WKDW�� LQ� 3URI�� .Ro’V� OHFWXUH� QRWHV�� ODQGVFDSH� HFRORJ\� LV�

GHILQHG� DV� �DQ� LQWHUGLVFLSOLQDU\� EUDQFK� RI� VFLHQFH� WKDW� VWXGLHV� DQG�

LQYHVWLJDWHV�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�HFRV\VWHPV�RU�D�VSHFLILF�SDUW�RI�

DQ� HFRV\VWHP� IURP� D� JHRJUDSKLFDO� DQG� HFRORJLFDO� SRLQW� RI� YLHZ��� 7KH�

XQGHUVWDQGLQJ�EDVHG�RQ�WKLV�GHILQLWLRQ�FDQ�EH�FRXQWHG�DPRQJ�WKH�IDFWRUV�

WKDW�IDFLOLWDWH�WKH�LQFOXVLRQ�RI�VWXGLHV�EDVHG�RQ�ODQGVFDSH�IXQFWLRQ�DV�ZHOO�

DV�ODQGVFDSH�VWUXFWXUH�LQ�HFRORJLFDO�SODQQLQJ�LQ�7�UNL\H� 

8QWLO� WKH�ILUVW�KDOI�RI�WKH�����V��LW� LV�SRVVLEOH�WR�FDWHJRUL]H�WKH�PHWKRGV�

GHYHORSHG�DQG�DSSOLHG�LQ�7�UNL\H�IRU�WKH�XVH��GHYHORSPHQW��DQG�SURWHFWLRQ�

RI�QDWXUDO�UHVRXUFHV�XQGHU�WZR�PDLQ�WRSLFV��DGDSWHG�IURP�ùDKLQ������� 

�� 8VH� 6XLWDELOLW\� $QDO\VLV�� ,W� LV� EDVHG� RQ� WKH� GHWHUPLQDWLRQ� RI� WKH�

LPSRUWDQFH�RI�HDFK�HQYLURQPHQWDO�HOHPHQW�LQ�WHUPV�RI�HDFK�ODQG�XVH�

W\SH��DQG�UHODWLYH�VFRULQJ�WKH�HQYLURQPHQWDO�IDFWRU¶V�VXE-FRPSRQHQWV�

LQ�WHUPV�RI�WKHLU�VXLWDELOLW\�IRU�GLIIHUHQW�ODQG�XVH�W\SHV��$OWKRXJK�WKH�

GHJUHH� RI� LPSRUWDQFH� RI� HQYLURQPHQWDO� IDFWRUV� LQ� WHUPV� RI� ODQG� XVH�

FDWHJRULHV� ZDV� WDNHQ� LQWR� FRQVLGHUDWLRQ�� WKH� LQWHUDFWLRQ� DPRQJ� WKH�

IDFWRUV�ZDV�LJQRUHG�LQ�WKH�SUDFWLFHV�LQ�7�UNL\H��0RVW�LPSRUWDQWO\��NH\�

HFRORJLFDO�SURFHVVHV��ZDWHU�F\FOH��PDWWHU-HQHUJ\�IORZ��HWF���ZHUH�QRW�

FRQVLGHUHG�IRU�WKH�VXVWDLQDELOLW\�RI�WKH�QDWXUDO�V\VWHP��$V�VXFK��LW�FDQ�

EH�VWDWHG�WKDW�WKH�PHWKRG�ZDV�DSSOLHG�ZLWK�D�KXPDQ-RULHQWHG�DSSURDFK�

LQ�7�UNL\H�DQG�ZDV�WKHUHIRUH�QRW�HFRORJLFDO�� 
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�� 5LVN�$QDO\VLV��,W�LV�EDVHG�RQ�WKH�GHWHUPLQDWLRQ�RI�ULVN�OHYHOV�DFFRUGLQJ�

WR� WKH� VHYHULW\� RI� WKH� LPSDFW� RI� ODQG� XVHV� RQ� HQYLURQPHQW� DQG� WKH�

VHQVLWLYLW\� RI� WKH� HQYLURQPHQW� WR� WKH� ODQG� XVHV�� 7KH� PHWKRG� ZDV�

SUHGRPLQDQWO\�XVHG�IRU�WKH�VWXGLHV�WR�GHWHUPLQH�WKH�ULVNV�DULVLQJ�IURP�

H[LVWLQJ�ODQG�XVHV��,W�FDQ�EH�VWDWHG�WKDW�WKH�ELRWRSH�PDSSLQJ�WHFKQLTXH��

ZKLFK�UHYHDOV�WKH�VWUXFWXUH�RI�WKH�ODQGVFDSH��ZDV�SUHGRPLQDQWO\�XVHG�

LQ� WKH� PHWKRG�� EXW� NH\� HFRORJLFDO� SURFHVVHV� ZHUH� QHJOHFWHG� LQ� WKH�

DSSOLFDWLRQV�� 

ùDKLQ� ������� GHYHORSHG� “6WUDWHJLF� 3ODQQLQJ� $SSURDFK� DQG� +ROLVWLF�

/DQGVFDSH�$VVHVVPHQW�0HWKRG” LQ�KHU�3K'�WKHVLV�HQWLWOHG�“$�5HVHDUFK�

RQ� 'HWHUPLQDWLRQ� DQG� $VVHVVPHQW� RI� /DQGVFDSH� 3RWHQWLDO� RI� 'LNPHQ�

9DOOH\” XQGHU�WKH�VXSHUYLVLRQ�RI�3URI��'U��<DOoÕQ�0HPO�N��ZKLFK�PDGH�

0F+DUJ
V�HFRORJLFDO�SODQQLQJ�DSSURDFK�PRUH�XQGHUVWDQGDEOH�LQ�7�UNL\H��

7KH�VWXG\��FRQGXFWHG�DW�$QNDUD�8QLYHUVLW\��ZDV�WKH�ILUVW�VFLHQWLILF�VWXG\�

LQ�ZKLFK�HFRORJLFDO�SURFHVVHV�FDQ�EH�LQFOXGHG�LQ�VSDWLDO�SODQQLQJ��,W�LV�DOVR�

ZRUWK�WR�PHQWLRQ�KHUH�WKDW�3URI��0HPO�N��ZKR�ZDV�DFTXDLQWHG�ZLWK�WKH 

*HUPDQ� VFKRRO� DW� +DQQRYHU� 8QLYHUVLW\�� SURGXFHG� LQIRUPDWLRQ� LQ� KLV�

GRFWRUDO�VWXG\�RQ�WKH�VXEMHFW�WKDW�DWWUDFWV�DWWHQWLRQ�DV�ODQGVFDSH�PHWULFV�LQ�

VFLHQWLILF�FLUFOHV�WRGD\�LV�D�SLRQHHULQJ�VWHS�WRR�IRU�7�UNL\H�� 

ùDKLQ� �������� LQ� KHU� 3KD WKHVLV� VWXG\�� SUHVHQWHG� D� PHWKRG� RQ� KRZ�

HFRORJLFDO�SURFHVVHV�FDQ�EH�DVVHVVHG�LQ�WKH�VSDWLDO�SODQQLQJ�SURFHVV��RQ�WKH�

EDVLV� RI� WKH� ,DQ� 0F+DUJ� VFKRRO� DQG� WKH� ODQGVFDSH� VWUXFWXUH-IXQFWLRQ-

FKDQJH�DSSURDFK�GHILQHG�E\�)RUPDQ�DQG�*RGURQ���������ùDKLQ���������,Q�

WKH�IROORZLQJ�\HDUV��HVSHFLDOO\�DIWHU�7�UNL\H�VLJQHG�WKH�&RXQFLO�RI�(XURSH�

/DQGVFDSH�&RQYHQWLRQ�DQG�HQDFWHG�LW�LQWR�ODZ��ODQGVFDSH�SODQQLQJ�JDLQHG�
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VRPH�LQVWLWXWLRQDO�VWUHQJWK��DQG�WKH�VWXGLHV�RI�8]XQ�HW�DO���������DQG�ùDKLQ�

HW� DO�� ������� EDVHG� RQ� ODQGVFDSH VWUXFWXUH-IXQFWLRQ-FKDQJH� JDYH� D� QHZ�

GLUHFWLRQ�DQG�PRPHQWXP�WR�HFRORJLFDO�SODQQLQJ��ùDKLQ�HW�DO�
V��������ZRUN�

HQWLWOHG�“1DWLRQDO�7HFKQLFDO�*XLGHOLQH�IRU�/DQGVFDSH�&KDUDFWHU�$QDO\VLV�

DQG�$VVHVVPHQW� DW�5HJLRQDO� DQG�6XEUHJLRQDO�6FDOH”��ZKLFK� LV� WKH� ILQDO�

ouWSXW�RI�D�SURMHFW�SHULRG�RI���\HDUV�LQ�WRWDO�IURP�SURMHFW�SUHSDUDWLRQ�WR�WKH�

ILQDO� UHSRUW�� D� ODQGVFDSH� SODQQLQJ� �ODQGVFDSH� FKDUDFWHU� DQDO\VLV� DQG�

DVVHVVPHQW�� SURFHVV� ZDV� GHYHORSHG� �)LJXUH� �D�E��� ùDKLQ� DQG� .XUXP’V�

�������FRQFHSW�RI�“ODQGVFDSHV ZLWK�KLJKHU (SURWHFWLRQ��YDOXH” EDVHG�RQ�

LQWHJUDWHG� ODQGVFDSH� IXQFWLRQ� YDOXHV ZDV� UHIOHFWHG� LQWR� WKH� SURFHVV�� ,Q�

7�UNL\H��WKH�HFRORJLFDO�SODQQLQJ�DSSURDFK�EDVHG�RQ�WKH�ODQGVFDSH�IXQFWLRQ�

DQG�IXQFWLRQ-EDVHG�FKDQJH�LV�EHLQJ�VWXGLHG�LQ�WKH�VFLHQWLILF�HQYLURQPHQW�

ZLWKLQ� WKH� VFRSH� RI� ODQGVFDSH� SODQQLQJ�� HVSHFLDOO\� DIWHU� VHFRQG� KDOI� RI�

������7KH�VWXGLHV�FRQGXFWHG�E\ <HQLO�������� dRUEDFÕ���������8]XQ�HW�DO��

��������'HPLU�DQG�'HPLUHO� ��������������*�QHú���������'R÷DQ���������

$OSDUVODQ���������$\VX��������DQG�<ÕOPD] (2021) FDQ�EH�QDPHG�DPRQJ�

WKH�PDLQ�RQHV��DOWKRXJK�QRW�OLPLWHG�WR�WKH�JLYHQ�OLVW. 
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Figure 3a. /DQGVFDSH�&KDUDFWHU�$QDO\VLV�DQG�$VVHVVPHQW��/&$QAV) 

(ùDKLQ�HW�DO�������� 
/&��/DQGVFDSH�8QLWV��/&7��/DQGVFDSH�&KDUDFWHU�7\SHV��/&$��/DQGVFDSH�&KDUDFWHU�$UHDVV 
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Figure 3b. /DQGVFDSH�&KDUDFWHU�$QDO\VLV�DQG�$VVHVVPHQW��/&$QAV) 

(ùDKLQ�HW�DO�������� 
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4. Conclusion and Suggestions  

(FRORJLFDO� SODQQLQJ� LV� DQ� DSSURDFK� WKDW� PDLQO\� UHIHUV� WR� WKH� QDWXUDO�

ODQGVFDSH�FKDUDFWHULVWLFV�RI�WKH�DUHD�EHLQJ�VWXGLHG�LQ�WKH�VSDWLDO�SODQQLQJ�

SURFHVV��/DQGVFDSH�SODQQLQJ�LV�D�ILHOG�RI�DFWLRQ�WKDW�LV�EDVHG�RQ�SULPDULO\�

ODQGVFDSH�HFRORJ\�VFLHQFH�DQG�WKH�DQDO\VLV�RI�WKH�PHFKDQLVPV�WKDW�VKDSH�

WKH�ODQGVFDSH��,Q�WKLV�DSSURDFK��ELRWLF�DQG�DELRWLF�HOHPHQWV�DUH�DQDO\]HG�

LQ�WKH�FRQWH[W�RI�WKH�VWUXFWXUH��IXQFWLRQ�DQG�FKDQJH�RI�WKH�ODQGVFDSH��,W�FDQ�

EH� SUHGLFWHG� WKDW� ODQGVFDSH� PRGHOOLQJ VWXGLHV� EDVHG� RQ� ODQGVFDSH�

VWUXFWXUH-IXQFWLRQ-FKDQJH DQDO\VLV LQ�DQ�KROLVWLF ZD\��ZLOO�WDNH�SODFH�PRUH�

LQ� HFRORJLFDO� SODQQLQJ� LQ� SDUDOOHO� ZLWK� VFLHQWLILF� DQG� WHFKQRORJLFDO�

DGYDQFHV�LQ�WKH�IXWXUH� 

:KLOH�PRGHUQLVP�WHQGHG�WR�GRPLQDWH�QDWXUH��WKH�FODVVLFDO�HFRQRPLF�YLHZV�

WKDW�GHYHORSHG�GXULQJ�WKLV�SHULRG�WUHDWHG�QDWXUH�ZLWK�D�XWLOLWDULDQ�DSSURDFK��

7RGD\��D�IXQGDPHQWDO�FKDQJH�LQ�WKH�XQGHUVWDQGLQJ�RI�SODQQLQJ�DQG�GHVLJQ�

LV�UHTXLUHG��7KH�HVVHQFH�RI�WKLV�FKDQJH�LQ�WHUPV�RI�HFRORJLFDO�FRQFHUQV�LV�

WR� SHUFHLYH� WKDW� QDWXUH� KDV� DQ� LQWULQVLF� YDOXH�� 7KH� UHIOHFWLRQ� RI� WKLV 

SHUFHSWLRQ LQto SODQQLQJ�DQG�GHVLJQ�FUHDWHV�D�ILHOG�RI�DFWLRQ�WKDW�FRQVLGHUV�

HFRORJLFDO�YDOXHV��FRPSRQHQWV� DQG�SURFHVVHV�KROLVWLFDOO\�LQ�WHPSRUDO�DQG�

VSDWLDO�GLPHQVLRQV��ùDKLQ��������+ROLVP�LV�HVVHQWLDO�LQ�QDWXUH� ,W�LV�DERXW�

XQGHUVWDQGLQJ�WKH�LQWHUDFWLRQV�ZLWKLQ�WKH�ZKROH�UDWKHU�WKDQ�XQGHUVWDQGLQJ�

WKH�LQGLYLGXDO�SDUWV�DQG�RQJRLQJ�HYHQWV LQ�QDWXUH� 

7KH� LVRODWLRQ� RI� DQ� DUHD��ZKHWKHU� UXUDO� RU� XUEDQ�� IURP� WKH� VXUURXQGLQJ�

V\VWHPV�LQ�WKH�ZKROH�HFRV\VWHP�GRHV�QRW�FUHDWH�HFRORJLFDOO\�VXVWDLQDEOH�

V\VWHPV��7KH�HFRORJLFDO�DSSURDFK�LQ�ODQG�XVH�ODQG�XVH�GHFLVLRQV�LV�QRZ�D�

JHQHUDOO\� DFFHSWHG� SUDFWLFH� 7KH� EDVLV� RI� WKH� HFRORJLFDO� DSSURDFK� LQ�
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SODQQLQJ� LV� WKH� GHYHORSPHQWV� DQG� WUDQVIRUPDWLRQV� WKDW� HPHUJHG� LQ� WKH�

����V�� ZKLFK� EURXJKW� WR� WKH� DJHQGD� WKH� FRQFHSWV� RI� “HQYLURQPHQWDO�

FRQFHUQ” XQWLO�WKH�����V�DQG�“TXDOLW\�RI�OLIH”��“VXVWDLQDELOLW\” DQG�ILQDOO\�

“ODQGVFDSH�FKDUDFWHU” DIWHU������ 

(FRORJLFDO� SODQQLQJ� RU� ODQGVFDSH� SODQQLQJ� DSSURDFKHV�� ZKLFK�

FRPSUHKHQVLYHO\�FDPH�WR�WKH�DJHQGD�ZLWK�0F+DUJ
V�IDPRXV�ERRN�“'HVLJQ�

ZLWK�1DWXUH”��KDYH�XQGRXEWHGO\�HPHUJHG�DV�D�UHVXOW�RI�GLUHFW�RU�LQGLUHFW�

LQWHUDFWLRQV�ZLWK�HDFK�RWKHU�LQ�WKH�KLVWRULFDO�SURJUHVV��,Q�WKLV�SURJUHVV��RI�

FRXUVH�� PDQ\� QDPHV� RWKHU� WKDQ� WKRVH� PHQWLRQHG� LQ� WKLV� 6HFWLRQ KDYH�

FRQWULEXWHG��8QGRXEWHGO\��D�V\VWHPDWLFDOO\�VWUXFWXUHG�DQG�FRPSUHKHQVLYH�

FKURQRORJLFDO�VWXG\�RQ�WKH�KLVWRULFDO�GHYHORSPHQW�RI�HFRORJLFDO�SODQQLQJ�

ZRXOG�EH�EHQHILFLDO� 

7KDQNV�DQG�,QIRUPDWLRQ�1RWH� 

7KLV�H-ERRN�FKDSWHU�FRPSOLHV�ZLWK�QDWLRQDO�DQG�LQWHUQDWLRQDO�UHVHDUFK�DQG�

SXEOLFDWLRQ� HWKLFV�� (WKLFV�&RPPLWWHH� DSSURYDO�ZDV� QRW� UHTXLUHG� IRU� WKH�

VWXG\��� 

Author Contribution and Conflict of Interest Disclosure Information 

7KH�DXWKRU�FRQWULEXWHG�IXOO\�WR�WKH�DUWLFOH��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 
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https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=RrI-Krk3A-RkF4YfHofukyXOaYt0wLdcEpK2IEWmN5jooLTCZZxgyIKg7e_1RkkV
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=RrI-Krk3A-RkF4YfHofukyXOaYt0wLdcEpK2IEWmN5jooLTCZZxgyIKg7e_1RkkV
https://www.iflaeurope.eu/assets/docs/E1_IFLA-UNESCO_Charter_for_Landscape_Architectural_Education_2017_with_IFLA_Europe_addenda_2017.pdf
https://www.iflaeurope.eu/assets/docs/E1_IFLA-UNESCO_Charter_for_Landscape_Architectural_Education_2017_with_IFLA_Europe_addenda_2017.pdf
https://www.iflaeurope.eu/assets/docs/E1_IFLA-UNESCO_Charter_for_Landscape_Architectural_Education_2017_with_IFLA_Europe_addenda_2017.pdf
https://birikimdergisi.com/dergiler/birikim/1/sayi-53-eylul-1993-sayi-53-eylul-1993/2256/
https://birikimdergisi.com/dergiler/birikim/1/sayi-53-eylul-1993-sayi-53-eylul-1993/2256/
https://www.jstor.org/stable/44663029
https://www.peyzaj.org.tr/resimler/ekler/8b56bd3d5287307_ek.pdf
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.|VHR÷OX�� 0�� �������� 5XUDO� /DQGVFDSH� 3ODQQLQJ� 6WXGLHV� DQG� ,WV�
,PSRUWDQFH� IRU� 2XU� &RXQWU\� >,Q� 7XUNLVK@�� ,VWDQEXO� 8QLYHUVLW\��
-RXUQDO�RI�)DFXOW\�RI�)RUHVWU\������������-�����5HWULHYHG�$SULO�����
������ IURP� KWWSV���IRUHVWLVW�RUJ�HQ�NLUVDO-SH\]DM-SODQODPD-
FDOLVPDODUL-YH-EXQXQ-XONHPL]-\RQXQGHQ-RQHPL-161084  

.|VHR÷OX�� 0�� �������� Landscape Evaluation Techniques >,Q� 7XUNLVK��
3H\]DM� 'H÷HUOHQGLUPH� <|QWHPOHUL@�� ø]PLU�� (JH� 8QLYHUVLW\�
3XEOLFDWLRQ�1XPEHU����������SDJHV��%RUQRYD� 

.XUXP��(��	�ùDKLQ��ù����������'HWHUPLQLQJ�WKH�$UHDV�RI�+LJK�/DQGVFDSH�
9DOXH� E\�*,6� LQ�(QYLURQPHQWDO� ,PSDFW� 6WXGLHV� IRU�+\GURHOHFWULF�
3RZHU�6WDWLRQV�� ,Q��$EVWUDFW�%RRN�RI�International Conference on 
GIS for Earth Science Applications�� ,&*(6$� ������ 0HQHPHQ��
ø]PLU� 

0F+DUJ�� ,DQ� /�� �������� $Q� (FRORJLFDO� 0HWKRG� IRU� /DQGVFDSH�
$UFKLWHFWXUH��Landscape Architecture������������-��� 

0F+DUJ��,DQ�/����������Design with Nature��*DUGHQ�&LW\��1<��7KH�1DWXUDO�
+LVWRU\�3UHVV� 

0F+DUJ��,DQ�/����������A Quest for Life��1HZ�<RUN��-RKQ�:LOH\�	�6RQV� 

0HPO�N��<����������/DVW����<HDUV�LQ�/DQGVFDSH�$UFKLWHFWXUH�(GXFDWLRQ�
>,Q� 7XUNLVK@�� Plant Magazine�� ���-����� 5HWULHYHG� IURP�
KWWSV���ZZZ�SODQWGHUJLVL�FRP�HGHUJL-RNX-VD\L-��-
���KWPO�HGHUJL���  

0LVUD�� 0�� �������� %RRN� 5HYLHZ�� (FRKXPDQLVP DQG� WKH� (FRORJLFDO�
&XOWXUH�� 7KH� (GXFDWLRQDO� /HJDF\� RI� /HZLV� 0XPIRUG� DQG� ,DQ�
0F+DUJ��,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�6WXGLHV��$GYDQFH�
RQOLQH�SXEOLFDWLRQ��KWWSV���GRL�RUJ������������������������������ 

1GXELVL��)����������0DQDJLQJ�&KDQJH�LQ�WKH�/DQGVFDSH��$�6\QWKHVLV�RI�
$SSURDFKHV� IRU�(FRORJLFDO�3ODQQLQJ��Landscape Journal�� -6725��
������SS�����-���� 

https://forestist.org/en/kirsal-peyzaj-planlama-calismalari-ve-bunun-ulkemiz-yonunden-onemi-161084
https://forestist.org/en/kirsal-peyzaj-planlama-calismalari-ve-bunun-ulkemiz-yonunden-onemi-161084
https://www.plantdergisi.com/edergi-oku-sayi-27-27.html#edergi/57
https://www.plantdergisi.com/edergi-oku-sayi-27-27.html#edergi/57
https://doi.org/10.1080/00207233.2022.2037320
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2GXP��(��3��	�%DUUHWW��*�:����������)XQGDPHQWDOV�RI�(FRORJ\� $QNDUD��
3DOPH�3XEOLVKLQJ��7UDQVODWLRQ�(GLWRU��3URI��'U��.DQL�,úÕN������SDJHV� 

6WHLQHU��)�5����������&RPPHQWDU\��+HDOLQJ�WKH�(DUWK��7KH�UHOHYDQFH�RI�,DQ�
0F+DUJ¶V� :RUN� IRU� WKH� )XWXUH�� Philosophy & Geography�� ������
141–���� 

6WHLQHU��)�5�� �������� ,DQ�/��0F+DUJ��$�%LEOLRJUDSK\��Socio-Ecological 
Practice Research�������-396 

ùDKLQ�� ù�� �������� $� 5HVHDUFK� RQ� WKH� 'HWHUPLQDWLRQ� DQG� (YDOXDWLRQ�
$VVHVVPHQW� RI� WKH� /DQGVFDSH� 3RWHQWLDO� RI� 'LNPHQ� 9DOOH\� >,Q�
7XUNLVK@�� �3K'� 7KHVLV��� $QNDUD� 8QLYHUVLW\�� 1DWXUDO� DQG� $SSOLHG�
6FLHQFHV�,QVWLWXWH��'HSDUWPHQW�RI�/DQGVFDSH�$UFKLWHFWXUH��$QNDUD��
7�UNL\H�� 5HWULHYHG� $SULO� ���� ������ IURP�
KWWSV���WH]�\RN�JRY�WU�8OXVDO7H]0HUNH]L�7H]*RVWHU"NH\ �O2-;�Z
B�3548�P6+8�-MLWL]��.WS6%Z1�R&G(-
*D[5KRZNU$1%&�2W%<GFD-D9  

ùDKLQ��ù�� �����D���0RJDQ�DQG�(\PLU /DNHV�3URWHFWLRQ��5HVWRUDWLRQ�DQG�
'HYHORSPHQW��$SSURDFK� >,Q�7XUNLVK@��*|OEDúÕ�1DWXUH�3DUN�8UEDQ�
'HVLJQ� DQG� /DQGVFDSH� &RPSHWLWLRQ� E\� 0LQLVWU\� RI� (QYLURQPHQW�
3ULYDWH� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\�� �QG� 3XUFKDVH� $ZDUG��
3URMHFW� 5HSRUW� �WK� 6HFWLRQ�� $QNDUD�� 7�UNL\H�� 5HWULHYHG�$SULO� ����
������ IURP�
KWWS���ZZZ�PLPDUODURGDVLDQNDUD�RUJ�\DULVPDODUGL]LQL�"GXUXP LQIR
	\LG ���  

ùDKLQ�� ù�� �����E��� 6XVWDLQDEOH� /DQGVFDSH� $VVHVVPHQW� RI� 5LYHU�
&DWFKPHQWV� LQ� WKH�([DPSOH�RI�'LNPHQ�%URRN� LQ�$QNDUD��7XUNH\��
Options Méditerranéennes. Série A: Séminaires Méditerranéens 
(CIHEAM)��������-��� 

ùDKLQ�� ù�� 	� .XUXP�� (�� �������� (URVLRQ� 5LVN� $QDO\VLV� E\� *,6� LQ�
(QYLURQPHQWDO�,PSDFW�$VVHVVPHQWV��$�&DVH�6WXG\- 6H\KDQ�.|SU��
'DP� &RVWUXFWLRQ�� The Journal of Environmental Management��
(OVHYLHU�������������-����� 

https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=7lOJX8w_8PRQU1mSHU6-jitiz67KtpSBwN9oCdE-GaxRhowkrANBC8OtBYdca-aV
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=7lOJX8w_8PRQU1mSHU6-jitiz67KtpSBwN9oCdE-GaxRhowkrANBC8OtBYdca-aV
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=7lOJX8w_8PRQU1mSHU6-jitiz67KtpSBwN9oCdE-GaxRhowkrANBC8OtBYdca-aV
http://www.mimarlarodasiankara.org/yarismalardizini/?durum=info&yid=689
http://www.mimarlarodasiankara.org/yarismalardizini/?durum=info&yid=689
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ùDKLQ��ù����������5HIOHFWLRQV�RI�(FR-3KLORVRSK\�RQ�6SDWLDO�3ODQQLQJ�DQG�
'HVLJQ� >,Q�7XUNLVK@�� -RXUQDO� RI� /DQGVFDSH�$UFKLWHFWXUH�� ���������
55-���� 5HWULHYHG� $SULO� ���� ���� IURP�
KWWSV���ZZZ�SH\]DM�RUJ�WU�UHVLPOHU�HNOHU���G�FI�EH��HF��BHN�SGI  

ùDKLQ�� ù�� �������� /DQGVFDSH� (FRORJ\� &RQFHSWXDO� )RXQGDWLRQV� DQG�
$SSOLFDWLRQ� $UHDV�� $ND\�� $�� 	� 'HPLúEDú� g]HQ�� 0�� �(GV���
/DQGVFDSH�0DQDJHPHQW��72'$ø(����-����$QNDUD� 

ùDKLQ��ù���3HUoLQ��+���.XUXP��(���8]XQ��2���%LOJLOL��(���7H]FDQ��/���dLoHN��
ø���0�IW�R÷OX��9���dRUEDFÕ��g�/���6�W�Qo��6���'R÷DQ��'���.Ro��g���
$WHú��(���7DUÕP��%��	�.XUGR÷OX��*����������PEYZAJ-44: Landscape 
Character Analysis at the Provincial Scale and Its Assessment in 
terms of Tourism/Recreation (PEYZAJ-44). Final Report of the 
Project No. 109G074 of TUBITAK KAMAG 1007 Program, where 
the Client Institutions are Ministry of Interior, Ministry of 
Environment and Urbanization and Ministry of Forestry and Water 
Affairs, and Ankara University is the Executing Institution. 

ùDKLQ��ù���3HUoLQ��+���.XUXP��(���8]XQ��2��	 %LOJLOL��%�&����������National 
Technical Guideline for Landscape Character Analysis and 
Assessment at the Regional and Sub-Regional (Provincial) Levels 
[In Turkish and English]�� 7h%ø7$.� .$0$*� ����� 3URJUDP�
3(<=$--���3URMHFW�1R����*�����$Q�2XWFRPH RI�WKH�3URMHFW ZKHUH�
0LQLVWU\�RI�,QWHULRU��0LQLVWU\�RI�(QYLURQPHQW�DQG�8UEDQL]DWLRQ��DQG�
0LQLVWU\�RI�)RUHVW�DQG�:DWHU�$IIDLUV�DUH�WKH�%HQHILFLDU\�,QVWLWXWLRQV�
DQG�$QNDUD�8QLYHUVLW\� LV� WKH�&RRUGLQDWLQJ� ,QVWLWXWLRQ������3DJHV��
$QNDUD�� 5HWULHYHG� $SULO� ���� ����� IURP��
KWWSV���NXWXSKDQH�WDULPRUPDQ�JRY�WU�YXILQG�5HFRUG��������  

7KD\HU��5��/����������Gray World, Green Heart: Technology, Nature and 
the Sustainable Landscape��1HZ�<RUN��1<��-RKQ�:LOH\�	�6RQV� 

7�UNVR\��g�� ��������3URVSHFWV� IRU�(FR-3ODQQLQJ� LQ� D�5DSLGO\�&KDQJLQJ�
&RDVWDO� $UHD�� 7UDQVIRUPDWLRQ� LQ� (DVWHUQ� $QWDO\D� 5HJLRQ�� �3K'�
7KHVLV��� 0LGGOH� (DVW� 7HFKQLFDO� 8QLYHUVLW\� *UDGXDWH� 6FKRRO� RI�
1DWXUDO�DQG�$SSOLHG�6FLHQFHV��'HSDUWPHQW�RI�8UEDQ�DQG�5HJLRQDO�

https://www.peyzaj.org.tr/resimler/ekler/92d3cf8be34ec71_ek.pdf
https://kutuphane.tarimorman.gov.tr/vufind/Record/1179493
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3ODQQLQJ�� 5HWULHYHG� $SULO� ���� ������ �1RWH�� 7KH� WKHVLV� LV� QRW�
DFFHVVLEOH�IURP�https://tez.yok.gov.tr/UlusalTezMerkezi/ ) 

8]XQ�2���'LOHN�)���dHWLQND\D�*���(UGXUDQ�)��	�$oÕNV|]�6����������Konya 
Province, %R]NÕU-6H\GLúHKLU$KÕUOÕ-<DOÕK�\�N� 'LVWULFWV� DQG� 6X÷OD�
Lake Landscape Management, Conservation and Planning. 
5HSXEOLF�RI�7XUNH\�0LQLVWU\�RI�(QYLURQPHQW�DQG�)RUHVWU\��*HQHUDO�
'LUHFWRUDWH�RI�1DWXUH�&RQVHUYDWLRQ�DQG�1DWLRQDO�3DUNV��'HSDUWPHQW�
RI�1DWXUH�&RQVHUYDWLRQ������SDJHV��$QNDUD� 

8]XQ�� 2��� 0�GHUULVR÷OX�� +��� 'HPLU�� =��� .D\D�� /�*��� *�OWHNLQ�� 3�� 	�
*�QG�]�� 6�� �������� <HúLOÕUPDN� %DVLQ� /DQGVFDSH� $WODV� $.6�
3ODQQLQJ� DQG� (QJLQHHULQJ� /LPLWHG� &RPSDQ\� RQ� EHKDOI� RI� WKH�
DEURJDWHG� 0LQLVWU\� RI� )RUHVWU\� DQG� :DWHU� $IIDLUV� *HQHUDO�
'LUHFWRUDWH�RI�1DWXUH�&RQVHUYDWLRQ�DQG�1DWLRQDO�3DUNV������SDJHV��
$QNDUD�� 

:KLWDNHU�� :��� 	� 6WHLQHU�� )�� �������� ,DQ� /�� 0F+DUJ�� DQ� ,OOXVWUDWHG�
&KURQRORJ\�RI�+LV�/LIH��6RFLR-(FRORJLFDO�3UDFWLFH�5HVHDUFK��������-
���� 

:LVFRQVLQ�6WDWH�-RXUQDO���������-XO\�����3KLOLS�+RZDUG�
3KLO
�/HZLV�-U��S��
$��� 5HWULHYHG� $SULO� ���� ������ IURP�
KWWSV���ZZZ�QHZVSDSHUV�FRP�FOLS����������SKLOLS-K-OHZLV-MU-
1925-�����  

<HQLO�� h�� �������� Ecological Restoration and Landscape Management 
Model for Zir Stream [In Turkish]. Ankara University Natural and 
Applied Sciences Institute Department of Landscape Architecture, 
PhD Thesis, $QNDUD�� 7�UNL\H�� 5HWULHYHG� $SULO� ���� ����� IURP�� 
KWWSV���WH]�\RN�JRY�WU�8OXVDO7H]0HUNH]L�7H]*RVWHU"NH\ V<�P��3
IF/�)�18Z-
FU��+.���B6Q�.F[IR<OT;�E<)QY83K�NGM&,F5N�Z�0SU'   

<ÕOPD]��)�d����������'HVLJQ�RI�DQ�8UEDQ�0RGHO�)RFXVHG�RQ�(FRV\VWHP�
6HUYLFHV�>,Q�7XUNLVK@���3K'�7KHVLV���$QNDUD�8QLYHUVLW\�1DWXUDO�DQG�
$SSOLHG�6FLHQFHV�,QVWLWXWH��'HSDUWPHQW�RI�/DQGVFDSH�$UFKLWHFWXUH��
$QNDUD�� 7�UNL\H�� 5HWULHYHG� $SULO� ���� ������ IURP�

https://tez.yok.gov.tr/UlusalTezMerkezi/
https://www.newspapers.com/clip/55963153/philip-h-lewis-jr-1925-2017/
https://www.newspapers.com/clip/55963153/philip-h-lewis-jr-1925-2017/
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=sY7m19PfcL6F1NUw-cr80HK642_Sn8KcxfoYlqX8bYFnvUPh8kdjCIcRk3w0MprD
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=sY7m19PfcL6F1NUw-cr80HK642_Sn8KcxfoYlqX8bYFnvUPh8kdjCIcRk3w0MprD
https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=sY7m19PfcL6F1NUw-cr80HK642_Sn8KcxfoYlqX8bYFnvUPh8kdjCIcRk3w0MprD
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KWWSV���WH]�\RN�JRY�WU�8OXVDO7H]0HUNH]L�7H]*RVWHU"NH\ WT8L<W��V
74/7SR]0-��4V'�.Y';&00�[�-
W3:3-QM4N(*1N�]QDN2D-O�Y�;1/*  

<RUJDQFÕR÷OX��'����������5H-&RQVWUXFWLQJ�7KH�3ROLWLFDO�DQG�(GXFDWLRQDO�
&RQWH[WV� RI� 7KH� 0(78� 3URMHFW�� �3K'� 7KHVLV��� 0LGGOH� (DVW�
7HFKQLFDO� 8QLYHUVLW\� *UDGXDWH� 6FKRRO� RI� 1DWXUDO� DQG� $SSOLHG�
6FLHQFHV�� 'HSDUWPHQW� RI� $UFKLWHFWXUH�� 5HWULHYHG� $SULO� ���� ������
IURP�
KWWSV���WH]�\RN�JRY�WU�8OXVDO7H]0HUNH]L�7H]*RVWHU"NH\ ]'�%�F:
�]9U�9FQ=MLW9;LK)+GD([<4Z4H)�X:[�FE1:LD3N�M&+T7-
VN�(M((00  
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https://tez.yok.gov.tr/UlusalTezMerkezi/TezGoster?key=tqUiYt63sTQLTpozMJ92QsD6KvDXCMM2x8-tPWPJnjQkEGNk0znakOaJl9v5XNLG
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1. Introduction 

A large number of industrial facilities established with the industrial 

revolution throughout the world, and residential areas located near them, 

and urban spaces have grown rapidly and continue to grow. The rapid 

increase in urban growth has brought along many environmental problems 

�+DFÕR÷OX�'HQL]� 2009). Urban growth with various environmental effects 

is the spatial and functional expansion of cities as a result of the growth of 

population, economy, infrastructure and built environment. Urban growth 

may occur due to different factors such as population increase in urban 

areas, migration from rural settlements to urban areas and/or changes in 

UXUDO�ODQG�XVHV��$\GÕQ��2015). 

Factors related to the close environment relations of urban space, factors 

related to urban and regional planning policies, factors related to individual 

preferences, economic factors, especially ecological factors such as slope, 

topographic structure, natural disaster risk, soil structure, climate 

characteristics, which have effects on urban growth, It can be listed as 

basically six factors, including socio-economic and political factors 

�$\GÕQ�� ������ Related professionals such as local and regional 

administrators, city planners, landscape architects, urban designers are 

involved in the management of urban growth while contributing to the 

creation of laws and regulations that ensure that the needs of the citizens 

are met as well as sustainable economic development. In addition to the 

positive effects of urban growth, such as the creation of new economic 

opportunities in the city, easy access to services and facilities, and 

improvement in living conditions, the increase in population density as a 
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result of overcrowding, deterioration of urban ecological conditions (air 

quality, water quality, etc.), intensive use of vehicles. There are also 

negative effects such as traffic congestion and social inequality due to 

income distribution. Minimizing these negative effects can be achieved by 

planning urban growth depending on the existing ecological factors of the 

cities. In this process, the evaluation of ecological factors that have effects 

on urban growth minimizes the negative effects of urban growth and 

ensures the healthy execution of the urbanization process and 

sustainability in cities. 

1.1 Urban Growth 

Urban growth is a concept that expresses the increase in the spatial size, 

population density and diversity of uses (Vlahov & Galea, 2002). Urban 

growth is one of the current research topics due to the migration of the 

rapidly increasing population in the world to cities due to various reasons, 

rapid urbanization and its consequences. Urban growth is one of the issues 

emphasized in the "Urban Sustainable Development Framework" of the 

United Nations. According to the framework, “measuring and evaluating 

the policies, infrastructure, socio-economic factors, resource use, 

emissions and other processes that contribute to and benefit from the 

metabolism, well-being and quality of life of cities is one of the important 

VWHSV� LQ� FUHDWLQJ� D� VXVWDLQDEOH� XUEDQ� HQYLURQPHQW�´� �3ÕQDUFÕR÷OX� & 

Kanbak, 2020). 

In this context, in recent years, there are studies in the literature that deal 

with urban growth in terms of population growth, social welfare, economy, 

spatial growth, demographic structure, infrastructure, climate change, air 
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pollution, depletion of natural resources and sustainability (Whang et al., 

2023; Li et. al., 2022; Lavenus & Diemer, 2022 ; Smith & Johnson, 2021; 

Liu et al., 2022 ). There are studies that deal with urbanization and urban 

growth in various aspects, as well as studies on urban growth forecasts 

(Kuru & Yüzer, 2021; Song & Li, 2020; Sarkar & Lakshmana, 2022; 

Dhanaraj & Jain, 2022; Makido et al., 2020; Modiri et al., 2023). 

Population-oriented ones among these studies deal with urban growth in 

terms of population growth. For example, Zhang et al. (2022), in their 

study on urbanization, examined the urbanization level of the counties in 

China and revealed that the urbanization level of the counties is a factor 

affecting urbanization. As a result of the comparison of the censuses and 

the regression analysis, the steep and harsh natural structure, distance from 

the central cities and high altitudes were the most important factors as an 

obstacle to urbanization. However, Zhang et al. (2022), urban growth is 

used with the meaning of the increase in the population living in the cities, 

so urban growth is handled with a population growth aspect, since 

urbanization is made with urban population growth data in the analyzes 

related to urbanization. However, urban growth is a population 

accumulation process that leads to an increase in the number of cities in 

parallel with industrialization and economic development, and to the 

spatial growth of existing cities under the influence of relevant factors, and 

causes city-specific changes in human behavior and relations in society 

�ùHYNHW�������� 

In regions where rapid urban growth takes place, many planning 

institutions have to make decisions based on unsubstantiated assumptions 
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and incomplete information, since long-term and systematic information 

about urban spaces is not available (Cash et al. 2003). From this point of 

view, evaluations of ecological factors in urban space are as important as 

the analysis of other urban growth factors in terms of proper planning of 

urban growth. In addition, as urbanization is a rapidly developing process 

throughout the world, environmental, ecological and social concerns are 

increasing as a result of urbanization. 

The speed and intensity of urbanization is effective in changing land uses. 

It is important to investigate the factors that cause land use change in order 

to understand the change process, to estimate the speed, intensity and path 

of the land change LQ�WKH�XUEDQ�DUHD��$\GÕQ����������(FRORJLFDO�IDFWRUV�FDQ�

be shown among the most important factors affecting land use change in 

the urbanization process. 

2. Material and Method 

The main material of the study is Artvin Central District with its sloping 

and steep land structure, crowded population compared to other districts 

and high density building stock. Study; It has been shaped by on-site 

observations and research based on the literature on the subject. In this 

study, ecological factors and urban growth models that are effective on 

urban growth for the study area were examined and in this direction, the 

ecological factors effective in urban development and the urban growth 

model of the area were evaluated for Artvin Central District, which was 

chosen as the study area. In the light of the information and findings 

obtained, evaluations were made and urban growth proposals were put 

forward for the study area. 
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3. Findings and Discussion 

In this section, the ecological characteristics and population change of the 

study area were determined, urban growth systems were examined and the 

ecological factors affecting the urban growth of Artvin Central District 

were revealed. 

3.1. Ecological Characteristics of the Study Area and Population 

Change 

In this section, the urban ecological features that have an impact on the 

urban growth of the study area are explained. After explaining the urban 

ecological features, the population change, which is one of the conditions 

of urban growth, is examined. 

The study area, Artvin Central District, is located in the northeast of 

Turkey, in the Black Sea Region, within the Coruh Basin, between 40 54' 

57 north latitudes and 41 30' 51" east longitudes. The lowest elevation in 

the area is 125 m, the highest point is 3195 m and the average height is 

1402.11 m. The area of the study area is 7,436 km². Turkey's fastest 

flowing river forms a deep valley in the study area. The district is 

VXUURXQGHG�E\�ùDYúat in the east, Murgul in the west, Yusufeli in the south 

and Borçka in the north (Figure 1). 
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Figure 1. Location of study area (Original, 2023). 

Artvin Province, which is the center of the study area, is very rich in terms 

of natural and cultural values. While there is a protected area with an area 

of 400 km² in Artvin, Hatila Valley National Park (169 km²) and Kafkasör 

Plateau and Urban Forest (0.08 km²) are in Artvin Central District. In 

Artvin Central District, there are administrative units of various state 

institutions such as hospital, population directorate, regional directorates 

of institutions affiliated to the relevant ministries, since it is a center 

determined by administrative borders. From this point of view, it can be 

said that the study area is the most dense district in terms of population and 

building stock, which are accepted as criteria for urbanization. 
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Topographic and Geological Structure of the Study Area 

The topographic structure of the study area is quite active. The Çoruh 

River and its tributaries, especially Fabrika and Hatila Stream, form deep 

valleys in the rugged area.  

$ODFDGD÷�������P��LQ�WKH�QRUWK-northwest direction, Otlu Mountain (2800 

m) extending in the north-east-southwest direction, Cerattepe (1700 m) 

extending in the northwest-southeast direction are among the most 

important mountains (Artvin Governorship, 2015). 

General Soil Characteristics and Land Uses of the Study Area 

There are six soil types in Artvin, namely brown and non-calcareous brown 

forest soil, red soils, yellow podzolic soils, high mountain meadow soils, 

alluvial and colluvial soils. According to the land use capability classes 

related to soil properties, the most common of the 8 capability classes 

(46.5%) is VII. class tillage is unsuitable for agriculture (Bolat, 2020). 

In terms of Land Use Capability Subclasses (ATS), slope and erosion 

damage, stoniness, drainage disorder or flood damage, slope and erosion 

damage, soil insufficiency (stony, salinity and alkalinity), slope and 

erosion damage, soil insufficiency (stony, salinity and alkalinity) ) and 

there are 4 subclasses (Özdemir Durak, 2022). Current land uses in the 

study area garden (dry), garden (irrigated), heathland, heath-pasture, 

pasture, dry farming (fallow), dry farming (fallow)-pasture, dry farming 

(fallow)-forest, forest, forest-heath, forest-dry farming (fallow), irrigated 

farming, vineyard (irrigated), hazelnut-dry farming (fallow), bare rocks 

and water surfaces consist of 17 uses. The most common of these is the 

forest use type (Özdemir Durak, 2022). 
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Land Cover of the Study Area 

According to the land cover map created by Özdemir Durak (2022) with 

Corine 2018 data, in the study area; discontinuous city structure, industrial 

or commercial areas, highways, railways and related areas, mineral 

extraction areas, construction areas, non-irrigated arable land, orchards, 

mixed agricultural areas, agricultural areas with natural vegetation, broad-

leaved forests, coniferous forests. There are 18 land cover classes: mixed 

forests, natural meadows, vegetation change areas, bare cliffs, sparse 

vegetation areas, waterways and water bodies. The most common of these 

are broad-leaved forests, coniferous forests, and mixed forests. 

Climate of the Study Area 

In Artvin, a wide variety of climate types are seen, including Black Sea 

Climate on the coast, Continental Climate in the interior and higher parts, 

and even Mediterranean Climate in places. According to the Köppen 

climate types classification made by the General Directorate of 

Meteorology, the Central District is generally in the type of climate with 

warm summers, hot and dry winters (0HWHRURORML� *HQHO� 0�G�UO�÷���

2010). 

Vegetation of the Study Area 

The study area is very rich in terms of vegetation. Artvin is located in the 

Euxine sub-flora of the European-Siberian Floristic Region. In the Euro-

Siberian floristic region, as a result of the destruction of vegetation caused 

by human influence in the coastal areas, the forests have been replaced by 

the shrub and bush (pseudo-maquis) belt. In this region, broad-leaved 

forests (beech, chestnut, hornbeam, oak, linden, ash) between 300-800 
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meters, mixed forests (beech, hornbeam, oak, linden and fir, spruce, larch, 

yellow pine) between 800-1200 meters, Conifers (fir, yellow pine and 

spruce) are seen between 1200-2200 meters and alpine meadows belt is 

seen from 2200 meters (Bolat, 2020). 

Hydrological Structure of the Study Area 

The largest river within the boundaries of the study area is the Coruh River. 

After the Yusufeli Dam, which is located within the boundaries of the 

study area and has started to hold water in Turkey, but is not yet 

operational, the highest dam is Deriner Dam, which is 2 km away from the 

center of Artvin. Among the important surface waters related to the 

hydrological structure of the study area, the streams are Çoruh River, 

Hatila Stream and Fabrika Stream. 

Population Change of the Study Area 

Urban growth is shaped by the economic developments that occur in line 

with the effect of ecological factors and, accordingly, the population 

change. Many dams, HEPPs and road constructions connected to them are 

planned, in progress and completed on the Çoruh River and its tributaries, 

some of which are located in Artvin, with the highest flow rate in Turkey. 

From this point of view, it is possible to say that the construction and 

energy sectors are among the most important sectors for the city's 

economy. 

In addition to the aforementioned economic investments, the establishment 

of a university in Artvin can be listed among the factors that cause 

population growth in the Merkez District and the associated urban growth. 

According to the address-based population registration system data of the 
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Turkish Statistical Institute, the population in Artvin Central District was 

25.002 in 1965, while it was 34.537 in 2022 (last official record). As 

Özdemir Durak (2022) stated in his study, the population increase has also 

occurred as internal migration in the form of migration from rural areas to 

district centers. 

 

Figure 2. Population change in Artvin Central District between 1965 and 

2022 (Original, 2023). 

Özdemir Durak (2022) revealed that there was an increase of 31.77% in 

the class of land cover settlement areas between 1984-2021 according to 

Corine 2018 data in Artvin Central District and its immediate 

surroundings. In this context, considering the previously examined 

population indicator, it is possible to say that urbanization has increased in 

Artvin Central District. 

3.2 Urban Growth Systems and Ecological Factors Effective in Urban 

Growth of Artvin Central District 

In this section, first the urban growth systems are explained and then the 

ecological factors that are effective in the urban growth of Artvin Center 

are evaluated in line with the described urban growth systems. 
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Urban Growth Systems 

Aru (1998) states that urban growth takes place in six forms: linear, radial, 

concentric, saddle, arc and miscellaneous. In radial, concentric and saddle-

shaped growth, the formal structure is complementary to each other. 

Linear growth (Figure 3) spreads in many directions in line with the 

topographic structure features and reveals the radial growth form. As the 

process progresses, these developments lead to the formation of a 

concentric settlement (Figure 4) with the formation of transportation axes 

(Sinmaz & Özdemir, 2016). 

 
Figure 3. Linear Urban Growth (Sinmaz & Özdemir, 2016). 

Topographic features and hydrological structures of cities are among the 

main ecological factors that affect urban growth. Linear urban growth is 

generally formed by the effect of topography factor. The Mardin City 

Suriçi settlement is shown as an example of linear urban growth. The city 

of Mardin was founded in the 12th century on the southern slope of the hill 

where the Mardin Castle is located. In the Suriçi region, within the 

constraints of the topography, the city is located in a linear fashion for 2.5-
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3 km and approximately 500 m. It grew in width in the east-west direction. 

Similarly, the city of Izmit, which grows linearly, is a coastal city that was 

established in the area under the influence of the hydrological structure and 

continued its growth along the water element (Sinmaz & Özdemir, 2016). 

 
Figure 4. Radial City Form (Sinmaz & Özdemir, 2016). 

Urban growth in radial form refers to the urbanization that spreads along 

the transportation axes in the form of rays from the center. In the city of 

Sivas, where the slope is low, the urban growth took place in a distinctive 

UDGLDO� V\VWHP� EHWZHHQ� LWV� ZHVWHUQ� VORSHV� DQG� .Õ]ÕOÕUPDN�� 7KH� ILUVW�

settlements were formed on the east side of the radial structure, in the 

VHFWLRQ� XS� WR� WKH� .Õ]ÕOÕUPDN� ULYHU�� $IWHUZDUGV�� WKH� GHYHORSLQJ� XUEDQ�

growth progressed in all directions (Sinmaz & Özdemir, 2016). 

The city of Erzurum, which was established in and around a castle from 

the Roman period, showed a concentric growth by being influenced by the 

topographic structure of the city (Figure 5). With the rise of the castle, the 

ring roads developed and the city grew in the west direction. The old city, 

on the other hand, does not show any urban growth characteristics in terms 
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of formal structure, except for the core of the city (Aru, 1998). The city of 

6LLUW�ZDV�HVWDEOLVKHG�RQ�WKH�ZHVWHUQ�VORSH�RI�WKH�ùH\KúHPX�DQG�5DVLQQHEDK�

hills, which dominate the Botan valley. It was established near the plateau 

of the Southeast Taurus Mountains. Along with the safety factor, which 

was effective in the urban growth of this small Anatolian city, ecological 

factors for its climatic and morphological structure were effective. The 

eastern border of the city is determined by a deep cleft formed by the Botan 

valley, which shows a very distinctive morphological structure. The city 

has grown in the west direction. Since the dominant ecological factor 

affecting the growth of the city is the morphological structure and the city 

has a very rugged morphology, the urban growth has taken place in a 

concentric manner (Sinmaz & Özdemir, 2016). 

 
Figure 5. &RQFHQWULF��(U]XUXP��DQG�6SULQJ��6LLUW��8UEDQ�)RUP��6ÕQPD]�

& Özdemir, 2016). 
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Ecological Factors Influencing the Urban Growth of Artvin Center 

Determining the factors affecting urban growth and planning urban growth 

in line with these factors is the sure way to create sustainable and high-

prosperity urban spaces. The planned and controlled growth form in 

question is “smart growth”. The city center of Portland, Oregon, is cited as 

WKH�WZR�EHVW�FLWLHV�UHSUHVHQWLQJ�VPDUW�XUEDQ�JURZWK��6ÕQPD]�& Özdemir). 

In the Oregon city plan, the city is divided into 10 sub-regions (Figure 6) 

Portland Central city, Oregon, has rich natural resources and a mild 

climate. The characteristics of ecological factors in urban growth have 

been the hydrological structure due to the climate and the river in the city 

(Portland Goverment, 2020).  In the cases of Portland province and Oregon 

city center, the main features are the use of high-density mixed areas and 

PLQLPL]LQJ�WKH�XVH�RI�FDU�DGGLFWLRQ��6ÕQPD]�& Özdemir, 2016). 

 
Figure 3. Portland Oregon City Plan (Portland Gov., 2020). 

https://www.portland.gov/bps/planning/cc2035/about-cc2035-plan
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The effects of location, geological structure and landforms on urban 

growth 

There are steep mountains throughout the Artvin Province. The extensions 

of the Eastern Black Sea Mountains, extending parallel to the Black Sea 

coast, within the provincial borders; It extends to the border under the 

QDPH� RI� .DoNDU�� $OWÕSDUPDN�� .�N�UWO��� ,VNDULVWL� 0RXQWDLQV�� 7KHUH� DUH�

many mountains and high peaks on this mountain range ($UWYLQ�9DOLOLOL÷L). 

The main ones of these mountains are Kaçkar Mountain located on the 

borders of Arvin-Rize and Erzurum, Kükürt Mountain located on the 

Artvin-Rize provincial border and an extension of the Eastern Black Sea 

Mountains, Karçal mountain ranges to the east of Borçka District, and 

<DOQÕ]oDP�DQG�dDGÕU�0RXQWDLQV� ORFDWHG� LQ�Ardanuç District. �$UWYLQ� øO�

.�OW�U� YH� 7XUL]P� 0�G�UO�÷�). The city is surrounded by the high 

topography created by these mountains. Artvin Central District is a city 

center that develops from the Çoruh River valley floor to the high slopes. 

Urbanization, which starts from the valley floor where the Çoruh River 

carries alluvium and rises sharply with 11 bends, grows towards the Hatila 

Valley in the north direction and in the direction of Cerattepe in the 

northeast direction at high altitudes (Figure 7). 
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Figure 7. Çoruh River valley floor and general view of urban growth 

towards higher elevations in Artvin Center (Original, 2023). 

The city center of Artvin was formed by the movements of the earth's crust, 

erosion, transport and deposition that took place in morphologically 

different geological periods. This morphological structure is the main 

obstacle for transportation in urban growth. Transportation within the city 

and its surroundings is not easily provided. In fact, even from the 

settlements (Dere Mahallesi) at the bottom of the Çoruh Valley, 

transportation is provided by 7 tunnels and 2 bridges at a distance of 45 

km to reach the Black Sea coastal road. As a result, the city of Artvin is a 

city with limited transportation opportunities with its steep morphological 

structure and this situation has a negative impact on urban growth (Figure 

8). 
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Figure 8. An example of the topographic structure of the study area that 

restricts access. (Original, 2023). 

Transportation constraints not only have a negative impact on urban 

growth in the study area, but also create major obstacles in terms of the use 

of urban space. It is very difficult for users to reach urban uses on foot as 

well as by car. Sidewalks and disabled ramps required for pedestrian use 

in the city do not exist at all in many areas, and where they do exist, they 

are not up to standards and are unsafe to use (Figure 9). 

 
Figure 9. Example of a sidewalk not suitable for pedestrian use in the 

study area (Original, 2023). 
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The effect of climatic conditions 

The observation data of Artvin Central Meteorology Station, which was 

established in 1948 and makes regular measurements, can be used to 

investigate the climatic characteristics of the city environment. As a result 

of the calculations made in line with these data, it is possible to say that 

the meteorological events that developed in the Black Sea regime 

determine the climatic characteristics of Artvin Center. According to the 

water balance calculations made with the long-term data of the relevant 

meteorology station on the city and its surroundings, there is a water deficit 

in the soil between July and September due to the lack of precipitation. 

The highest runoff is observed in February and during the non-vegetation 

period. From this point of view, the water need in the dry period can be 

met from the ground water in the region. The bottom of the alluvial fill of 

Artvin Province and the accumulation cones around it are rich in 

groundwater. Due to the geological structure of the mountainous areas, 

which facilitates infiltration during the rainy season, the ground water can 

be fed continuously. However, due to the surface water resources used for 

dam lakes and HEPPs in a long time, the problem of water insufficiency 

may arise in the face of the increase in irrigation and urban needs in the 

future. Temperature is also an important factor in urban life. When the 

long-term temperature data are examined, while the annual average 

temperature was 11.9 °C in 1949, it is 12.3 °C in 2022 °C. The average 

temperature was measured as 2.7 °C, the coldest in January, and 20.8 °C, 

the hottest in August. According to these values, it is understood that the 

summers are warm and the winters are cold in Artvin. In conclusion, in 
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Artvin, the precipitation and temperature elements of the climate provide 

very favorable conditions for human life, activities and agricultural 

production. This allows for various agricultural productions around the 

city. In addition, moderate winds blowing in the city center, which has the 

effect of the Bosphorus, provide air circulation over the city. However, the 

vertical growth of the city and the high-rise construction affect the air 

currents. In addition, since it is located in a region surrounded by high 

mountains, the air currents in the city weaken under high pressure 

conditions. Urban air can be polluted as the air flow with the wind is not 

sufficient in these conditions and the city still cannot fully switch to natural 

JDV�IRU�KHDWLQJ��3ROOXWLRQ�LV�LQFUHDVLQJ�LQ�WKH�dD\D÷]Õ�QHLJKERUKRRG�GXH�

to the fact that it is established in the city center and on the valley floor due 

to intense construction. In order to disperse the polluted air in order to 

prevent air pollution, ventilation corridors to be formed with plant species 

that will absorb the polluted air particles located in the direction of the 

prevailing winds opening from the city core to the environment should be 

planned. 

Effect of Vegetation and Soils 

According to the evaluations of the General Directorate of Meteorology 

regarding the climate; Artvin Central district and its surroundings show a 

semi-KXPLG� FKDUDFWHU� �0HWHRURORML� *HQHO� 0�G�UO�÷�). Climatic 

conditions provided an advantage in terms of being rich in plant species 

diversity in the study area. It is known that approximately 13% of the entire 

flora of Turkey, which has approximately 10 000 species, is located in 

Artvin (Artvin 9DOLOL÷L�����5). The general vegetation of the area consists 
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of forest, shrub and meadow vegetation. According to the data obtained 

from the 1/25 000 scale Artvin Province forest management plan between 

2001-2010, the stand types that are common in the forest areas in the study 

area are Spruce, Scots Pine, Beech, Oak and Hornbeam (Bolat, 2020). 

Therefore, according to the prevailing humidity and temperature 

conditions, the natural vegetation of the Artvin region is at low altitudes, 

pseudo-maquis (300-800 m) at higher altitudes, Forest (500-2100 m), 

swamp, mountain steppe (900-1500 m), subalpine (1900-2200 m). ), alpine 

(2100-3000 m), humid stream (0-�����P���(PLQD÷DR÷OX���������+RZHYHU��

the natural vegetation in Artvin has been destroyed by anthropogenic 

effects. The destruction of vegetation first started at the Coruh River valley 

floor and progressed towards the slopes. Along with the dam 

constructions, the roads connected to them have affected the forests and 

these forests have been replaced by small trees and bushes. The fact that 

the Artvin region has been a residential area for centuries, the destruction 

of natural vegetation as a result of the cuts made to provide housing, fuel 

and agricultural land, has caused the destruction of vegetation. has 

changed. Re-establishment of forests on the slopes, even if the base is not 

on the land, urban climate. In fact, due to this destruction, the soil, which 

could not be held by plant roots during periods of heavy rainfall, became 

active and landslides where loss of life and property occurred. The fertile 

soils of the study area encouraged the people living in the region for 

agricultural production, but the morphology of the area was not suitable 

for creating large agricultural lands, causing landslides. For this reason, 

agricultural production in the city could not be an effective economic 
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factor in urban growth and could not go beyond producing products only 

for the local people and the domestic market. Some of the alluvial soils in 

the stream beds in the area are lost due to the construction of various 

structures, while these structures face risks such as landslides and floods. 

The soils on the slopes and mountainous areas where the dam roads are 

built are considered suitable for re-establishing and benefiting from the 

natural vegetation (Figure 10). 

 
Figure 10. Destruction of dam roads on land and vegetation and 

afforestation studies (Original, 2023). 

4. Conclusion and Suggestions  

Artvin Central District is a city center with very limited transportation and 

connection with the environment in terms of its highly active topographic 

structure and geographical location (Figure 11). 



 
 

145 
 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-5  

 
Figure 11. General topographic structure of Artvin Central District 

(Original, 2023). 

Artvin Center is the most populated district of the city and the density of 

buildings, pedestrians and vehicles are quite high here. For this reason, 

public transportation as well as transportation to the city constitutes a 

negative factor on urban growth and the quality of urban space. Structures 

built on lands formed by high retaining walls due to their topographic 

situations carry urban growth to a complex and unhealthy dimension 

(Figure 12). 

 
Figure 12. Buildings located on high retaining walls (Original, 2023). 
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Settlements on high retaining walls built by urban growth, in addition to 

their negative effects on urban space, pave the way for slope and erosion 

damage, stoniness, drainage disorder or flood damage in terms of soil and 

rock structure and land use capability subclasses. Especially the selection 

RI� DUHDV� ZLWK� KLJK� ODQGVOLGH� VHQVLWLYLW\� VXFK� DV� øVNHEH� �<HQL�0DKDOOH��

District as new settlements and the development of urban growth in this 

direction increases the risk of landslides in the area. Gardening 

(dry/irrigated) and agriculture (dry/irrigated) are present not only in rural 

settlements but also in urban settlements in the area where current land 

uses are quite diverse. This situation can be explained by the continuation 

of the use of gardens and agriculture at the residential scale in some old 

houses in the area where there is intense construction, and it has a small 

positive effect on the density of buildings in the city. Mineral extraction 

areas seen in the land cover of the study area have a very negative effect 

on urban growth and welfare of the city. Especially the concrete plant and 

quarry located at the entrance of the city negatively affect the appearance 

of the city from an aesthetic point of view (Figure 13). 

 
Figure 13. Concrete batching plant and quarry at the entrance of the 

Central District (Original, 2023). 
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The mild climate of the study area has been a factor increasing the diversity 

of vegetation. In general, climatic conditions provide a suitable 

environment for urban growth in the area and do not require special 

precautions. Vegetation in the study area is destroyed due to the 

construction of forest trenches for agricultural production, the construction 

of dams, HEPPs and related roads. Although afforestation works are 

carried out to repair the destruction, the destruction cannot be completely 

eliminated due to factors such as the limited diversity of species used in 

these studies and the loss of land due to road construction. Due to its 

hydrological structure, the location of settlements near stream beds 

increases the risks of flood and flood damage, especially in the months 

when temperatures increase and snow melts, due to the inconvenience of 

the topography to meet the housing need for population growth, which is 

observed when the population data of 1965-2022 is examined. 

When the study area is considered in line with urban growth systems, the 

ecological factor for its morphological structure, which is effective on 

urban growth, has been effective. Its southern border is determined by a 

deep valley that shows a very distinctive morphological structure and 

forms the border with Yusufeli District. The city has grown in the 

southwest direction. Since the dominant ecological factor affecting the 

growth of the city is the morphological structure and the city has a very 

rugged morphology, the urban growth in the study area took place in a 

concentric manner. 

In the urban growth of Portland, which is given as an example within the 

framework of ecological factors and urban growth models that are 
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effective in urban growth and similar to Artvin with its rich natural 

resources, dividing the city into sub-sections in line with the ecological 

factors of the city is a method that can be applied for Artvin. Artvin also 

has a mild climate, rich natural resources and a large river in the city, 

similar to Portland city center. From this point of view, planning urban 

growth in Artvin by dividing urban uses into sub-sections according to 

geographical features, as in the example of Portland city center, and 

targeting the least use of vehicles in the city will provide the highest benefit 

from the existing ecological factors of the city, as well as positively affect 

the sustainability of urban growth and urban welfare. In this direction, the 

planning of new settlements for Artvin Center on the banks of the Çoruh 

River in the north east-south west direction will also have a positive effect 

on transportation in and around the city, which has a hilly structure in terms 

of morphological features. The use of cable cars as a means of public 

transportation in the city and in the proposed new settlement area will 

reduce the density of urban vehicles. As another transportation alternative, 

tour boats used for touristic purposes between the Center, which came into 

service in 2022 on the Borcka dam lake, and Borcka District, can be used 

for public transportation. Because Yusufeli Dam's water retention and 

Yusufeli Dam, whose water is the most upstream, will hold the water level 

of Deriner Dam and Borçka Dam lakes in the study area, and Yusufeli 

Dam will determine the water level of the lakes and will not fall below a 

certain level, so it will be suitable for boat use. As a result, the study area 

should be developed in the form of the new city plan, the southwest bank 

of the Coruh River, Artvin Çoruh University, the new settlement area 



 
 

149 
 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-5  

(northeast bank of the Çoruh River), the middle quarter, the old city 

settlement, rural settlements and rural areas, similar to the Portland city 

center plan. This urban growth plan will create a by-pass effect on the 

urban growth of Artvin Center, which has been compressed and distorted 

under the influence of various ecological factors such as hydrology, soil 

structure, especially its morphological structure, and will reduce the 

destruction in the natural environment of the city, also will provide much 

healthier and more comfortable urban spaces for the users. 
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1. Introduction 

The Latin word sustinare��ZKLFK�FRPELQHV�WKH�PHDQLQJV�VXE��ERWWRP-up) 

DQG� WHQUH� �WR� KROG��� LV� WKH� VRXUFH� RI� WKH� (QJOLVK�ZRUG� VXVWDLQDELOLW\�� ,W�

PHDQV��WR�VXVWDLQ����WR�VXVWDLQ����WR�VXSSRUW���RU��WR�VXSSRUW���PD\EH�PRVW�

SRLJQDQWO\�� �UHVWULFW��� RU� �HQGXUH��� � � (DUO\� PRGHUQ� OLWHUDWXUH� PDGH�

H[WHQVLYH�XVH�RI� WKH�SKUDVH��ZKLFK�RULJLQDWHG�LQ�)UHQFK�DQG�EHFDPH�WKH�

YHUE��WR�FRQWLQXH��LQ�(QJOLVK��-RKQ�(YHO\Q
V�LPSRUWDQW�WUHDWLVH�RQ�IRUHVWU\�

FDQ� EH� IRXQG� LQ� 6\OYD� �������� IRU� LQVWDQFH�� $FFRUGLQJ� WR� WKH� 2[IRUG�

(QJOLVK�'LFWLRQDU\��WKH�WHUP��VXVWDLQDEOH��ILUVW�DSSHDUHG�LQ�D�GLFWLRQDU\�RI�

HFRQRPLFV�LQ������XQGHU�WKH�KHDGLQJ��VXVWDLQDEOH�JURZWK���(DUO\�LQ�WKH�

����V��WKH�QRXQ��VXVWDLQDELOLW\��ZDV�LQWURGXFHG�WR�(QJOLVK��7KH�HPHUJHQFH�

RI�WKHVH�QHRORJLVPV�LV�D�VLJQLILFDQW�VLJQ�WKDW�WKH�YHUE�KDG�HYROYHG around 

WKH� ��WK� FHQWXU\
V� HQG� LQWR� D� UHFRJQL]DEOH� LGHD�� � 7KH� FRPSDUDEOH�

HW\PRORJ\�RI� WKH�*HUPDQ�ZRUGV�Nachhaltig and Nachhaltigkeit, which 

ZHUH�ERWK�ILUVW�XVHG�LQ�+DQV�&DUO�YRQ�&DUORZLW]
V�ERRN�RQ�WKH�VXSSRUW�RI�

IRUHVWU\�LQ�WKH���WK�FHQWXU\��LV�DOVR�VLJQLficant (Caradonna, 2014). 

$� SURYHUE� VWDWHV� WKDW� �)RUHVWV� SUHFHGH� FLYLOL]DWLRQ�� GHVHUWV� IROORZ���

$QFLHQW�VRFLHWLHV�IUHTXHQWO\�IHOO�LQWR�UXLQV�RQFH�WKHLU�WHUULWRULHV�KDG�EHHQ�

FOHDUHG�RI�WUHHV��,Q�IDFW��WKH�WHUP��VXVWDLQDEOH��ZDV�ILUVW�XVHG�LQ�WKH�����V�

in reVSRQVH�WR�FRQFHUQV�RYHU�GHIRUHVWDWLRQ��,Q�*HUPDQ\��PDVVLYH�YROXPHV�

RI�ZRRG�ZHUH�QHHGHG�WR�IXHO�WKH�IXUQDFHV�GXULQJ�WKH�VPHOWLQJ�RI�RUHV�WR�

FUHDWH�PHWDOV��7KH�RYHUKDUYHVWLQJ�RI�WLPEHU�LQ�*HUPDQ�IRUHVWV�KDG�VXFK�D�

QHJDWLYH�LPSDFW�WKDW�WKH�PLQLQJ�VHFWRU�ZDV�Ln danger. The first book on 

IRUHVW�PDQDJHPHQW�ZDV�ZULWWHQ� LQ������E\�+DQV�&DUO� YRQ�&DUORZLW]�� D�

PLQLQJ� DGPLQLVWUDWRU�� LQ� UHVSRQVH� WR� WKH� VLWXDWLRQ�� +HUH�� KH� GLVFXVVHG�
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WHFKQLTXHV� IRU� XVLQJ� ZRRGODQGV� VXVWDLQDEO\�� $FFRUGLQJ� WR� &DUORZLW]��

VXVWDLQDEO\�PDLQWDLQHG�IRUHVWV�PLJKW�SURYLGH�ZRRG�UHVRXUFHV�SHUSHWXDOO\��

'HVSLWH�&DUORZLW]
V�HDUO\�XVH�RI�WKH�SKUDVH��ZKLFK�GLGQ
W�EHFRPH�ZLGHO\�

used until the 1980s. (Thiele, 2016).  

6LQFH�WKH�����V��ZKHQ�WKH�FRQFHSW�RI�VXVWDLQDELOLW\�ILUVW�HQWHUHG�DFDGHPLF�

GLVFRXUVH��LW�KDV�XQGHUJRQH�D�PHDQLQJIXO�FKDQJH��3RUWQH\���������,Q�WKH�

����V�DQG�����V��LW�UHFRJQL]HG�D�FUXFLDO�WRSLF�ZLWK�JOREDO�LPSOLFDWLRQV�DQG�

EURXJKW� WRJHWKHU� D� JURXS� RI� DFWRUV��PD\EH� IRU� WKH� ILUVW� WLPH�� LQFOXGLQJ�

JRYHUQPHQWV��FRPPXQLW\�RUJDQL]DWLRQV��DFDGHPLFV��DQG�LQGXVWU\��,W�ZDVQ
W�

WKDW� WKH\� GLVDJUHHG� �RU� IUHTXHQWO\� KDG� QR� LGHD� ZKDW� WKH� WHUP� PHDQW�

WHFKQLFDOO\��� � )URQWLHU�ZRUN� LQ� WKH� QDPH�RI� VXVWDLQDELOLW\� JDYH� SROLWLFDO�

LQDFWLRQ��SROLF\�FKDQJH��DQG�LQQRYDWLRQ�D�VXEVWDQWLDO�ERRVW��QRWDEO\�LQ�WKH�

run-XS� WR� WKH� ����� 81� &RQIHUHQFH� RQ� (QYLURQPHQW� DQG� 'HYHORSPHQW�

�81&('��LQ�5LR��6FRRQHV���������7R�EDODQFH�WKH�QHHGV�RI�DJULFXOWXUH�DQG�

KXPDQ�VXUYLYDO��WKH�DQFLHQW�FRQFHSW�RI�VXVWDLQDELOLW\�DQG�VLPSOLFLW\�ILUVW�

HPHUJHG�GXULQJ�WKH�DJH�RI�DJULFXOWXUDO�HFRQRPLFs. The population grew 

TXLFNO\�DV�WKH�,QGXVWULDO�5HYROXWLRQ�JRW�XQGHU�ZD\��DQG�SURGXFWLYLW\�ZDV�

H[SDQGLQJ��7KH�UHVRXUFHV�RI�QDWXUH�DUH�EHLQJ�H[SORLWHG�E\�KXPDQNLQG��DQG�

PRUH�JDUEDJH�DQG�WR[LQV�DUH�EHLQJ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW��5DSLG�

DQG�RQJRLQJ�HQYLURQPHQWDO�FKDQJHV�EURXJKW�RQ�E\�KXPDQV�KDYH�PDGH�LW�

KDUGHU�WR�VXVWDLQ�JOREDO�OLIH�VXSSRUW�V\VWHPV��%\�WKH�ZD\��WKH�VXUYLYDO�RI�

KXPDQV�ZDV�VHULRXVO\�WKUHDWHQHG�E\�WKHVH�GHYHORSPHQWV��7KH�(LJKW�*UHDW�

3ROOXWLRQ� (YHQWV� RI� WKH� HDUO\� ��WK� FHQWXU\� DUH� WKH� PRVW� ZHll-known 

H[DPSOH��7KH�'RQRUD�6PRJ�WUDJHG\�LQ������VLFNHQHG�DSSUR[LPDWHO\�������

SHRSOH�LQ���GD\V��WKH�%HOJLDQ�0HXVH�9DOOH\�)RJ�GLVDVWHU�LQ������KDUPHG�



 
 

159 
 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-6  

WKRXVDQGV�RI�FLWL]HQV�DQG�NLOOHG�PRUH�WKDQ����SHRSOH�LQ�RQH�ZHHN��DQG�WKH�

*UHDW�6PRJ�LQ�/RQGRQ�LQ������NLOOHG�PRUH�WKDQ������SHRSOH�LQ���GD\V��$W�

WKH� VDPH� WLPH�� +XPDQNLQG� ZDV� GHDOLQJ� ZLWK� D� GHWHULRUDWLQJ� UDQJH� RI�

LVVXHV�� LQFOXGLQJ� IRRG� LQVHFXULW\�� DQ� HQHUJ\� FULVLV�� HQYLURQPHQWDO�

SROOXWLRQ��D�ZRUVHQLQJ��HFRORJLFDO�FULVLV���VOXJJLVK�HFRQRPLF�JURZWK��DQG�

rising lRFDO�VRFLDO�XQUHVW��7KHVH�NLQGV�RI�LVVXHV�KDYH�PDGH�LW�QHFHVVDU\�IRU�

PDQNLQG�WR�UHFRQVLGHU�LWV�SODFH�LQ�WKH�HFRV\VWHP�DQG�ORRN�IRU�QHZ�DYHQXHV�

for long-WHUP�VXUYLYDO�DQG�GHYHORSPHQW��$FFRUGLQJ�WR�VRPH�UHVHDUFKHUV��

WKH�HYROXWLRQ�DQG�GHYHORSPHQW�RI� VXVWDLQDELOLW\� WKHRU\�FDQ�EH� VSOLW� LQWR�

WKUHH�SKDVHV�� WKH�HPEU\RQLF�VWDJH� �EHIRUH� WR�������� WKH� IRUPDWLRQ�VWDJH�

(1972–�������DQG�WKH�GHYHORSPHQWDO�VWDJH��VLQFH��������)LJXUH�����6KL�HW�

al., 2019).   

7KH� FRQFHSW� RI� VXVWDLQDELOLW\� HQFRPSDVVHV� XUEDQ� SODQQLQJ�� DJULFXOWure, 

KHDOWK�FDUH��DQG�RWKHU�ILHOGV��,W�LV�UHODWHG�WR�D�YDULHW\�RI�LGHDV��:KDWHYHU�LWV�

FRQWH[W�� LW� XQTXHVWLRQDEO\� KDV� DQ� LPSDFW� RQ� WKH� HFRQRP\�� VRFLHW\�� DQG�

HQYLURQPHQW��%HFDXVH�RI�WKLV��VXVWDLQDELOLW\�FRPHV�LQ�D�ZLGH�YDULHW\� 
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Figure 1. 'HSLFWV�WKH�6XVWDLQDEOH�'HYHORSPHQW��6'��WKHRU\
V�HYROXWLRQ�
VWDJHV�DQG�V\PEROLF�RFFXUUHQFHV��6KL�HW�DO���������
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2. Types of Sustainability 

2QH�ZLGHO\�HPEUDFHG�GHILQLWLRQ�RI��VXVWDLQDELOLW\��UHYROYHV�DURXQG�WKUHH�

LQWHUFRQQHFWHG� SLOODUV�� FRPSRQHQWV�� RU� SHUVSHFWLYHV� WKDW� HQFRPSDVV�

HFRQRPLF�� VRFLDO�� DQG� HQYLURQPHQWDO� IDFWRUV�� 7KHVH� SLOODUV� FROOHFWLYHO\�

VWULYH� WR� DFKLHYH� WDUJHWV� RU� REMHFWLYHV� WKDW� SURPRWH� VXVWDLQDELOLW\��

6XVWDLQDELOLW\�LV�SRVLWLRQHG�DW�WKH�FURVVURDGV�RI�VRFLHW\��WKH�HQYLURQPHQW��

DQG� WKH� HFRQRP\� LQ� WKLV� WULSOH� GHILQLWLRQ�� ZKLFK� LV� IUHTXHQWO\� EXW� QRW�

DOZD\V�SUHVHQWHG�LQ�WKLV�ZD\��VHH�)LJXUH�����3XUYLV�HW�DO��������� 

(YHU\� VRFLHW\� FRQVLVWV� RI� IRXU� FRPSRQHQWV�� HFRQRPLF�� VRFLDO��

HQYLURQPHQWDO� DQG� LQVWLWXWLRQDO�� (DFK� LV� D� G\QDPLF�� FRPSOH[�� VHOI-

RUJDQL]LQJ�� DQG� VHOI-deYHORSLQJ� XQLW��ZKLFK� DGGV� XS� WR� D� YHU\� FRPSOH[�

UHJLRQDO�V\VWHP��(DFK�RI�WKH�IRXU�VXEV\VWHPV�PXVW�FRQWLQXH�WR�EH�DEOH�WR�

H[LVW� DQG�GHYHORS�� DQG� WKHLU� OLQNV�EHWZHHQ�RQH�DQRWKHU�PXVW� UHVXOW� LQ� D�

continuous co-HYROXWLRQ� IRU� WKLV� V\VWHP� WR� UHPDLQ�YLDEOH� �6SDQJHnberg, 

2005). 

 
Figure 2. /HIW��W\SLFDO�UHSUHVHQWDWLRQ�RI�VXVWDLQDELOLW\�DV�WKUHH�

LQWHUVHFWLQJ�FLUFOHV��5LJKW��DOWHUQDWLYH�GHSLFWLRQV��OLWHUDO�µSLOODUV¶�DQG�D�

FRQFHQWULF�FLUFOHV�DSSURDFK��3XUYLV�HW�DO��������. 
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2.1. Sustainability of Economy 

7KHVH�GD\V��WKH�QHFHVVLW\�RI�HPSOR\LQJ�VXVWDLQDEOH�HFRQRPLF�PHWKRGV�LV�

QRW�UHDOO\�FRQWHVWHG��(YHQ�SHRSOH�ZKR�FDUH�VROHO\�DERXW�EXVLQHVV�DQG�QRW�

WKH�IXWXUH�RI�WKH�JOREH�XQGHUVWDQG�WKDW�WKH�UHVRXUFHV�RI�KHDOWK\�HFRV\VWHPV�

(fresh water, clean air, robust biodLYHUVLW\��IHUWLOH�VRLO��DQG�WKH�VWDELOLW\�RI�

VRFLHW\� DUH� HVVHQWLDO� IRU� FRUSRUDWH� VXUYLYDO�� 7KH� LVVXH� LV� VLPSOH�� ,W� LV�

IUHTXHQWO\�OHVV�H[SHQVLYH�WR�EX\�D�SURGXFW�ZLWK�D�QHJDWLYH�HQYLURQPHQWDO�

LPSDFW� WKDQ� D� FRPSDUDEOH� SURGXFW� ZLWK� D� SRVLWLYH� LPSDFW�� JUHDWHU�

HQYLURQPHQWDO�FRVWV�PD\�QRW�QHFHVVDULO\�WUDQVODWH� LQWR�JUHDWHU�SULFHV�IRU�

FRQVXPHUV��<HV��WKLV�LV�WKH�FDVH�EHFDXVH�FRPSDQLHV�UDUHO\�KDYH�WR�SD\�IRU�

WKHLU� JOREDO� RSHUDWLRQV�� 0DQ\� RI� WKHVH� FRQVHTXHQFHV� DUH� GLIILFXOW� WR�

TXDQWLI\�DFFXUDWHO\�RU�DOORFDWH�DSSURSULDWHO\�WR�VSHFLILF�HQWHUSULVHV��WKXV�

WKHLU� FRVWV� KDYH� EHHQ� OHIW� RXW� RI� EXVLQHVV� DFFRXQWLQJ�� &DQ� WKHVH�

H[WHUQDOL]HG�FRVWV��KRZHYHU��EH�TXDQWLILHG�DQG�DOORFDWHG"�:KDW�LI�ZH�FRXOG�

reach a point where the product with the lowest price also has the lowest 

LPSDFW�RQ�VRFLHW\�DQG�WKH�HQYLURQPHQW"�6XVWDLQDELOLW\�WKHRULVWV�KDYH�EHHQ�

DGYRFDWLQJ�WKLV�IRU�D�ORQJ�WLPH��)RU�D�YHU\�ORQJ�WLPH���UHDO�FRVW�DFFRXQWLQJ��

KDV�EHHQ�WKH�JRDO�RI�WKH�PRYH�&KRXLQDUG�HW�DO�������� 

The trade-RII� EHWZHHQ� FXUUHQW� DQG� IXWXUH� FRQVXPSWLRQ� LV WKH� PDLQ�

HPSKDVLV�RI�WKH�HFRQRPLF�YLHZ�RI�VXVWDLQDELOLW\��(FRQRPLF�WKLQNHUV�RI�WKH�

ODWH���WK�FHQWXU\��OLNH�0DOWKXV��ZKR�XQGHUVWRRG�WKDW�SRSXODWLRQ�H[SDQVLRQ�

was related to food production, were confronted with this issue. But 

WHFKQLFDO� DGYDQFHPHQW� SUHYHQWHG� WKH� KXQJHU� DQG� FDODPLW\� SUHGLFWHG� E\�

0DOWKXV�IURP�KDSSHQLQJ��1DWXUDO�FDSLWDO��ODERU�DQG�ODQG��ZDV�UHSODFHG�E\�

FUHDWHG� FDSLWDO� �PDFKLQHV��� 7KHUHIRUH�� WKH� NH\� WR� VXVWDLQDELOLW\� LV�
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GHWHUPLQLQJ�ZKHWKHU�JHQHUDWHG�DQG�QDWXUDO�FDSLWDO�DUH�FRPSOHPHQWDU\�RU�

replDFHPHQW� DVVHWV�� 0DQ\� HFRQRPLVWV� WKLQN� WKDW� ZH� FDQ� NHHS� XS� ZLWK�

SUHVHQW�FRQVXPSWLRQ�DQG�WKDW�WHFKQRORJLFDO�DGYDQFHPHQW�ZLOO�PHHW�IXWXUH�

JHQHUDWLRQV
�UHTXLUHPHQWV��(OOLRWW�������� 

7KH�SDUDOOHOV�DQG�GLVWLQFWLRQV�EHWZHHQ�WKH�QRWLRQV�RI�VXVWDLQDELOLW\�DQG�WKH�

CLUFXODU�(FRQRP\�DUH�VWLOO�XQFOHDU��GHVSLWH�WKH�SKUDVHV�JDLQLQJ�PRUH�DQG�

PRUH� SRSXODULW\� DPRQJ� DFDGHPLFV�� EXVLQHVV� OHDGHUV�� DQG� OHJLVODWRUV��

%HFDXVH�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�FRQFHSWV�DUH�QRW�H[SOLFLWO\�VWDWHG�LQ�

the literature, their conceptual boundarLHV�DUH�EHFRPLQJ�PXGGOHG��ZKLFK�

OLPLWV�KRZ�HIIHFWLYHO\�WKH�WHFKQLTXHV�PD\�EH�XVHG�LQ�VWXG\�DQG�SUDFWLFH��

�*HLVVGRHUIHU�HW�DO��������� 

Neo-FODVVLFDO�HFRQRPLFV�FRQFOXGHV� WKDW�FRQVXPSWLRQ�FDQ�EH�PDLQWDLQHG�

HYHQ�LI�SURGXFWLRQ�GHSHQGV�RQ�D�QDWXUDO�UHVRXUFH�WKDW is running out owing 

WR� VXEVWLWXWLRQ� DQG� WHFKQRORJLFDO� DGYDQFHPHQW�� 7KHUH� LV� D� OHYHO� RI�

FRQVXPSWLRQ�WKDW�FDQ�EH�PDLQWDLQHG�LQGHILQLWHO\�LI�SURGXFWLRQ�GHSHQGV�RQ�

D�QHFHVVDU\��UHQHZDEOH�UHVRXUFH��7KH�DPRXQW�RI�FRQVXPSWLRQ�WKDW�FDQ�EH�

sustained declines due WR�SROOXWLRQ��5HF\FOLQJ�JDUEDJH� LV� LQVXIILFLHQW� WR�

VXVWDLQ�FRQVXPSWLRQ�ZKHQ�SURGXFWLRQ�GHSHQGV�RQ�D�ILQLWH�UHVRXUFH��EDUULQJ�

WKH�SRVVLELOLW\�RI������UHF\FOLQJ��,I�UHVRXUFH�SURGXFWLYLW\�LV�KLJK�HQRXJK�

and resource growth potential surpasses the total of the discount rate less 

WKH� UDWH� RI� H[RJHQRXV� WHFKQRORJLFDO� SURJUHVV�� VXVWDLQDEOH� HFRQRPLF�

GHYHORSPHQW� LV� DFKLHYDEOH�� $GGLWLRQDOO\�� WKH� SRWHQWLDO� IRU� VXVWDLQDEOH�

HFRQRPLF�GHYHORSPHQW�LV�LQIOXHQFHG�E\�WKH�LQLWLDO�OHYHOV�RI�HQYLURQPHQWDO�

TXDOLW\��D�FRPSRVLWH�RI�SROOXWLRQ�DQG�QDWXUDO�UHVRXUFHV��DQG�PDQXIDFWXUHG�

FDSLWDO�� 7KH� XWLOLW\� RI� WKH� UHVRXUFH� VXSSO\� LWVHOI� ZLOO� EH� LPSDFWHG�� DQG�
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RSWLPDO� H[WUDFWLRQ� DQG� FRQVXPSWLRQ� ZLOO� EH� UHGXFHG�� $FFRUGLQJ� WR�

HFRORJLFDO� HFRQRPLFV�� WKH� TXDQWLW\� RI� RXWSXW� WKDW� FDQ� EH� VXVWDLQHG� Ls 

FRQVWUDLQHG�E\�WKH�OLPLWHG�DYDLODELOLW\�RI�VXEVWLWXWHV��WKH�LPSRVVLELOLW\�RI�

IXOO\�UHF\FOLQJ�WUDVK��DQG�WKH�ILQLWH�VRODU�HQHUJ\�VXSSO\��7KLV�OLIH�VXSSRUW�

IXQFWLRQ� UHVWULFWV� HFRQRPLF� H[SDQVLRQ� VLQFH� WKH� IXQFWLRQV� RI� WKH�

HQYLURQPHQW� �SURGXFWLRQ� IDFWRU�� FRQVXPHU� JRRG�� DQG� ZDVWH� VLQN�� DUH�

OLQNHG�� 'HYHORSPHQW� LV� VHHQ� DV� DQ� HYROXWLRQDU\� SURFHVV� LQ� HFRORJLFDO�

HFRQRPLFV�� ZLWK� RQJRLQJ� IHHGEDFN� EHWZHHQ� WKH� HFRQRP\� DQG�

HQYLURQPHQW�� :HOIDUH� LQYROYHV� HQYLURQPHQWDO� FRPSDWLELOLW\� DQG� WKH�

H[SOLFLW��FROOHFWLYH��GHYHORSPHQW�RI�SROLF\�LQYROYLQJ�WKH�FRQVHUYDWLRQ�RI�

VSHFLHV��HFRV\VWHPV��DQG�QDWXUDO�UHVRXUFHV��:HOIDUH�LV�QRW�VLPSO\�WKH�WRWDO�

RI�GLVFRXQWHG�LQGLYLGXDO�SUHIHUHQFHV��.ODDVVHQ�	�2SVFKRRU�������� 

7KH�FLUFXODU�HFRQRP\�KDV�EHFRPH�UHFRJQL]HG�DV�D�YLDEOH�DSSURDFK�WR�PRUH�

HIILFLHQW�UHVRXUFH�XWLOL]DWLRQ��7KH�FLUFXODU�HFRQRP\�LV�YLHZHG�IDYRUDEO\�E\�

RUJDQL]DWLRQV� LQ� WKH� SXEOLF�� SULYDWH�� DQG� FLYLF� VHFWRUV� DV� D� WHFKQRORJ\-

IRFXVHG� LGHD� WKDW� FDQ� LQFUHDVH� HFRQRPLF� EHQHILWV� ZKLOH� UHGXFLQJ�

HQYLURQPHQWDO�VWUDLQ��DQG��LQFUHDVLQJO\��E\�DFDGHPLD��&RQFHUQV�KDYH�EHHQ�

PDGH��QHYHUWKHOHVV��DERXW�VRPH�DOOHJHGO\��VXVWDLQDEOH��FLUFXODU�HFRQRP\�

DFWLYLWLHV� WKDW� KDYH� QHJDWLYH� HIIHFWV� RQ� WKH� HQYLURQPHQW� DQG� VRFLHW\�

�9HOHQWXUI�	�3XUQHOO�������� 

&LUFXODU��JUHHQ��DQG�ELRHFRQRP\�DUH�DOO�DVSHFWV�RI�VXVWDLQDEOH�HFRQRP\��

,Q�D� VWXG\�E\�'
$PDWR�HW�DO�� �������� WKH�FRQFHSWV�RI�FLUFXODU�HFRQRP\��

JUHHQ�HFRQRP\��DQG�ELRHFRQRP\�FDQ�EH�FRQVXEVWDQWLDWHG�E\�D�VLQJOH�LGHDO�

WR�UHFRQFLOH�HFRQRPLF��HQYLURQPHQWDO��DQG�VRFLDO�DLPV��7KLV�LV�WUXH�GHVSLWH�

FRQIOLFWLQJ�DVVXPSWLRQV�DQG�RSHUDWLRQDOL]DWLRQ�PHWKRGRORJLHV� 
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 $V�D�FRQVHTXHQFH�RI�WKH�OLWHUDWXUH�DVVHVVPHQW��WKH�*UHHQ�(FRQRP\�LV�EXLOW�

RQ� WKH� &LUFXODU� (FRQRP\� DQG� %LRHFRQRP\� SULQFLSOHV� �VXFK� DV� QDWXUH-

EDVHG�VROXWLRQV��RQ�FKDOOHQJHV�UHODWLQJ�WR�HQYLURQPHQWDO�VXVWDLQDELOLW\��,Q 

FRQWUDVW�WR�WKH�*UHHQ�(FRQRP\��ZKLFK�HPEUDFHV�WKH�VXSSRUWLQJ�UROH�RI�DOO�

QDWXUDO� SURFHVVHV�� WKH� &LUFXODU� (FRQRP\� DQG� %LRHFRQRP\� DUH� PRUH�

resource-RULHQWHG��,Q�WHUPV�RI�WKH�VRFLDO�FRPSRQHQW��WKH�*UHHQ�(FRQRP\�

7KHUH� LV� D� JURZLQJ� GLVSXWH� LQ� WKH� ELRHFRQRPLF� Oiterature about local 

SURFHVVHV� LQ� WHUPV� RI� ELRVHFXULW\� DQG� UXUDO� SROLFLHV�� HYHQ� WKRXJK� VRPH�

DVSHFWV� DUH� PRUH� LQFOXVLYH� DW� WKH� ORFDO� OHYHO� �VXFK� DV� HFR-WRXULVP� DQG�

HGXFDWLRQ���5HVHDUFKHUV�KDYH�RQFH�PRUH�DUJXHG�IRU�WKH�FODULW\�DQG�PXWXDO�

integration of thesH�VXVWDLQDELOLW\�VWUDWHJLHV��QRW�WKHLU�VXEVWLWXWDELOLW\��E\�

FRQWUDVWLQJ� WKH� PDQ\� VXVWDLQDELOLW\� VWUDWHJLHV� VXSSRUWHG� E\� WKHVH�

principles. 

2.2. Sustainability of Environment 

7KH�ZRUG��HQYLURQPHQWDO��LV�IUHTXHQWO\�UHODWHG�ZLWK�VRPH�VRUW�RI�KXPDQ�

LPSDFW� RQ� QDWXUDO� V\VWHPV� LQ� ERWK� XQGHUVWDQGLQJ� DQG� XVDJH�� ,W� FDQ� EH�

GLVWLQJXLVKHG�IURP�WKH�WHUP��HFRORJLFDO���ZKLFK�FDQ�EH�GHILQHG�DV�WKH�LGHD�

RI�LQWHUGHSHQGHQFH�RI�HOHPHQWV�ZLWKLQ�D�V\VWHP��E\�WKH�FRQWH[W�LQ�ZKLFK�LW�

LV�XVHG��(FRORJLFDO�VXVWDLQDELOLW\��DFFRUGLQJ�WR�WKLV�GHILQLWLRQ��LV��PHHWLQJ�

KXPDQ�QHHGV�ZLWKRXW�FRPSURPLVLQJ�WKH�KHDOWK�RI�HFRV\VWHPV���7KLV�VHHPV�

LPSURSHU� EHFDXVH�� DFFRUGLQJ� WR� SRSXODU� EHOLHI�� WKH� WHUP� �HFRORJLFDO��

GHQRWHV� D� ZLGHU� FRQWH[W� WKDQ� PHUHO\� WKH� KXPDQ� H[SHULHQFH���

(QYLURQPHQWDO�VXVWDLQDELOLW\ FDQ�EH�PRUH�SUHFLVHO\�GHVFULEHG�DV�D�VWDWH�RI�

HTXLOLEULXP��UHVLOLHQFH��DQG�LQWHUFRQQHFWHGQHVV�WKDW�HQDEOHV�KXPDQ�VRFLHW\�

WR�PHHW�LWV�QHHGV�ZLWKRXW�GHSOHWLQJ�LWV�VXSSRUWLQJ�HFRV\VWHPV
�FDSDFLW\�WR�
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FRQWLQXH�UHJHQHUDWLQJ�WKH�VHUYLFHV�UHTXLUHG�WR�PHHW�WKRVH�QHHGV�RU�E\�RXU�

DFWLRQV�UHGXFLQJ�ELRORJLFDO�GLYHUVLW\��0RUHOOL���������7KURXJK�LQGLFDWRUV�

OLNH�SODQHWDU\�ERXQGDULHV��OLIH�F\FOHV��DQG�VXVWDLQDEOH�GHYHORSPHQW�WDUJHWV��

ZH�FDQ�FODVVLI\�HQYLURQPHQWDO�VXVWDLQDELOLW\��'RQJ�	�+DXVFKLOG��������� 

7KH� LGHQWLW\� ,� �3$7� �SROOXWLRQ� � �SRSXODWLRQ��[� �SURGXFWLRQ�SHUVRQ�� [�

�SROOXWLRQ�SURGXFWLRQ��ZDV�H[DPLQHG�DQG�WKH�FRPSRQHQWV�RI�VXVWDLQDELOLW\�

ZHUH�IXUWKHU�DQDO\]HG�LQ�D�VWXG\�XVLQJ�WKH�(KUOLFK-+ROGUHQ�IUDPHZRUN��LQ�

ZKLFK� �3RSXODWLRQ��:HOIDUH�� DQG�7HFKQRORJ\�� DUH� H[DPLQHG� VHSDUDWHO\��

IRUPXODV�WKDW�DUH�G\QDPLF��*RRGODQG�	�'DO\�������� 

$FFRUGLQJ� WR� D� GLIIHUHQW� VWXG\�� WKH� LVVXHV� RI� SRSXODWLRQ� QXPEHU� DQG�

LQFUHDVH�� UHVRXUFH� FRQVXPSWLRQ� DQG� GHSOHWLRQ�� DQG� HQYLURQPHQWDO�

GHJUDGDWLRQ� VKRXOG� EH� GHDOW�ZLWK� FRQFXUUHQWO\� DQG� JOREDOO\�� 3opulation 

FRQWURO� LV� UHTXLUHG� EXW� QRW� VXIILFLHQW� LQ� DQG� RI� LWVHOI� WR� UHVROYH� WKH�

HQYLURQPHQWDO�FDWDVWURSKH��DV�KDV�EHHQ�DUJXHG�LQ�WKLV�FRQWH[W��$FFRUGLQJ�

WR� WKH� VWXG\�� �(QYLURQPHQW�� VKRXOG� EH� ZLGHO\� XQGHUVWRRG� WR� FRYHU�

HOHPHQWV� OLNH� WKH� HSLGHPLRORJLFDO� HQYLURQPHQW�� WKH� KXPDQ� EHKDYLRUDO�

HQYLURQPHQW�� DQG� WKH� SK\VLFDO� HQYLURQPHQW� RI� XUEDQ� JKHWWRV� �+ROGUHQ��

������� $FFRUGLQJ� WR� D� GLIIHUHQW� VWXG\�� LQGXVWULDO� DQG� RUJDQL]DWLRQDO�

SV\FKRORJLVWV�DUH� LQ�D�XQLTXH�SRVLWLRQ� WR�VXSSRUW�JOREDO�HFRQRPLHV
�DQG�

RUJDQL]DWLRQV
� HIIRUWV� WR� UHGXFH�� PLWLJDWH�� DQG� QHXWUDOL]H� WKHLU�

HQYLURQPHQWDO�LPSDFWV�DQG�DGDSW�WR�HQYLURQPHQWDO�VXVWDLQDELOLW\��2QHV�	�

'LOFKHUW��������� 

,VODP� ������� UHSRUWHG� WKDW� LQHTXDOLW\� QHJDWLYHO\� LPSDFWV� HQYLURQPHQWDO�

RXWFRPHV�WKURXJK�D�YDULHW\�RI�FKDQQHOV��LQFOXGLQJ�KRXVHKROG��FRPPXQLW\��

QDWLRQDO��DQG�LQWHUQDWLRQDO�FKDQQHOV��LQ�D�VWXG\�WKDW�SUHVHQWV�HYLGHQFH�RI�D�
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QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� LQFRPH� LQHTXDOLW\� DQG� HQYLURQPHQWDO�

TXDOLW\��2QO\�WKHVH�FKDQQHOV�RYHUODS��DFFRUGLQJ�WR�WKH�VWXG\��DQG�WKXV�FDQ�

strengthen tKH�HIIHFW�RI�LQHTXDOLW\��,W�KDV�EHHQ�UHYHDOHG�WKDW�RQH�RI�WKH�RWKHU�

GLPHQVLRQV�RI�LQHTXDOLW\��HVSHFLDOO\�JHQGHU�LQHTXDOLW\��QHJDWLYHO\�DIIHFWV�

HQYLURQPHQWDO� TXDOLW\��+H� VWDWHG� WKDW� WKH� FRQFHSW� RI� WKH�(QYLURQPHQWDO�

.X]QHWV�&XUYH��(.&��GRHV�QRW�KHOS�WR�H[SODLQ�WKH�QHJDWLYH�UHODWLRQVKLS�

EHWZHHQ�LQHTXDOLW\�DQG�HQYLURQPHQWDO�TXDOLW\��DQG�WKDW�UHGXFLQJ�LQHTXDOLW\�

ZLOO�KDYH�DQ�LPSRUWDQW�UROH�LQ�HQVXULQJ�HQYLURQPHQWDO�VXVWDLQDELOLW\� 

&XOWXUH�LV�FRQVLGHUHG�WR�SOD\�D�VLJQLILFDQW�UROH�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�

LQFRPH� DQG� HQYLURQPHQW� LQ� DQRWKHU� VWXG\� ORRNLQJ� DW� WKH� FRUUHODWLRQ�

EHWZHHQ�WKH�:RUOG�(FRQRPLF�)RUXP�(QYLURQPHQWDO�6XVWDLQDELOLW\�,QGH[�

VFRUHV�DQG�WKH�IRXU�DVSHFWV�RI�QDWLRQDO�FXOWXUH�GHYHORSHG�DQG�TXDQWLILHG�E\�

+RIVWHGH� ��������$�FRQVLGHUDEOH�PXOWLGLPHQVLRQDO� Uelationship between 

FXOWXUDO� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� PHWULFV� KDV� EHHQ� HVWDEOLVKHG��

:KHQ� FXOWXUDO� YDULDEOHV� DUH� LQFRUSRUDWHG� LQWR� WKH� PRGHO�� WKH�

(QYLURQPHQWDO�.X]QHWV�&XUYH��(.&��SKHQRPHQRQ
V�OLPLWHG�UHOHYDQFH�LV�

GHPRQVWUDWHG�LQ�WKLV�DUWLFOH��3DUN�et al., 2007).  

'HFDGHV�RI�VFLHQWLILF�REVHUYDWLRQ�GHPRQVWUDWH�WKDW��GHVSLWH�LQLWLDWLYHV�OLNH�

LQWHUQDWLRQDO�DFFRUGV��QDWLRQDO�SROLFLHV��DQG�HQYLURQPHQWDO�OHJLVODWLRQ��WKH�

ZRUOG�LV�QRW�DQ\�FORVHU�WR�DFKLHYLQJ�HQYLURQPHQWDO�VXVWDLQDELOLW\�DQG��LQ�

PDQ\�ZD\V��WKLQJV�DUH�JURZLQJ�ZRUVH��,W�KDV�EHHQ�GLVFRYHUHG�WKURXJK�D�

V\VWHPDWLF� UHYLHZ� RI� WKH� OLWHUDWXUH� WKDW� WKH� IDLOXUH� RI� HQYLURQPHQWDO�

SROLFLHV�WR�SURGXFH�WKH�GHVLUHG�UHVXOWV�LV�FDXVHG�E\�HFRQRPLF��SROLWLFDO��DQG�

FRPPXQLFDWLRQ�IDFWRUV��ZKLFK�LV�GLVFXVVHG�LQ�WKLV�VWXG\�DV�DQ�LPSRrtant 

IDFWRU�FRQWULEXWLQJ�WR�WKLV�VLWXDWLRQ���,Q�WKH�VDPH�VWXG\��LW�ZDV�HPSKDVL]HG�
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WKDW�WKH�IDLOXUH�WR�HIIHFWLYHO\�FRPPXQLFDWH�WKH�REMHFWLYHV�RI�HQYLURQPHQWDO�

SROLFLHV�WR�LPSRUWDQW�VWDNHKROGHUV�DQG�WKH�LQFRQVLVWHQF\�EHWZHHQ�WKH�JRDOV�

RI�HQYLURQPHQWDO�SROLFLHV�DQG�WKRVH�HPSKDVL]LQJ�HFRQRPLF�GHYHORSPHQW�

ZHUH� WKH� SULPDU\� FDXVHV� RI� WKH� IDLOXUH� RI� HQYLURQPHQWDO� VXVWDLQDELOLW\�

(Howes et al., 2017).  

(QYLURQPHQWDO�VXVWDLQDELOLW\�LV�QRZ�D�FUXFLDO�FRPSRQHQW�RI�SODQQLQJ�DQG�

UHSRUWLQJ�RQ�XUEDQ�SHUIRUPDQFH��6WXGLHV�RQ�HQYLURQPHQWDO�VXVWDLQDELOLW\�

are now being used as a guide for people responsible for building and 

DGPLQLVWHULQJ� FLWLHV� GXH� WR� SRSXODWLRQ� SUHVVXUH�� SUR[LPLW\� WR� UHVRXUFH�

UHVWULFWLRQV��H[LVWLQJ�RU�DQWLFLSDWHG�H[WHUQDO�HQYLURQPHQWDO�LPSDFWV��DQG�D�

heightened VHQVH�RI�JOREDO�UHVSRQVLELOLW\��%D\QHV�	�:LHGPDQQ�������� 

2.3. Sustainability of Social 

8UEDQ�VXVWDLQDELOLW\�LV�D�WRSLF�WKDW�KDV�EHHQ�GHEDWHG�IRU�DV�ORQJ�DV�FLWLHV�

KDYH�H[LVWHG��8UEDQ�LQHTXDOLW\
V�DELOLW\�WR�IXHO�GLYLVLYH�VRFLDO�WHQVLRQV�KDV�

long been a sRXUFH�RI�ZRUU\��IURP�3ODWR
V�$WKHQV�WR�0DU[
V�0DQFKHVWHU��

+RZHYHU��VRPH�RI�WKH�SUREOHPV�WKDW�OHG�WR�WKHVH�ZRUULHV�KDYH�FKDQJHG�DQG�

HYROYHG� RYHU� WLPH�� 1HYHUWKHOHVV�� VRPH� LVVXHV� DUH� PRUH� HQGXULQJ� WKDQ�

RWKHUV��)RU�LQVWDQFH��WKH�RQJRLQJ�DUJXPHQW�RYHU�WKH�GHVLJQ�DQG�YLDELOLW\�RI�

FLWLHV�ZDV� IXHOHG� E\� WKH� DGYHQW� RI� FDSLWDOLVW� XUEDQLVP��1DWXUDOO\�� SRVW-

DSRFDO\SWLF� FLW\� LPDJHV�FRQWLQXH� WR� LQIOXHQFH�SRSXODU� FXOWXUH��7DNH� WKH�

PRYLH�&KLOGUHQ�RI�0HQ�E\�$OIRQVR�&XDUyQ��&XDUyQ�FUHDWHV�D�VWRU\�DURXQG�

the biological and conVHTXHQWO\� VRFLDO� EUHDNGRZQ� RI� KXPDQLW\� LQ� WKLV�

LQVWDQFH�� :LWK� /RQGRQ� VHUYLQJ� DV� WKH� PDMRU� VHWWLQJ�� XUEDQ� VRFLHW\� LV�

SRUWUD\HG�DV�IUDFWXUHG��FRQVLVWLQJ�RI�UDQGRP�DFWV�RI�YLROHQFH�DQG�IHXGLQJ�

QDWLRQDOLVW� VHFWV�� 7KHUHIRUH�� XUEDQLVP� KDV� DOZD\V� EHHQ� WKH� IRFXV� Rf 
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VXVWDLQDELOLW\�FRQFHUQV�ZKHWKHU�LW�LV�VKRZQ�LQ�SROLWLFDO�WKHRU\�RU�LQ�PHGLD��

0DLQWDLQLQJ�JURZLQJ�SRSXODWLRQV�DQG�WKHLU�DFWLYLWLHV�LV�DQ�RQJRLQJ�LVVXH�

LQ� D� QXPEHU� RI� DUHDV� �VXFK� DV� HPSOR\PHQW�� FXOWXUDO� FRQQHFWLRQV�� HWF����

+RZHYHU��PDQ\� RI� WKHVH� FRQIOLFWV� KDYH� RQO\� ODWHO\� EHHQ� UHFRJQL]HG� DV�

VXVWDLQDELOLW\�SUREOHPV�LQ�DQG�RI�WKHPVHOYHV��'DYLGVRQ�������� 

*KDKUDPDQSRXUL�HW�DO���������FRQVXOWHG�ZRUNV�IURP�WKH�XUEDQ�SODQQLQJ��

XUEDQ�GHVLJQ��XUEDQ�VRFLRORJ\��DQG�XUEDQ�SROLF\�ILHOGV�WKDW�ZHUH�UHOHDVHG�

between 1993 DQG� ������ 7KH� VWXG\� VWUHVVHG� WKH� LPSRUWDQFH� RI� VRFLDO�

HTXDOLW\�� PHHWLQJ� KXPDQ� QHHGV�� ZHOOEHLQJ�� TXDOLW\� RI� OLIH�� VRFLDO�

LQWHUDFWLRQ��FRKHVLRQ��DQG�LQFOXVLRQ��IHHOLQJ�RI�FRPPXQLW\��DQG�VHQVH�RI�

SODFH�LQ�GHILQLQJ�DQG�HYDOXDWLQJ�VRFLDO�VXVWDLQDELOLW\��$�VWXG\ of research 

FRQGXFWHG�LQ�YDULRXV�XUEDQ�XQLWV�GHPRQVWUDWHV�WKDW�HDUOLHU�HIIRUWV�IRU�XUEDQ�

VRFLDO�VXVWDLQDELOLW\�SODFHG�D�JUHDWHU�HPSKDVLV�RQ�FRQFHUQV�SHUWDLQLQJ�WR�

WKH� ORFDO� FRPPXQLW\�� 7KH� LQYHVWLJDWLRQ� FDPH� WR� WKH� FRQFOXVLRQ� WKDW�

discussions of issues relDWHG�WR�SODFH�ZHUH�VFDUFH��'XH�WR�WKLV��LW�KDV�EHHQ�

QRWHG�WKDW�WKHUH�LV�D�YRLG�LQ�WKH�DFDGHPLF�OLWHUDWXUH�DERXW�WKH�XUEDQ�VRFLDO�

VXVWDLQDELOLW\� RI� XUEDQ� SODFHV�� 7KH� VRFLDO� FRPSRQHQW� RI� VXVWDLQDEOH�

GHYHORSPHQW�� VRPHWLPHV� NQRZQ� DV� �VRFLDO� VXVWDLQDELOLW\��� KDs gained 

PRUH�DWWHQWLRQ�LQ�UHFHQW�\HDUV��&RODQWRQLR��������QRWHG�LQ�KLV�VWXG\�WKDW�

WKHUH� LV� QR� DJUHHPHQW� RQ� WKH� GHILQLWLRQ� RI� VRFLDO� VXVWDLQDELOLW\�� ZKLFK�

PDNHV� LW� FKDOOHQJLQJ� WR� FRPH� XS�ZLWK� D� JHQHUDO� GHILQLWLRQ� EHFDXVH� WKH�

FRQFHSW�LV�DSSURDFKHG�IURP�YDULRXV�ZRUNLQJ�SHUVSHFWLYHV�DQG�DFFRUGLQJ�

to criteria that are discipline-VSHFLILF��$GGLWLRQDOO\��KH�DGGHG��ULVLQJ��VRIW��

DQG� OHVV� TXDQWLILDEOH� LGHDV� OLNH� KDSSLQHVV�� VRFLDO� FRKHVLYHQHVV�� DQG� D�
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IHHOLQJ� RI� SODFH� DUH� LQFUHDVLQJO\� VXSSODQWLQJ� RU� UHSODFLQJ� ROG� �KDUG��

WKHPHV�RI�VRFLDO�VXVWDLQDELOLW\�OLNH�HPSOR\PHQW�DQG�SRYHUW\�UHGXFWLRQ� 

3. Sustainability of Cities 

&LWLHV� KDYH� GHYHORSHG� LQWR� LPSUREDEOH� EXW� HVVHQWLDO� DUHDV� IRU� KXPDQ�

VXUYLYDO�� 7KH� PRVW� VLJQLILFDQW� HIIRUWV� DW� KXPDQ� DGDSWDELOLW\� DQG�

VXVWDLQDELOLW\� DUH� FXUUHQWO\� WDNLQJ� SODFH� LQ� WKHVH� SODFHV�� 7KH\� RIIHU� D�

potential point of concentration for the future flourishing of life on this 

SODQHW��%XW�LQ�RUGHU�IRU�WKLV�WR�KDSSHQ�LQ�D�ZD\�WKDW�LV�PRUH�WKDQ�KDSKD]DUG��

ZH�QHHG�WR�UDGLFDOO\�UHWKLQN�WKH�ZD\�XUEDQ�GHYHORSPHQW�LV�GRQH����
%XVLQHVV�

DV� µXVXDO
�RU�HYHQ� 
EXVLQHVV�ZLWK�D�QHZ�UKHWRULF
�ZRQ
W� FXW� LW�JLYHQ�KRZ�

VHULRXV�WKH�SUREOHPV�DUH��,W� LV�FUXFLDO� WR�DGRSW�QHZ�LGHDV��HVSHFLDOO\�WKH�

UHFRQFLOLDWLRQ�RI�WKHRU\�DQG�SUDFWLFH��$OWKRXJK�LW�VHHPV�HDV\��WKH�WDVN�LV�

challenJLQJ��:H�UHTXLUH�D�SDUDGLJP�VKLIW�DZD\�IURP�WKH�FXUUHQW�QDUURZ�

HPSKDVLV�RQ�SURGXFWLYLW\�EDVHG�RQ�JURZWK�DQG�KLJK-WHFK��VROXWLRQV���:H�

UHTXLUH� DQ� DOWHUQDWLYH� SDUDGLJP� WKDW� FDQ� DGGUHVV� WKH� LVVXH� RI� EULGJLQJ�

LQWHUQDWLRQDOO\� GHEDWDEOH� FRQFHSWV� DQG� FXWWLQJ-edge SHUVSHFWLYHV� RQ�

VXVWDLQDELOLW\�ZLWK�ORFDOO\�UHOHYDQW�SUDFWLFHV��-DPHV��������� 

*RYHUQPHQW� LQLWLDWLYHV� WR� UHGXFH� SRYHUW\� DQG� VRFLDO� H[FOXVLRQ� DUH�

LQFUHDVLQJO\�XVLQJ�D�PXOWLIDFHWHG� VWUDWHJ\� WKDW� LQFRUSRUDWHV�SDUWQHUVKLSV�

IRU� FROODERUDWLRQ� DQG� FDSDFLW\� EXLOGLQJ� ZLWKLQ� WKH� FRPPXQLW\�� 7KLV�

VXJJHVWV�PRUH� H[WHQVLYH� FRPPXQLW\� LQSXW� DV�ZHOO� DV�SDUWLFLSDWLRQ� IURP�

QRQSURILW�RUJDQL]DWLRQV��RIILFLDO�LQVWLWXWLRQV��DQG�WKH�FRPPHUFLDO�VHFWRU�LQ�

WKH� GHPRFUDWLF� DGPLQLVWUDWLRQ� RI� ORFDO� DIIDLUV��$OWKRXJK� WKHVH� DUH�ZHOO-

establLVKHG�WKHRUHWLFDO�QRWLRQV��SXWWLQJ�ORFDOL]HG�VRFLDO�SROLF\�LQWR�SUDFWLFH�

DQG� HYDOXDWLQJ� WKH� UHVXOWV� DUH� QRWRULRXVO\� FKDOOHQJLQJ�� HVSHFLDOO\� LQ�
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KLVWRULF�PHWURSROLWDQ� ORFDWLRQV�ZKHUH� WKH�PDQDJHPHQW�RI�KHULWDJH�YDOXH�

DQG�GHPRFUDWLF�GHFLVLRQ-PDNLQJ�PD\�FRQIOLFt (Landorf, 2011).  

0RUH�WKDQ�KDOI�RI�WKH�ZRUOG
V�SRSXODWLRQ�ZLOO�UHVLGH�LQ�FLWLHV�LQ�WHQ�\HDUV��

According to the United Nations (UN), this will put cities in danger of 

VRFLDO�XQUHVW��HQYLURQPHQWDO�GHWHULRUDWLRQ��DQG�WKH�EUHDNGRZQ�RI�HVVHQWLDO�

VHUYLFHV��$V D�UHPHG\�IRU�WKHVH�XQIDYRUDEOH�XUEDQ�WUHQGV��WKH�HFRQRPLF��

VRFLDO��DQG�HQYLURQPHQWDO�SODQQLQJ�PHWKRGV�RI�FLYLOL]DWLRQV�WKDW�LQFOXGH�

�XUEDQ� VXVWDLQDELOLW\�� KDYH� EHHQ� VXJJHVWHG�� 7KH� FRQFHSW� RI� �XUEDQ�

VXVWDLQDELOLW\��KDV�VHYHUDO�GLIIHUHQW�KLVWRULFDO�URRWV��%asiago, 1998).  

6XVWDLQDELOLW\�LV�RIWHQ�XQGHUVWRRG�WR�KDYH�VRFLDO��HFRQRPLF��SROLWLFDO��DQG�

HQYLURQPHQWDO�DVSHFWV���7KH�MXVWLILFDWLRQV�IRU�HPSOR\LQJ�D�QDWXUDO�FDSLWDO�

VWUDWHJ\�DUH�DFFRPSDQLHG�E\�H[DPSOHV�RI�QDWXUDO�FDSLWDO���:KHQ�PDNLQJ�

GHFLVLRQV� WKDW�KDYH DQ� LPSDFW�RQ�VXVWDLQDELOLW\��VXFK�DV� WKRVH� LQYROYLQJ�

land use, transportation infrastructure, and fiscal policies, indicators help 

FRPPXQLWLHV� DVVHVV� FXUUHQW� FRQGLWLRQV� DQG� WUHQGV�� SURPRWH� LQIRUPHG�

GLVFXVVLRQ�DPRQJ�GLYHUVH�JURXSV�ZLWKLQ�WKH�FRPPXQLW\��SURYLGH�LQSXW�LQWR�

WKH� SROLF\� SURFHVV�� DQG� KHOS� FRPPXQLWLHV� LGHQWLI\� VLJQLILFDQW� WUDGHRIIV�

WKH\�PD\�IDFH��2OHZLOHU��������� 

5DSLG�JURZWK�LV�WKUHDWHQLQJ�WKH�YLDELOLW\�RI�FLWLHV�DQG�WKH�TXDOLW\�RI�FLW\�

OLIH��6RFLDO�LQVWDELOLW\�EURXJKW�RQ�E\�PDVV�XUEDQL]DWLRQ�FDQ�FRPSURPLVH�D�

FLW\
V�SRWHQWLDO�WR�EH�ERWK�HQYLURQPHQWDOO\�DQG�HFRQRPLFDOO\�YLDEOH��$�QHZ�

VXVWDLQDELOLW\�SDUDGLJP�LV�UHTXLUHG��RQH�WKDW�SURYLGHV�VWURQJHU�LQFHQWLYHV�

IRU� UHGXFLQJ� FRQVXPSWLRQ�� FRQVHUYLQJ� HQHUJ\�� DQG� SURWHFWLQJ� WKH�

HQYLURQPHQW� ZKLOH� VLPXOWDQHRXVO\� UDLVLQJ� OHYHOV� RI� SXEOLF� ZHOOEHLQJ��

)XWXUH� FLWLHV� VKRXOG� EH� VRFLDOO\� YDULHG� HQYLURQPHQWV� ZKHUH� VRFLDO� DQG�
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HFRQRPLF�DFWLYLWLHV�FRH[LVW�DQG�ZKHUH�QHLJKERUKRRGV�VHUYH�DV� WKH� IRFDO�

SRLQW�IRU�FRPPXQLWLHV��7R�HQDEOH�WKHLU�UHVLGHQWV�WR�EH�VRFLRHFRQRPLFDOO\�

FUHDWLYH�DQG�SURGXFWLYH��WKH\�PXVW�EH�GHYHORSHG�RU�PRGLILHG��5LIIDW�HW�DO���

2016).  

7KH� UHODWLRQVKLS�EHWZHHQ�XUEDQ� IRUP�DQG� VRFLDO� VXVWDLQDELOLW\� KDV� EHHQ�

LQYHVWLJDWHG��DQG�LW�KDV�EHHQ�VDLG�WKDW�WKH�WZR�PDLQ�GLPHQVLRQV�RI�VRFLDO�

VXVWDLQDELOLW\� DUH� IDLU� DFFHVV� DQG� WKH� VXVWDLQDELOLW\� RI� WKH� VRFLHW\� LWVHOI�

�'HPSVH\�HW�DO����������7KLV�VWXG\�DLPV�WR�DGGUHVV�WKLV�LQHTXDOLW\�WKURXgh 

GHWDLOHG�UHVHDUFK�DQG�GHILQLWLRQ�RI�WKH�FRQFHSW�RI�VRFLDO�VXVWDLQDELOLW\�LQ�

the urban context.  

,W� ZDV� DUJXHG� LQ� D� GLIIHUHQW� VWXG\� WKDW� XUEDQ� VRFLDO� VXVWDLQDELOLW\� LV� D�

PXOWLGLPHQVLRQDO� FRQFHSW� WKDW� LQFOXGHV� VL[� PDLQ� GLPHQVLRQV� RI� VRFLDO�

interaction, seQVH�RI�SODFH��VRFLDO�SDUWLFLSDWLRQ��VHFXULW\��VRFLDO�HTXDOLW\��

DQG�QHLJKERUKRRG�VDWLVIDFWLRQ�WR�GHYHORS�D�FRPSUHKHQVLYH�PHDVXUHPHQW�

VFDOH�WR�HYDOXDWH�XUEDQ�VRFLDO�VXVWDLQDELOLW\�DW�WKH�QHLJKERUKRRG�OHYHO��7KH�

VWXG\� XVHG� IDFWRU� DQDO\VLV� WR� LQYHVWLJDWH� WKH� XUEDQ� VRFLDO� VXVWDLQDELOLW\�

VFDOH
V�YDOLGLW\��UHOLDELOLW\��DQG�GLPHQVLRQDOLW\��$GGLWLRQDOO\��E\�H[DPLQLQJ�

WKH�LPSDFW�RI�GHVLJQ�TXDOLW\��RQH�RI�WKH�OHDVW�UHVHDUFKHG�DVSHFWV�RI�XUEDQ�

IRUP��RQ� VHYHUDO� VRFLDO� VXVWDLQDELOLW\�GLPHQVLRQV�� WKH� DSSOLFDWLRQ�RI� WKH�

urEDQ�VRFLDO�VXVWDLQDELOLW\�VFDOH�KDV�EHHQ�SURYHQ��7KH�VWXG\�RIIHUV�IUHVK�

SURRI�RI�WKH�VLJQLILFDQFH�RI�UDLVLQJ�QHLJKERUKRRG�GHVLJQ�TXDOLW\�DV�ZHOO�DV�

WKH�UHODWLRQVKLS�EHWZHHQ�LW�DQG�PDQ\�DVSHFWV�RI�VRFLDO�VXVWDLQDELOLW\�DV�ZHOO�

DV�RYHUDOO�VRFLDO�VXVWDLQDELOLW\��/DULPLDQ�	�6DGHJKL��������� 

2QH� RI� WKH� NH\� FRQFHUQV� GHILQLQJ� WKH� LQWHUDFWLRQ� EHWZHHQ� KXPDQV� DQG�

HFRORJ\� LV�XUEDQL]DWLRQ��8WLOL]LQJ� WKH�ULJKW�VXVWDLQDELOLW\� LQGLFDWRUV��RQH�
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PXVW�TXDQWLI\�WKH�GHJUHH�WR�ZKLFK�XUEDQ�JURZWK�LV�VXVWDLQDEOH�RU�QRW��7KH�

context-VSHFLILF�GHILQLWLRQ�DQG�LQWHUSUHWDWLRQ�RI�WKH�LGHD�RI�VXVWDLQDELOLW\��

ZKLFK�YDULHV�IURP�QDWLRQ�WR�FRXQWU\�DQG�DFFRUGLQJ�WR�WKH�VRFLRHFRQRPLF�

VWUDWD�RI�VRFLHW\��DUH�JHQHUDOO\�XQNQRZQ��7ZR�PDMRU�FKDOOHQJHV��LQWHUQDO��

WKH�SUREOHP�LQKHUHQW�LQ�WKH�LQGLFDWRUV�GXH�WR�GHYHORSPHQW�PHWKRGRORJLHV��

H[WHUQDO��ODFN�RI�GDWD��SROLF\�OD[LW\�RU�JRYHUQPHQW�UHOXFWDQFH�WR�LPSOHPHQW�

indicators, lack of consensus on what constitutes standard indicators, and 

ODFN�RI�FRPSOLDQFH��ZHUH� LGHQWLILHG� LQ�D� VWXG\� WKDW�DLPV� WR�DGGUHVV� WKLs 

FKDOOHQJH� E\� LGHQWLI\LQJ� WKH� PDLQ� SUREOHPV� HQFRXQWHUHG� LQ� WKH�

GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�VXVWDLQDELOLW\�LQGLFDWRUV�LQ�WKH�XUEDQ�

FRQWH[W�DQG�SURSRVLQJ�VROXWLRQV��)RRG�SURGXFWLRQ�DQG�FRQVXPSWLRQ�HQWDLO�

EDVLF� ELRORJLFDO� IXQFWLRQV� WKDW� FDQQRW� EH� IXOO\ FRQWUROOHG� E\� RU� IRU� WKH�

EHQHILW� RI� FDSLWDO�� )RRG� V\VWHPV�� DQG� WKH� HIIHFWV� WKH\� KDYH� RQ� SHRSOH
V�

KHDOWK� DQG�ZHOOEHLQJ�� QDWXUDOO\� LQWHUDFW� ZLWK� �DQG� VKDSH�� ORFDWLRQV� DQG�

VSDFHV��LQ�SDUW�EHFDXVH�RI�WKLV��'HVSLWH�EHLQJ�JOREDOO\�GLVWULEXWHG��IRRG�VWLOO�

has specific spatial configuration aspects. Therefore, it is not unexpected 

WKDW� IRRG� VHFXULW\� DQG� VXVWDLQDELOLW\� KDYH� EHHQ� LPSRUWDQW� JRYHUQDQFH�

SUREOHPV� IRU�PRUH� WKDQ� ���� \HDUV� LQ� DGYDQFHG� HFRQRPLHV� �0DUVGHQ�	�

6RQQLQR���������4XDQWLI\LQJ�WKH�OLQN�EHWZHHQ�IRRG�DQG�JOREDOL]HG�FLWLHV�

KDV� UHFHQWO\� SLTXHG� WKH� LQWHUHVW� RI� XUEDQ� SODQQHUV� LQ� JHQHUDO� DQG�

HFRQRPLVWV�LQ�SDUWLFXODU��$FFRUGLQJ�WR�5K\V-7D\ORU���������IRRG�SOD\V�D�

FUXFLDO�UROH�LQ�DOPRVW�HYHU\�DVSHFW�RI�XUEDQ�OLIH��IURP�WKH�VSDWLDOL]DWLRQ�RI�

VRFLRHFRQRPLF�FODVV WR�WKH�FUHDWLRQ�RI�DLU�SROOXWLRQ�WR�WKH�PDQLSXODWLRQ�RI�

ILQDQFLDO�PDUNHWV��8UEDQ�DQG�SHUL-XUEDQ�DJULFXOWXUH�PD\�KDUP�WKH�XUEDQ�

HFRV\VWHP� RU� SURYLGH� DQ� HFRORJLFDO� IXQFWLRQ�� 8UEDQLVWV� DQG� ODQGVFDSH�
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DUFKLWHFWV�KDYH�VXSSRUWHG�XUEDQ�DJULFXOWXUH�DQG�IRRG�V\VWHPV�RYHU�WKH�SDVW�

���\HDUV�ZKLOH�SD\LQJ�OLWWOH�DWWHQWLRQ�WR�WKH�KDUP�WKDW�LV�EHLQJ�GRQH�WR�WKH�

HFRORJ\��7KH�FXUUHQW�VWDWH�RI�DIIDLUV�QHFHVVLWDWHV�D�IUHVK�PRGHO�WKDW�WDNHV�

into account trade-RIIV�EHWZHHQ�HFRV\VWHP�EHQHILWV�DQG�GLVVHUYLFHV��GXH�WR�

rising urbanL]DWLRQ��HQYLURQPHQWDO�GHJUDGDWLRQ��SRSXODWLRQ�GHYHORSPHQW��

DQG�FKDQJHV�LQ�IRRG�V\VWHPV��(GLEOH�XUEDQLVP������ZKLFK�ZH�GHILQH�DV��D�

VXVWDLQDEOH� SODQQHG� QHWZRUN� RI� HGLEOH� IRRG� FRPSRQHQWV� DQG� VWUXFWXUHV��

ZLWKLQ� WKH� XUEDQ� HFRV\VWHP�� WR�PDQDJH� DQG� GHVLJQ� WKH� SURYLVLRQLQJ� RI�

HFRV\VWHP�VHUYLFHV���5XVVR�	�&LUHOOD���������LV�D�VXSSRUWLYH�FRPSRQHQW�

LQ�DFKLHYLQJ� WKHVH�JRDOV��ZKLFK� LQFOXGH�HQGLQJ�KXQJHU�DQG�DOO� IRUPV�RI�

PDOQXWULWLRQ�E\������DQG�IHHGLQJ�XS�WR�WHQ�ELOOLRQ�SHRSOH� 

4. Sustainability of Agriculture 

Since the 1987 release of the Brundtland Report, the concept of sustainable 

DJULFXOWXUH�KDV�JDLQHG�SRSXODULW\��+RZHYHU��WKH�GHILQLWLRQ�RI�VXVWDLQDEOH�

DJULFXOWXUH�LV�H[FHHGLQJO\�LPSUHFLVH��PDNLQJ�LWV�XVH�DQG�DSSOLFDWLRQ�YHU\�

FKDOOHQJLQJ��9HOWHQ�HW�DO���������� 

EcoQRPLF� LVVXHV� EURXJKW� RQ�E\� FRQYHQWLRQDO� DJULFXOWXUH� LQFOXGH�KLJKHU�

FRVWV� RI� HQHUJ\-EDVHG� LQSXWV�� ORZHU� IDUP� HDUQLQJV�� DQG� DJULFXOWXUDO�

RYHUSURGXFWLRQ�� $GGLWLRQDOO\�� LW� KDV� OHG� WR� HFRORJLFDO� LVVXHV� OLNH� ORZ�

ELRORJLFDO�GLYHUVLW\��ZDWHU�DQG�VRLO�FRQWDPLQDWLRQ, and soil erosion. These 

HFRQRPLF� DQG� HQYLURQPHQWDO� LVVXHV� FDQ� EH� UHVROYHG� E\� LPSOHPHQWLQJ�

LQWHJUDWHG� DJULFXOWXUDO� SURGXFWLRQ� PHWKRGV� WKDW� UHTXLUH� OHVV� IHUWLOL]HU��

SHVWLFLGH�� DQG� FXOWLYDWLRQ� LQSXW�� 6XFK� V\VWHPV� UHTXLUH� DQ� LQ-depth 

knowledge of the interacWLRQV� WKDW� H[LVW� EHWZHHQ� WKHLU� IRXU� SULPDU\�

FRPSRQHQWV—IHUWLOL]HUV�� LQVHFWLFLGHV�� FXOWLYDWLRQ� SUDFWLFHV�� DQG�
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rotations—DQG�KRZ�WKHVH�LQWHUDFWLRQV�DIIHFW�FURS�\LHOGV�DQG�IDUP�LQFRPH�

(Edwards, 1989).  

Agriculture that is sustainable generates a lot of food wLWKRXW�FRQVXPLQJ�

WRR� PDQ\� UHVRXUFHV� RU� KDUPLQJ� WKH� HQYLURQPHQW�� $JULFXOWXUH� FUHDWHV�

PHWKRGV�IRU�JURZLQJ�FURSV�DQG�UHDULQJ�OLYHVWRFN�WKDW�DUH�VHOI-sustaining, 

MXVW�OLNH�QDWXUH��E\�DGKHULQJ�WR�WKH�ODZV�RI�QDWXUH��,QGLVWLQJXLVKDEOH�IURP�

SURVSHURXV� UXUDO�FRPPXQLWLHV�� IXOILOOLQJ� OLYHV� IRU� IDPLOLHV�RQ� WKH� IDUPV��

and healthful food for all, sustainable agriculture is also the agriculture of 

VRFLDO�YDOXHV��(DUOHV�	�:LOOLDPV��������� 

%XW�DV�D�VHW�RI�DSSURYHG�SUDFWLFHV�RU�D�PRGHO�IDUP�HFRQRP\��VXVWDLQDEOH�

DJULFXOWXUH� LV� VWLOO� LQ� LWV� LQIDQF\� LQ� WKH� ILUVW� GHFDGH� RI� WKH� WZHQW\-first 

FHQWXU\��0DNLQJ�JUHDWHU�XVH�RI�WKH�ELRSK\VLFDO�DQG�KXPDQ�UHVRXUFHV�WKDW�

DUH�QRZ�DFFHVVLEOH�LV�WKH�IXQGDPHQWDO�SUREOHP�IRU�VXVWDLQDEOH�DJULFXOWXUH���

5HGXFH�WKH�DPRXQW�RI�H[WHUQDO�LQSXWV�XVHG��PD[LPL]H�WKH�XVH�RI�LQWHUQDO�

UHVRXUFHV��RU�HPSOR\�D�PL[�RI�WKH�WZR�WR�DFKLHYH�WKLV���$V�GHSHQGHQFLHV�RQ�

H[WHUQDO�V\VWHPV�DUH�NHSW�WR�D�UHDVRQDEOH�OHYHO��WKLV�DVVXUHV�WKH�HIIicient 

DQG�HIIHFWLYH�XVH�RI�UHVRXUFHV�DQG�JXDUDQWHHV�WKDW�DQ\�HQKDQFHPHQWV�ZLOO�

ODVW�� 7KH� JRDO� RI� VXVWDLQDEOH� DJULFXOWXUH� LV� WR� XVH� D� YDULHW\� RI� LQVHFW��

QXWULHQW�� DJURIRUHVWU\�� VRLO�� DQG� ZDWHU� PDQDJHPHQW� PHWKRGV� LQ� DQ�

LQWHJUDWHG�PDQQHU�� �:DVWHV�RU�E\SURGXFWV�IURP�RQH�SDUW�RU�EXVLQHVV�DUH�

used as inputs in another.    

,QVWHDG� RI� DLPLQJ� IRU� D� FHUWDLQ� HQG� VWDWH�� LPSURYLQJ� VXVWDLQDELOLW\� LV� D�

SURFHVV�WKDW�DGYDQFHV�IDUPLQJ�V\VWHPV�DORQJ�D�WUDMHFWRU\�WRZDUG�UHDFKLQJ�

PXOWLSOH� VRFLDOO\� FKRVHQ� VXVWDLQDELOLW\� JRDOV�� )RXU� ZLGHO\� DFFHSWHG�

REMHFWLYHV�FKDUDFWHUL]H�DJULFXOWXUDO�VXVWDLQDELOLW\���15&������� 
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�� &RQWULEXWH� WR� WKH� SURGXFWLRQ� RI� ELRIXHOV� ZKLOH� PHHWLQJ� KXPDQ�

UHTXLUHPHQWV�IRU�IRRG��ILEHU��DQG�IHHG� 

��,PSURYH�WKH�EDVH�RI�UHVRXUFHV�DQG�WKH�TXDOLW\�RI�WKH�HQYLURQPHQW� 

��0DLQWDLQ�WKH�DJULFXOWXUDO�VHFWRU
V�HFRQRPLF�YLDELOLW\� 

��,PSURYLQJ�WKH�VWDQGDUG�RI�OLYLQJ�IRU�IDUPHUV��IDUPZRUNHUV��DQG�VRFLHW\�

at large. 

4.1. Urban Farming 

)RXU�SULPDU\�REVWDFOHV�VWDQG�LQ�WKH�ZD\�RI�IHHGLQJ�WKH�ZRUOG
V�H[SDQGLQJ�

population: a lack of nDWXUDO� UHVRXUFHV�� FKDQJLQJ� GHPRJUDSK\�� FOLPDWH�

FKDQJH�� DQG� ULVLQJ� ZDVWH�� 8WLOL]LQJ� FXWWLQJ-edge technologies to boost 

SURGXFWLYLW\�� VXVWDLQDELOLW\�� DQG� DJULFXOWXUH� LV� PRWLYDWHG� E\� WKHVH�

GLIILFXOWLHV��,Q�FRPSDULVRQ�WR�FRQYHQWLRQDO�IDUPLQJ��XUEDQ�IDUPLQJ�KDV a 

QXPEHU� RI� EHQHILWV�� LQFOXGLQJ� LQFUHDVHG� SURGXFWLYLW\�� HQKDQFHG�

VXVWDLQDELOLW\��DQG�WKH�SRWHQWLDO� WR�VXSSO\�IUHVK�IRRG�DOO�\HDU� ORQJ��:LWK�

WKHLU� FDSDFLW\� WR� IDFLOLWDWH� FRQWUROOHG� UHOHDVH�RI�QXWULHQWV� DQG�SHVWLFLGHV��

LPSURYHG� VHHG� KHDOWK�� VXEVWUDWHV� ZLWK� EHWWHU� ZDWHU� UHWHQWLRQ� FDSDELOLW\��

PRUH� HIILFLHQW� UHF\FOLQJ� RI� DJULFXOWXUDO� ZDVWH�� DQG� SUHFLVH� SODQW� KHDOWK�

PRQLWRULQJ��QRYHO�PDWHULDOV�DUH�NH\�WR�DFFHOHUDWLQJ�WKH�HYROXWLRQ�RI�XUEDQ�

IDUPLQJ�� ,Q� XUEDQ� IDUPV�� PDWHULDOV� VFLHQFH� SURPRWHV� HQYLURQPHQWDO�

sustainDELOLW\�DQG�LQFUHDVHV�KDUYHVW�\LHOGV��;L�HW�DO���������� 

7KH�UDSLG�H[SDQVLRQ�RI�WKH�JOREDO�HFRQRP\��WKH�VKDUH�RI�WKH�*13�WKDW�JRHV�

WR�LQGXVWULDO�DQG�VHUYLFH�LQGXVWULHV��DQG�WKH�QXPEHU�RI�ZRUNHUV�HPSOR\HG�

LQ� WKHVH�VHFWRUV�KDYH�DOO�FRQWULEXWHG� WR�XUEDQL]DWLRQ��*OREDOO\�VSHDNLQJ��

DJULFXOWXUH�KDV�EHHQ�DEOH�WR�PHHW�XUEDQ�SRSXODWLRQ�QHHGV��HYHQ�WKRVH�IRU�

IRRG� WKDW� LV�PRUH� HQHUJ\-, land-, water-, and greenhouse gas-LQWHQVLYH��
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+RZHYHU�� KXQGUHGV� RI� PLOOLRQV� RI� PHWURSROLWDQ� UHVLGHQWV� DUH�

PDOQRXULVKHG��7KHUHIRUH��WKH�PDLQ�TXHVWLRQV�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�

DJULFXOWXUH� DQG� XUEDQL]DWLRQ� DUH� ZKHWKHU� WKH� H[SDQGLQJ� DQG� FKDQJLQJ�

QHHGV� IRU� DJULFXOWXUDO� SURGXFWV� IURP�JURZLQJ� XUEDQ� SRSXODWLRQV� FDQ� EH�

sustained while both supporting agricultural success and lowering rural 

and XUEDQ�SRYHUW\�� ,Q�DGGLWLRQ�� LW� LV�QHFHVVDU\� WR� OHVVHQ�JUHHQKRXVH�JDV�

HPLVVLRQV�DQG�VWUHQJWKHQ�XUEDQ�DQG�DJULFXOWXUDO�GHYHORSPHQW
V�DELOLW\�WR�

ZLWKVWDQG�WKH�HIIHFWV�RI�FOLPDWH�FKDQJH��6DWWHUWKZDLWH�HW�DO���������� 

<HDU�RI������VDZ�D�VLJQLILFDQW�GHYHORSPHQW LQ�WKH�FRXUVH�RI�ZRUOG�KLVWRU\��

)RU� WKH� ILUVW� WLPH�� FLWLHV� QRZ� KRXVH� PRUH� WKDQ� KDOI� RI� WKH� ZRUOG
V�

SRSXODWLRQ��,Q�PDQ\�GHYHORSLQJ�QDWLRQV��WKH�SURFHVV�RI�XUEDQL]DWLRQ�LV�DOVR�

DFFRPSDQLHG� E\� ULVLQJ� XUEDQ� SRYHUW\�� SROOXWLRQ�� IRRG� LQVHFXULW\�� DQG�

PDOQXWULWLRQ�� SDUWLFXODUO\� IRU� FKLOGUHQ�� SUHJQDQW� ZRPHQ�� DQG� QXUVLQJ�

PRWKHUV�� DV� ZHOO� DV� ULVLQJ� XQHPSOR\PHQW�� 8UEDQ� DJULFXOWXUH� RIIHUV� D�

FKDQFH� WR� LPSURYH� WKH� ORFDO� HFRQRP\�� VRFLDO� LQWHJUDWLRQ�� IRRG� VXSSO\��

KHDOWK� FRQGLWLRQV�� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� DV� D� ZKRle. Urban 

DJULFXOWXUH� H[LVWV� LQ�PDQ\� GLIIHUHQW� IDUPLQJ� V\VWHPV� DURXQG� WKH�ZRUOG��

$URXQG����� WR�����RI�SHRSOH� OLYH� LQ�FLWLHV�DQG�ZRUN� LQ� WKH�DJUR-food 

LQGXVWU\��'XH�WR�WKH�JURZLQJ�XUEDQ�SRSXODWLRQ�DQG�UXUDO-XUEDQ�PLJUDWLRQ��

XUEDQ�DJULFXOWXUH�ZLOO�EH�PRUH�ZLGHO\�UHFRJQL]HG�IRU�LWV�DGYDQWDJHV�DQG�

VHUYLFHV��2UVLQL�HW�DO���������� 

8UEDQ�IDUPLQJ�KDV�HPHUJHG�DV�D�UHVSRQVH�WR�ULVLQJ�XUEDQ�IRRG�GHPDQG��

XQVXVWDLQDEOH� FRQYHQWLRQDO� DJULFXOWXUDO� PHWKRGV�� DQG� VKULQNLQJ� DUDEOH�

ODQG�� 9HUWLFDO� IDUPLQJ�� LQGRRU� IDUPLQJ�� K\GURponics, aeroponics, 

DTXDFXOWXUH��DQG�DTXDSRQLFV�DUH�H[DPSOHV�RI�XUEDQ�IDUPLQJ�WHFKQLTXHV��7R�
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DFKLHYH�WKHLU�IXOO�SRWHQWLDO�DQG�EHQHILWV��WKHVH�VWUDWHJLHV�PXVW�EH�FRPELQHG�

ZLWK�WHFKQLFDO�DGYDQFHPHQWV�DV�WKH\�FDQQRW�UHYROXWLRQL]H�IDUPLQJ�RQ�WKHLU�

RZQ��1J�	�0Dhkeswaran, 2021).  

Urban areas can access fresh, regional food thanks to urban agriculture. 

+RZHYHU�� FRQVXPHUV
� JRRG� SHUFHSWLRQV� RI� XUEDQ� IDUPLQJ� DQG� WKHLU�

DFFHSWDQFH�RI�XUEDQ�IDUPV�LQ�WKHLU�QHLJKERUKRRGV�DUH�QHFHVVDU\�IRU�XUEDQ�

agriculture to be successfuOO\� LQWHJUDWHG� LQWR� XUEDQ� HQYLURQPHQWV�� 7KH�

VXFFHVV�RI�XUEDQ�DJULFXOWXUH�LV�EDVHG�RQ�UHVLGHQWV
�JRRG�SHUFHSWLRQV�RI�WKH�

DUHD��DQG� WKLV�YLHZ�KDV�D� VLJQLILFDQW� LPSDFW�RQ� UHVLGHQWV
�ZLOOLQJQHVV� WR�

DFFHSW�IDUPLQJ�LQ�WKHLU�LPPHGLDWH�YLFLQLW\��*UHELWXV�HW�DO����020).  

%\� VXSSRUWLQJ� XUEDQ� IDUPLQJ� DQG� LQFUHDVLQJ� XUEDQ� JUHHQHU\�� QXPHURXV�

XUEDQ�FLWLHV�WKURXJKRXW�WKH�ZRUOG�DUH�DWWHPSWLQJ�WR�LQFUHDVH�VXVWDLQDELOLW\��

,W�LV�SRVVLEOH�WR�DFKLHYH�HQYLURQPHQWDO��VRFLDO��DQG�HFRQRPLF�VXVWDLQDELOLW\�

for buildings in urban citiHV� E\� DGGLQJ� JUHHQ� URRIV�ZLWK� XUEDQ� IDUPLQJ�

EHFDXVH�LW�FDQ�LPSURYH�FRPPXQLW\�IXQFWLRQV��KHOS�PLWLJDWH�HQYLURQPHQWDO�

LVVXHV��DQG�KHOS�GHYHORS�XUEDQ�IRRG�V\VWHPV��+XL�������� 

4.2. Sustainable Urban Farming 

$� FRPSUHKHQVLYH� V\VWHP�PRGHO� WKDW� FRQVLGHUV� WKH� HQHUJ\� DQG�PDWHULDO�

FRQVXPSWLRQ�LQ�YHJHWDEOH�SURGXFWLRQ�SURFHVVHV�DV�ZHOO�DV� WKH�HFRQRPLF�

DQG�HQYLURQPHQWDO�SHUIRUPDQFH�RI�XUEDQ�IDUPLQJ�V\VWHPV�ZDV�XWLOL]HG�LQ�

D�VWXG\�RQ�WKH�FDVH�RI�YHUWLFDO�IDUPLQJ�LQ�6LQJDSRUH��7KH�QHW�SUHVHQW�YDOXH�

RI�YDULRXV�XUEDQ�IDUPLQJ�V\VWHP�FRQILJXUDWLRQV��DV�ZHOO�DV�FUDGOH-to-door 

&2��HPLVVLRQV��ZDWHU�FRQVXPSWLRQ��DQG�ODQG�XVH��ZHUH�DVVHVVHG�XVLQJ�WKH�

PXOWLGLPHQVLRQDO�DVVHVVPHQW�PRGHO� 
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7KURXJK�RSWLPL]DWLRQ�� WKH� VWXG\
V� IDUPLQJ�PRGXOHV
� LGHDO� FURS�PL[� DQG�

DFFRPSDQ\LQJ� FXOWLYDWLRQ� VHW SRLQWV� �VXFK� DV� WHPSHUDWXUH�� KXPLGLW\��

LUUDGLDQFH�� LOOXPLQDWLRQ� WLPH�� DQG� &2�� FRQFHQWUDWLRQ�� ZHUH� LGHQWLILHG��

7KH\� ORRNHG�DW� DOWHUQDWLYH� IDUPLQJ�PHWKRGV� WKDW�XVHG�JULG-to-grid solar 

SKRWRYROWDLF� �39�� HQHUJ\�� JODVV-enclosed and windowless building 

designs, DQG� IRRG� ZDVWH� FRPSRVWLQJ� LQVWHDG� RI� WUDGLWLRQDO� FKHPLFDO�

IHUWLOL]HUV�� 7KH� ILQGLQJV� VXJJHVWHG� WKDW� FRPELQHG� SODQW-IDFWRU\� IDUPLQJ�

V\VWHPV�ZLWK� VRODU�SKRWRYROWDLFV�DQG� IHUWLOL]HU�PDGH� IURP�EHHU� UHVLGXHV�

FRXOG�EH�D�YLDEOH�DQG�VXVWDLQDEOH�IDUPLQJ�RSWLRQ�IRU�Singapore, a tropical 

PHJDFLW\��/L�HW�DO���������� 

,Q�D�GLIIHUHQW�VWXG\��PXQLFLSDOLWLHV�DUH�FRPPXQLW\-focused to ensure the 

VXVWDLQDELOLW\� RI� 8UEDQ� $JULFXOWXUH� �8$�� FRQWLQXRXV� LQYHVWPHQW� LQ�

LQLWLDWLYHV�DQG�FDUH��7KH�VWXG\�H[SORUHV�WKH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�RI�

VXVWDLQDEOH� XUEDQ� IDUPLQJ� DV� DQ� LQWHJUDWHG� HQYLURQPHQWDO� PDQDJHPHQW�

VWUDWHJ\� IRU� LPSURYLQJ� LQIRUPDO� VHWWOHPHQWV� LQ� WKUHH� FDVH� VWXGLHV� LQ�

'XUEDQ��6RXWK�$IULFD��,W�KDV�EHFRPH�FOHDU�WKDW�JXLGHG�SURFHVVHV�QHHG�WR�

EH� VXSSRUWHG�� 7KH� VWXG\� IRXQG� WKDW� LQ� RUGHU� WR�PDQDJH� WKH� IRRG-water 

connection and strHQJWKHQ� ORFDO� FRPPXQLW\� VWUXFWXUHV� DQG� JURXSV� OLNH�

FRRSHUDWLYHV� �LQFOXGLQJ�ZRPHQ
V� JURXSV��� SROLF\�PDNHUV�PXVW� IRVWHU� DQ�

HQYLURQPHQW�WKDW�HQFRXUDJHV�DFDGHPLFV��QRQ-JRYHUQPHQWDO�RUJDQL]DWLRQV�

�1*2V���DQG�WKH�SULYDWH�VHFWRU�WR�GHYHORS�ZDWHU-efficient solutions. 

7KLV� VWXG\�� FRQGXFWHG� LQ� 0DOD\VLD�� DLPHG� WR� ORRN� DW� WKH� ILQHVW� XUEDQ�

IDUPLQJ� WHFKQLTXHV� DSSURSULDWH� IRU� WKH� XUEDQ� VHWWLQJ�� HQYLURQPHQW�� DQG�

FXOWXUH�RI� WKH�ORFDOV��$�VXUYH\�RI�XUEDQ�IDUPHUV�DW�D�FKRVHQ�FRPPXQLW\�

JDUGHQ�LQ�6XEDQJ�-D\D��6HODQJRU��ZDV�XVHG WR�FROOHFW�GDWD�IRU�WKH�VWXG\��
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,QYHVWLJDWLRQV� DERXW� WKH� JDUGHQLQJ� SUDFWLFHV� DQG� WKH� SK\VLFDO�

FKDUDFWHULVWLFV�RI� WKH�JDUGHQV�ZHUH�FRQGXFWHG� LQ� WKH� LQWHULP������XUEDQ�

IDUPHUV�IURP����FRPPXQLW\�JDUGHQV�LQ�6XEDQJ�-D\D�ZHUH�LQFOXGHG�LQ�WKH�

VWXG\� VDPSOH�� ,W� ZDV IRXQG� WKDW� WKH�PDMRULW\� RI� SHRSOH
V� JDUGHQV� ZHUH�

SODQWHG�RQ�WKH�JURXQG�RU�LQ�WKH�JURXQG��DQG�WKDW�WKH�ORZHU�LQFRPH�JURXS
V�

PHPEHUV� ��������ZHUH� WKRVH�ZLWK� ORZ�PRQWKO\� IDPLO\� LQFRPHV��8UEDQ�

IDUPHUV�DUH�PRVW�PRWLYDWHG�E\�WKH�VRFLDO�DQG�KHDOWK�EHQHILWV��7KH�research 

GHPRQVWUDWHV� WKDW� WKH� VRFLDO� DQG�KHDOWK�EHQHILWV� DUH� WKH�PDLQ�GULYHUV�RI�

XUEDQ� DJULFXOWXUH� SUDFWLWLRQHUV�� $GGLWLRQDOO\�� LW� KDV� EHHQ� QRWHG� WKDW� WKH�

ORFDO� JRYHUQPHQW� KDV� XQGHUWDNHQ� D� QXPEHU� RI� VLJQLILFDQW� SURMHFWV��

LQFOXGLQJ� JUHHQ� LQLWLDWLYHV� DQG� D� FRRSHUDWLYH� JDUGHQLQJ� SURJUDP� DW�

FRPPXQLW\� JDUGHQ� ORFDWLRQV� ZLWKLQ� WKH� DGPLQLVWUDWLYH� ERUGHU�� WR�

HQFRXUDJH�FLWL]HQV�WR�JURZ�WKHLU�RZQ�IRRG��7KH�DYDLODELOLW\�RI�UHVRXUFHV�

DQG�JRRG�DJULFXOWXUDO�PHWKRGV�DUH�EHVW�SUDFWLFHV��,I�WKH�ORFDO�JRYHUQPHQW�

DOORFDWHV�PRUH�IXQGV�IRU�DGGLWLRQDO�JDUGHQ�DUHD�DQG�XUEDQ�IDUPLQJ��XUEDQ�

IDUPHUV�PD\�H[SHULHQFH�LQFUHDVHG�ILQDQFLDO�JDLQV��2WKPDQ�HW�DO��������� 

7KH�LQWHJUDWLRQ�RI�WKH�FLW\�DQG�WKH�FRXQWU\VLGH�LV�UHJDUGHG�DV�D�FUXFLDO�LVVXH�

LQ� WKH� GHYHORSPHQW� RI� XUEDQ� DJULFXOWXUDO-recUHDWLRQDO� DUHDV�DFWLYLWLHV��

DFFRUGLQJ�WR�D�VWXG\�GRQH�LQ�*D]LDQWHS��7XUNH\��)RU�SHRSOH�RI�*D]LDQWHS��

such urban-UXUDO� ORFDWLRQV� DQG� DFWLYLWLHV� DUH� EHFRPLQJ� PRUH� DQG�PRUH�

LPSRUWDQW�IRU�UHFUHDWLRQ��7KLV�FLUFXPVWDQFH��ZKLFK�VLJQLILFDQWO\�HQKDQFHV�

the local frXLW�DQG�YHJHWDEOH�RXWSXW��GHPRQVWUDWHV�WKH�SUHVHQW�OHLVXUH�PRGHO�

of urban agriculture-UHFUHDWLRQDO� DFWLYLWLHV� LQ� *D]LDQWHS�� -REV� ZLWK� D�

SDUWLFXODU� IRFXV�RQ�DJULFXOWXUH��DQLPDO�KXVEDQGU\��DQG� ORFDO�DJULWRXULVP�

KDYH�ODWHO\�EHHQ�IRUPHG�DV�D�UHVXOW�RI�WKH�ULVLQJ�GHPDQG�IRU�WKLV�NLQG�RI�
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urban-UXUDO� LQWHUDFWLRQ�� � &RQVHTXHQWO\�� D� FRQFHSW� LV� HYROYLQJ� ZKHUHLQ�

IDPLOLHV� LQ� KLJKO\� XUEDQL]HG� DUHDV� FDQ� GLUHFWO\� H[SHULHQFH� UXUDO� OLIH��

SURYLGH�OHLVXUH�DFWLYLWLHV��DQG�VXSSRUW�WKHLU�OLIHVW\OHV�ZLWK�D�QRYHO�FRQFHSW��

wherein urban parks and urban peripheries can be the engine of a self-

VXIILFLHQW�FLW\��øQFHUXK��������� 

8UEDQ� IDUPLQJ� LV� EHFRPLQJ� PRUH� DQG� PRUH� VLJQLILFDQW� LQ� ERWK�

LQGXVWULDOL]HG� DQG� GHYHORSLQJ� QDWLRQV� WKDW� DUH� GHDOLQJ� ZLWK� VHULRXV�

HQYLURQPHQWDO�DQG�VRFLDO�LVVXHV��6LQFH�WKH�����V��7XUNH\�KDV�H[SHULHQFHG�

VRPH�HQYLURQPHQWDO��VRFLDO��DQG�HFRQRPLF�SUREOHPV�LQ�XUEDQ�DUHDV�DV�D�

UHVXOW�RI�HUUDWLF�LQGXVWULDOL]DWLRQ�DQG�XUEDQL]DWLRQ�SURFHVVHV��&RPPXQLW\�

JDUGHQLQJ��RQH�RI�WKH�XUEDQ�DJULFXOWXUDO�PHWKRGV��ZDV�FRQVLGHUHG�LQ�WKLV 

VWXG\�DV�D�VWUDWHJ\�IRU�VXVWDLQDEOH�XUEDQ�GHYHORSPHQW� LQ�7XUNH\
V�,]PLU�

0HWURSROLWDQ�DUHD��:LWK�WKH�KHOS�RI�WZR�FDVH�VWXG\�ORFDWLRQV�LQ�%RUQRYD�

DQG� %XFD�� WKH� SRWHQWLDO� RI� DOUHDG\-H[LVWLQJ� FRPPXQLW\� JDUGHQV� ZDV�

H[DPLQHG� LQ� UHODWLRQ� WR� WKH� VRFLDO�� HFRQRPLF� DQG� HQYLURQPHQWDO�

FKDUDFWHULVWLFV� RI� WKH� DUHD�� $� PL[HG� PHWKRG� DSSURDFK� FRPELQHV�

GLDJUDPPLQJ��LQWHUYLHZLQJ��DQG�KLVWRULFDO�UHVHDUFK��,QWHUYLHZV�VKRZ�WKDW�

FRPPXQLW\�JDUGHQV�IRVWHU�D�OLQN�EHWZHHQ�ERWK�IDPLO\�PHPEHUV�DQG�ZLWK�

other gardeners, which furthers tKHLU�SRVLWLYH�HIIHFWV��0\�VWXG\
V�ILQGLQJV�

VKRZ� WKDW� FRPPXQLW\� JDUGHQV� FRQWULEXWH� WR� WKH� VRFLDO� DQG� FXOWXUDO�

VXVWDLQDELOLW\�RI�DQ�DUHD�� 

,Q� WKH�VDPH�PDQQHU�� LW
V�FUXFLDO� WR�DFNQRZOHGJH� WKDW�FRPPXQLW\�JDUGHQ�

SDUWLFLSDQWV�VDYH�D�VL]DEOH�DPRXQW�RQ�WKHLU�JURFHU\�H[SHQVHV�ZKHQ�ZH�WDNH�

WKHLU� VRFLRHFRQRPLF� VWDWXV� LQWR� DFFRXQW� �SDUWLFXODUO\� LQ� WKH� FDVH� RI� WKH�

%RUQRYD� FRPPXQLW\� JDUGHQ��� 7KLV� VXJJHVWV� WKDW� ,]PLU
V� FRPPXQLW\�
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JDUGHQV� FRXOG� SRWHQWLDOO\� FRQWULEXWH� WR� HFRQRPLF� VXVWDLQDELOLW\� �9DUGL�

Topal, 2015). 

5. Conclusion and Suggestions  

6XVWDLQDELOLW\�LQFUHDVHV�LWV�LPSRUWDQFH�DV�D�FRQFHSW�WKDW�LV�XVHG�LQ�D�YHU\�

EURDG� VHQVH�� $OWKRXJK� LW� LV� GLYLGHG� LQWR� PDLQ� JURXSV� VXFK� DV� VRFLDO��

HFRQRPLF� DQG� HQYLURQPHQWDO�� LW� KDV� PDQ\� VXE-concepts that belong to 

these groups and resePEOH�D�WDQJOH�RI�UHODWLRQV��7KH�FRQFHSW�RI�IRRG�VDIHW\��

which expresses the risk of access to food, and the concept of safe food, 

ZKLFK� H[SUHVVHV� WKH� TXDOLW\� RI� IRRG�� DUH� PRUH� LPSRUWDQW� LQ� WHUPV� RI�

VXVWDLQDEOH�DJULFXOWXUH�DQG�XUEDQLVP��7KH�IDFW�WKDW�WKH�SRpulation of the 

FLW\�KDV�LQFUHDVHG�FRPSDUHG�WR�WKH�FRXQWU\VLGH�DV�RI������IXUWKHU�LQFUHDVHV�

WKH�LPSRUWDQFH�RI�WKH�XQGHUVWDQGLQJ�RI�VXVWDLQDEOH�XUEDQLVP��)LUVW�RI�DOO��

WKH�DFFHVV� ULVN�RI� WKH�SHRSOH� OLYLQJ� LQ� WKHVH�FLWLHV� WR� IRRG��DQG� WKHQ� WKH�

TXDOLW\�RI�WKH IRRG�DQG�WKHLU�VXVWDLQDELOLW\�DUH�SRVVLEOH�ZLWK�DJULFXOWXUDO�

VXVWDLQDELOLW\� DQG� PRUH� VSHFLILFDOO\� ZLWK� VXVWDLQDEOH� XUEDQ� DJULFXOWXUH��

&RQVLGHULQJ�WKDW�D�ODUJH�SDUW�RI�WKH�ZRUOG
V�SRSXODWLRQ��ZKLFK�LV�HVWLPDWHG�

WR� H[FHHG� �� ELOOLRQ� LQ� ������ ZLOO� OLYH� LQ� VHWWOHPHQWV� FDOOHG� FLWLHV�� LW� LV�

REYLRXV�WKDW�VXVWDLQDEOH�XUEDQLVP�DQG�DJULFXOWXUH�ZLOO�EH�FRQVLGHUHG�PRUH�

VHQVLWLYHO\� 
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1. Introduction 

7KH�EXLOGLQJ�VHFWRU�LV�RQH�RI�WKH�ODUJHVW�LQGXVWULHV�LQ�WKH�ZRUOG��UHVSRQVLEOH�

IRU� D� VLJQLILFDQW� DPRXQW� RI� UHVRXUFH� FRQVXPSWLRQ� DQG� HQYLURQPHQWDO�

LPSDFW��7KH�SODQHWDU\�ERXQGDULHV��ZKLFK�UHSUHVHQW�WKH�OLPLWV�RI�WKH�(DUWK
V�

capacity to support human activities, are being exceeded in several areas, 

LQFOXGLQJ�FOLPDWH�FKDQJH�DQG�ELRGLYHUVLW\�ORVV��7KHUHIRUH��LW�LV�FUXFLDO�WR�

IRFXV�ILUVWO\�RQ�WKLV�HQYLURQPHQWDO�LPSDFW�RI�WKH�EXLOGLQJ�VHFWRU�ZLWK�WKH�

LQIRUPDWLRQ�RQ�KRZ�WKLV�LPSDFW�LV�PHDVXUDEOH�� 

7KH� FRQFHSW� RI� ZRRG-based circular bioeconomy has emerged as a 

SRWHQWLDO�VROXWLRQ�IRU�VXVWDLQDEOH�EXLOGLQJ��7KLV�FRQFHSW�LV�FORVHO\�UHODWHG�

to other concepts such as green economy, bioeconomy, circular economy, 

DQG� VXVWDLQDEOH� GHYHORSPHQW�� ZKLFK� QRW� RQO\� KDYH� VLJQLILFDQW�

LQWHUFRQQHFWLRQV�ZLWK�HDFK�RWKHU�EXW�DOVR�KDYH�LPSRUWDQW�LPSOLFDWLRQV�IRU�

WKH� HYDOXDWLRQ� RI� WKH� ZRRG-EDVHG� FLUFXODU� ELRHFRQRP\�� 7KHUHIRUH��

GHILQLQJ� WKHVH� UHODWHG� FRQFHSWV� DQG� H[SORULQJ� WKHLU� OLQNDJHV� LV� HVVHQWLDO�

EHIRUH�GHOYLQJ�LQWR�WKH�VSHFLILFV�RI�ZRRG-based circular bioeconomy in the 

building sector.  

,QQRYDWLRQV�DUH�WKH�SULPDU\�GULYLQJ�IRUFHV�EHKLQG�WKH�WUDQVLWLRQ�WR�D�ZRRG-

EDVHG� FLUFXODU� ELRHFRQRP\� DQG� WKHLU� HYROYLQJ� QHWZRUNV� DQG� PDLQ�

substitute strategies in the building sector must be understood. This book 

VHFWLRQ�SURYLGHV�ILYH�PDLQ�VXE-WRSLFV��WKH�RYHUYLHZ�RI�WKH�EXLOGLQJ�VHFWRU�

DQG� LWV� LPSDFW� RQ� WKH� HQYLURQPHQW� ������� WKH� GHILQLWLRQ� RI� ZRRG-based 

FLUFXODU� ELRHFRQRP\� ������� WKH� LQQRYDWLRQV� RI� ZRRG-based circular 

bioeconomy in the building sector (1.3), various innovation H[DPSOHV�IURP�

the EXLOGLQJ�VHFWRU�������DQG�ILQDOO\��D�FRQFOXVLRQ������� 
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2. Overview of the building sector and its impact on the environment 

7KH� WZR� LPSDFW� FODVVHV� WKDW� DUH� FRPPRQO\� DVVRFLDWHG� ZLWK� WKH�

environmental iPSDFW�RI�EXLOGLQJV�DUH�HPERGLHG�LPSDFW�DQG�RSHUDWLRQDO�

impact (Heeren et al., 2015; Tirelli & Besana, 2023). Embodied impact 

UHIHUV� WR� WKH� HQYLURQPHQWDO� LPSDFW� DVVRFLDWHG� ZLWK� WKH� SURGXFWLRQ��

WUDQVSRUWDWLRQ��DQG�FRQVWUXFWLRQ�RI�EXLOGLQJ�PDWHULDOV��ZKLOH�RSHUDWLRQDO�

LPSDFW�UHIHUV�WR�WKH�HQYLURQPHQWDO�LPSDFW�DVVRFLDWHG�ZLWK�WKH�RQJRLQJ�XVH�

DQG�PDLQWHQDQFH�RI�D�EXilding.  

7KH�EXLOGLQJ�VHFWRU�LV�RQH�RI�WKH�ODUJHVW�HQHUJ\�FRQVXPHUV�DQG�HPLWWHUV�RI�

greenhouse gases globally. According to the International Energy Agency 

�,($��� %XLOGLQJV� DUH� UHVSRQVLEOH� IRU� ���� RI� JOREDO� ILQDO� HQHUJ\�

consumption representing an increase IURP�����EJ1 in 2010 to almost 135 

(-�LQ������DQG�����RI�WRWDO�HQHUJ\�VHFWRU�HPLVVLRQV��ZLWK����EHLQJ�GLUHFW�

HPLVVLRQV� IURP� EXLOGLQJV�� ���� EHLQJ� LQGLUHFW� HPLVVLRQV� IURP� WKH�

SURGXFWLRQ�RI�HOHFWULFLW\�DQG�KHDW�XVHG�LQ�EXLOGLQJV��DQG�DQ�DGGLWLRQDO����

UHODWHG� WR� WKH� PDQXIDFWXUH� RI� FHPHQW�� VWHHO�� DQG� DOXPLQXP� XVHG� IRU�

EXLOGLQJ�FRQVWUXFWLRQ��,Q�������GLUHFW�DQG�LQGLUHFW�HPLVVLRQV�IURP�EXLOGLQJ�

operations rebounded to about 10 Gt2, ZKLFK� ZDV� DSSUR[LPDWHO\� ���

KLJKHU�WKDQ�LQ������DQG����KLJKHU�WKDQ�LQ�������,Q�������HQHUJ\�GHPand 

LQ�EXLOGLQJV�LQFUHDVHG�E\�DOPRVW����FRPSDUHG�WR�������RU����FRPSDUHG�

WR��������ZLWK�HOHFWULFLW\�DFFRXQWLQJ�IRU�DERXW�����RI�EXLOGLQJ�HQHUJ\�XVH��

 
1 EJ, Exajoule is equal to one quintillion (1018��MRXOHV�DQG�LV�XVHG�VSHFLILFDOO\�WR�PHDVXUH�YHU\�ODUJH�
DPRXQWV�RI�HQHUJ\��)RU�H[DPSOH��JOREDO�HQHUJ\�FRQVXPSWLRQ�LV�typically measured in exajoules. 
2 *W��JLJDWRQ��ZKLFK�LV�D�XQLW�XVHG�WR�PHDVXUH�JUHHQKRXVH�JDV��*+*��HPLVVLRQV��2QH�JLJDWRQ�LV�
equal to one billion metric tons. 
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DQG�VSDFH�FRROLQJ�VHHLQJ�WKH�ODUJHVW�LQFUHDVH�LQ�GHPDQG��)RVVLO�IXHO�XVH�

VWLOO�LQFUHDVHG�E\������DQQXDOO\�Vince 2010 (IEA, 2022).  

%XLOGLQJV�FRQVXPH�ODUJH�DPRXQWV�RI�HQHUJ\�DQG�FRQWULEXWH�VLJQLILFDQWO\�

WR� WKH� FDUERQ� IRRWSULQW�� DV� WKH\� UHO\� KHDYLO\� RQ� IRVVLO� IXHOV� IRU� KHDWLQJ��

cooling, and lighting. The embodied carbon in building materials and 

FRQVWUXFWLRQ� SURFHVVHV� LV� DOVR� D� VLJQLILFDQW� FRQWULEXWRU� WR� WKH� VHFWRU
V�

FDUERQ� IRRWSULQW�� %XLOGLQJV� UHVSRQVLEOH� IRU� FRQVXPLQJ� DOPRVW� ���� E\�

ZHLJKW�RI�DOO�H[WUDFWHG�PDWHULDOV��2UIDQLGRX�HW�DO��������.  

$FFRUGLQJ�WR�SURMHFWLRQV��IORRU�DUHD�ZLOO�H[SDQG�E\�����E\�������ZKLFK�

LV�KLJKHU�WKDQ�WKH�WRWDO�EXLOW�IORRU�DUHD�RI�1RUWK�$PHULFD��7KH�PDMRULW\�RI�

WKLV� JURZWK�� DERXW� ����� LV� H[SHFWHG� WR� WDNH� SOace in emerging and 

developing economies. As the global population and urbanization continue 

WR�JURZ��WKH�LPSDFW�RI�WKH�EXLOGLQJ�VHFWRU�RQ�WKH�HQYLURQPHQW�LV�H[SHFWHG�

WR�LQFUHDVH�XQOHVV�VLJQLILFDQW�PHDVXUHV�DUH�WDNHQ�WR�LPSURYH�HQHUJ\�DQG�

PDWHULDO� HIILFLHQF\� DQG� VKLIW� WR� UHQHZDEOH� HQHUJ\� DQG� IRVVLO� VXEVWLWXWH�

VRXUFHV��%XW�GHFDUERQL]DWLRQ�RI�WKH�EXLOGLQJV�VHFWRU�KDV�VHHQ�D�QHJDWLYH�

UHERXQG� VLQFH� ������ UHVXOWLQJ� LQ� D� JURZLQJ� JDS� EHWZHHQ� REVHUYHG�

SHUIRUPDQFH�DQG�GHVLUHG�SDWKZD\�(UNEP, 2022).  

7KH�QXPEHU�RI�DFWRUV�PHDVXULQJ�WKH�HQYLURQPHQWDO�LPSDFWV�RI�WKH�EXLOGLQJ�

VHFWRU�DQG�VKDULQJ�SRWHQWLDO�IXWXUH�VFHQDULRV�LV�LQFUHDVLQJ��UHVXOWLQJ�LQ�D�

JURZLQJ�ERG\�RI�NQRZOHGJH��+RZHYHU��WKH�LQIRUPDWLRQ�LV�VWLOO�OLPLWHG�DQG�

Tirelli & Besana (2023) LGHQWLI\�GULYHUV�IRU�FKDQJH�LQ�WKH�QHW�]HUR�EXLOGLQJ�

VHFWRU�� LQFOXGLQJ� HFRQRPLF�� OHJLVODWLYH� DQG� WHFKQRORJLFDO� IDFWRUV�� DQG�

highlight barriers to progress in areas such as economics, legislation, 

technology, socio-FXOWXUDO�DWWLWXGHV��SURIHVVLRQDO�SUDFWLFHV�DQG�JHRJUDSK\�� 
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Impact measurement is carried out at various scales, including global, 

QDWLRQDO��ORFDO��RSHUDWLRQDO�RU�SURGXFW�OHYHOV��1RZDGD\V��WKH�PRVW�FRPPRQ�

TXDQWLWDWLYH�WHFKQLTXHV�XVHG�IRU�VXVWDLQDEOH�PHDVXUHPHQW�DUH�/LIH�&\FOH�

$VVHVVPHQW��/&$��DQG�0DWHULDO�)ORZ�$QDO\VLV��0)$���/LIH�&\FOH�&RVW�

and Input-2XWSXW��,2��PRGHOV�DQG�WKHLU�LQWHJUDWHG�YHUVLRQV�RI�RWKHU�UHODWHG�

methods (Verstraeten-Jochemsen et al., 2018). These techniques enable a 

FRPSUHKHQVLYH� DQDO\VLV� RI� WKH� HQYLURQPHQWDO� IRRWSULQW� RI� WKH� EXLOGLQJ�

VHFWRU��IURP�UDZ�PDWHULDO�H[WUDFWLRQ�WR�WKH�HQG�RI�D�EXLOGLQJ
V�OLIH��7KH�XVH�

RI� WKHVH� PHWKRGV� LV� HVVHQWLDO� IRU� GHYHORSLQJ� VXVWDLQDEOH� VWUDWHJLHV� DQG�

LGHQWLI\LQJ�WKH�PRVW�HIIHFWLYH�LQWHUYHQWLRQV�WR�PLWLJDWH�WKH�HQYLURQPHQWDO�

LPSDFW�RI�WKH�EXLOGLQJ�VHFWRU��$FFRUGLQJ�WR�9DQ�6WLMQ�HW�Dl. (2021) MFA 

JHQHUDOO\�IRFXVHV�RQ�DVVHVVLQJ�WKH�TXDOLW\�RI�UHVRXUFH�IORZV��VXFK�DV�YLUJLQ��

UHQHZDEOH�DQG�UHF\FOHG�PDWHULDOV��DV�ZHOO�DV�WKH�UHVRXUFH�FRQVXPSWLRQ�RI�

EXLOGLQJ� FRPSRQHQWV��+RZHYHU�� OLIH cycle assessment is considered the 

PRVW� ZHOO-GHILQHG� PHWKRG� IRU� DQDO\]LQJ� HQYLURQPHQWDO� LPSDFWV�� ,Q�

addition to the quantitative methodologies, Verstraeten-Jochemsen (2018) 

RIIHUV� VRPH� TXDOLWDWLYH� PHWKRGRORJLHV� VXFK� DV� SURMHFW� VHOI-assessment, 

FLUFXODU� TXLFN� VFDQ� DQG� H[SHUW� RSLQLRQ� RQ� VRFLHWDO� EHQHILWV�� LPSDFW�

assessment methoGRORJLHV� IRU� EXLOGLQJ� FRPSRQHQWV� EDVHG� RQ� WKHLU�

Technology Readiness Level (TRL).  

The Building sector has led to increased interest on the environmental 

LPSDFWV� ERWK� HPERGLHG� DQG� RSHUDWLRQDO�� SDUWLFXODUO\� IURP� D� OLIH� F\FOH�

perspective. Currently, there is D�VLJQLILFDQW�IRFXV�RQ�WKH�SRWHQWLDO�RI�WKH�

EXLOGLQJ� VHFWRU� WR� WUDQVLWLRQ� WRZDUGV� D� FLUFXODU� ELRHFRQRP\�� JLYHQ� WKH�

HQYLURQPHQWDO� LPSDFW�DVVRFLDWHG�ZLWK�DOO� OLIH�F\FOH�VWDJHV�RI� WKH�VHFWRU��
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This is particularly important as the construction industry is a major 

FRQWULEXWRU� WR� JOREDO� UHVRXUFH� FRQVXPSWLRQ� DQG� ZDVWH� JHQHUDWLRQ��

2UIDQLGRX� HW� DOO�� ������� SURYLGHV� D� FRPSUHKHQVLYH� LOOXVWUDWLRQ� DQG�

H[SODQDWLRQ� RI� WKH� VWDJHV� LQYROYHG� LQ� EXLOGLQJ� /&$�� DV� RXWOLQHG� LQ�

EN15978:20113.   

 

Figure 1. %XLOGLQJ�OLIH�F\FOH�VWDJHV�EDVHG�RQ�(1������������2UIDQLGRX�
et al., 2023). 

7KLV� DSSURDFK��ZKLFK� LQFOXGHV� VXE-stages A1-$�� �UDZ�PDWHULDO� VXSSO\��

WUDQVSRUWDWLRQ�� PDQXIDFWXULQJ�� SURGXFW� WUDQVSRUWDWLRQ� DQG� FRQVWUXFWLRQ���

 
3 EN15978:2011 is D�(XURSHDQ�6WDQGDUG�WLWOHG��6XVWDLQDELOLW\�RI�FRQVWUXFWLRQ�ZRUNV�- Assessment 
RI�HQYLURQPHQWDO�SHUIRUPDQFH�RI�EXLOGLQJV�- Calculation method". 
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B1-B5 (use stage including application, maintenance, repair and 

replacement) and C1-C4 (end-RI-OLIH� VWDJH� LQFOXGLQJ� GHPROLWLRQ�� ZDVWH�

WUDQVSRUW��DQG�SURFHVVLQJ���LV�FUXFLDO�LQ�SURYLGLQJ�D�FRPSOHWH�SLFWXUH�RI�WKH�

HQYLURQPHQWDO�LPSDFWV�RI�EXLOGLQJV�WKURXJKRXW�WKHLU�OLIHF\FOH��)LJXUH���� 

Finding ZD\V�WR�UHGXFH�WKH�HQYLURQPHQWDO�LPSDFW�RI�WKH�VHFWRU��LGHQWLI\LQJ�

WKHVH� GLIIHUHQW� OLIH� F\FOH� VWDJHV� RI� WKH� EXLOGLQJ� VHFWRU� LV� LPSRUWDQW� IRU�

FRPSDULQJ�GLIIHUHQW�DOWHUQDWLYHV�ZLWK�/&$�UHVHDUFK��&RPSDULVRQ�RI�ZRRG�

EXLOGLQJ�SURGXFWV�RU�FRQVWUXFWLRQ�RSWLRQV�ZLth others according to these 

VWDJHV�VKRZV�WKDW� WKH�YLVLEOH�HQYLURQPHQWDO� LPSDFW�FDQ�EH�UHGXFHG�ZLWK�

ZRRGHQ�DOWHUQDWLYHV��2UIDQLGRX�HW�DOO��������� 

3. Definition of wood-based circular bioeconomy  

Circular economy, circular bioeconomy and ZRRG-based circular 

bioeconomy concepts are interrelated and complementary, as they all 

IRFXV�RQ�VXVWDLQDELOLW\�DQG�UHGXFLQJ�QHJDWLYH�HQYLURQPHQWDO�LPSDFWV�ZKLOH�

FUHDWLQJ�YDOXH��%HIRUH�GHILQLQJ�ZRRG-based circular bioeconomy, there is 

a need to explain each concept separately. 

7RGD\�� LQ� OLWHUDWXUH� WKHUH� DUH�PDQ\�GHILQLWLRQV� RI� WKH� FLUFXODU� HFRQRP\�

�.LUFKKHUU�HW�DO����������2QH�RI�WKH�PRVW�UHFRJQL]HG�GHILQLWLRQV�LV�RIIHUHG�

E\� WKH�(OOHQ�0DF$UWKXU� )RXQGDWLRQ� �������ZKLFK� VWDWHV� WKDW� D� FLUFXODU�

economy is "restorative and regenerative by design and aims to keep 

products, components, and materials at their highest utility and value at all 

WLPHV��GLVWLQJXLVKLQJ�EHWZHHQ�WHFKQLFDO�DQG�ELRORJLFDO�F\FOHV����$QRWKHU�

GHILQLWLRQ� FRPHV� IURP� WKH� (8� $FWLRQ� 3ODQ� IRU� WKH� &LUFular Economy, 

ZKLFK�GHILQHV�D�FLUFXODU�HFRQRP\�DV��PDLQWDLQLQJ�WKH�YDOXH�RI�SURGXFWV�
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DQG�PDWHULDOV�IRU�DV�ORQJ�DV�SRVVLEOH��PLQLPL]LQJ�ZDVWH�DQG�UHVRXUFH�XVH��

DQG�NHHSLQJ�UHVRXUFHV�ZLWKLQ�WKH�HFRQRP\�E\�UHXVLQJ�WKHP����(8������� 

7KH�FRQFHSW�RI�FLUFXODU�HFRnomy has been shaped by various academic 

FRQWULEXWLRQV�� LQFOXGLQJ� WKH� VHFRQG� ODZ� RI� WKHUPRG\QDPLFV�� ZDVWH�

management policies, extended producer responsibility, industrial ecology 

DQG�JHQHUDO�V\VWHPV�WKHRU\��7KH�HDUO\�VWDJHV�RI�WKH�FLUFXODU�HFRQRP\�XVHG�

teFKQRORJLFDO� LQQRYDWLRQV� WR� WXUQ� ZDVWH� LQWR� YDOXDEOH� LQSXWV� IRU� RWKHU�

SURFHVVHV��+RZHYHU��SROLWLFDO�GHYHORSPHQWV�VXFK�DV�WKH�5LR�'HFODUDWLRQ�

DQG�WKH������$JHQGD�IRU�6XVWDLQDEOH�'HYHORSPHQW�KDYH�HPSKDVL]HG�WKH�

LPSRUWDQFH� RI� WUDQVLWLRQLQJ� WR� FLUFXODULW\� IRU� VXFFHVVIXOO\� DFKLHYLQJ� WKH�

6'*V4. $OWKRXJK� UHXVLQJ� RU� UHPDQXIDFWXULQJ� PDWHULDOV� DQG� UHGXFLQJ�

PDWHULDO� FRQVXPSWLRQ� UHPDLQ� XQFRPPRQ�� WKH� VKLIW� WRZDUGV� D� PRUH�

FRPSUHKHQVLYH�DSSURDFK�WR�FLUFXODULW\�LV�D�SRVLWLYH�VWHS�WRZDUGV�D�PRUH�

VXVWDLQDEOH� IXWXUH�� $FFRUGLQg to Aggestam & Giurca (2022) academic 

FRQWULEXWLRQV�VXFK�DV��/LPLWV�WR�*URZWK��DQG��2YHUVKRRW���KDYH�SURYLGHG�

D� IRXQGDWLRQ� IRU� WKH�GHYHORSPHQW�RI� WKH�FLUFXODU�HFRQRP\��0RUH� UHFHQW�

contributions such as the "Cradle-to-&UDGOH��GHVLJQ�DQG�WKH��3HUIRUPDQFH�

EcRQRP\��KDYH�IXUWKHU�DGYDQFHG�WKH�FLUFXODU�HFRQRP\�DSSURDFK� 

According to the European Commission: "The bioeconomy covers all 

sectors and systems that based on biological resources (animals, plants, 

micro-RUJDQLVPV� DQG� GHULYHG� ELRPDVV�� LQFOXGLQJ� RUJDQLF� ZDVte), their 

IXQFWLRQV� DQG� SULQFLSOHV�� ,W� LQFOXGHV� DQG� LQWHUOLQNV� ODQG� DQG� PDULQH 

 
4 6XVWDLQDEOH�'HYHORSPHQW�*RDOV��ZKLFK� DUH� D� VHW� RI� ��� JOREDO� JRDOV� DGRSWHG� E\� WKH�
8QLWHG�1DWLRQV�LQ������WR�DFKLHYH�D�PRUH�VXVWDLQDEOH�DQG�HTXLWDEOH�IXWXUH�IRU�DOO�SHRSOH�
and the planet by 2030. 
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ecosystems and the services they provide; all primary production sectors 

WKDW�XVH�DQG�SURGXFH�ELRORJLFDO�UHVRXUFHV��DJULFXOWXUH��IRUHVWU\��ILVKHULHV��

and aquaculture); all economic and industrial sectors that use biological 

UHVRXUFHV�DQG�SURFHVVHV�WR�SURGXFH�IRRG��IHHG��ELR-based products, energy, 

and services", (European Commission, 2018)�� 7KH� GHILQLWLRQ� DQG�

GHOLPLWDWLRQV�RI�WKH�ELRHFRQRP\�GHSHQG�RQ�WKH�VWDNHKROGHUV�LQYROYHG��DQG�

there are GLIIHUHQW� YLVLRQV� RI� WKH� ELRHFRQRP\� WKDW� UHIOHFW� GLIIHUHQW�

priorities. These visions include biotechnology vision, bio-resource vision 

and bio-HFRORJ\� YLVLRQ� DQG� WKH\� DUH� DVVRFLDWHG� ZLWK� GLIIHUHQW� DFWRUV�

(Bugge et al., 2016).  

7KH�IRFXV�RI�WKH�FLUFXODU�HFRQRP\�LV�RQ�UHVRXUFHV�RI�DOO�W\SHV��LQFOXGLQJ�

both biological and non-biological resources such as metals, minerals and 

IRVVLO� IXHOV��&LUFXODU� ELRHFRQRP\�� RQ� WKH� RWKHU� KDQG�� LV� D� VXEVHW� RI� WKH�

FLUFXODU�HFRQRP\�WKDW�VSHFLILFDOO\�IRFXVHV�RQ�ELRORJLFDO�UHVRXUFes, such as 

ELRPDVV��RUJDQLF�ZDVWH��DQG�RWKHU�UHQHZDEOH�UHVRXUFHV�GHULYHG�IURP�OLYLQJ�

organisms. The circular bioeconomy aims to capture carbon in the 

technosphere over the long term and provides additional options to support 

WKH�GHFDUERQL]DWLRQ�RI� WKH�HFRnomy, particularly in hard-to-decarbonize 

VHFWRUV�VXFK�DV�SHWURFKHPLFDOV��7KH�XWLOL]DWLRQ�RI�UHQHZDEOH�FDUERQ�DV�D�

FRUH�VWUXFWXUDO�PROHFXOH�RSHQV�XS�QHZ�DYHQXHV�IRU�YDULRXV�VHFWRUV�WR�PHHW�

net-zero emission targets (Tan & Lamers, 2021). 

&LUFXODU�ELRHFRQRP\�LV�GHILQHG�DV�D�VXEVHW�RI�WKH�ELRHFRQRP\�WKDW�JRHV�

EH\RQG�WKH�REMHFWLYHV�RI�WKH�FLUFXODU�HFRQRP\��6RODU�UDGLDWLRQ��&22 and 

ZDWHU�XVHG�LQ�DJULFXOWXUH��IRUHVWU\�DQG�PDULQH�ILVKHU\�DOO�FRQWULEXWH�WR�WKH�

ELRPDVV� IORZ�� ,W� LV� VXEVHTXHQWO\� SURFHVVHG� LQWR� IRRG�IHHG��
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ELRHQHUJ\�ELRIXHOV�� FKHPLFDOV�PDWHULDOV�� DQG� HYHQWXDOO\� ELR-based 

products. By-SURGXFWV� DQG�ELRZDVWH� DUH�XWLOL]HG� DJDLQ� LQ� FDVFDGLQJ�DQG�

RUJDQLF� UHF\FOLQJ� WR� IRUP� WKH� FLUFXODU� ELRHFRQRP\�� ,Q� D� VXVWDLQDEOH�

circular bioeconomy, the goal is to keep biobased products and by-

SURGXFWV� LQ� XVH� IRU� DV� ORQJ� DV� SRVVLEOH�� PD[LPL]LQJ� WKHLU� YDOXH� DQG�

PLQLPL]LQJ� ZDVWH�� 5HFRYHULQJ� HQHUJ\� IURP� WKHP� VKRXOG� RQO\� EH�

FRQVLGHUHG�DV�D�ODVW�UHVRUW�EHIRUH�VHQGLQJ�WKHP�WR�ODQGILOOV��DV�LW�is not a 

sustainable option in the long run. Instead, cascading use and organic 

UHF\FOLQJ�VKRXOG�EH�SULRULWL]HG�WR�NHHS�WKH�PDWHULDOV�FLUFXODWLQJ�ZLWKLQ�WKH�

economy (Carus & 'DPPHU�������� 

 

 
Figure 2. 5HODWLRQV�EHWZHHQ�ELRHFRQRP\��ELR-based economy, green 

economy, and circular economy (Kardung et al., 2021). 
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KarGXQJ
V��������ZRUN�LOOXVWUDWHV��ILJXUH����WKH�UHODWLRQVKLSV�DPRQJ�JUHHQ�

economy, bioeconomy, circular economy and bio-based economy, 

highlightiQJ�WKHLU�LQWHUFRQQHFWHGQHVV�DQG�PXWXDO�LQIOXHQFH��$V�FRPPRQO\�

stated in literature, the green economy is an umbrella concept that 

SURPRWHV� ORZ-carbon, resource-HIILFLHQW�� DQG� VRFLDOO\� LQFOXVLYH� JURZWK�

�/RLVHDX�HW�DO���������'¶$PDWR�HW�DO���������%LUQHU����18; Kardung et al., 

2021) and it encompasses various sub-concepts such as circular economy, 

ELRHFRQRP\��DQG�ELREDVHG�HFRQRP\��)URP�WKH�ILJXUH��LW�FDQ�EH�VHHQ�WKDW�

WKH�ZRRG-EDVHG�FLUFXODU�ELRHFRQRP\�LV�ORFDWHG�DW�WKH�LQWHUVHFWLRQ�RI�ERWK�

circular economy and bio-EDVHG�HFRQRP\�� LQGLFDWLQJ� WKDW� LW�GUDZV�XSRQ�

WKH�SULQFLSOHV�DQG�SUDFWLFHV�RI�ERWK�FRQFHSWV� 

8QGHU� WKH� FRQGLWLRQ� RI� H[WUDFWLRQ� IURP� VXVWDLQDEOH� IRUHVW�PDQDJHPHQW��

ZRRG�DV�D�UDZ�PDWHULDO�LV�DQ�LPSRUWDQW�LQSXW�IRU�WKH�FLUFXODU�ELRHFRQRP\�

due to its high VXEVWLWXWLRQ�HIIHFW��SRWHQWLDO�WR�UHSODFH�PDQ\�IRVVLO-based 

SURGXFWV�� DQG� LW� GRHV� QRW� FRPSHWH� ZLWK� DJULFXOWXUDO� ILEHUV� LQ� WKH� IRRG�

VHFWRU��&DVFDGLQJ�XVH�RI�ZRRG��ZKLFK�LQYROYHV�PD[LPL]LQJ�WKH�YDOXH�RI�

ZRRG� E\� XVLQJ� LW� IRU� PXOWLSOH� SXUSRVHV� EHIRUH� ILQDO� GLsposal, has the 

SRWHQWLDO�WR�IXUWKHU�HQKDQFH�WKH�VXVWDLQDELOLW\�RI�WKH�ZRRG-based circular 

bioeconomy (Mantau, 2015; Campbell-Johnston et al., 2020; Besserer et 

al., 2021). There are various circular strategies to reduce the consumption 

RI�QDWXUDO� UHVRXUFHV�DQG�PDWHULDOV�DQG�PLQLPL]H�ZDVWH�SURGXFWLRQ��7KLV�

VWUDWHJLHV� KLHUDUFK\�� NQRZQ� DV� 5�-�� �5HIXVH�� 5HWKLQN�� 5HGXFH�� 5HXVH��

5HSDLU�� 5HIXUELVK�� 5HPDQXIDFWXUH�� 5HSXUSRVH�� 5HF\FOH�� 5HFRYHU��� DQG�

according to Potting (2017), their contribution to circularity, is expressed 

LQ�WHUPV�RI�KLJK�FLUFXODULW\�VWUDWHJLHV�DQG�ORZ�FLUFXODULW\�VWUDWHJLHV� 
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Figure 3. Circular economy model, covering value retention loops and 

guiding principles (Aggestam & Giurca 2022). 

 

Aggestam & Giurca (2022) provide a guideline, characterized in Figure 3 

DV� WKUHH� YDOXH� UHWHQWLRQ� ORRSV� RI� ZRRG� PDWHULDO� DQG� KLJKOLJKW� WKDW�

FLUFXODULW\�FDQ�EH�DFKLHYHG�ZLWKLQ�WKH�UHVSHFWLYH�ORRSV�OLNH�XVHU-to-user, 

user-to-business, and business-to-business. Their study alsR�IRFXVHV�RQ�WKH�
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YDOXH�FKDLQ�DQDO\VLV�RI�ZRRG�IURP�H[WUDFWLRQ�WR�HQG�RI�XVH�LQ�ILYH�VHFWRUV�

RQH� RI� ZKLFK� LV� WKH� FRQVWUXFWLRQ� LQ� EXLOGLQJ� VHFWRU�� 7KH� FLUFXODU�

ELRHFRQRP\� LQYROYHV� ERWK�QHZ�DQG� H[LVWLQJ� VHFWRUV�� DQG�XQGHUVWDQGLQJ�

LQGXVWULDO�OLIH�F\FOHV�LV�LPSRUWDQW�IRU�PDQDJLQJ�WKH�WUDQVIRUPDWLRQ�SURFHVV�

DQG�SUHVHUYLQJ�YDOXH�WKURXJK�LQQRYDWLRQ��/HZDQGRZVNL���������)URP�WKLV�

SRLQW��D�ZRRG-based circular bioeconomy has the potential to revolutionize 

WKH�EXLOGLQJ�VHFWRU��,QQRYDWLRQ�LQ�WKLV�DUHD�LV�FUXFLDO�IRU�DFKieving climate 

WDUJHW�DQG�FDQ�KHOS�WKH�EXLOGLQJ�VHFWRU�WUDQVLWLRQ�WRZDUG�D�PRUH�VXVWDLQDEOH�

and environmentally-IULHQGO\�IXWXUH�  

4. Wood-based circular bioeconomy innovations in the building sector  

:RRG�LV�D�UHQHZDEOH�UHVRXUFH�WKDW�FDQ�EH�JURZQ�DQG�KDUYHsted sustainably, 

PDNLQJ�LW�D�PRUH�HQYLURQPHQWDOO\�IULHQGO\�DQG�ELRGHJUDGDEOH�DOWHUQDWLYH�

WR� WUDGLWLRQDO�EXLOGLQJ�PDWHULDOV�VXFK�DV�FRQFUHWH��VWHHO�DQG�VRPH�IRVVLO-

EDVHG�LQVXODWLRQ�PDWHULDOV��7KH�XVH�RI�ZRRG�LQ�EXLOGLQJ�FRQVWUXFWLRQ�LV�QRW�

D�QHZ�FRQFHSW�EXW�ZLWK�WKH�DGYHQW�RI�SURGXFW��SURFHVV��RSHUDWLRQ�DQG�VRFLDO�

LQQRYDWLRQV� WKLV� SRWHQWLDO� RI� D� ZRRG-based circular bioeconomy in the 

EXLOGLQJ�VHFWRU�H[WHQGV�EH\RQG�MXVW�UHGXFLQJ�FDUERQ�HPLVVLRQV�DQG�ZDVWH��

,W�FDQ�DOVR�SURYLGH�HFRQRPLF�EHQHILWV�E\�FUHDWLQJ�QHZ jobs and promoting 

ORFDO�� VXVWDLQDEOH� IRUHVWU\� SUDFWLFHV�� $OVR�� ZRRG� EXLOGLQJV� SURYLGH�

VROXWLRQV�IRU�VXVWDLQDEOH�XUEDQL]DWLRQ�DQG�D�FLUFXODU�ELR-based economy 

�7RSSLQHQ� HW� DO��� ������� 7R� GULYH� WKH�ZRRG-based circular bioeconomy 

transition across various sectors, integration across value and supply 

FKDLQV��NQRZOHGJH��HGXFDWLRQ��DZDUHQHVV��FHUWLILFDWLRQ��TXDOLW\�VWDQGDUGV�

DQG� ODEHOLQJ�� SROLF\� IUDPHZRUNV�� DQG� LQQRYDWLRQ� DQG� WHFKQRORJLFDO�

development are cross-FXWWLQJ� IDFWRUV� �$JJHVWDP�	�*LXUFD�� �������7KH�
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1HZ (XURSHDQ�%DXKDXV� �(XURSHDQ�&RPPLVVLRQ�������� LQLWLDWLYH�RI� WKH�

(8�DFNQRZOHGJHV� WKH�SRWHQWLDO� RI�ZRRG� DV� D� VXVWDLQDEOH� DQG� DGDSWDEOH�

building material that can contribute to a more sustainable and circular 

economy. This initiative presents an exciting opportunity to integrate 

design, sustainability, and innovation.  

:RRG�EXLOGLQJ�V\VWHPV��FRQVWUXFWLRQ�PDWHULDOV�DQG�ZRRG�FRPSRVLWHV�KDYH�

SHUFHLYHG�DV�WKH�PRVW�LQQRYDWLYH�SURGXFWV�LQ�WKH�IRUHVW�VHFWRU�VLQFH�WKH�\HDU�

2000 in several EU countries (Stern et al., 2018), besides country-VSHFLILF�

FXOWXUDO� GLIIHUHQFHV� �9LKRODLQHQ� HW� DO��� ������ UHVHDUFK� IRU� 6ORYDN�

FRQVXPHUV�DGGUHVV�WKH�QHHG�IRU�PDUNHWLQJ�VWUDWHJLHV�IRU�ZRRG�EXLOGLQJV�

VKRXOG� FRQVLGHU� UHTXLUHPHQWV� VXFK� DV� FRQVWUXFWLRQ� W\SH�� ILUH� VDIHW\��

housing costV�� TXDOLW\�� WKHUPDO� LQVXODWLRQ� SURSHUWLHV�� DQG� OLIHWLPH�

�/RXþDQRYi� 	� 2OãLDNRYi�� �������According to +DVVHJDZD� ������� the 

DGRSWLRQ� RI� ZRRG� FRQVWUXFWLRQ� V\VWHPV� YDULHV� JUHDWO\� DFURVV� GLIIHUHQW�

countries and regions. The Nordic countries have seen stronger 

dHYHORSPHQW�LQ�WKLV�DUHD�ZKLOH�GHYHORSLQJ�FRXQWULHV�VWLOO�FRQVLGHU�ZRRG�DV�

an old-IDVKLRQHG�FRQVWUXFWLRQ�PDWHULDO� 

,Q� WKH� FRQWH[W� RI� FLUFXODU� ELRHFRQRP\� WUDQVIRUPDWLRQ� RI� WKH� EXLOGLQJ�

VHFWRU�� D� QHWZRUN� RI� LQQRYDWRUV� DQG� UHFLSLHQWV�� LQFOXGLQJ� 8VHU� WR� 8VHU�

(U2U), User to Business (U2B), and Business to Business (B2B) 

FROODERUDWLRQV��FDQ�OHDG�WR�WKH�HPHUJHQFH�RI�YDULRXV�W\SHV�RI�LQQRYDWLRQ��

�$JJHVWDP�	�*LXUFD��������DOVR�GHILQH�WKHVH�QHWZRUNV�DV�YDOXH�UHWHQWLRQ�

ORRSV� DQG� JLYHV� VRPH� FLUFXODU� DSSURDFKHV� VSHFLILFDOO\� IRU� EXLOGLQJ�

construction in Table 1.  
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Table 1. 9DOXH�UHWHQWLRQ�ORRSV�DQG�VRPH�FLUFXODU�DSSURDFKHV�IRU�WKH�

building sector (Aggestam & Giurca, 2022). 

User-to-User  
x 'HVLJQ�IRU�ZRRG�LQ�SODFH�ORQJHU�� 
x &KDQJLQJ�WKH�PLQGVHW�RI�SHRSOH�DERXW�GLIIHUHQW��DQG�ORQJHU��RZQHUVKLS�� 
x 0DNH�QHZ�KRXVLQJ�PRGHOV�PRUH�DYDLODEOH�IRU�FRQVXPHUV��VXFK�DV�KRXVLQJ�FR-

operatives. 

User-to-Business  
x 'HVLJQ�IRU�FRPELQHG�PDQXIDFWXUH�DQG�assembly and disassembly. 
x .HHS�ZRRG�OLIH-F\FOH�SKDVHV�LQ�PLQG�DQG�QHHG�WR�IURP�VXVWDLQDEO\�PDQDJHG�

IRUHVWV�� 
x &KDQJH�WKH�FRQVWUXFWLRQ�VHFWRU¶V�EXVLQHVV�PRGHOV�WR�UHFRYHU�V\VWHPV��

components, and materials.  
x 6\VWHPLF�GHYHORSPHQWV�IRU�VRUWLQJ��VHSDUDWLRQ�DQG�UHFRYHU\�WR�UHF\FOH�DV�

HIILFLHQWO\�DV�SRVVLEOH�DW�HQG-RI-OLIH� 

Business-to-Business 
x 1HZ�DSSURDFKHV�WR�YDOXH�FKDLQ�PDQDJHPHQW�WR�LQWHJUDWH�VXVWDLQDEOH�WKLQNLQJ�

into supply chains.  
x (QKDQFH�HIIRUWV�WR�GHFUHDVH�HPLVVLRQV��LPSOHPHQW�HIILFLHQF\�LQ�PDWHULDO�

GHVLJQ��DQG�HOLPLQDWH�PDWHULDO�ZDVWH�DW�WKH�GHVLJQ�VWDJH�� 
x Integrate smart design, considering system design, construction techniques 

and building service technologies and re-assembly ZRRGHQ�EXLOGLQJV��0RUH�
HIILFLHQW�XVH�RI�VLGH�SURGXFWV�� 

x 6WURQJHU�FROODERUDWLRQ�EHWZHHQ�EXVLQHVV�HFRV\VWHPV��H�J���PXQLFLSDOLWLHV��
architects, designers, builders and end-users). 

 
%HIRUH�UHYLHZ�DERXW�VRPH�H[LVWLQJ�LQQRYDWLRQV�LQ�WKH�EXLOGLQJ�VHFWRU�such 

as Oslo Manual grouping such as product, process, marketing and 

RUJDQL]DWLRQDO� �2(&'�� ������ DQG� EHWZHHQ� VRPH� RI� WKHP� VRFLDO�

innovation, table 2 provides some quick scan value creating strategies 

�UHIXVH��UHWKLQN��UHGXFH��UHXVH��UHSDLU��UHIXUELVK��UHPDQXIDFWXUH��UHSXUSRVH��

UHF\FOH��UHFRYHU��IRU�ZRRG�DQG�ZRRG�UHODWHG�SURGXFWV�DQG�VHUYLFHV�LQ�WKH�

building sector. 
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Table 2. Value Creating Strategies (9R) In Circular Bioeconomy and 

H[DPSOHV�IRU�ZRRG�LQ�%XLOGLQJ�6HFWRU� 

R0-9 
Strategies  

Explanation for Wood 
Materials in Building Sector Examples 

Reduce 

5HIXVLQJ�WR�XVH�QRQ-
sustainable or non-FHUWLILHG�
ZRRG�SURGXFWV��5HGXFLQJ�WKH�
DPRXQW�RI�YLUJLQ�ZRRG�XVed, 
HIILFLHQW�XVH�RI�PDWHULDOV� 

3URPRWLQJ�WKH�XVH�RI�FHUWLILHG�
ZRRG�SURGXFWV��'HVLJQLQJ�
EXLOGLQJV�ZLWK�VPDOOHU�ZRRG�
IUDPLQJ��XVLQJ�HQJLQHHUHG�ZRRG�
products. 

Reuse 
)LQGLQJ�QHZ�XVHV�IRU�ZRRG�
PDWHULDOV�WKDW�ZRXOG�RWKHUZLVH�
be discarded. 

6DOYDJLQJ�DQG�UHXVLQJ�ZRRG�IURP�
demolished buildings or 
UHSXUSRVLQJ�ZRRG�VFUDSV�DV�
ILUHZRRG�RU�PXOFK� 

5HIXUELVK��
5HPDQXIDFWXUH 

5HSDLULQJ�RU�XSJUDGLQJ�ZRRG�
components to extend their 
XVHIXO�OLIH� 

5HIXUELVKLQJ�ZRRG�IORRUV�RU�ZRRG�
SDQHOLQJ�WR�JLYH�WKHP�D�QHZ�ORRN� 

Repurpose 
8VLQJ�ZRRG�PDWHULDOV�IRU�D�
GLIIHUHQW�SXUSRVH�WKDQ�
originally intended. 

8VLQJ�UHFODLPHG�ZRRG�IURP�ROG�
EXLOGLQJV�WR�FUHDWH�QHZ�IXUQLWXUH�RU�
GHFRUDWLYH�IHDWXUHV� 

Redistribute 
'RQDWLQJ�RU�VHOOLQJ�ZRRG�
PDWHULDOV�WKDW�DUH�VWLOO�XVHIXO�
but no longer needed. 

'RQDWLQJ�H[FHVV�ZRRG�PDWHULDOV�WR�
charitable organizations or selling 
them through marketplaces. 

Re-manage 

0DQDJLQJ�ZRRG�ZDVWH�LQ�D�
more sustainable manner, such 
as through composting or 
recycling. 

,PSOHPHQWLQJ�D�ZRRG�ZDVWH�
management plan that includes 
VRUWLQJ�DQG�UHF\FOLQJ�ZRRG�ZDVWH�
materials on the construction site. 

Rethink 

Challenging assumptions and 
changing behavior to reduce 
ZRRG ZDVWH�LQ�WKH�EXLOGLQJ�
sector. 

(QFRXUDJLQJ�WKH�XVH�RI�VXVWDLQDEO\�
VRXUFHG�ZRRG�SURGXFWV�� 

Recover 

([WUDFWLQJ�YDOXH�IURP�ZRRG�
ZDVWH�PDWHULDOV�WKURXJK�
processes such as composting 
or anaerobic digestion. 

&RPSRVWLQJ�ZRRG�ZDVWH�IURP�
construction sites to create soil 
DPHQGPHQWV�IRU�ODQGVFDSLQJ� 

Recycle 7XUQLQJ�ZDVWH�ZRRG�PDWHULDOV�
LQWR�QHZ�SURGXFWV� 

5HF\FOLQJ�ZRRG�ZDVWH�WR�FUHDWH�
ZRRG�SHOOHWV�RU�ZRRG�FKLSV�IRU�
biomass energy production. 
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5.  Innovation examples in the building sector 

,Q�EXLOGLQJ�VHFWRU�ZHOO�NQRZQ�SURGXFW�LQQRYDWLRQV�DUH�(QJLQHHUHG�:RRG�

Products (EWP) and some examples are edge-glued panels (EGP), glued-

laminated timber (Glulam), cross-laminated timber (CLT), laminated 

veneer lumber (LVL), laminated veneer products (LVP), high-pressure 

ODPLQDWHG� YHQHHUV� �+3/9��� ORZ�PHGLXP�KLJK� GHQVLW\� ILEHUERDUGV 

�/')�0')�+')��� SDUDOOHO� VWUDQG� OXPEHU� �36/��� RULHQWHG� VWUDQG� ERDUGV�

(OSB), laminated strand/scrimbed OXPEHU� �/6/�� DQG� ZRRG� SODVWLF�

FRPSRVLWHV� �:3&�� �.ODULü� 	� 2EXþLQD�� ������� (:3� HQDEOHV� KLJK-rise 

FRQVWUXFWLRQ�DQG�SUHIDEULFDWHG�EXLOGLQJ�SURMHFW�LQQRYDWLRQV� 

,Q�EXLOGLQJ�VHFWRU�EHVLGHV�(:3���ELRFRPSRVLWHV�DQG�ELRSODVWLFV�PDGH�IURP�

ZRRG� FDQ� EH� D� GLIIHUHQW� JURXS� RI� SURGXFW� LQQRYDWLRQV�� :RRG-based 

bioplastics are being explored as a sustainable alternative to glass in 

ZLQGRZV�DQG�FDQ�RIIHU�LPSURYHG�WKHUPDO�LQVXODWLRQ�DQG�UHGXFHG�ZHLJKW�

FRPSDUHG� WR� WUDGLWLRQDO� JODVV�� ZKLOH� DOVR� EHLQJ� ELRGHJUDGDEOH� DQG�

UHQHZDEOH� Transparent Wood (TW) is also an innovative and energy-

HIILFLHQW� DOWHUQDWLYH� WR� JODVV� LQ� EXLOGLQJ� FRQVWUXFWLRQ� DQG� :DQJ� HW� DO��

(2018) highlight it by discussing its potential, current production 

OLPLWDWLRQV�DQG� WKH�EHQHILWV�RI�D�QHZ�ILEHU-EDVHG�PHWKRG�IRU large-scale 

SURGXFWLRQ� ZLWK� H[FHOOHQW� WKHUPDO� LQVXODWLRQ� SURSHUWLHV�� 7KHUH� DUH� DOVR�

VRPH�RWKHU�ZRRG-EDVHG�LQVXODWLRQ�PDWHULDOV��OLNH�ZRRG�IRDP�DUH�DQ�HFR-

IULHQGO\� DQG� UHQHZDEOH� DOWHUQDWLYH� WR� QRQ-UHQHZDEOH� WKHUPDO� LQVXODWLRQ�

PDWHULDOV�� RIIHULQJ� EHQHILWV� VXFK� DV� ORZHU� HPERGLHG� HQHUJ\� DQG� KLJK�

K\JURVFRSLFLW\� IRU� EHWWHU� KXPLGLW\� FRQWURO� LQ� EXLOGLQJ� DSSOLFDWLRQV�

(Palumbo et al., 2018). Verkerk et al. (2022) give market status and 
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HQDEOLQJ� IDFWRUV� IRU� VRPH� LQQRYDWLYH�ZRRG� SURGXFWV� IRU� SURPRWLQJ� WKH�

circular bioeconomy. 

3URFHVV�LQQRYDWLRQV�KDSSHQLQJ�LQ�SURGXFWLRQ�SURFHVV�IRU�H[DPSOH�LQ�ILJXUH�

���&/7� LQYROYHV� XVLQJ� VPDOOHU�� ORZHU-JUDGH�SLHFHV� RI�ZRRG� WKDW�ZRXOG�

RWKHUZLVH�EH�FRQVLGHUHG�ZDVWH��PDNLQJ�LW�D�PRUH�VXVWDLQDEOH�RSWLRQ�WKDQ�

traditional building materials. +RZHYHU�� EHVLGHV� SURGXFW� SURFHVV�

LQQRYDWLRQV��DGYDQFHG�ZRRG�FRQVWUXFWLRQ�WHFKQLTXHV�DUH�DQRWKHU�H[DPSOH�

RI� SURFHVV� LQQRYDWLRQV� LQ� WKH� EXLOGLQJ� VHFWRU�� 7KHVH� WHFKQLTXHV� DLP� WR�

LPSURYH� WKH�HIILFLHQF\�DQG�VXVWDLQDELOLW\�RI� WKH�FRQVWUXFWLRQ�SURFHVV�E\�

using inQRYDWLYH� PHWKRGV� DQG� WHFKQRORJLHV� WR� UHGXFH� ZDVWH�� LQFUHDVH�

VSHHG��DQG�ORZHU�FRVWV� 

 

 
Figure 4. Cross-/DPLQDWHG�7LPEHU��&/7��3DQHOV�'HWDLO�DQG�([DPSOHV�RI�

Usage in Construction. 

:RRG� FRQVWUXFWLRQ� SURFHVVHV� FDQ� YDU\� DQG� WKHUH� DUH� GLIIHUHQW�PHWKRGV�

used in the building sector. On-VLWH� EXLOGLQJ� UHIHUV� WR� FRQVWUXFWLQJ� D�

EXLOGLQJ� IURP� WKH� JURXQG� XS� RQ� WKH� DFWXDO� VLWH� ZKHUH� LW� ZLOO� VWDQG��
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3UHIDEULFDWLRQ��RQ�WKH�RWKHU�KDQG��LQYROYHV�WKH�FRQVWUXFWLRQ�RI�SDUWV�RI�D�

EXLOGLQJ� LQ� D� IDFWRU\� RU� ZRUNVKRS�� DQG� WKHQ� WUDQVSorting these 

SUHIDEULFDWHG� HOHPHQWV� WR� WKH� EXLOGLQJ� VLWH� IRU� DVVHPEO\�� 7KH� GLIIHUHQW�

construction processes, such as on-VLWH�EXLOGLQJ��SUHIDEULFDWHG��RU�PRGXODU��

FDQ�WULJJHU�WKH�QHHG�IRU�SURGXFW��SURFHVV�DQG�RUJDQL]DWLRQDO�LQQRYDWLRQV�WR�

optimize the constUXFWLRQ�SURFHVV��UHGXFH�ZDVWH�DQG�LQFUHDVH�HIILFLHQF\� 

Post-and-beam construction and light-IUDPH�FRQVWUXFWLRQ�DUH�WZR�GLIIHUHQW�

EXLOGLQJ�WHFKQLTXHV�WKDW�XVH�GLIIHUHQW�W\SHV�RI�VWUXFWXUDO�IUDPLQJ� 

Innovation in building structural systems has led to advancements in both 

post-and-beam and light-IUDPH�FRQVWUXFWLRQ�PHWKRGV�DV�VHHQ�LQ�ILJXUH����

)RU�H[DPSOH�� WKHUH�DUH�QRZ�(:3V�DYDLODEOH�WKDW�DOORZ�IRU� ORQJHU�VSDQV�

and greater load-bearing capacities in light-IUDPH� FRQVWUXFWLRQ�� ,Q� SRVW-

and-EHDP�FRQVWUXFWLRQ��QHZ connection systems and material options have 

H[SDQGHG� WKH� GHVLJQ� SRVVLELOLWLHV�ZKLOH� VWLOO�PDLQWDLQLQJ� WKH� WUDGLWLRQDO�

ORRN�DQG�IHHO��%RWK�RI�WKHP�FDQ�DOVR�DOORZ�WKH�LQWHJUDWHG�XVH�RI�ZRRG�DQG�

other materials like concrete, glass. Post-and-beam constructiRQ�LV�RIWHQ�

used in high-HQG�UHVLGHQWLDO�DQG�FRPPHUFLDO�EXLOGLQJV��ZKHUH�D�WUDGLWLRQDO�

or rustic look is desired. Light-IUDPH�FRQVWUXFWLRQ��RQ�WKH�RWKHU�KDQG��XVHV�

SUHIDEULFDWHG� ZRRG� RU� PHWDO� IUDPLQJ� PHPEHUV� WR� FUHDWH� WKH� VWUXFWXUDO�

IUDPHZRUN� RI� WKH� EXLOGLQJ�� LQFOXGLQJ�ZDOOV�� IORRUV�� DQG� URRIV�� ,Q� OLJKW-

IUDPH�FRQVWUXFWLRQ�� WKH�ZDOOV� WKHPVHOYHV�SURYLGH� WKH� VWUXFWXUDO� VXSSRUW��

DQG�WKH�IUDPLQJ�PHPEHUV�DUH�W\SLFDOO\�VPDOOHU�LQ�VL]H�DQG�VSDFHG�FORVHU�

together than in post-and-beam construction. This method is more 

HFRQRPLFDO�DQG�IDVWHU�WR�FRQVWUXFW�WKDQ�SRVW-and-beam construction and is 

FRPPRQO\�XVHG�LQ�UHVLGHQWLDO�DQG�ORZ-rise commercial buildings. 
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Figure 5. Construction structural systems 

%XLOGLQJ� ,QIRUPDWLRQ� 0RGHOOLQJ� �%,0�� FDQ� EH� FODVVLILHG� DV� ERWK� DQ�

operational and process innovation, has been recognized, particularly in 

WKH� SURFHVVHV� RI� GHVLJQ�� SHUIRUPDQFH� DVVHVVPHQW�� YLVXDOL]DWLRQ��

management, and, more recently, operations and maintenance. With the 

,QWHUQHW� RI� 7KLQJV� �,R7��� DQG� GDWD� DQDO\WLFV� WHFKQological development 

VROYLQJ�LPSOHPHQWDWLRQ�EDUULHUV�LQ�ZRRG�FRQVWUXFWLRQ�SURMHFWV��*KDUDLEHK�

HW� DO��� ������� VSHFLILFDOO\� %,0� IRU� ZRRG-based modular residential 

EXLOGLQJV��$OZLV\�HW�DO��������� 

7KH� 8QLYHUVLW\� RI� %ULWLVK� &ROXPELD
V� %URFN� &RPPRQV� GRUPLWRU\� Ln 

9DQFRXYHU��)LJXUH����� LV�D�SULPH�H[DPSOH�RI� WKH�ZRRG�EXLOGLQJ�VHFWRU
V�

collaborative design and decision-making approaches. The dormitory, 

standing at an impressive 53 meters high, is the tallest mass timber 

EXLOGLQJ�LQ�WKH�ZRUOG��EXLOW�IRU�����VWXGHQWV� $Q�H[FHOOHQW�H[DPSOH�RI�KRZ�

SURGXFW�� SURFHVV�� RUJDQL]DWLRQDO� DQG� PDUNHWLQJ� LQQRYDWLRQV� FDQ� ZRUN�

together to achieve sustainable and innovative outcomes in the building 

VHFWRU�� ,Q� WHUPV� RI� SURFHVV� LQQRYDWLRQ�� WKH� SURMHFW� XWLOL]HG� DGYDQFHG�
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construction techQLTXHV�WR�HIILFLHQWO\�DQG�VDIHO\�EXLOG�WKH�WLPEHU�EXLOGLQJ��

$V�IRU�RUJDQL]DWLRQDO�LQQRYDWLRQ��WKH�SURMHFW�XWLOL]HG�D�FROODERUDWLYH�GHVLJQ�

and decision-making approach that involved all stakeholders in the 

ZRRGHQ�EXLOGLQJ�SURFHVV��LQFOXGLQJ�HQG-users. By incorporating marketing 

innovation, particularly social marketing, into the dormitory project, the 

decision-PDNLQJ�SURFHVV�FDQ�LQFOXGH�QRW�RQO\�WKH�QHHGV�DQG�SUHIHUHQFHV�

RI� WKH� EXLOGLQJ
V� RFFXSDQWV� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� EXW� DOVR�

address the social LPSDFW�DQG�EHQHILWV�IRU�WKH�FRPPXQLW\�DW�ODUJH��6RFLDO�

marketing can help promote social change by leveraging marketing 

principles to encourage people to adopt behaviours or attitudes that are 

EHQHILFLDO�WR�VRFLHW\�DV�D�ZKROH� 

 
Figure 6.  The University RI�%ULWLVK�&ROXPELD
V�%URFN�&RPPRQV�

dormitory in Vancouver. 
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6RFLDO�LQQRYDWLRQ�H[DPSOHV�LQ�WKH�EXLOGLQJ�VHFWRU�LQFOXGH�QHZ�DSSURDFKHV�

to community engagement and participation in the building process, such 

as co-design and co-build projects. There are also innovative approaches 

WR� VRFLDO�KRXVLQJ� WKDW�XVH�ZRRG-based circular bioeconomy practices to 

DGGUHVV� DIIRUGDEOH� KRXVLQJ� DQG� VRFLDO� H[FOXVLRQ�� $GGLWLRQDOO\�� QHZ�

approaches to education and training can equip the building sector 

ZRUNIRUFH� ZLWK� WKH� VNLOOV� DQG NQRZOHGJH� QHHGHG� WR� HPEUDFH� FLUFXODU�

bioeconomy practices. Some social innovations, LQ� KROLVWLF� YLHZ, use 

ZRRGHQ� EXLOGLQJV� DV�PDLQ� FULWHULD� IRU� VXVWDLQDEOH� EXVLQHVV�PRGHOs. For 

H[DPSOH�� �(FREQE�� ZKLFK� VWDUWHG� DV� D� (XURSHDQ� 3URMHFW� DQG� RIIHUV� D�

SODWIRUP� IRr booking eco-IULHQGO\� DFFRPPRGDWLRQV��ZKLFK�PD\� LQFOXGH�

ZRRGHQ� EXLOGLQJV� WKDW� DUH� GHVLJQHG� WR� EH� HQHUJ\-HIILFLHQW� DQG�

HQYLURQPHQWDOO\� IULHQGO\� �(FREQE�� ������ Community-based reuse is a 

W\SH�RI�VRFLDO�LQQRYDWLRQ��,QVWHDG�RI�GLVSRVLQJ�RI�EXLOGLQJ�PDWHULDOV, they 

FDQ� EH� UHSXUSRVHG� IRU� FRPPXQLW\-based projects. For example, the 

ReBuilding Exchange (2023) in Chicago collects donated building 

PDWHULDOV�DQG�XVHV�WKHP�WR�WUDLQ�ORFDO�UHVLGHQWV�LQ�FRQVWUXFWLRQ�VNLOOV��ZKLOH�

DOVR�SURYLGLQJ�DIIRUGDEOH�PDWHULDOV�WR�FRmmunity members. 

6. Conclusion 

7KH� EXLOGLQJ� VHFWRU� SUHVHQWV� ERWK� RSSRUWXQLWLHV� DQG� OLPLWDWLRQV� IRU�

UHGXFLQJ�HQYLURQPHQWDO�LPSDFW��ZLWK�LQQRYDWLRQV�LQ�VXVWDLQDEOH�PDWHULDOV�

DQG�FLUFXODU�DSSURDFKHV�WR�GHVLJQ�KDYLQJ�WKH�SRWHQWLDO�WR�PDNH�D�VLJQLILFDQW�

FRQWULEXWLRQ� WRZDUGV� DFKLHYLQJ� FOLPDWH goals. The building sector is 

FRPSOH[� DQG� LQWHUFRQQHFWHG� DQG� SOD\V� D� VLJQLILFDQW� UROH� LQ� GULYLQJ� WKH�

WUDQVLWLRQ� WRZDUGV� D� FLUFXODU� ELRHFRQRP\�� +RZHYHU�� WKH� UDWH� RI�



 
 

211 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-7  

WUDQVIRUPDWLRQ�LQ�WKH�LQGXVWU\�LV�RIWHQ�VORZ�GXH�WR�YDULRXV�IDFWRUV�VXFK�DV�

the complexity RI� WKH� VHFWRU�� UHJXODWRU\� DQG� OHJLVODWLYH� EDUULHUV�� DQG�

UHVLVWDQFH� WR� FKDQJH� ZLWKLQ� WKH� LQGXVWU\� LWVHOI�� :KLOH� WKH� ZRRG-based 

FLUFXODU�ELRHFRQRP\�SUHVHQWV�D�UDQJH�RI�SRVVLELOLWLHV��WKHUH�DUH�DOVR�FHUWDLQ�

OLPLWDWLRQV�WKDW�FDQ�LPSDFW�WKH�VSHHG�RI�WUDQVLWLRQ� These include the need 

IRU�VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�SUDFWLFHV�WR�HQVXUH�WKH�DYDLODELOLW\�RI�

ZRRG� UHVRXUFHV� IRU� WKH� ORQJ-WHUP�� DV� ZHOO� DV� WKH� FHUWLILFDWLRQ� DQG�

VWDQGDUGL]DWLRQ�RI�ZRRG�EXLOGLQJ�FRPSRQHQWV�WR�HQVXUH�TXDOLW\�DQG�VDIHW\��

.QRZOHGJH� VKDULQJ LV� DOVR� FUXFLDO� DV� VWDNHKROGHUV� QHHG� WR� EH� LQIRUPHG�

DERXW� WKH� EHQHILWV� DQG�SRVVLELOLWLHV� RI�ZRRG-based circular bioeconomy 

SUDFWLFHV��)XUWKHUPRUH�� FRQVXPHU� DWWLWXGHV� WRZDUGV� VXVWDLQDEOH� EXLOGLQJ�

SUDFWLFHV� FDQ� DOVR� LQIOXHQFH� WKH� SDFH� RI� WUDQVLWLRQ�� 2YHUFRPing these 

OLPLWDWLRQV� ZLOO� UHTXLUH� FROOHFWLYH� DFWLRQ� DQG� FROODERUDWLRQ� EHWZHHQ�

SROLF\PDNHUV�� LQGXVWU\� OHDGHUV�� DQG� FRQVXPHUV�� DV� ZHOO� DV� LQFUHDVHG�

investment in research and innovation. 
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1. Introduction 

%XLOGLQJV�DUH�GLVPDQWOHG�GHPROLVKHG�GXH� WR�UHDVRQV�VXFK�DV�FRPSOHWLQJ�

WKH�XVHIXO� OLIH�RI� WKH�EXLOGLQJV�� ORVLQJ� WKHLU� IXQFWLRQ�E\�QRW�PHHWLQJ� WKH�

XVHU
V�QHHGV��EHFRPLQJ�XQXVDEOH�GXH�WR�GDPDJH�DIWHU�GLVDVWHUV�VXFK�DV�ILUH�

DQG�HDUWKTXDNH��DQG�GHFLVLRQV�WR�HOLPLQDWH�EXLOGLQJ�EXLOGLQJ�JURXSV� 

,Q�WKH�UHVRXUFHV�UHVHDUFKHG��WKHUH�DUH�YDULRXV�GHILQLWLRQV�RI�WKH�FRQFHSW�RI�

GLVPDQWOLQJ�GHPROLWLRQ��:KLOH�GHPROLWLRQ�LV�WKH�SURFHVV�RI VHSDUDWLQJ�WKH�

EXLOGLQJ�SURGXFWV�IURP�WKH�EXLOGLQJ�ZLWKRXW�GDPDJLQJ�WKHP�IRU�UHF\FOLQJ�

DQG�UHXVH��GHPROLWLRQ�LV�WKH�SURFHVV�RI�YROXQWDULO\�GHVWUR\LQJ�WKH�EXLOGLQJ�

(6KDPL���������'HFRQVWUXFWLRQ�LV�D�PHWKRG�WKDW�LV�HPSOR\HH-RULHQWHG�DQG�

XVHV� YHU\� OLWWOH� PHFKDQLFDO� HTXLSPHQW�� DOORZLQJ� WKH� UHF\FOLQJ� RI�

GLVDVVHPEOHG�SURGXFWV�DQG�QRQ-UHXVDEOH�SURGXFWV��%XLOGLQJ�GHPROLWLRQ��RQ�

WKH�RWKHU�KDQG��LV�D�SURFHVV�WKDW�UHGXFHV�WKH�UHXVDELOLW\�RI�EXLOGLQJ�SURGXFWV�

DQG�LQFUHDVHV�WKH�DPRXQW�RI�ZDVWH�WKDW�QHHGV�WR�EH�GHVWUR\HG�E\�EULQJLQJ�

WKH�EXLOGLQJ�WR�WKH�JURXQG��LQ�FRQWUDVW�WR�GLVPDQWOLQJ��7LQJOH\�	�'DYLVRQ��

2011). 

7KH�GHFLVLRQ� WR�GHPROLVK�D�EXLOGLQJ�LV�UDUHO\�VWUDLJKWIRUZDUG��7KHUH�DUH�

PDQ\�DFWRUV�LQYROYHG�LQ�D�GHPROLWLRQ�GHEDWH��HDFK�ZLWK�LWV�RZQ�LQWHUHVWV�

DQG�FRQIOLFWLQJ�DJHQGDV��7KH�IDPLOLDU�GLFKRWRP\�EHWZHHQ�SUHVHUYDWLRQ�DQG�

GHPROLWLRQ� DV� WZR� FOHDU� FRXUWV� RI� �IRU�� YV�� �DJDLQVW�� LV� DQ�

RYHUVLPSOLILFDWLRQ� RI� WKH� QXDQFHG� SURFHVVHV� DURXQG� GHPROLWLRQ� DQG�

UHGHYHORSPHQW� 

,Q�WKLV�FRQWH[W��ZLWKLQ�WKH�VFRSH�RI�WKH�VWXG\��WKH�UHDVRQV�IRU�WKH�GHPROLWLRQ�

RI� WKH� EXLOGLQJ�� WKH� DFWRUV� LQYROYHG� LQ� WKH� GHPROLWLRQ� GLVFXVVLRQ� RI� WKH�

EXLOGLQJ��DQG�WKH�UROH�RI�WKH�DUFKLWHFWV�LQ�WKLV�SURFHVV�ZHUH�H[DPLQHG�� 
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2. Material and Method 

,Q� WKLV� DUWLFOH�� ILUVW�� WKH� UHDVRQV� IRU� WKH� GHPROLWLRQ� DUH� DQDO\]HG�� 7KH�

DQDO\VLV� LV� EDVHG� RQ� WKH� W\SH� RI� REVROHVFHQFH�� VSHFLILF� UHDVRQV� IRU�

GHPROLWLRQ�� DQG� WKH� DFWRUV� LQYROYHG� LQ� WKH� GHPROLWLRQ� GLVFXVVLRQ� RI� WKH�

EXLOGLQJV��7KHQ�WKH�UROH�RI�WKH�DUFKLWHFW�LQ�WKH�GHPROLWLRQ�SURFHVV�LQ�VRPH�

XQLTXH�FDVH�VWXGLHV�LQ�WKH 8QLWHG�6WDWHV�LV�LQYHVWLJDWHG�DQG�VXJJHVWLRQV�IRU�

DUFKLWHFWV�WR�IROORZ�LQ�WKLV�SURFHVV�DUH�GHWHUPLQHG� 

3. Findings and Discussion 

7KH� PDLQ� UHDVRQ� IRU� EXLOGLQJ� WR� GHPROLVK� LV� WKH� REVROHVFHQFH� RI� WKH�

EXLOGLQJV�� $QG� WKH� UHDVRQV� IRU� WKH� REVROHVFHQFH� DUH� FODVVLILHG� DV�

REVROHVFHQFH�E\�VLWH��DQG�REVROHVFHQFH�E\�WKH�SURJUDP�� 

3.1. Obsolescence by site 

7KH�REVROHVFHQFH�E\�VLWH�FDQ�EH�FODVVLILHG�DV�GHYDOXDWLRQ��XSVL]LQJ��DQG�

H[SHQGDEOH� 

3.1.1. Devaluation 

7KH�SURJUHVVLYH�GHSUHFLDWLRQ�DQG�GHPROLWLRQ�RI�EXLOGLQJ�VWRFN��ZKHQ�ORQJ-

WHUP�LQDFWLYLW\�DQG�ODFN�RI�FDUH�UHVXOW�LQ�FROODSVLQJ�SK\VLFDO�HQYHORSHV�DQG�

GHFD\LQJ� VWUHHWVFDSHV�� IUHTXHQWO\� KLJKOLJKWV� FLW\-ZLGH� WUHQGV� RI� XUEDQ�

GLVLQYHVWPHQW�WKDW�LPSDFW�PDQ\�$PHULFDQ�FRPPXQLWLHV��7R�FUHDWH�URRP�

IRU�IXWXUH�FRQVWUXFWLRQ�WKDW�QHYHU�PDWHULDOL]HV��IRUHFORVHG�KRPHV�WKDW�KDYH�

EHHQ�WXUQHG�RYHU�WR�EDQNV DQG�OHQGHUV�DUH�IUHTXHQWO\�GHVWUR\HG��FUHDWLQJ�D�

VHULHV�RI�JDSV�LQ�WKH�XUEDQ�HQYLURQPHQW��<RVKLGD�������.  

�������8SVL]LQJ 

$Q�H[LVWLQJ�EXLOGLQJ�LV�RIWHQ�GHPROLVKHG�DQG�WKHQ�UHSODFHG�ZLWK�D�KLJKHU-

GHQVLW\�FRQVWUXFWLRQ��8VXDOO\�OLQNHG�WR�D�ULVH�LQ�WKH�VLWH
V�UHDO�HVWDWH�YDOXH��
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ZKLFK� JLYHV� WKH� GHYHORSHU� D� ILQDQFLDO� LQFHQWLYH� WR� EXLOG�PRUH� UHQWDEOH�

DSDUWPHQWV��-XVW�����RI�WKH�����GHPROLVKHG�EXLOGLQJV�LQ�1RUWK�$PHULFD�

LQ� ���� ZHUH� GHVWUR\HG� EHFDXVH� WKH\� ZHUH� �QR� ORQJHU� DSSURSULDWH� IRU�

LQWHQGHG�XVH���DFFRUGLQJ�WR�D�VWXG\�IRU�)RULQWHN�&DQDGD�,QF�RQ�WKH�UHSRUWHG�

OLIH�OHQJWKV�RI�WKHVH�VWUXFWXUHV��/DUJHU�UHSOLFDV�RI�WKHPVHOYHV�ZHUH�XVHG�WR�

UHSODFH�PRVW�RI�WKHVH�FDVHV��2
&RQQRU�������� 

3.1.3. Expendable 

$�GLVSRVDEOH�DWWLWXGH� WRZDUGV�DQ�DUFKLWHFWXUH� WKDW� IDYRUV�EXLOGLQJV�ZLWK�

UHODWLYHO\�VKRUW�OLIHVSDQV�GHVLJQHG�WR�EH�VXSHUVHGHG��7\SLFDOO\��SUHYDOHQW�

LQ�FXOWXUDO�FRQWH[WV�FHQWHUHG�DURXQG�QRWLRQV�RI�LPSHUPDQHQFH��RU�YRODWLOH�

EXLOGLQJ�FOLPDWHV�PDUNHG�E\�IUHTXHQW�FKDQJHV�WR�FRGHV�DQG�VWDQGDUGV��)RU�

LQVWDQFH�� D� VLQJOH-IDPLO\� KRPH� LQ� -DSDQ� KDV� D� ��-\HDU� OLIHVSDQ��7KLV� LV�

FDXVHG� E\� VHYHUDO� WKLQJV�� LQFOXGLQJ� FRQVWDQWO\� UHYLVHG� VHLVPLF� UXOHV�� D�

SURSHQVLW\� WR� XWLOL]H� OLJKWHU�� PRUH� UHDGLO\� GLVDVVHPEOHG� FRQVWUXFWLRQ�

PDWHULDOV��DQG�H[SHQVLYH�ODQG�WD[HV��$OH[DQGHU�������� 

3.2. Obsolescence by program 

7KH�SURJUDP�RI�D�VWUXFWXUH�LV�RQH�RI�WKH�EHVW�LQGLFDWRUV�RI�KRZ�ORQJ�LW�ZLOO�

ODVW��)URP�WKH�SROLWLFDOO\�GULYHQ�WR�WKH�EODWDQWO\�XWLOLWDULDQ��WKH�DELOLW\�RI�D�

VWUXFWXUH�WR�FDUU\�RXW�LWV�LQWHQGHG�SXUSRVH�RYHU�WLPH�FDQ�JLYH�ULVH�WR�D�UDQJH�

RI�GUDVWLFDOO\�YDULHG�H[SODQDWLRQV�IRU�ZK\�LW�FRXOG�ORVH�LWV�ZRUWK�� 

5HDVRQV� IRU� REVROHVFHQFH� E\� SURJUDP� FDQ� EH� FODVVLILHG� DV� HFRQRPLF��

IXQFWLRQDO��SHUVRQDO��LFRQLF��DQG�FRPPXQDO�� 

3.2.1. Personal 

&KDQJHV�LQ�UHDO�HVWDWH�YDOXH�ZKLFK�FDQ�EH�VHHQ�DV�IOXFWXDWLRQV�LQ�ODQG�YDOXH�

DV� WKH� UHVXOW� RI� ODUJH-VFDOH� FKDQJHV� WR� WKH� VXUURXQGLQJ� QHLJKERUKRRG�
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FRQWH[W�DQG�SUHVVXUH�IRU�UHGHYHORSPHQW��DQG�YDFDQF\�ZKLFK�FDQ�EH�VHHQ�

DV� GHWHULRUDWLRQ� RI� SK\VLFDO� IDEULF� UHVXOWLQJ� IURP� SURORQJHG� SHULRGV� RI�

YDFDQF\�DQG�RU�QHJOHFW��$W�VRPH�SRLQW��LW�EHFRPHV�FKHDSHU�WR�UHEXLOG�WKDQ�

WR�UHSDLU��HYHQ�LI�LW�LV�LQ�D�JRRG�QHLJKERUKRRG�DQG�WKH�ODQG�LW�VLWV�RQ�LV�VWLOO�

YDOXDEOH�FDQ�EH�GHVFULEHG�DV�SHUVRQDO�UHDVRQV��2GHOO�������. 

3.2.2. Communal 

/DFN�RI�IXQGLQJ�IRU�V\VWHPLF�PDLQWHQDQFH��LQ�SDUWLFXODU�RI�WKH�EXLOGLQJ
V�

VKDUHG�IDFLOLWLHV��FRUULGRUV��HOHYDWRUV��PHFKDQLFDO�V\VWHPV��HWF��PDNHV�WKH�

EXLOGLQJ�QRW� IXQFWLRQDO��$QG� WKH�EXLOGLQJ
V� IDWH� LV�GLFWDWHG�E\� WRS-GRZQ�

SROLWLFDO�DJHQGDV�DQG� UHDO-HVWDWH�SUHVVXUHV� IDU�EH\RQG� WKH�FRQWURO�RI� WKH�

UHVLGHQWV�� ZKR� RIWHQ� KDYH� OLWWOH� WR� QR� YRLFH� LQ� GHPROLWLRQ� GHEDWHV�� DQG�

JRYHUQPHQW�SROLF\�GHWHUPLQHV�WKDW��7KHVH�FDQ�EH�GHVFULEHG�DV�FRPPXQDO�

UHDVRQV��6KDK	�.XPDU�������� 

3.2.3. Economic 

8QGHU-SHUIRUPLQJ�DUFKLWHFWXUDO�RU�PHFKDQLFDO�V\VWHPV�WKDW�FDQQRW�NHHS�XS�

ZLWK� FXUUHQW� FRGH� UHTXLUHPHQWV�� RU� WKH� EXLOGLQJ
V� HYROYLQJ� IXQFWLRQV��

EXLOGLQJ�HOHPHQWV�VXFK�DV�HOHYDWRUV��+9$&�V\VWHPV��DVEHVWRV�LQVXODWLRQ��

HWF�� FDQ� EH� GLIILFXOW� DQG� FRVWO\� WR� UHSODFH� RU� UHPRYH�� PDNLQJ� LW� PRUH�

HFRQRPLFDO�WR�GHPROLVK�WKH�HQWLUH�EXLOGLQJ��,QIOH[LEOH�DUFKLWHFWXUDO�OD\RXWV�

DUH�GLIILFXOW�WR�DGDSW�WR�NHHS�XS�ZLWK�WKH�IOHHWLQJ�WUHQGV�DQG�GHPDQGV�RI�

FRPPHUFLDO� RIILFH� DQG� UHWDLO� LQWHULRUV�� )DFWRUV� VXFK� DV� ODFN� RI� UHQWDEOe 

VTXDUH� IRRWDJH� RU� LQVXIILFLHQW�ZLQGRZ� GLVSOD\V�ZHUH� VRPH� RI� WKH�PDLQ�

IDFWRUV�EHKLQG�WKH�GHPROLWLRQ�RI�PDQ\�ODWH���WK-FHQWXU\�GHSDUWPHQW�VWRUHV�

LQ�1HZ�<RUN�DQG�&KLFDJR��)OXFWXDWLRQV�LQ�ODQG�YDOXH�DV�WKH�UHVXOW�RI�ODUJHU�

VFDOH�FKDQJHV�WR�WKH�VXUURXQGLQJ�QHLJKERUKRRG�FRQWH[W�FUHDWH�SUHVVXUH�IRU�
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UHGHYHORSPHQW��7KHVH�FDQ�EH�GHVFULEHG�DV�HFRQRPLF�UHDVRQV��/RQJVWUHWK��

2006).  

3.2.4. Iconic 

3UHVHUYDWLRQ�SUDFWLFHV�RIWHQ� IRUHJURXQG� WKH�KLVWRULF�YDOXH�RI�D�EXLOGLQJ��

WLHG�WR�LWV�UHODWLRQVKLS�WR�LPSRUWDQW�HYHQWV��SODFHV��DQG�SHRSOH��$V�KLVWRULFDO�

UHFRUGV�DUH�XSGDWHG��DQG�UH-ZULWWHQ��QHZ�EXLOGLQJ�W\SRORJLHV�DUH�DGGHG�WR�

WKH� OLVW��ZKLOH�RWKHUV�DUH� UHPRYHG�� ,FRQV� VHUYH�DV� WKH�SXEOLF� IDFH�RI� WKH�

LQVWLWXWLRQV� WKH\�KRXVH�� IURP�SULYDWH� FRPSDQLHV� WR� SROLWLFDO� RU� UHOLJLRXV�

RUJDQL]DWLRQV�� $V� VXFK�� DUFKLWHFWXUDO� YDOXH� LV� FRQVWDQWO\� UHDVVLJQHG�

WKURXJKRXW� WKH� EXLOGLQJ
V� OLIHWLPH� ZLWK� VKLIWV� LQ� RZQHUVKLS�� SROLWLFDO�

FOLPDWHV��DQG�SXEOLF�SHUFHSWLRQ��$UFKLWHFWXUDO�YDOXH�LV�RIWHQ�GHULYHG�LQ�SDUW�

IURP� WKH� EXLOGLQJ
V� DVVRFLDWLRQ�ZLWK� D� IDPRXV� DUFKLWHFW� RU� DUFKLWHFWXUDO�

PRYHPHQW��DQG�LQ�SDUW�IURP�LWV�UHFHSWLRQ�E\�WKH�SXEOLF��7KH�IOHHWLQJ�QDWXUH�

RI�FXOWXUDO�DQG�DHVWKHWLF�WUHQGV�OHDGV�WR�D�FRQVWDQW�UHDVVHVVPHQW�RI�ZKDW�

VRFLHW\�FKRRVH�WR�SUHVHUYH�DQG�GHPROLVK��7KHVH�FDQ�EH�GHVFULEHG�DV�LFRQLF�

UHDVRQV��%LDQFR�������. 

3.2.5. Functional 

,QVWLWXWLRQDO�EXLOGLQJV�OLNH�VFKRROV�DQG�KRVSLWDOV�RIWHQ�KDYH�KLJKO\�VSHFLILF�

IORRU�SODQV�WKDW�UHODWH�WR�WKHLU�GDLO\�RSHUDWLRQV��7KLV�FDQ�OHDG�WR�LQIOH[LEOH�

OD\RXWV�WKDW�DUH�GLIILFXOW�WR�DGDSW�DV�WKH�SUDFWLFHV�DQG�VSDWLDO�UHTXLUHPHQWV�

RI�WKHVH�LQVWLWXWLRQV HYROYH��8QGHU-SHUIRUPLQJ�DUFKLWHFWXUDO�RU�PHFKDQLFDO�

V\VWHPV� WKDW� FDQQRW� NHHS� XS� ZLWK� FXUUHQW� FRGH� UHTXLUHPHQWV�� RU� WKH�

EXLOGLQJ
V�HYROYLQJ�IXQFWLRQV��%XLOGLQJ�HOHPHQWV�VXFK�DV�HOHYDWRUV��+9$&�

V\VWHPV��DVEHVWRV�LQVXODWLRQ��HWF��FDQ�EH�GLIILFXOW�DQG�FRVWO\ WR�UHSODFH�RU�
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UHPRYH��PDNLQJ�LW�PRUH�HFRQRPLFDO�WR�GHPROLVK�WKH�HQWLUH�EXLOGLQJ��7KHVH�

FDQ�EH�GHVFULEHG�DV�IXQFWLRQDO�UHDVRQV��6FKXOWPDQQ�	�.RKOHU������� 

3.3. Case Studies of architects' intervention in demolition stories 

3.3.1. A Way, Away  

$� YDFDQW� SLHFH� RI� ODQG� DQG� D� QHDUE\� VWUXFWXUH� DW� ����� :DVKLQJWRQ�

%RXOHYDUG�WKDW�KDG�EHHQ�UD]HG�LQ�$SULO������ZHUH�ERWK�EURXJKW�WR�OLIH�E\�

WKH� SURMHFW�� &KLFDJR-EDVHG� DUWLVWV� $PDQGD� :LOOLDPV� DQG� $QGUHV� /��

+HUQDQGH]�ZRUNHG� RQ� WKH� SURMHFW�ZLWK� DUFKLWHFWXUH� VWXGHQWV� DQG� ORFDOV��

2YHU� VHYHUDO�PRQWKV�� WKH�PXOWL-SKDVH� SURMHFW� FDPH� WR� IUXLWLRQ�� VWDUWLQJ�

ZLWK�WKH�SDLQWLQJ�RI�WKH�EXLOGLQJ�JROG�EHIRUH�GHPROLWLRQ��WKHQ�PRGLI\LQJ�

WKH� WRSRJUDSKLFDO� FRQWRXUV�RI� WKH� ODQGVFDSH�� DQG� ODVWO\� UHJHQHUDWLQJ� WKH�

JUHHQ� VSDFH�� %XLOGLQJ� GHPROLWLRQ� PDWHULDOV� WKDW� ZHUH� VDYHG� KDYH� EHHQ�

JLYHQ� QHZ� OLIH� WKURXJK� FRPPXQLW\� GHVLJQ� LQLWLDWLYHV�� 7KH� DUWLVWV� DVNHG�

FLWL]HQV� WR� SDXVH� DQG� FRQVLGHU� WKH� OLIH� F\FOH� RI� WKH� XUEDQ� ODQGVFDSH� E\�

FKRUHRJUDSKLQJ�WKH�SURFHVV�LQ�WKLV�ZD\��7KH�WLWOH�RI�WKH�SURMHFW��ZKLFK�LV�

VXSSRVHG�WR�V\PEROL]H�WKH�F\FOH�RI�ORVV�DQG�WUDQVLWLRQ�WKDW�GHILQHV�WKH�EXLOW�

HQYLURQPHQW��LV�LQVSLUHG�E\�WUDGLWLRQDO�EOXHV�PXVLF�WKHPHV�DERXW�KRSH�DQG�

XQUHTXLWHG�ORYH��7KH������SURGXFWLRQ�RI�$�:D\��$ZD\��/LVWHQ�:KLOH�,�

6SHDN�� UDQ�IURP�$SULO� WKURXJK�2FWREHU� ,W�ZDV� ORFDWHG�DFURVV� WKH�VWUHHW�

IURP�WKH�3XOLW]HU�$UWV�)RXQGDWLRQ�DW�����–�����:DVKLQJWRQ�%RXOHYDUG�LQ�

6W��/RXLV��0LVVRXUL��+HUQDQGH]�	�:LOOLDPV�������� 

7KH� ZRUNIORZ� RI� WKH� SURMHFW� FRQVLVWV� RI� �� SKDVHV� ZKLFK� DUH� PDUNLQJ��

VXEWUDFWLQJ��WUDQVODWLQJ��VKDSLQJ��DQG�KHDOLQJ��,Q�WKH�PDUNLQJ�SKDVH��ORFDO�

DUFKLWHFWXUH�VWXGHQWV�DQG�UHVLGHQWV�JHW�LQYROYHG�LQ�SDLQWLQJ�WKH�ZDOO�ZLWK�

JROG�FRORU�DV�D�ZD\�RI�UHEUDQGLQJ�WKH�PDWHULDO��7KHQ��DIWHU� WKH�EXLOGLQJ�
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FRPHV� GRZQ� VXEWUDFWLQJ� SKDVH� LV� VWDUWLQJ�� ,Q� WKLV� SKDVH�� DUWLVWV� DQG�

YROXQWHHUV�DVVHPEOH�WKH�SLHFHV�WKH\�GHFLGHG�WR�WDNH�WR�WKH�QH[W�SKDVH��7KH�

QH[W�SKDVH�LV�WUDQVODWLQJ�LQ�ZKLFK�WKH�EXLOGLQJ�LV�UHWXUQHG�WR�LWV�PDWHULDO�

SDUWV��DQG�WKH�EULFNV�DUH�FOHDQHG��VRUWHG��DQG�VWDFNHG��WR�EH�JLYHQ�WR�ORFDO�

FRPPXQLW\�JURXSV�IRU�GHVLJQ�SURMHFWV��7KHQ�LQ�WKH�VKDSLQJ�SKDVH��D�JUHHQ�

FOHDULQJ� LV� FUHDWHG� E\� VKDSLQJ� WKH� ODQG� DQG� SODQWLQJ� JUDVVHV� RI� YDU\LQJ�

VKDGHV�DQG�RSHQLQJ�WKH�VLWH�WR�QHZ�SRVVLELOLWLHV��7KH�ODVW�SKDVH�LV�KHDOLQJ��

,Q�WKLV�SKDVH��IRXU�ORFDO�SURMHFWV�ZHUH�FKRVHQ�WR�UHFHLYH�WKH�EULFNV�IURP�WKH�

RULJLQDO� EXLOGLQJ��7KHVH�SURMHFWV� DFW� DV� VPDOO� VWUXFWXUHV� DFURVV� WKH� FLW\��

UHWDLQLQJ�WKH�PHPRU\�RI�WKH�SUHYLRXV�IXQFWLRQ�DQG�FRQWLQXLQJ�WKHLU�VWRULHG�

OLIH�LQ�D�QHZ�IRUP��)LJXUH���� 

 
Figure 1. :RUNIORZ�RI�$�:D\��$ZD\�SURMHFW��(PLO\�&DQQRQ�������. 



 
 

226 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-8  

3.3.2. Stony Island Arts Bank  

7KH� EDQN� DW� ��WK� DQG� 6WRQ\� ,VODQG�� GHVLJQHG� E\� :LOOLDP� *LEERQV�

8IIHQGHOO�� ZDV� IRUPHUO\� D� WKULYLQJ� QHLJKERUKRRG� VDYLQJ� DQG� ORDQ�� 7KH�

UHQRYDWHG�6WRQ\�,VODQG�$UWV�%DQN�QRZ�RIIHUV��������VTXDUH�IHHW�RI�VSDFH�

RQ�&KLFDJR
V�6RXWK�6LGH� IRU� FXWWLQJ-HGJH�FRQWHPSRUDU\� DUW� DQG�DUFKLYH�

SUDFWLFHV�� 6WRQ\� ,VODQG� RIIHUV� D� YDULHW\� RI� HYHQWV�� VXFK� DV� $UWV� %DQN�

&LQHPD�� D� IUHH�ZHHNO\� VFUHHQLQJ� DQG� GLVFXVVLRQ� RI� ILOPV� E\� DQG� DERXW�

EODFN�SHRSOH��DV�ZHOO�DV�H[KLELWLRQV�FXUDWHG�E\�DQG�LQ�FROODERUDWLRQ�ZLWK�

ORFDO�DUWLVWV��*DWHV�������. 

7KH�ZRUNIORZ�RI�WKLV�SURMHFW�FRQVLVWV�RI���SKDVHV�ZKLFK�DUH�IXQGUDLVLQJ��

UHQRYDWLQJ��DQG�HQJDJLQJ�� ,Q� WKH� ILUVW�SKDVH�RI� WKH�SURMHFW�� WKH�DUFKLWHFW�

7KHDVWHU�*DWHV�UHPRYHV�WKH�YDOXDEOH�SLHFHV�RI�PDUEOH�LQ WKH�EXLOGLQJ�DQG�

HQJUDYHV�WKHP�ZLWK�KLV�VWDPS�WR�WDNH�WR�$UW�%DVHO�WR�VHOO�IRU�IXQGUDLVLQJ��

0RQH\�IURP�WKH�ERQG�VDOHV�LV�XVHG�IRU�UHQRYDWLQJ�WKH�EXLOGLQJ��7KHQ�LQ�WKH�

UHQRYDWLRQ� SKDVH�� ,OOLQRLV� +LVWRULF� 3UHVHUYDWLRQ� $JHQF\�� 5HEXLOG�

)RXQGDWLRQ��DQG�)LW]JHUDOG�$VVRFLDWHV�FROODERUDWH�WR�KHOS�VWUHDPOLQH�WKH�

GHVLJQ�DQG�UHQRYDWLRQ�SURFHVV�RI�6WRQ\�,VODQG�6WDWH�6DYLQJV�%DQN��7KHQ�

LQ�WKH�HQJDJHPHQW�SKDVH��WKH�DUFKLWHFW�DQG�KLV�5HEXLOG�)RXQGDWLRQ�ZRUN�

WRJHWKHU� WR�VHOHFW� WKH�/RFDO�2UJDQL]DWLRQV� WR�EHFRPH�SHUPDQHQW� WHQDQWV�

DQG�WKH�WHPSRUDU\�LQVWDOODWLRQV�WKDW�XVH�WKH�EXLOGLQJ��)LJXUH���� 
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Figure 2. :RUNIORZ�RI�6WRQ\�,VODQG�$UWV�%DQN�SURMHFW��(PLO\�&DQQRQ��

2018) 

3.3.3. Holding Pattern 

7KH� �����<RXQJ�$UFKLWHFWV� 3URJUDP� SURMHFW� IURP� ,QWHUERUR� 3DUWQHU� LV�

FDOOHG�+ROGLQJ�3DWWHUQ��,W�LV�DERXW�UHF\FOLQJ�DQG�GHYHORSLQJ�WLHV�EHWZHHQ�D�

ODUJH��LQIOXHQWLDO�LQVWLWXWLRQ��0R0$�36���DQG�WKH�ORFDO�FRPPXQLW\� 

7KH�LGHD�EHKLQG�WKH�SURMHFW�ZDV�WKDW�WKH�WHDP FRXOG�FUHDWH�REMHFWV�WKDW�ORFDO�

EXVLQHVVHV�ZRXOG�UHTXLUH��6WXGLR�DVNHG�RYHU����ORFDO�RUJDQL]DWLRQV�ZKDW�

WKH\�QHHGHG��GHVLJQHG�DQG�EXLOW� WKHVH�REMHFWV��DQG�KHOG� WKHP�DW�0R0$�

36��IRU�WKH�VXPPHU��+ROGLQJ�3DWWHUQ�1HZVSDSHU�������� 

7KH� ZRUNIORZ� RI� WKLV� SURMHFW FRQVLVWV� RI� �� SKDVHV� ZKLFK� DUH� VRXUFH��

GLVSOD\��DQG�GLVWULEXWH��,Q�WKH�ILUVW�SKDVH�RI�WKH�SURMHFW��,QWHUERUR�3DUWQHUV�
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ZDV�VHOHFWHG�IRU�WKH�LQVWDOODWLRQ�WKURXJK�WKH�36��&RPSHWLWLRQ�WKDW�LV�KRVWHG�

E\�0R0$��ZKLFK�LV�D�FKDQFH�IRU�\RXQJ�DUFKLWHFWV�WR�SUHVHQW�LQQRYDWLYH�

SURMHFWV�� 7KHQ� WKH� VWXGLR� UHDFKHG� RXW� WR� WKH� VXUURXQGLQJ� &RPPXQLW\�

2UJDQL]DWLRQV� WR� GHWHUPLQH� ZKDW� WKH\� QHHGHG� WR� LQWHJUDWH� LQWR� WKHLU�

LQVWDOODWLRQ��,Q�WKH�GLVSOD\�SKDVH��,QWHUERUR�3DUWQHUV�REWDLQV�VRPH�RI�WKH�

REMHFWV� IURP� DUFKLWHFWXUDO� VDOYDJH� VWRUHV� DQG� PDWHULDOV� WR� PDNH� WKH�

UHPDLQLQJ�REMHFWV�IURP�ORFDO�UHXVH�VWRUHV���7KHQ�LQ�WKH�GLVWULEXWLRQ�SKDVH��

WKH�VWXGLR�UHDFKHV�EDFN�RXW�WR�WKH�&RPPXQLW\�2UJDQL]DWLRQV�WR�FRRUGLQDWH�

WKH�GHOLYHU\�RI�WKH�REMHFWV�RQ�KROG��)LJXUH���� 

 

 
Figure 3. :RUNIORZ�RI�+ROGLQJ�3DWWHUQ�SURMHFW��(PLO\�&DQQRQ�������. 
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4. Conclusion and Suggestions  

7KLV�VWXG\�H[DPLQHG�WKH� OHYHO�RI� WKH� WDVN� LQ� WKH�GHPROLWLRQ�DQG�UHXVLQJ�

SURFHVVHV�RI�WKH�EXLOGLQJV�E\�WKH�DUFKLWHFWV��,W�LV�WKRXJKW�WKDW�WKLV�ZRUN�ZLOO�

JXLGH� WKH� DXWKRULWLHV� DERXW� WKH� QHFHVVLW\� RI� FHUWDLQ� VWHSV� ZKLFK� DUH�

IROORZHG�E\�DUFKLWHFWV�ZKR�WDNH�RQ�WKH� WDVN�RI�GHPROLWLRQ�SURMHFWV��7KH�

VXJJHVWLRQV�DERXW�WKH�SURFHVV�IRU�DUFKLWHFWV�ZKR�ZDQW�WR�EH�LQFOXGHG�LQ�WKH�

GHPROLWLRQ�DQG�UHXVLQJ�SURFHVVHV�DUH�DV�IROORZV� 

1. 7KH� ORFDO� FRPPXQLW\�� \RXQJ� DUFKLWHFWV�� DQG� DUFKLWHFWXUH� VWXGHQWV�

VKRXOG�EH�LQYROYHG�LQ�WKH�GLVPDQWOLQJ��DQG�UHXVH�SKDVH�RI�WKH�SURFHVV�WR�

XQGHUVWDQG� WKH� QHHG� RI� WKH� FRPPXQLW\� DQG� WUDLQ� IXWXUH� GHVLJQHUV� WR�

GHPRQVWUDWH�WR�WKHP�WKH�LPSRUWDQFH�RI�WKH�SURFHVV� 

2. 'HVLJQ� PHHWLQJV� VKRXOG� EH� KHOG� ZLWK� ORFDOV� WR� VKDUH� QHHGV� DQG�

VXJJHVWLRQV�DERXW�KRZ�QHZ�OLIH�FDQ�EH�JLYHQ�WR�VDYHG�GHPROLWLRQ�PDWHULDOV�

IRU�WKH�FRPPXQLW\� 

3. 6DYHG� GHPROLWLRQ�PDWHULDOV� VKRXOG� EH� FOHDQHG�� VRUWHG�� DQG� VWDFNHG�

FDUHIXOO\�WR�EH�JLYHQ�IRU�UHXVLQJ� 

�� ,I� WKH� EXLOGLQJ�ZLOO� EH�GLVPDQWOHG� FRPSOHWHO\� DIWHU� WKH� GLVPDQWOLQJ�

YDFDQW�ODQG�VKRXOG�EH�WDNHQ�FDUH�RI�E\�GHVLJQLQJ�WKH�ODQGVFDSH�WR�RSHQ�WKH�

VLWH�WR�QHZ�SRVVLELOLWLHV� 

5. 7KHUH� VKRXOG� EH� D� FRQWULEXWLRQ� ZLWK� ORFDO� SURMHFWV� WR� UHXVH� WKH�

PDWHULDOV�ZKLFK�DUH�VDYHG�DIWHU�GLVPDQWOLQJ�WR�UHWDLQ�WKH�PHPRU\�RI�WKH�

SUHYLRXV�IXQFWLRQ�DQG�FRQWLQXH�WKHLU�OLIH�LQ�D�QHZ�IRUP� 

6. 7KH�EXLOGLQJ� VKRXOG�EH� FDUHIXOO\� LQYHVWLJDWHG� WR� VHH� LI� WKHUH� LV� DQ\�

YDOXDEOH�SDUW�WKDW�FDQ�EH�UH-HYDOXDWHG� 
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�� 7KHUH�VKRXOG�EH�D�FROODERUDWLRQ�ZLWK�WKH�KLVWRULF�SUHVHUYDWLRQ�DJHQFLHV�

WR�KHOS�VWUHDPOLQH�WKH�GHVLJQ�DQG�UHQRYDWLRQ�SURFHVV� 

8. $UFKLWHFWV�VKRXOG�ZRUN�ZLWK� WKH�DUFKLWHFWXUDO�VDOYDJH�VWRUHV� WR�KHOS�

VXVWDLQDELOLW\� 
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1. Introduction 

:LWK� WKH�JOREDO�FOLPDWH�FULVLV�DIIHFWLQJ� WKH�HQWLUH�ZRUOG�� WKH� LQWHUDFWLRQ�

EHWZHHQ�SODQQLQJ�DQG�XUEDQ�FOLPDWH�KDV�EHFRPH�LQFUHDVLQJO\�LPSRUWDQW��

7KH� FRQFHSW� RI� FOLPDWH�� ZKLFK� LV� GHILQHG� E\� WKH� 7XUNLVK� /DQJXDJH�

$VVRFLDWLRQ�DV��WKH�ORQJ-WHUP�VWDWH�RI�WKH�HIIHFWV�WKDW�RFFXU�GHSHQGLQJ�RQ�

ZHDWKHU�FRQGLWLRQV�DW�DQ\�ORFDWLRQ�RQ�(DUWK���LV�QRZ�DVVRFLDWHG�ZLWK�ZRUGV�

VXFK�DV�FULVLV�� FKDQJH��DQG�SUREOHP�� ,Q�RUGHU� IRU� FLWLHV� WR�PLQLPL]H� WKH�

QHJDWLYH� HIIHFWV� RI� FOLPDWH� FKDQJH� DQG� EHFRPH� VXVWDLQDEOH�� WKH\� PXVW�

DGDSW�WR�WKHVH�FKDQJHV�DQG�XVH�VSDWLDO�SODQQLQJ�DV�D�WRRO�LQ�WKLV�SURFHVV�

�&DUWHU�HW�DO��������� 

$FFRUGLQJ�WR�8QLWHG�1DWLRQV�GDWD��XUEDQL]DWLRQ�UDWHV�DUH�UDSLGO\�LQFUHDVLQJ�

ZRUOGZLGH��7KH� JOREDO� XUEDQ� SRSXODWLRQ� LQFUHDVHG� IURP� ����PLOOLRQ� LQ�

����� WR�����ELOOLRQ� LQ�������D����-IROG� LQFUHDVH�� ,W� LV�HVWLPDWHG� WKDW� WKLV�

QXPEHU�ZLOO�FRQWLQXH�WR�ULVH�DQG�UHDFK�����ELOOLRQ�E\�������81���������$V�

D�UHVXOW�RI�WKLV�SRSXODWLRQ�JURZWK�LQ�XUEDQ�DUHDV��WKH�GHPDQG�IRU�KRXVLQJ�

LV� DOVR� UDSLGO\� LQFUHDVLQJ�� 7KH� FLW\�� ZKLFK� LV� D� FRPSUHKHQVLYH�

SKHQRPHQRQ��LV�UHVSRQGLQJ�WR�WKLV�GHPDQG�E\�LQFUHDVLQJ�LWV�FRQVWUXFWLRQ�

DQG�LWV�KDUG�DQG�LPSHUPHDEOH�VXUIDFHV�HYHU\�GD\��&KDQGDQ�HW�DO���������

%KDUDWK�HW�DO����������1RQ-QDWXUH-EDVHG�XUEDQ�SODQQLQJ�LQHYLWDEO\�OHDGV�WR�

LQFUHDVHG� HQHUJ\� FRQVXPSWLRQ�� DLU� SROOXWLRQ�� HFRQRPLF� GDPDJHV��

LQFUHDVHG�LPSHUPHDEOH�VXUIDFHV��GHFUHDVHG�JUHHQ�DUHDV��DQG�FRQVHTXHQWO\��

WKH�LQFUHDVH�RI�ORZ-VWDQGDUG�XUEDQ�VSDFHV��7RSFX�	 *LUJLQ��������/LX�HW�

DO���������+XDQJ�HW�DO��������� 

7KH�FRQFHSW�RI�VSDFH�LV�JLYHQ�GLIIHUHQW�PHDQLQJV�LQ�SODQQLQJ�GLVFLSOLQHV�

VXFK� DV� PRGHUQLVW� DUFKLWHFWV�� SRVW-PRGHUQLVW� DUFKLWHFWV�� GHVLJQHUV��
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SKLORVRSKHUV��ODQGVFDSH�DUFKLWHFWV��HWF��+RZHYHU��UHJDUGOHVV�RI�WKH�VFDOH�RU�

WKH�GLVFLSOLQH�LQ�ZKLFK�WKH�FRQFHSW�RI�VSDFH�LV�DGGUHVVHG��LW�VKRXOG�QRW�EH�

RYHUORRNHG�WKDW�WKH�GHWHUPLQLQJ�HOHPHQW�WKDW�GHILQHV�VSDFH�LV�KXPDQV��,Q�

WKLV�SURFHVV�� WKH�FKDUDFWHULVWLFV�RI� WKH�XUEDQ�FOLPDWH�PXVW�EH� WDNHQ� LQWR�

DFFRXQW�GXULQJ�SODQQLQJ�DQG�GHVLJQ�VWDJHV��6WXGLHV�DLPHG�DW�LQFUHDVLQJ�WKH�

VSDWLDO� EHORQJLQJ� RI� LQGLYLGXDOV� LQ� KXPDQ-FHQWHUHG� VSDFH� GHVLJQV� DUH�

GLUHFWO\� UHODWHG� WR� VSDFH� TXDOLW\�� $OWKRXJK� FOLPDWH� LV� RQO\� RQH� RI� WKH�

SDUDPHWHUV� WKDW� DIIHFW� VSDFH� TXDOLW\�� LW� VKRXOG� EH� JLYHQ� SULRULW\� LQ� DOO�

SODQQLQJ�GHFLVLRQV�DQG�SK\VLFDO�FRQVWUXFWLRQV��<ÕOPD]�������� 

:LOOLDP� 6KDNHVSHDUH
V� TXRWH� �1DWXUH
V� EHTXHVW� JLYHV� QRWKLQJ� EXW� GRWK�

OHQG´� VKRXOG� QHYHU� EH� LJQRUHG�� 7R� SURGXFH� VXVWDLQDEOH�� HFRORJ\-EDVHG��

OLYDEOH� VSDFHV� E\� WDNLQJ� WKH� H[LVWLQJ� UHVRXUFHV� LQ� WKH� HQYLURQPHQW� WKDW�

KRVWV�PDQ\�OLYLQJ�DQG�QRQ-OLYLQJ�EHLQJV�RXW�RI�WKH�IRFXV�RI�FRQVXPSWLRQ�

DQG�WR�RIIHU�HQMR\DEOH�VSDFHV�IRU�HYHU\�OLYLQJ�EHLQJ��WKHUHE\�FRQWULEXWLQJ�

WR� WKH� HQYLURQPHQW� WKDW� KRVWV�� LW� LV� QHFHVVDU\� WR� WDNH� D� VWHS� WRZDUGV� D�

VXVWDLQDEOH�IXWXUH�ZLWK�FOLPDWH-EDVHG�GHVLJQ�DSSURDFKHV��<ÕOPD]��������

E\� VXSSRUWLQJ� VSDWLDO� GHVLJQV� ZLWK� PLFUR-FOLPDWH-IRFXVHG� VROXWLRQV��

+RZHYHU�� GXH� WR�PDQ\� UHDVRQV� VXFK�DV�QHJOHFWLQJ�QDWXUDO�YDOXHV�� UDSLG�

SK\VLFDO� FRQVWUXFWLRQ�� DQG� LQVXIILFLHQW� LQWHUSURIHVVLRQDO� RUJDQL]DWLRQ��

FOLPDWH�GDWD�LV�QRW�JLYHQ�HQRXJK�LPSRUWDQFH�LQ�XUEDQ�SODQQLQJ�DQG�GHVLJQ��

,Q�XUEDQ�HFRV\VWHPV��QRW�RQO\�KXPDQV�EXW�DOVR�DOO�OLYLQJ�EHLQJV
�FOLPDWH�

SDUDPHWHUV�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�IRU�WKHLU�OLYLQJ�VSDFHV� 

7KH� FRQFHSW� RI� FOLPDWH� VKRXOG� EH� LQFOXGHG� LQ� WKH� SODQQLQJ� DQG� GHVLJQ�

VWDJHV�� DQG� YDULRXV� GDWD� VXFK� DV� XUEDQ� FOLPDWH� PDSV�� XUEDQ� WKHUPDO�

FRPIRUW�PDSV��DQG�XUEDQ�FOLPDWH�PRGHOLQJ�DQG�VLPXODWLRQ�PDSV�VKRXOG�EH�
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XVHG�WR�LQWHJUDWH�FOLPDWH�FRQVLGHUDWLRQV�LQWR�WKH�SODQQLQJ�SURFHVV��%DOÕN�

DQG�'XPDQ�<�NVHO��������'XUVXQ�HW�DO���������'RJDQ�HW�DO���������&HWLQ�

HW� DO��� �������8UEDQ� GHVLJQ� DSSURDFKHV� WKDW� UHVSRQG� WR� WKH� WRSRJUDSK\��

FOLPDWH��DQG�WKH�QHHGV�RI�OLYLQJ�FUHDWXUHV�ZKLOH�WDNLQJ�LQWR�DFFRXQW�XVHUV
�

VSDWLDO�DIILOLDWLRQV�DQG�OLVWHQLQJ�WR�WKH�VRXQGV�RI�WKH�VSDFH�VKRXOG�EH�DW�WKH�

IRUHIURQW��&LWLHV� DUH� IUHTXHQWO\� IDFHG�ZLWK� WKH� ULVNV DQG� WKUHDWV� EURXJKW�

DERXW�E\�FOLPDWH�FKDQJH��ZKLFK�DUH�LQIOXHQFHG�E\�YDULRXV�IDFWRUV�VXFK�DV�

JHRJUDSKLFDO��FOLPDWLF��HFRQRPLF�� VRFLRORJLFDO��DQG�PRUH�� ,W� LV�H[SHFWHG�

WKDW� FLWLHV� ZLOO� FRQWLQXH� WR� IDFH� WKH� QHJDWLYH� FRQVHTXHQFHV� RI� FOLPDWH�

FKDQJH� LQ� WKH� IXWXUH�� &OLPDWH� DQG� XUEDQL]DWLRQ� DUH� LQWHUWZLQHG�� DQG� DV�

PXFK�DV�FOLPDWH�DIIHFWV�FLWLHV��FLWLHV�DOVR�DIIHFW�WKH�FOLPDWH��)RU�H[DPSOH��

XUEDQL]DWLRQ�OHDGV�WR�YDULRXV�FKDQJHV�ZLWKLQ�WKH�FXUUHQW�V\VWHP��6WXGLHV�

DUH� EHLQJ� FRQGXFWHG� XQGHU� WKH� FRQFHSW� RI� XUEDQ� FOLPDWH� WR� H[SUHVV� WKH�

LPSDFW� RI� FOLPDWH� FKDQJH�� FOLPDWH� DWODV�� WKHUPDO� FRPIRUW� PDSV�� XUEDQ�

GHVLJQ� VFHQDULRV�� DQG� FKDQJHV� LQ� WKH� ZDWHU� F\FOH�� ,W� LV� QHFHVVDU\� WR�

HPSKDVL]H�WKH�LPSRUWDQFH�RI�XVLQJ�GDWD�WKDW�VXSSRUWV�VWXGLHV�ZLWK�GLIIHUHQW�

PHWKRGV� DQG� LQFRUSRUDWLQJ WKHP� LQWR� VSDWLDO� SODQQLQJ�� 5HVHDUFKHUV�

ZRUNLQJ� LQ� WKLV� ILHOG� VWDWH� WKDW� WKH� EXLOW-XS� DUHDV� RI� FLWLHV� DQG� WKH�

VXUURXQGLQJ�DUHDV�RI� WKH�FLW\�XQGHUJR�FKDQJHV� LQ� WHUPV�RI�FOLPDWH��7KH�

UDSLG�GHFUHDVH�LQ�ODQG�VXUIDFHV��RSHQ-JUHHQ�DUHDV��DJULFXOWXUDO�DUHDV��GXH 

WR�XUEDQL]DWLRQ�DIIHFWV�WKH�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�QLJKW�DQG�GD\��

7KH�FKDQJLQJ�WHPSHUDWXUH�GLIIHUHQFH�EULQJV�DERXW�SUREOHPV�VXFK�DV�IRJ�

IRUPDWLRQ��UHGXFHG�DLU�PRYHPHQW��DQG�GLVUXSWLRQ�RI�SODQW�WH[WXUH��%DNDQ�

	 .RQXN�� ������� 7KH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� XUEDQ� DQG� UXUDO�

DUHDV�YDULHV�GHSHQGLQJ�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�DUHD�XQGHU�VWXG\��EXW�LW�
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LV�JHQHUDOO\�EHWZHHQ��-��&��7KHUH�DUH�PDQ\�VWXGLHV�LQGLFDWLQJ�WKDW�UXUDO�

DUHDV� DUH� DOZD\V� FRROHU� WKDQ� FLWLHV� �2NH�� ������ 7R\� 	 <ÕOPD]�� ������

&RQQRU�HW DO���������<LOPD]�HW�DO�������D�� 

8UEDQ� DUHDV�� ZKLFK� FRYHU� DSSUR[LPDWHO\� ��� RI� WKH� HDUWK
V� VXUIDFH��

FRQVWLWXWH� DQ� LPSRUWDQW� VRXUFH� RI� HQYLURQPHQWDO� SUREOHPV� �*DJR� HW� DO���

�������6LQFH�WKH�PLG-��WK�FHQWXU\��DFDGHPLF�VWXGLHV�RQ�LQYHVWLJDWLQJ�DQG�

WDNLQJ�PHDVXUHV�DJDLQVW�WKHVH�SUREOHPV�KDYH�UDSLGO\�LQFUHDVHG��5DSLG�DQG�

XQSUHSDUHG� XUEDQL]DWLRQ�� KDSKD]DUG� FRQVWUXFWLRQ�� QRQ-SXUSRVHIXO� ODQG�

XVH��GHFUHDVLQJ�JUHHQ�DUHDV��DQG�LQFUHDVLQJ�LPSHUPHDEOH�VXUIDFHV�LQ�XUEDQ�

DUHDV�KDYH�H[DFHUEDWHG� WKH�8UEDQ�+HDW� ,VODQG� �8+,��HIIHFW�� ,W�KDV�EHHQ�

GHWHUPLQHG� WKDW� WKH� 8+,� HIIHFW� KDV� SURJUHVVHG� WR� GLPHQVLRQV� WKDW�

QHJDWLYHO\�DIIHFW�QRW�RQO\�HQHUJ\�LVVXHV�EXW�DOVR�WKH�OLYHV�RI�OLYLQJ�EHLQJV�

�6DQWDPRXULV��������2NH�HW�DO���������<XFHND\D�DQG�8VOX��������(QWHULD�

HW�DO���������%R]GRJDQ�6HUW�HW�DO���������0HQWHú�HW�DO����������7R�UHGXFH�

XUEDQ�KHDW�LVODQGV��LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�XUEDQ�FOLPDWH�LQ�HYHU\�

VSDFH�GHVLJQHG�RU�LQWHUYHQHG�LQ�FLWLHV��6SDFHV�GHVLJQHG�EDVHG�RQ�FOLPDWH�

GDWD�DOVR�LQFUHDVH�VSDWLDO�TXDOLW\��6XFFHVVIXOO\�DQG�DFFXUDWHO\�LQWHUSUHWLQJ�

DQG�FRPPXQLFDWLQJ�FOLPDWH�GDWD�DOVR�HQDEOHV�XVHUV�WR�XVH�RXWGRRU�VSDFHV��

1RZDGD\V�� LQ� DUHDV� DIIHFWHG� E\� UDSLG� FRQVWUXFWLRQ�� PLJUDWLRQ�� DQG�

XQSODQQHG� DQG� XQFRQWUROOHG� JURZWK�� FOLPDWH� GDWD� LV� QRW� JLYHQ� HQRXJK�

LPSRUWDQFH�� +RZHYHU�� HYHU\� VSDFH� GHVLJQHG� EDVHG� RQ� WRSRJUDSKLFDO�

VWUXFWXUH� DQG� FOLPDWH� GDWD� FRQWULEXWHV� WR� VXVWDLQDEOH� ODQG� XVH�� 3ODQQLQJ�

EDVHG�RQ�WRSRJUDSKLFDO�GDWD�LQ�XUEDQ�VSDWLDO�DQDO\VLV�GLUHFWO\�DIIHFWV�XVHU�

FRPIRUW�� &RQFHSWV� VXFK� DV� WRSRJUDSK\�� ZLQG�� VXQOLJKW�� DQG� KXPLGLW\�

GLUHFWO\� DIIHFW� VSDWLDO� FRPIRUW� DQG� WKHUHIRUH�� VSDFH� XVHUV��&RQVWUXFWLRQV�



 
 

239 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-9  

GHVLJQHG� EDVHG� RQ� FOLPDWH� GDWD� DUH� H[DPSOHV� RI� DFKLHYLQJ� FRPIRUW�

FRQGLWLRQV�ZLWKRXW�XVLQJ�WHFKQRORJ\��5DSRSRUW��������������7KH�FOLPDWLF�

LQIRUPDWLRQ� RI� UHJLRQV� LV� GHWHUPLQHG� WKURXJK� PHWHRURORJLFDO� VWXGLHV��

:LWKLQ�WKH�VFRSH�RI�WKHVH�VWXGLHV��YDULRXV�GDWD�VXFK�DV�WKH�DYHUDJH�UDLQIDOO�

DPRXQW�IRU�HDFK�PRQWK��WKH�DYHUDJH�QXPEHU�RI�VXQQ\�KRXUV��WKH�DYHUDJH�

QXPEHU� RI� GD\V� RI� GURXJKW�� WKH� SHUFHQWDJH� RI� KXPLGLW\� WKURXJKRXW� WKH�

\HDU��ZLQG�GLUHFWLRQ DQG�VSHHG�DUH�REWDLQHG��%HHU���������(YHU\�GHVLJQHG�

DQG�LQKDELWHG�VSDFH�LV�FORVHO\�UHODWHG�WR�WKLV�GDWD�DQG�VKRXOG�EH�FRQVLGHUHG�

DV� D� SULRULW\� LQ� GHVLJQ� FULWHULD�� 7KH� FRQFHSW� RI� FOLPDWH�� ZKLFK� LV� QRW�

DGHTXDWHO\�HPSKDVL]HG� WRGD\�RU�FDQQRW�EH� IXOO\� LPSOHPHQWHG��KDV�EHHQ�

VXFFHVVIXOO\� GHDOW� ZLWK� LQ� SULPLWLYH� VRFLHWLHV� LQ� WKH� SDVW�� ([DPSOHV� RI�

EXLOGLQJ� PDWHULDOV� ZLWK� KLJK� KHDW� FDSDFLW\� VXFK� DV� DGREH�� PXG�� DQG�

VWUXFWXUHV�WKDW�DUH�SRVLWLRQHG�DFFRUGLQJ�WR�WKH�ZLQG�DQG�SURWHFW�HDFK�RWKHU��

VXUIDFH�RSHQLQJV� WKDW�YDU\ DFFRUGLQJ� WR� WKH� WHPSHUDWXUH�GXULQJ� WKH�GD\��

DQG� WKH� UHODWLRQVKLS� EHWZHHQ� ZDWHU� DQG� VWUXFWXUH� FDQ� EH� VHHQ�� 6SDFHV�

VKDSHG� DFFRUGLQJ� WR� WKH� FOLPDWH� UHJLRQ� KDYH� DOVR� SOD\HG� D� UROH� LQ� WKH�

IRUPDWLRQ�RI�XUEDQ�LGHQWLWLHV� 

$UFKLWHFWXUDO�GHYHORSPHQW�VKDSHG�E\�WKH�FOLPDWH�RI� WKH�DUHD�ZKHUH�LW� LV�

ORFDWHG�KDV�OHG�WR�LQFUHDVHG�VSDWLDO�FRPIRUW�DQG�WKH�HPHUJHQFH�RI�PRWLIV�

VSHFLILF� WR� WKH� UHJLRQ�� ,Q� WKH� 6RXWKHDVW� $QDWROLD� UHJLRQ�� FRXUW\DUG�

DUFKLWHFWXUH�VWUHQJWKHQV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LQWHULRU�DQG�H[WHULRU��

ZKLOH� LQ� FROG� FOLPDWH� UHJLRQV�� D� PRUH� FRPSDFW� DUFKLWHFWXUDO� GHVLJQ� LV�

SUHIHUUHG� WR� PLQLPL]H� KHDW� ORVV�� +RZHYHU�� QRZDGD\V�� UHSHDWHG� DQG�

LGHQWLW\-IUHH� DUFKLWHFWXUDO� H[DPSOHV� DUH� IUHTXHQWO\� HQFRXQWHUHG��

GLVUHJDUGLQJ� WKH� FKDUDFWHULVWLFV� RI� WKH� VSDFH� DQG� LWV� QDWXUDO� 
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VRFLRHFRQRPLF��DQG�FXOWXUDO�IHDWXUHV��,Q�SRLQWV�ZKHUH�FOLPDWH�GDWD�LV�QRW�

LQFOXGHG�LQ�WKH�GHVLJQ�SURFHVV��D�UDQJH�RI�HFRQRPLF�SUREOHPV�HPHUJH�LQ�

DGGLWLRQ� WR� XQTXDOLILHG� DUFKLWHFWXUDO� GHYHORSPHQW�� ,W� LV� REVHUYHG� WKDW�

VROXWLRQV� SURGXFHG� WR� LQFUHDVH� XVHU� FRPIRUW� ZKHQ� WKH� GHYHORSPHQW� RI�

GHVLJQHG� VSDFHV� LV� QRW� FOLPDWH-IRFXVHG� FRPH� ZLWK� KLJK� FRVWV�� 0DQ\�

GHVLJQHG�VSDFHV�IDOO�VKRUW�LQ�PHHWLQJ�XVHU�UHTXLUHPHQWV�EHFDXVH�WKH\�DUH�

QRW�WKRXJKW�RI�LQ�D�PXOWLGLPHQVLRQDO�ZD\��UHJDUGOHVV�RI�WKHLU�TXDOLWLHV�DQG�

WDUJHW�DXGLHQFH��7KH�FRQGLWLRQV�ZKHUH�OLYLQJ�EHLQJV�IHHO�PRVW�FRPIRUWDEOH�

DQG� GR� QRW� UHTXLUH� KHDWLQJ� RU� FRROLQJ� DUH� GHILQHG� DV� WKHUPDO� FRPIRUW�

�0D\HU 	 +|SSH�� ������ 0D\HU�� ������� 3V\FKRORJLFDO�� WKHUPR-

SK\VLRORJLFDO�� DQG� ERG\� KHDW� EDODQFH� DSSURDFKHV� DUH� LQYROYHG� LQ�

GHWHUPLQLQJ� WKHUPDO� FRPIRUW� FRQGLWLRQV� �6KDNLU�� ������� ,Q� WKH�

�3V\FKRORJLFDO�DSSURDFK���DV�GHILQHG�E\�+|SSH���������WKHUPDO�FRPIRUW�

LV�HQWLUHO\�UHODWHG�WR�WKH�KXPDQ�EUDLQ
V�SHUFHSWLRQ�RI�WHPSHUDWXUH��,Q�WKLV�

FRQWH[W�� KXPDQ� WKHUPDO� FRPIRUW� LV� GHILQHG� DV� �WKH� KXPDQ� EUDLQ� EHLQJ�

VDWLVILHG�ZLWK�WKH�WHPSHUDWXUH�RI�WKH�VXUURXQGLQJ�HQYLURQPHQW���$FFRUGLQJ�

WR�$6+5$(������- $PHULFDQ�6RFLHW\�RI�+HDWLQJ��5HIULJHUDWLQJ��DQG�$LU-

&RQGLWLRQLQJ� (QJLQHHUV��� LQ� DQ� ROGHU� GHILQLWLRQ� FRPSDUHG� WR� RWKHUV��

ELRFOLPDWLFDOO\� FRPIRUWDEOH� HQYLURQPHQWV� DUH� GHILQHG� DV� �HQYLURQPHQWV�

ZKHUH� ���� RI� LQGLYLGXDOV� VLWWLQJ� RU� SHUIRUPLQJ� OLJKW� ZRUN� DUH� QRW�

FRPSODLQLQJ�DERXW� WKH� WHPSHUDWXUH���$FFRUGLQJ� WR�7R\� �������� WKH� ILUVW�

WKHUPDO�FRPIRUW�VWXG\�LV�+DOGDQH
V��������VWXG\�LQ�(QJODQG��ZKLFK�DLPHG�

WR�GHWHUPLQH�WKH�WHPSHUDWXUH�VWUHVV�RI�PLQHUV��3UHYLRXV�WKHUPDO�LQGLFDWRUV�

KDYH�IRFXVHG�RQ�WKH�DGYHUVH�HIIHFWV�RI�FOLPDWHV�RQ�KXPDQV��VXFK�DV�KRW�DQG�

FROG� VWUHVV�� ,QLWLDOO\�� WKH� VWXGLHV� FRQGXFWHG� IRU� WKHVH� PLQHUV� LQ� LQGRRU�
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HQYLURQPHQWV�ZHUH� ODWHU� FRQWLQXHG�ZLWK 2OJ\D\
V� ������� ������ RXWGRRU�

WKHUPDO�FRPIRUW�UHVHDUFK��)DQJHU��������VWDWHG�WKDW�WKHUPDO�FRPIRUW�LV�DQ�

LQIOXHQWLDO� IDFWRU� RQ�KXPDQ�SHUIRUPDQFH� DQG� WKDW�PHQWDO�� SK\VLFDO�� DQG�

SHUFHSWXDO�SHUIRUPDQFH�ZLOO�EH�DW�WKHLU�KLJKHVW�SRLQW��7DNLQJ�LQWR�DFFRXQW�

WKHVH IDFWRUV� NQRZQ� WR� DIIHFW� KXPDQ� WKHUPDO� FRPIRUW�� PRUH� WKDQ� ���

WKHUPDO� FRPIRUW� FDOFXODWLRQ� LQGLFHV� KDYH� EHHQ� GHYHORSHG� LQ� WKH� SDVW�

FHQWXU\� �(SVWHLQ� DQG�0RUDQ�� �������7KHVH� LQGLFHV� DUH� GLYLGHG� LQWR� WZR�

JURXSV�� VLPSOH� DQG� FRPSOH[� LQGLFHV�� 6LPSOH� LQGLFHV� RQO\� HYDOXDWH�

WHPSHUDWXUH� DQG� KXPLGLW\�� ZKLOH� FRPSOH[� LQGLFHV� LQFOXGH� WKH�

FKDUDFWHULVWLFV� RI� WKH� ZRUNLQJ� DUHD�� VXFK� DV� LWV� WRSRJUDSK\� DQG�

PRUSKRORJ\�� DV� ZHOO� DV� WKH� LQGLYLGXDO
V� SV\FKRORJLFDO�� WKHUPR-

SK\VLRORJLFDO�� DQG� ERG\� KHDW� EDODQFH� FKDUDFWHULVWLFV� LQ� FDOFXODWLRQV�

�0D\HU�� ������ 0DW]DUDNLV� HW� DO��� ������� ,Q� WKH� SDVW� FHQWXU\�� RYHU� ����

WKHUPDO� LQGLFHV� KDYH� EHHQ� GHYHORSHG� ZRUOGZLGH� WR� DVVHVV� WKHUPDO�

FRQGLWLRQV� IRU� KXPDQV�� GHILQH� WKHUPDO� FRPIRUW�� DQG� GHWHUPLQH� WKHUPDO�

VWUHVV��GH�)UHLWDV�	 *ULJRULHYD���������6RPH�RI�WKHVH�DUH�OLVWHG�LQ�7DEOH��� 

2. Material and Method 

,Q� WKLV� VWXG\�� PRGHOV� XVHG� IRU� WHPSHUDWXUH� SUHGLFWLRQ� UHODWHG� WR� IXWXUH�

FOLPDWH��XUEDQ�KHDW�LVODQG�GHQVLW\��UHGXFWLRQ�RI�XUEDQ�KHDW�LVODQG�HIIHFWV��

RXWGRRU�WKHUPDO�FRPIRUW� LQ�XUEDQ�GHVLJQ�VFHQDULRV��DQG�HQHUJ\-HIILFLHQW�

VHWWOHPHQW�DUHDV�DUH�H[DPLQHG�DW�PHVR��ORFDO��DQG�PLFUR�VFDOHV��7KH�ODFN�

RI�VXIILFLHQW�PHVR-VFDOH�FOLPDWH�SUHGLFWLRQ�LQ�FLWLHV�LQ�7XUNH\�KLQGHUV�WKH�

LPSOHPHQWDWLRQ�RI�ORFDO�FOLPDWH�DGDSWDWLRQ�VWUDWHJLHV�HIIHFWLYHO\� 
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Table 1. 6RPH�VLPSOH�DQG�FRPSOH[�LQGH[HV�XVHG�IURP�SDVW�WR�SUHVHQW�

�'HYHORSHG�IURP�(SVWHLQ�	 0RUDQ�������3RWFKWHU�HW�DO��������� 
Indeks Indeks name Source 
Tw :HW-EXOE�WHPSHUDWXUH +DOGDQH�������� 
ET (IIHFWLYH�WHPSHUDWXUH +RXJKWRQ�DQG�<DJORX����� 
WBGT :HW�EXOE�JOREH�WHPSHUDWXUH <DJORX�DQG�0LQDUG������� 
DI 'LVFRPIRUW�LQGH[ 7KRP������� 
THI 7KHUPRK\JURPHWULF,QGH[ 7KRP���������.\OH����� 
HI +HDW�,QGH[ 6WHDGPDQ����� 
AT $SSDUHQW�7HPSHUDWXUH��+HDW�,QGH[ 6WHDGPDQ����� 
ITS ,QGH[�RI�7KHUPDO�6WUHVV� *LYRQL������ 
TSI 7KHUPDO�6WUDLQ�,QGH[ 6KDUPD�DQG�$OL������ 
WCI 
WCET 

:LQG�&KLOO�,QGH[� 
:LQG�&KLOO�(TXLYDOHQW�7HPSHUDWXUH� 

,62�75������������ 

PET 3K\VLRORJLFDOO\�(TXLYDOHQW�7HPSHUDWXUH +|SSH������� 
0DW]DUDNLV�HW�DO������� 

PMV 3UHGLFWHG�0HDQ�9RWH )DQJHU�������+|SSH������DQG ������
*XO\DV�et al. 2003 

PT 3HUFHLYHG�7HPSHUDWXUH� 6WDLJHU�HW�DO������ 
SET 6WDQGDUG�(IIHFWLYH�7HPSHUDWXUH� *RQ]DOH]�DQG�*DJJH�������*DJJH�et 

al. ������ 
UTCI 7KH�8QLYHUVDO�7KHUPDO�&OLPDWH�,QGH[ (KWWS���ZZZ�XWFL�RUJ���  

-HQGULW]N\�HW�DO������� 
mPET 3K\VLRORJLFDOO\�(TXLYDOHQW�7HPSHUDWXUH &KHQ�DQG�0DW]DUDNLV������ 
ENVI-
met 

(19,-PHW� 0LFURFOLPDWH� 6LPXODWLRQ�
6RIWZDUH 

%UXVH�DQG�)OHHU��������%UXVH������ 

UrbClim 8UE&OLP�0RGHO 'H�5LGGHU�HW�DO���������+RR\EHUJKV�HW�
DO������� 

 

,W�LV�HPSKDVL]HG�WKDW�LW�LV�QHFHVVDU\�WR�LQFUHDVH�VWXGLHV�RQ�PLQLPL]LQJ�WKH�

LPSDFW�RI�FOLPDWH�FKDQJH�RQ�FLWLHV�LQ�WKH�IXWXUH�DQG�JHQHUDWLQJ�VLWH-VSHFLILF�

VFHQDULRV��7KH�FRQFHSW�RI�WKH�VWXG\�LV�EDVHG�RQ�WKH�LQWURGXFWLRQ�RI�PRGHOV�

XVHG� LQ� WKH� SURGXFWLRQ� RI� FOLPDWH� FKDQJH� DQG� RXWGRRU� WKHUPDO� FRPIRUW�

XUEDQ�GHVLJQ�VFHQDULRV��DV�ZHOO�DV�FOLPDWH�PRGHOV��,Q�WKLV�FRQWH[W��WKH�3(7��

69)��(19,-PHW��DQG�8UE&OLP�VRIWZDUH�PRGHOV�FXUUHQWO\�XVHG�KDYH�EHHQ�

LQWURGXFHG��,Q�JHQHUDO��ORZ-UHVROXWLRQ�JOREDO�FOLPDWH�PRGHOV�GR�QRW�FUHDWH�

GHILQLWLYH� MXGJPHQWV� IRU�FLWLHV�� ,W� LV� VHHQ� WKDW� WKH�XVH�RI�KLJK-UHVROXWLRQ�

ORFDO�PLFUR-FOLPDWH�GDWD�DW�WKH�FLW\�VFDOH�HQDEOHV�WKH�SURGXFWLRQ�RI�PRUH�

http://www.utci.org/
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UHDOLVWLF�VWUDWHJLHV�IRU�DGDSWLQJ�WR�FOLPDWH�FKDQJH�LQ�FLWLHV��7KH�SUHGLFWHG�

XUEDQ�KHDW� LVODQG� HIIHFW� IRU� WKH� IXWXUH� GHQVLW\�� DORQJ�ZLWK�XUEDQ�GHVLJQ�

VFHQDULRV�SURSRVHG�WRGD\��ZLOO�FRQWULEXWH�WR�WKH�DZDUHQHVV�RI�SHRSOH�OLYLQJ�

LQ� WKH� FLW\� DQG� WKHLU� OLYLQJ� LQ� D� KHDOWKLHU� HQYLURQPHQW�� LQ� DGGLWLRQ� WR�

DGDSWLQJ�WR�WKH�FOLPDWH� 

3. Findings and Discussion 

6RPH� VRIWZDUH� SURJUDPV� WKDW� DUH� ZLGHO\� XVHG� WRGD\� IRU� VLPXODWLQJ�

SURSRVDO�ODQGVFDSH�GHVLJQV�SUHSDUHG�ZLWKLQ�WKH�VFRSH�RI�VSDWLDO�SODQQLQJ�

DQG�GHVLJQ�LQ�XUEDQ�DUHDV�DUH�DOVR�XVHG�E\�RXU�SURMHFW�WHDP��'HVFULSWLRQV�

UHODWHG�WR�WKHVH�DUH�JLYHQ�EHORZ� 

3.1. Up-to-Date Climate Software Models 

9DULRXV�VRIWZDUH�FDQ�EH�XVHG�WR�SUHGLFW�WKH�SUREOHPV�WKDW�DULVH�LQ�WRGD\
V�

FLWLHV��$FFRUGLQJ�WR�WKH�:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ��:02���WKHUH�

DUH� WZR� LPSRUWDQW� IDFWRUV� WKDW� DIIHFW� WKHUPDO� FRPIRUW�� LQGLYLGXDO�

FKDUDFWHULVWLFV� �KHLJKW�� ZHLJKW�� DJH�� JHQGHU�� FORWKLQJ�� HWF��� DQG�

HQYLURQPHQWDO�IDFWRUV��7KH�HQYLURQPHQWDO�IDFWRUV�LQFOXGH�WKH�DWPRVSKHUH�

�SUHFLSLWDWLRQ�� WHPSHUDWXUH�� KXPLGLW\�� ZLQG�� HWF���� UDGLDWLRQ�� DQG� DLU�

SROOXWLRQ��7KH�WKHUPDO�FRPIRUW�VRIWZDUH�XVHG�WRGD\�LV�HYDOXDWHG�LQ�D�JURXS�

RI� FRPSOH[� LQGLFHV�� 7KH� FXUUHQW� VRIWZDUH� XVHG� LQ� VLPXODWLRQV� DLPHG� DW�

GHWHUPLQLQJ� RU� LPSURYLQJ� WKHUPDO� FRPIRUW� ]RQHV� LQ� GLIIHUHQW� ODQGVFDSH�

GHVLJQV�LV�OLVWHG�EHORZ� 

3.2. The RayMan Pro Model 

$OWKRXJK� WKHUH� DUH� QXPHURXV� VRIWZDUH�PRGHOV� XVHG� LQ� WKHUPDO� FRPIRUW�

VWXGLHV��WKH�5D\0DQ�SUR�����PRGHO�LV�WKH�PRVW�FRPPRQO\�XVHG�LQ�XUEDQ�

GHVLJQ� VWXGLHV� �3RWFKWHU� HW� DO��� ������� 7KHVH� GHYHORSHG� PRGHOV� DUH�



 
 

244 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-9  

FODVVLILHG�DV�VLPSOH�DQG�FRPSOH[�LQGLFHV�DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�

RI� FOLPDWH-HQYLURQPHQWDO� SDUDPHWHUV�� :KLOH� RQO\� WKH� WHPSHUDWXUH� DQG�

KXPLGLW\� RI� WKH� HQYLURQPHQW� DUH� XVHG� LQ� VLPSOH� LQGLFHV��PRUH� GHWDLOHG�

IHDWXUHV�VXFK�DV�WKH�LQGLYLGXDO
V�SK\VLFDO�FKDUDFWHULVWLFV��WKH�WRSRJUDSK\�RI�

WKH�DUHD��EXLOGLQJ�KHLJKWV��VWUHHW�ZLGWKV��VWUHHW�WUHH�SODQWLQJ��WUHH�VSHFLHV��

HWF��FDQ�EH�XVHG�LQ�FRPSOH[�LQGLFHV��0XWOX�HW�DO���������,UPDN�HW�DO���������

<LOPD]� HW� DO��� ����D�� ����E�� <LOPD]� HW� DO��� ����F��� � 7KH� VWDQGDUGV�

GHWHUPLQHG�EDVHG�RQ�WKH�FKDUDFWHULVWLFV�RI�DQ�LQGLYLGXDO�ZKR�LV����\HDUV�

ROG�������PHWHUV�WDOO��DQG�ZHLJKV����NLORJUDPV�ZLWK�D�MDFNHW�DUH�HQWHUHG�DV�

IL[HG� FRHIILFLHQWV� DFFRUGLQJ� WR� (XURSHDQ� VWDQGDUGV�� 7KH� KRXUO\�

WHPSHUDWXUH���&���KXPLGLW\������ZLQG��P�V���FORXGLQHVV��RFWDV���RU�VRODU�

UDGLDWLRQ� SDUDPHWHUV� DUH� XVHG� WR� GHWHUPLQH� WKH� WKHUPDO� FRPIRUW� RI� WKH�

woUNLQJ� HQYLURQPHQW� �0DW]DUDNLV� HW� DO��� ������ )U|KOLFK� HW� DO��� ������

-DYDQURRGL�	 1LN���������+RXUO\�GDWD�LV�XVHG�WR�HYDOXDWH�WKH�FRPIRUW�RI�

WKH�ZRUNLQJ�DUHD�E\�PRQWKV��\HDUV��RU�GD\�DQG�QLJKW��7KH�YDOXH�REWDLQHG�

DV� D� UHVXOW� RI� WKHVH� FDOFXODWLRQV� LV� WKH� 3K\VLRORJLFDOO\� (TXLYDOHQW�

7HPSHUDWXUH��3(7���ZKLFK�LV�H[SUHVVHG�DV�WKH�3K\VLRORJLFDOO\�(TXLYDOHQW�

7HPSHUDWXUH� �3(7�� YDOXH��7KH� XVHU� LQWHUIDFH� RI� WKH�PRGHO� XVHG� LQ� WKLV�

VRIWZDUH�DQG�WKH�UDQJH�RI�WKHUPDO�FRPIRUW�YDOXHV�XVHG�DUH�JLYHQ�LQ�7DEOH�

��DQG�)LJXUH����)LJXUH���� 

7KH�GDWD�LQ�7DEOH���SUHSDUHG�IRU�(XURSH�LV�XVHG�LQ�WKH�HYDOXDWLRQ�RI�3(7�

DQDO\VHV�� $FFRUGLQJ� WR� WKH� PHDVXUHPHQWV� PDGH� LQ� (XURSH�� WKH� PRVW�

VXLWDEOH�YDOXHV� IRU� WKHUPDO�FRPIRUW�DUH�VHHQ�DV�����-������&��+RZHYHU��

WKHVH�YDOXHV�YDU\�IRU�GLIIHUHQW�FOLPDWLF�UHJLRQV��)RU�WKLV�SXUSRVH��ZRUN�RQ�

WKH� WKHUPDO� FRPIRUW� YDOXH� UDQJH� WDEOH� LV� RQJRLQJ�ZLWKLQ� WKH� VFRSH�RI� D�
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78%,7$.�SURMHFW� IRU�FROG�FOLPDWH� UHJLRQV�VXFK�DV�(U]XUXP��7R�REWDLQ�

WKLV�WDEOH��DW�OHDVW�����VXUYH\V�ZHUH�FRQGXFWHG�HYHU\�PRQWK�IRU�RQH�\HDU��

DQG�PHDVXUHPHQWV�DQG�VXUYH\V�ZHUH�FRQGXFWHG�VLPXOWDQHRXVO\�ZLWK�WKH�

GHYLFH�DQG�JOREDO�WKHUPRPHWHU�VKRZQ�LQ�)LJXUH����,Q�WKHVH�VXUYH\V��WKH�

LQGLYLGXDO
V� DJH�� JHQGHU�� DFWLYLW\�� FORWKLQJ�� HWF�� FKDUDFWHULVWLFV� DUH� DOVR�

SURFHVVHG� LQ� GHWDLO�� 7KHVH� VXUYH\V� ZHUH� UHJXODUO\� FRQGXFWHG� E\� VWDU�

WUDLQHHV�LQ�(U]XUXP�IRU�WKH�\HDU������ 

Table 2. 7KHUPDO�VWUHVV�FDWHJRULHV�RI�WKH�3(7�LQGH[��0DW]DUDNLV�	�
0D\HU������� 

PET (°C) Thermal perception Grade of physiological 
stress 

< 4.0 9HU\�FROG ([WUHPH�FROG�VWUHVV 
4.1 – 8.0 &ROG 6WURQJ�FROG�VWUHVV 
8.1 – 13.0 &RRO 0RGHUDWH�FROG�VWUHVV 
13.1 – 18.0 6OLJKWO\�FRRO 6OLJKW�FROG�VWUHVV 
18.1 – 23.0 &RPIRUWDEOH 1R�WKHUPDO�VWUHVV 
23.1 – 29.0 6OLJKWO\�ZDUP 6OLJKW�KHDW�VWUHVV 
29.1 – 35.0 :DUP 0RGHUDWH�KHDW�VWUHVV 
35.1 – 41.0 +RW 6WURQJ�KHDW�VWUHVV 
> 41.0 9HU\�KRW ([WUHPH�KHDW�VWUHVV 
 

 

 

 

Figure 1. 5D\0DQ�SUR 2.1 VRIWZDUH�PRGHO�LQWHUIDFH�LPDJHV��0DW]DUDNLV�

HW�DO��������� 
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Figure 2. ,PDJH�RI�3(7�DQDO\VLV��<LOPD]�HW�DO�������D�� 

 

 
Figure 3. 6XUYH\�DSSOLFDWLRQ�RI�6WDU�VFKRODUV�ZLWK�D�JOREDO�WKHUPRPHWHU� 
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0LFUR-FOLPDWLF� PHDVXUHPHQWV� FRQGXFWHG� LQ� UHVLGHQWLDO� VWUXFWXUHV� ZLWK�

GLIIHUHQW�XVDJH�FKDUDFWHULVWLFV�ORFDWHG�LQ�XUEDQ�DUHDV�DUH�XVHG�WR�FDOFXODWH�

WKHUPDO� FRPIRUW�� ,Q� D� VWXG\� FRQGXFWHG� LQ� (U]XUXP�&LW\ �%XOJDQ HW� DO���

������� LW�ZDV� VWDWHG� WKDW� WKHUPDO� FRPIRUW� LV� EHWWHU� LQ� DUHDV�ZLWK� D� KLJK�

SHUFHQWDJH� RI� JUHHQHU\�� ZKLOH� LQ� DUHDV� ZLWK� RSHQ� DQG� LPSHUPHDEOH�

VXUIDFHV��HVSHFLDOO\�GXULQJ�VXPPHU�PRQWKV��WKHUH�LV�D�KLJK�OHYHO�RI�KHDW�

VWUHVV��)LJXUH���� 

3.3. Sky View Factor (SVF) 

7KLV�LV�DQ�DQDO\VLV�FRQGXFWHG�XVLQJ�WKH�5D\0DQ�3UR�PRGHO��7KH�DOJRULWKP��

ZKLFK� LV� XVHG�ZLWK� D� ILVKH\H� OHQV� DWWDFKHG� WR� D� FDPHUD�� WDNHV� GLIIHUHQW�

VFUHHQ� VKRWV� DW� HDFK� ORFDWLRQ� �)LJXUH� ����**2-69)� LV� D� SDUDPHWHU� WKDW�

UHSUHVHQWV�KRZ�PXFK�VRODU�UDGLDWLRQ�DIIHFWV�D�ORFDWLRQ��GHSHQGLQJ�RQ�WKH�

VHWWOHPHQW�JHRPHWU\� 

 
Figure 4. 7KHUPDO�FRPIRUW�3(7�DQDO\]HV�LQ�XUEDQ�VSDFH 

�%XOJDQ�HW�DO��������. 

69)� LV� GHILQHG� DV� WKH� IUDFWLRQ� RI� YLVLEOH� VN\� LQ� D� KHPLVSKHUH� DQG� LV�

H[SUHVVHG� DV� D� YDOXH� EHWZHHQ� �� DQG� ��� $V� WKLV� YDOXH� DSSURDFKHV� ��� LW�

LQGLFDWHV�WKDW�WKH�VN\�LV�PRUH�YLVLEOH��ZKLOH�DV�LW�DSSURDFKHV����WKH�YLVLELOLW\�
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RI�WKH�VN\�GHFUHDVHV��$OJHFLUDV�HW�DO���������/L�HW�DO����������6XUIDFH�SRLQWV�

ZLWK�KLJKHU�69)�KDYH�OHVV�REVWUXFWLRQ�WR�DEVRUE�VRODU�HQHUJ\��2NH���������

,QFUHDVLQJ�WKH�KHLJKW�RI�EXLOGLQJV�LQ�XUEDQ�FDQ\RQV�UHGXFHV�69)�RQ�WKH�

FDQ\RQ� VXUIDFH� �/ySH]� HW� DO��� ������� $GGLWLRQDOO\�� WKHUH� LV� D� VWURQJ�

FRUUHODWLRQ�EHWZHHQ�EXLOGLQJ�GHQVLW\�DQG�69)��&KDW]LSRXOND�HW�DO��������� 

69)�FDQ�LQGLFDWH�WKH�JHRPHWULF�FRPSOH[LW\�RI�D�FLW\��DOORZLQJ�WKH�LPSDFW�

RI�VWUHHW�JHRPHWU\�RQ� WHPSHUDWXUH�DQG�SHGHVWULDQ� WKHUPDO�FRPIRUW� WR�EH�

VWXGLHG�XVLQJ�WKLV�IDFWRU��.U�JHU�HW�DO���������6DUL�HW�DO����������$�VWXG\�

FRQGXFWHG�LQ�WKH�KXPLG�FOLPDWH�RI�%HLMLQJ�VKRZHG�WKDW�KLJKO\�VKDGHG�DUHDV�

�69)�������ZHUH�H[SRVHG�WR�OHVV�KHDW�LQ�VXPPHU�DQG�VHYHUH�FROG�LQ�ZLQWHU��

ZKLOH�PRGHUDWHO\� VKDGHG� DUHDV� ����� �69)� ������ KDG� ORQJHU� SHULRGV� RI�

RXWGRRU�WKHUPDO�FRPIRUW�WKURXJKRXW�WKH�\HDU��+H�HW�DO����������+RZHYHU��

.DUDNRXQRV�HW�DO���������VWDWHG�WKDW�WKH�UHVXOWV�RI�VXFK�VWXGLHV�FDQQRW�EH�

JHQHUDOL]HG� DQG� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� 69)� DQG� PLFUR-FOLPDWLF�

SDUDPHWHUV� DQG� WKHUPDO� FRPIRUW� QHHGV� WR� EH LQYHVWLJDWHG� VHSDUDWHO\� IRU�

HDFK�FDVH��8UEDQ�JHRPHWU\�RU�FDQ\RQ�LV�RQH�RI�WKH�LPSRUWDQW�IDFWRUV�WKDW�

DIIHFW�WKH�PLFURFOLPDWH�RI�XUEDQ�VWUHHWV��,Q�XUEDQ�FOLPDWH�UHVHDUFK��69)��

ZKLFK�LV�WKH�DSSURDFK�RI��'�XUEDQ�JHRPHWU\��LV�ZLGHO\�XVHG�WR�HYDOXDWH�

WKH�8+,�DQG�ORQJ-ZDYH�UDGLDWLRQ�KHDW�ORVV�LQ�QLJKW�FLWLHV��%UDQGVPD�DQG�

:ROWHUV��������2NH��������8QJHU��������/HH�HW�DO���������<LOPD]�HW�DO���

����F���7KH�69)�LV�DQ�HIIHFWLYH�V\QWKHWLF�SDUDPHWHU�RQ�RXWGRRU�WKHUPDO�

FRPIRUW� WKDW� VXPPDUL]HV� WKH� GLUHFW� DQG� UHIOHFWHG� VKRUW� DQG� ORQJ� ZDYH�

UDGLDWLRQ�IORZV�WKDW�WKH�KXPDQV¶�ERGLHV�DUH�H[SRVHG�WR��-RKDQVVRQ�HW�DO���

������<LOPD]�HW�DO�������F�� 
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Figure 5. ,PDJH�ZDV�DQDO\]HG�ZLWK�D�ILVKH\H�OHQV�DQG�WKH�5D\0DQ�SUR.  

3.4. The ENVI-met Software 

7KH�(19,-PHW�FRPSXWHU�PRGHO�LV�XVHG�WR�JHQHUDWH�SRVVLEOH�VFHQDULRV�IRU�

EHWWHU� SODQQLQJ� RI� XUEDQ� VSDFHV� LQ� WHUPV� RI� FOLPDWH-IRFXVHG� WKHUPDO�

FRPIRUW��7KLV�PRGHO��GHYHORSHG�E\�%UXVH�DQG�)OHHU���������DOORZV�FOLPDWH�

GDWD�WR�EH�XVHG�LQ�SODQQLQJ��IURP�UHJLRQDO�SODQQLQJ�WR�XUEDQ�SODQQLQJ��DQG�

HYHQ�IRU�DOWHUQDWLYH�GHVLJQV�LQ�D�KRPH�JDUGHQ��WR�SURGXFH�VLPXODWLRQV�LQ�

WHUPV�RI�WKHUPDO�FRPIRUW��,Q�XUEDQ�SODQQLQJ��VLPXODWLRQV�FDQ�EH�FRQGXFWHG�

RQ� YDULRXV� VFHQDULRV� E\� FKDQJLQJ� WKH� SRVLWLRQLQJ� RI� EXLOGLQJV�� SODQW�

VSHFLHV��VWUHHW�RULHQWDWLRQV��EXLOGLQJ�KHLJKWV��URRI�JDUGHQV��RU�JURXQG�FRYHU�

PDWHULDOV��%\�XVLQJ�PXOWL-\HDU�RU�DW�OHDVW���-KRXU�FOLPDWH�GDWD��WKH�PLFUR-

FOLPDWLF�VLWXDWLRQ�RI�WKH�VSDFH�FDQ�EH�DQDO\]HG��7KHUPDO�FRPIRUW�PDSV�DUH�

FRPPRQO\�XVHG�LQ�FRQMXQFWLRQ�ZLWK�FOLPDWH�GDWD�VXFK�DV�69)�DQG�3(7�WR�

DQDO\]H� VXLWDEOH� WKHUPDO� FRPIRUW� ]RQHV� �%UXVH, ������� 7KH� (19,-PHW�

PRGHO� KDV� DOVR� EHHQ� XVHG� WR� IRFXV� RQ� LPSURYLQJ� SHGHVWULDQ� WKHUPDO�

FRPIRUW�LQ�XUEDQ�VSDFHV�WKURXJK�YDULRXV�VFHQDULRV��0LGGHO�HW�DO����������
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,Q�D�VWXG\�FRQGXFWHG�LQ�.RONDWD��,QGLD��LW�ZDV�GHWHUPLQHG�WKDW�WKH�WKUHH-

IROG�LQFUHDVH�LQ�XUEDQL]DWLRQ�DUHDV�LQ�WKH�ODVW�WZHQW\�\HDUV�KDG�LQFUHDVHG�

VXUIDFH�WHPSHUDWXUH�E\������0&��ZKLOH�JUHHQ�DUHDV�DQG�SHUPHDEOH�VXUIDFHV�

KDG�VLJQLILFDQWO\�GHFUHDVHG��1LPLVK�HW�DO��������� 

'XULQJ�WKH�GHPR�XVDJH�RI�WKH�SURJUDP��RQO\�OLPLWHG�GDWD�FDQ�EH�HQWHUHG�

LQWR� WKH� V\VWHP�� ZKHUHDV� ZKHQ� WKH� SURJUDP� LV� SXUFKDVHG�� GDWD� FDQ� EH�

HQWHUHG� DW� WKH� QHLJKERUKRRG� VFDOH� DQG� YDULRXV� GHVLJQ� VFHQDULRV� FDQ� EH�

JHQHUDWHG��:LWKLQ�WKLV�FRQWH[W��WKH�(19,-PHW�%LR� 6FLHQFH�VRIWZDUH�ZDV�

SXUFKDVHG�WKURXJK�78%,7$.������SURMHFW��'LIIHUHQW�GHVLJQ�VFHQDULRV�IRU�

XUEDQ� VSDFHV� FDQ� EH� DQDO\]HG� XVLQJ� PLFURFOLPDWH� GDWD� 7KXV�� GHVLJQ�

PRGHOV�IRU�GLIIHUHQW�WUHH�VSHFLHV��VWUHHW�FDQ\RQ�FKDUDFWHULVWLFV��LPSHUYLRXV�

VXUIDFH�UDWLRV�DSSOLHG�LQ�XUEDQ�SDUNV��HWF��DUH�PRGHOHG�DQG�DQDO\]HG�XVLQJ�

WKLV�VRIWZDUH��DQG�WKHUPDO�FRPIRUW�FDOFXODWLRQV�FDQ�EH�PDGH��<LOPD]�HW�DO���

����E��'XUVXQ�HW�DO�������� <LOPD]�HW�DO�������F� <�FHND\D�HW�DO���������

7KH�YLVXDOV�RI�VRPH�VWXGLHV�FRQGXFWHG�IRU�WKLV�SXUSRVH�DUH�JLYHQ�LQ�)LJXUH�

6. 

3.5. The UrbClim Model 

7KH�PRVW� XS-to-GDWH� XUEDQ�PLFURFOLPDWH�PRGHO� XVHG� WR� FUHDWH� IRUZDUG-

ORRNLQJ� XUEDQ� FOLPDWH� SURMHFWLRQV� KDV� EHHQ� FRQILUPHG� WR� FRPSO\� ZLWK�

LQWHUQDWLRQDO�VFLHQWLILF�VWDQGDUGV��7KH�8UE&OLP�PRGHO��GHVLJQHG�E\�9,7O 

LQ�������KDV�EHHQ�DSSOLHG�LQ�PDQ\�FLWLHV�LQ�(XURSH�WR�PRGHO�WKH�XUEDQ�KHDW�

LVODQG�HIIHFW�ZLWK�D�VSDWLDO�UHVROXWLRQ�RI�D�IHZ�KXQGUHG�PHWHUV��SUHGLFW�WKH�

IXWXUH��DQG�HVWLPDWH�WKH�FRPELQHG�HIIHFWV�RI�FRQWLQXRXV�XUEDQL]DWLRQ��7KH�

PRGHO�ZDV�ILUVW�WHVWHG�IRU�D VKRUW�SHULRG�RI�WLPH�LQ�WKH�FLWLHV�RI�7RORXVH�

DQG�*KHQW� �'H�5LGGHU�� ������+RR\EHUJKV� HW� DO��� �������$V� SDUW� RI� WKH�
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5DPVHV� SURMHFW�� WKLV� PHWKRG� ZDV� VHHQ� DV� WKH� PRVW� VXLWDEOH� PRGHO� IRU�

PDNLQJ�XUEDQ-VFDOH�FOLPDWH�SUHGLFWLRQV� IRU� WKH�FXUUHQW� �����-������DQG�

fXWXUH� �����-������ SHULRGV� XVLQJ� XUEDQ� PHWHRURORJLFDO� GDWD� DQG� ODQG�

SDUDPHWHUV�ZLWK�D�UHVROXWLRQ�RI�����PHWHUV��$FFRUGLQJ�WR�VRPH�UHVHDUFK�

UHVXOWV�REWDLQHG�XVLQJ�WKLV�PHWKRG��WKH�WHPSHUDWXUH�GLIIHUHQFHV�LQ�FLWLHV�LQ�

WKH�IXWXUH�DUH�GHWHUPLQHG�WR�EH�DV�IROORZV��������&�LQ�*HUPDQ\��������&�LQ�

$QWZHUS��������&�LQ�%HUOLQ��������&�LQ�%LOEDR�������&�LQ�/RQGRQ�������&�

LQ�1HZ�<RUN�� DQG������&� LQ�5LR� DQG�6NRSMH� �/DXZHW� HW� DO��� �������%\�

DGGLQJ�YHJHWDWLRQ�WR�WKH�PRGHO��UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�WKH�LPSDFW�

RI�XUEDQ KHDW�LVODQGV�DQG�WKH�HIIHFWV�RI�FOLPDWH�FKDQJH�RQ�DLU�TXDOLW\�LQ�WKH�

IXWXUH��$FFRUGLQJ�WR�WKH�UHVXOWV��LW�ZDV�FRQFOXGHG�WKDW�KDYLQJ�ODUJH�SDUNV�

LQ� XUEDQ� FHQWHUV�� UDWKHU� WKDQ� VPDOO� SDUNV�� KDV� D�PRUH�SRVLWLYH� HIIHFW� RQ�

XUEDQ�FRROLQJ�DQG�DLU�TXDOLW\��+RR\EHUJKV�HW�DO���������/REDFFDUR�HW�DO���

������� ,Q�D�VWXG\�DLPHG�DW�HYDOXDWLQJ� WKH�HIIHFWV�RI�QDWXUH�GHYHORSPHQW�

SURMHFWV�RQ�XUEDQ�KHDW�LVODQG��WKH�SRWHQWLDO�RI�YHJHWDWLRQ�LQ�WKH�IXWXUH�ZDV�

WHVWHG� IRU�$QWZHUS�FLW\�XVLQJ�8UE&OLP�VLPXODWLRQV��7KH� UHVHDUFK� IRXQG�

tKDW�DGGLWLRQDO�JUHHQHU\�ZRXOG�KDYH�D�SRVLWLYH�HFRORJLFDO�LPSDFW��=XOLDQ�

HW� DO��� �������&RQVLGHULQJ� WKDW� FOLPDWH� FKDQJH�FDQ�EH� UHGXFHG�E\�XUEDQ�

DGDSWDWLRQ��WHPSHUDWXUH�DQG�XUEDQ�KHDW�LVODQG�GHQVLW\�HVWLPDWHV�ZHUH�PDGH�

IRU� 6NRSMH� FLW\� XVLQJ� WKH� 8UE&OLP�PRGHO�� DQG� WKH� UHVXOWV� VKRZHG� WKDW�

PRUWDOLW\�UDWHV�FRXOG�LQFUHDVH�GHSHQGLQJ�RQ�WKH�GHQVLW\�RI�WKH�KHDW�LVODQG�

�0DUWLQH]� HW� DO��� ������� ,Q� D� VWXG\�RQ� WKH� HYDOXDWLRQ�RI� WKH� FXUUHQW� DQG�

IXWXUH�XUEDQ�KHDW�LVODQG�RI�%UXVVHOV�XVLQJ�WKH�8UE&OLP�PRGHO��LW�ZDV�IRXQG�

WKDW�WKH�WHPSHUDWXUH�ZRXOG�LQFUHDVH�E\�����&�DQG�WKH�QXPEHU�RI�KHDW�ZDYH�

GD\V�LQ�XUEDQ�DUHDV�ZRXOG�EH��-��WLPHV�KLJKHU�WKDQ�LQ�UXUDO�DUHDV� 
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Figure 6. (19,-PHW�VSDWLDO�DQDO\VLV�VFHQDULRV�D��0XWOX HW�DO��������E��

<LOPD]�HW�DO�������D��F��<DYDú�	 <ÕOPD]�������G��<LOPD]�HW�DO�������E��

H��<LOPD]�HW�DO�������� 

7KH� ILQGLQJV� HPSKDVL]H� WKH� QHHG� WR� IRFXV� RQ� WKH� NH\� SRLQWV� RI� XUEDQ�

FOLPDWH�WR�GHVLJQ�FOLPDWH�VWUDWHJLHV�LQ�XUEDQ�DUHDV��/DXZDHW�HW�DO����������

)RU�WKH�WHPSHUDWXUH�DQDO\VLV��WKH�PRGHO�ZDV�YDOLGDWHG�ZLWK�REVHUYDWLRQDO�

GDWD� DQG� UXQ� LQ� WKUHH� FLWLHV� LQ� %HOJLXP� WR� DVVHVV� WKH� UREXVWQHVV� RI� WKH�

DQDO\VLV�� 7KH� UHVXOWV� VKRZHG� WKDW� WHPSHUDWXUH-WLPH� SURILOHV� ZHUH�

VLJQLILFDQW�IRU�DOO�EXLOW-XS�DUHDV�LQ�WKH�XUEDQ�HQYLURQPHQW�UHJDUGOHVV�RI�WKH�

FHQWHU��9HUGRQFN�HW�DO��������� 

6FHQDULR� DQDO\VLV� IRU� FOLPDWH� FKDQJH� IRU� WKH� \HDUV� ����-����� LV� EHLQJ�

FRQGXFWHG� IRU� WKH� FLW\� RI� (U]XUXP� ZLWKLQ� WKH� VFRSH� RI� WKH� FXUUHQW�

78%,7$.������SURMHFW��7KH�8UE&OLP�VRIWZDUH�PRGHO� LV�EHLQJ�XVHG� WR�

GHWHUPLQH�IXWXUH�FOLPDWH�FKDQJH��7KLV�VRIWZDUH�ZDV�SXUFKDVHG�IURP�9,72�
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FRPSDQ\�XQGHU�WKH�78%,7$.������SURMHFW�ZLWK�WKH�QXPEHU�����2������

7R�UXQ�WKH�PRGHO��WKH�LQSXW�UHJLRQ�DQG�PHWHRURORJLFDO�1HW&') ILOHV�PXVW�

EH�SUHSDUHG�WR�VWDUW�WKH�8UE&OLP�VLPXODWLRQ��2QO\�D�FRPSLOHG�PRGHO�LQ�DQ�

H[HFXWDEOH� ILOH� DQG� D� FRQILJXUDWLRQ� WH[W� ILOH�ZLWK� WKH�PRGHO
V� RSHUDWLQJ�

FKDUDFWHULVWLFV��LQSXW�DQG�RXWSXW�ILOH�QDPHV��DQG�RXWSXW�YDULDEOHV�VHW�QHHG�

WR�EH�SURYLGHG��7KH�UDZ�RXWSXW�GDWD�RI�8UE&OLP�FDQ�EH�SURFHVVHG�XVLQJ�DQ�

RIIOLQH�SRVW-SURFHVVLQJ�WRRO�ZULWWHQ�LQ�WKH�0DWODE�ODQJXDJH��ZKLFK�KDV�D�

JUDSKLFDO�XVHU�LQWHUIDFH��7KH�LQWHUIDFH�LV�DYDLODEOH�IRU�ERWK�:LQGRZV�DQG�

/LQX[�� 7KH� RXWSXW� 1HW&') ILOHV� DUH� WUDQVIRUPHG� LQWR� VRPH� SUHGHILQHG�

SDUDPHWHUV�UHODWHG�WR�KRXUO\�WHPSHUDWXUHV�DQG�WKH�HQWLUH�VLPXODWLRQ�SHULRG�

�PHDQ� WHPSHUDWXUH�� WURSLFDO�GD\V�DQG�QLJKWV�� KHDWZDYH�GD\V�� FROG�GD\V��

HWF����7KH�UHVXOWV�DUH�SURYLGHG�LQ�31*��*HR7,))��RU�.0=�IRUPDW��/DXZDHW�

HW�DO����������7KLV�PRGHO�ZRUNV�ZLWK�D�ZRUNVWDWLRQ�DQG�D�/LQX[�RSHUDWRU� 

7KH�8UE&OLP�0RGHO�LV�D�PRGHO�GHVLJQHG�WR�VLPXODWH�DQG�DQDO\]H�XUEDQ�

FOLPDWH�FKDQJH�DW�D�VSDWLDO�UHVROXWLRQ�RI�D�IHZ�KXQGUHG�PHWHUV��7R�UXQ�WKH�

PRGHO�� FOLPDWH� GDWD� PXVW� EH� REWDLQHG� DQG� SURFHVVHG� LQWR� VRIWZDUH�

SURJUDPV��8UE&OLP�LV�DQ XUEDQ�ERXQGDU\�OD\HU�FOLPDWH�PRGHO�GHVLJQHG�WR�

FRYHU�DJJORPHUDWLRQ�VFDOH�DUHDV�ZLWK�D�KLJK�VSDWLDO�UHVROXWLRQ�RI�XS�WR�����

PHWHUV��'H�5LGGHU�HW�DO���������/DXZDHW�HW�DO����������7KH�PRGHO�FRQVLVWV�

RI� D� WKUHH-GLPHQVLRQDO� DWPRVSKHULF� ERXQGDU\� OD\HU� PRGXOH� DQG� D�

VLPSOLILHG�ODQG�VXUIDFH�VFKHPH�WKDW� LQFOXGHV�XUEDQ�SK\VLFV��,QIRUPDWLRQ�

RQ�VHWWLQJ�XS�DQG�UXQQLQJ�WKH�PRGHO�LV�VKRZQ�LQ�)LJXUH����ZKLFK�LOOXVWUDWHV�

WKH�ZRUNIORZ�IRU�FRQGXFWLQJ�PRGHO�VLPXODWLRQV��7KH�PRGHO�RSHUDWHV�ZLWK�

WZR� W\SHV� RI� LQSXW� GDWD�� ILUVW�� ODQG� GDWD� ��'� PDSV��� DQG� VHFRQG��

PHWHRURORJLFDO�GDWD���'�YHUWLFDO�SURILOHV���,W�FDQ�EH�UXQ�RQ�D�8QL[-EDVHG�
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FRPSXWHU�V\VWHP��7KH�8UE&OLP�PRGHO�FDQ�WKHQ�JHQHUDWH�KRXUO\�PDSV�RI�

DWPRVSKHULF�DQG�VSDWLDO�VXUIDFH�YDULDEOHV��7KH�PRGHO�JUDSK�IRU�SURFHVVLQJ�

ODQG�GDWD�LV�FUHDWHG�LQ�0DWODE�RU�,'/��DQG�FRRUGLQDWH�WUDQVIRUPDWLRQV�DUH�

SURFHVVHG� ZLWK� WKH� RSHQ-VRXUFH� *HRVSDWLDO� 'DWD� $EVWUDFWLRQ� /LEUDU\�

�*'$/�� ����[������ *ULG� GLYLVLRQ� ZDV� GHWHUPLQHG� E\� WKH� RUJDQL]DWLRQ�

SURGXFLQJ�WKH�PRGHO�DV�WKH�LGHDO�VFDOH��,Q�WKH�VHFRQG�VWHS��VDWHOOLWH�LPDJHU\�

foU�GLIIHUHQW�YDULDEOHV�LV�SURMHFWHG�RQWR�WKH�GHILQHG�8UE&OLP�JULG��)RU�LQSXW�

RI�PHWHRURORJLFDO�GDWD��D�1HW&')�ILOH�LV�JHQHUDWHG�LQGHSHQGHQWO\�ZLWK�D�

0$7/$%� SURJUDP� RU� ,'/� FRGH� LQ� 9,72�� 7KLV� FRGH� HVVHQWLDOO\�

LQWHUSRODWHV�GDWD�IURP�D�ODUJH-VFDOH�PHWHRURORJLFDO�PDVWHU�PRGHO��RIWHQ�WKH�

(&0:)�(5$�WRRO��EXW�LW�FRXOG�EH�DQ\�PHWHRURORJLFDO�RU�FOLPDWH�PRGHO�

WKDW� FDQ� SURYLGH� WKLV� GDWD� WHPSRUDULO\� RU� SHUPDQHQWO\� �/DXZDHW� HW� DO���

2017). 

 
Figure 7. $��:RUNIORZ�&KDUW�RI�8UE&OLP�0RGHO��/DXZDHW�HW�DO., 2017) 

DQG�%��6DPSOH�DQDO\VLV�ZLWK�8UE&OLP�IRU�WKH�FLW\�RI�$QWZHUS��'H�5LGGHU�

HW�DO�������- GLUN�ODXZDHW#YLWR�EH� NRHQ�GHULGGHU#YLWR�EH) 

mailto:koen.deridder@vito.be
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8UEDQ� SODQQLQJ� DQG� GHVLJQ� FDQ� SUHYHQW� SUREOHPV� WKDW� PD\� DULVH� E\�

FRQVLGHULQJ�QDWXUDO�HOHPHQWV� LQ�XUEDQ�VSDFHV� WKURXJK�VFHQDULR�DQDO\VHV��

$V�SDUW�RI�WKH�78%,7$.�SURMHFW��WKH�VRIWZDUH��7KH�8UE&OLP�0RGHO��ZDV�

SXUFKDVHG�IURP�%HOJLXP�DQG�LPSOHPHQWHG��&OLPDWH�FKDQJH�VFHQDULRV�DUH�

EHLQJ�GHWHUPLQHG� IRU� WKH�\HDUV�����-����� IRU� WKH�FLW\�RI�(U]XUXP��7KH�

IROORZLQJ�LPDJH�LV�WDNHQ�IURP�WKH�RQJRLQJ�DQDO\VLV��)LJXUH���� 

 
Figure 8. 2050-�����8UE&OLP�PRGHO�IRU�(U]XUXP�FLW\��<LOPD]�HW�DO�, 

2023). 

,Q� ����� DQG� ������ ZRUNVKRSV� ZHUH� RUJDQL]HG� ZLWK� 3URI�� 'U�� $QGUHDV�

0DW]DUDNLV��)UHLEXUJ�8QLYHUVLW\��*HUPDQ\��RQ�WKH�XVH�RI�FXUUHQW�FOLPDWH�

PRGHOV��)LJXUH�����,Q�DQRWKHU�ZRUNVKRS�RUJDQL]HG�DV�SDUW�RI�WKH�SURMHFW��

3URIHVVRU�=HUULQ�<ÕOPD]�IURP�,VWDQEXO�7HFKQLFDO�8QLYHUVLW\
V�)DFXOW\�RI�

$UFKLWHFWXUH�DQG�3URIHVVRU�)DWLK�7HU]L�IURP�WKH�'HSDUWPHQW�RI�8UEDQ�DQG�

5HJLRQDO� 3ODQQLQJ�� DOVR� IURP� WKH� VDPH� IDFXOW\�� FRQWULEXWHG� WKHLU�

NQRZOHGJH�DQG�H[SHULHQFH��)LJXUH���� 
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Figure 9. 7KH�ZRUNVKRSV�KHOG�ZLWKLQ�WKH�VFRSH�RI�WKH�SURMHFWV.  

$�ZRUNVKRS�ZDV� RUJDQL]HG� LQ� $SULO� ����� IRU� VRIWZDUH� GHYHORSHUV� DQG�

XVHUV�FXUUHQWO\�XVHG�LQ�DFDGHPLF�UHVHDUFK��7KH�YLVXDO�RI�WKH�ZRUNVKRS�DQG�

SURJUDP� LV� JLYHQ� LQ� )LJXUH� ���� 'XH� WR� WKH� &RYLG� ��� SDQGHPLF� WKH�

ZRUNVKRS�ZDV�KHOG�RQOLQH�YLD�=RRP��7KH�VFUHHQ�YLVXDO�RI�WKLV�ZRUNVKRS�

LV� JLYHQ� LQ� )LJXUH� ���� ,Q� XUEDQ� DUHDV�� FRPSXWHU� VRIWZDUH� SURJUDPV�

GHYHORSHG�XVLQJ�UHVRXUFHV�VXFK�DV�FOLPDWH��PLFURFOLPDWH��WRSRJUDSK\��DQG�
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PHWHRURORJLFDO� GDWD� KDYH� FRQWULEXWHG� WR� VSDWLDO� SODQQLQJ� DQG� GHVLJQ�

SURMHFWV� DORQJVLGH� SURMHFW� WHDPV�� 3URI�� 'U�� $QGUHDV� 0DW]DUDNLV�� WKH�

GHYHORSHU�RI�5D\0DQ�3UR�VRIWZDUH��3URI��'U��0LFKDHO�%UXVH��GHYHORSHU�RI�

(19,-PHW� VRIWZDUH�� DQG� 'U�� )LOLS� /HIHEUH�� GHYHORSHU� RI� 8UE&OLP�

VRIWZDUH�� LQWURGXFHG� WKHVH�PRGHOV��3URI��'U��5RKLQWRQ�(PPDQXHO��3URI��

'U�� $GHE� 4DLG� $KPHG�� 3URI�� 'U�� $QGUH� 6DQWRV� 1RXUL�� DQG� 3URI�� 'U��

)UDQFHVFD�2OLYLHUL��ZKR�XVH�WKHVH�PRGHOV�LQ�WKHLU�DFDGHPLF�VWXGLHV��JDYH�

SUHVHQWDWLRQV�DERXW�WKHLU�UHVHDUFK� 

 
Figure 10. :RUNVKRS�SUHVHQWDWLRQV.  

 
Figure 11. ,QWHUQDWLRQDO�ZRUNVKRS�ZLWK�XS-to-GDWH�VRIWZDUH. 
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4. Conclusion and Suggestions  

7KH� FRQFHSWV� WKDW� VKDSH� WKH� IRUPDWLRQ� DQG�PHDQLQJ� RI� D� FLW\�� VXFK� DV�

EXLOGLQJ� IRUPV�� VXUIDFH� FRDWLQJ� PDWHULDOV�� ODQGVFDSLQJ� HIIRUWV�� VHOHFWHG�

SODQW�VSHFLHV��DQG�FLUFXODWLRQ�SDWWHUQV�RI�XUEDQ�OLIH��KDYH�DQ�LPSDFW�RQ�WKH�

XUEDQ�FOLPDWH��$OWKRXJK�WKHUH�LV�D�UHJLRQDO�DQG�REMHFWLYH�DSSURDFK�WR�WKH�

FOLPDWH� YDOXHV� RI� FLWLHV�� HDFK� FLW\� KDV� LWV� XQLTXH� TXDOLWLHV�� &RQVLGHULQJ�

WKHVH� TXDOLWLHV� GXULQJ� WKH� VSDWLDO� SODQQLQJ�GHVLJQ� VWDJHV� LV� FUXFLDO� IRU�

JHQHUDWLQJ�KHDOWK\�XUEDQL]DWLRQ�PRGHOV��:KLOH�PDNLQJ�WKHVH�GHVLJQV��WKH�

QDWXUDO� IHDWXUHV� DQG�PLFURFOLPDWH� GDWD� RI� WKH� UHJLRQ� VKRXOG�EH�XWLOL]HG��

1HLJKERUKRRG�DQG�KRXVLQJ�VHWWOHPHQW�SODQV�VKRXOG�EH�PDGH�EDVHG�RQ�WKH�

GDWD�XVHG�DV�D�VXEVWUDWH�LQ�HYHU\�SK\VLFDO�SODQQLQJ�DQG�GHVLJQ�DUHD��,Q�WKLV�

FRQWH[W��GHVLJQV�WKDW�XWLOL]H�VXQOLJKW��HPSKDVL]H�WRSRJUDSK\��DQG�SURYLGH�

WKH� EHVW� ZLQG� FLUFXODWLRQ� VKRXOG� EH� VHHQ� DV� D� QHFHVVLW\� IRU� VXVWDLQDEOH�

XUEDQ�GHVLJQV��%\�GRLQJ�VR��LW�LV�SRVVLEOH�WR�DFKLHYH�DQ�LPSURYH�LQ�OLYDEOH�

DQG�VXVWDLQDEOH�HQYLURQPHQWDO�VWDQGDUGV��,QGHHG��WKH�DQDO\VLV�FRQGXFWHG�

UHYHDOV� WKDW� WKH� WKHUPDO�FRQGLWLRQV�RI� WKH�HQYLURQPHQW�FDQ�EH� LPSURYHG�

ZKHQ�WKH�QDWXUDO� IHDWXUHV�RI� WKH�VSDFH�DUH�FRQVLGHUHG� LQ�XUEDQ�SODQQLQJ�

DQG� ODQGVFDSH�GHVLJQ�VWXGLHV� 7KHUH� LV�D�GLUHFW� UHODWLRQVKLS�EHWZHHQ� WKH�

TXDOLW\�RI�D�VSDFH�DQG�WKH�FRPIRUW�RI�LWV�XVHUV��6SDFH�XVHUV�GR�QRW�SUHIHU�WR�

VWD\�LQ�DQ�XQFRPIRUWDEOH�RSHQ�RU�FORVHG�VSDFH�IRU�D�ORQJ�WLPH��$FFRUGLQJ�

WR�=HQRQ��WKH�IRXQGHU�RI�6WRLFLVP��KDSSLQHVV�LV��WR�DFW�PRGHUDWHO\�DQG�OLYH�

LQ�DFFRUGDQFH�ZLWK�QDWXUH���,Q�RXU�GDLO\�OLYHV��LW�LV�QHFHVVDU\�WR�FRQWULEXWH�

SRVLWLYHO\�WR�WKH�FLW\�ZLWK�QDWXUH-RULHQWHG�GHVLJQ�FULWHULD��,W�LV�QRW�VHHQ�DV�

D�FRUUHFW�DSSURDFK�WR�LPSRVH�WKH�VWUHVV�RI�WKH�FLW\�RQ�SHRSOH�GHDOLQJ�ZLWK�

YDULRXV�RWKHU�SUREOHPV�LQ�WKH�RQJRLQJ�VWUXJJOH�RI�OLIH��$V�D�UHVXOW��LQ�WKH�
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XUEDQ�UHQHZDO�ZRUNV�DOPRVW�LQ�HYHU\�FLW\�LQ�7XUNH\��QDWXUDO�DQG�FXOWXUDO�

UHVRXUFH�YDOXHV�VKRXOG�EH�ZHOO�DQDO\]HG��DQG�FDUHIXOO\�FRQVLGHUHG�LQ�HDFK�

WKUHVKROG� SODQ� DQG� LPSOHPHQWDWLRQ�� ,W� LV� VHHQ� SRVVLEOH� WR� REWDLQ� PRUH�

OLYDEOH� XUEDQ� VSDFHV� ZLWK� HFRORJLFDO� XUEDQ� GHYHORSPHQW PRGHOV� WKDW�

LQFRUSRUDWH� FOLPDWH� DQG� PLFURFOLPDWH� GDWD� LQWR� SODQQLQJ� IURP� QDWXUDO�

UHVRXUFH�YDOXHV��,W�VKRXOG�QRZ�EH�VHHQ�WKDW�PDQNLQG�KDV�QR�RWKHU�FKDQFH�
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XQLYHUVDO� WKHUPDO� LQGH[�� 3K\VLRORJLFDO� HTXLYDOHQW� WHPSHUDWXUH��
,QWHUQDWLRQDO�-RXUQDO�RI�%LRPHWHRURORJ\�����������-��� 

0DUWLQH]��*��6���'LD]�� -���+RR\EHUJKV��+���/DXZDHW��'���'H�5LGGHU��.���
/LQDUHV�� &��� &DUPRQD�� 5��� 2UWL]�� &��� .HQGURYVNL�� 9��� $HUWV�� 5���
1LHXZHQKX\VH��$��9���	�'XQEDU��0��%��1����������+HDW�DQG�KHDOWK�
LQ� $QWZHUS� XQGHU� FOLPDWH� FKDQJH�� 3URMHFWHG� LPSDFWV� DQG�
LPSOLFDWLRQV� IRU� SUHYHQWLRQ�� (QYLURQPHQW� ,QWHUQDWLRQDO�� ����� ���-
143. 

0D\HU��+����������8UEDQ�ELRFOLPDWRORJ\��([SHULHQWLD�������������–963. 

0D\HU��+���	�+|SSH��3����������7KHUPDO�FRPIRUW�RI�PDQ�LQ�GLIIHUHQW�XUEDQ�
HQYLURQPHQWV��7KHRUHWLFDO�DQG�$SSOLHG�&OLPDWRORJ\��������-49. 

0HQWHú��<���<LOPD]��6���4DLG��$���	�<LOPD]��+����������$VVHVVPHQW�RI�WKH�
LPSDFW� RI� WKH� GLIIHUHQW� VHWWOHPHQW� SDWWHUQV� RQ� WKH� VXPPHU� ODQG�
VXUIDFH� WHPSHUDWXUH��(OD]Õ÷��(QYLURQPHQWDO�6FLHQFH� DQG�3ROOXWLRQ�
5HVHDUFK�����������-������ 

0LGGHO��$���/XNDVF]\N��-���	�0DFLHMHZVNL��5����������6N\�9LHZ�)DFWRUV�
IURP�6\QWKHWLF� )LVKH\H�3KRWRV� IRU�7KHUPDO�&RPIRUW�5RXWLQJ—A 
&DVH�6WXG\�LQ�3KRHQL[��$UL]RQD��8UEDQ�3ODQQLQJ����������-30. 

0XWOX� (���<LOPD]��6���<LOPD]��+���	�0XWOX��%��(���������0D\���$QDO\VLV�
RI�XUEDQ�VHWWOHPHQW�XQLW�E\�(19,-PHW�DFFRUGLQJ�WR�GLIIHUHQW�DVSHFWV�
LQ� FROG� UHJLRQV�� ,Q� �WK� $QQXDO� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
$UFKLWHFWXUH�DQG�&LYLO�(QJLQHHULQJ����-����6LQJDSRUH� 

1LPLVK��*���%KDUDWK��+$���	�/DOLWKD��$�� ��������([SORULQJ� WHPSHUDWXUH�
LQGLFHV�E\�GHULYLQJ� UHODWLRQVKLS�EHWZHHQ� ODQG� VXUIDFH� WHPSHUDWXUH�
DQG�XUEDQ�ODQGVFDSH��6RFLHW\�DQG�(QYLURQPHQW������������� 
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&LW\�� ;;,9� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� /LYLQJ� DQG� :DONLQJ� LQ�
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6KDUPD��0��5���	�$OL�� 6�� �������� 7URSLFDO� VXPPHU� LQGH[—$� VWXG\� RI�
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1. Introduction 

$JULFXOWXUH�� GHILQHG� DV� WKH� VFLHQFH� DQG� WHFKQLTXH� RI� FUHDWLQJ� SODQW� DQG�

DQLPDO�RUJDQLF�UHVRXUFHV�YLD�WKH�XVH�RI�DLU�DQG�ZDWHU�YDULDEOHV��LV�D�VHFWRU�

ZKRVH� HFRQRPLF� LPSRUWDQFH� LV� JURZLQJ� DQG�PXVW� FRQWLQXH� WR� JURZ�� ,Q�

JHQHUDO��DJULFXOWXUH�LV�GHILQHG�DV�WKH�SURGXFWLRQ�DQG�HYDOXDWLRQ�RI�JRRGV�

RI�SODQW�DQG�DQLPDO�RULJLQ�� LQ�HFRORJLFDO� WHUPV�� LW� LV�DOVR�GHILQHG�DV� WKH�

VFLHQFH�DQG�WHFKQRORJ\�RI�FUHDWLQJ�SODQW�DQG�DQLPDO�RUJDQLF�PDWHULDOV�ZLWK�

RUJDQLVPV�WKDW�EHVW�HYDOXDWH�VRLO��ZDWHU��DQG�DLU�HOHPHQWV�� 

$JULFXOWXUDO� DFWLYLWLHV� FDUULHG�RXW� LQ�KDUPRQ\�ZLWK�QDWXUH�XQGHU�QDWXUDO�

FRQGLWLRQV�IRU�WKRXVDQGV�RI�\HDUV�GLG�QRW�KDUP�WKH�HQYLURQPHQW�DQG�GLG�

QRW�FDXVH�HQYLURQPHQWDO�SUREOHPV� +RZHYHU��WR�PHHW�WKH�IRRG�QHHGV�RI�WKH�

ZRUOG
V�UDSLGO\�LQFUHDVLQJ�SRSXODWLRQ�DQG�WR�DFTXLUH�PRUH�SURGXFWV�IURP�

WKH� VDPH�DPRXQW�RI� ODQG�� DUWLILFLDO� HOHPHQWV� LQWURGXFHG� LQWR� DJULFXOWXUH�

KDYH� EHFRPH� D� VHFWRU� WKDW� GLVUXSWV� WKH� QDWXUDO� HQYLURQPHQW� DQG� FDXVHV�

HQYLURQPHQWDO�SUREOHPV� 

$OWKRXJK�LW�LV�EHOLHYHG�WKDW�WKH�KXQJHU�SUREOHP�ZLOO�FDXVH�VHYHUH�GHDWKV�

RI�KXPDQV�LQ�PDQ\�UHJLRQV�RI�WKH�ZRUOG�DQG�WKDW�GLVHDVHV�ZLOO�VSUHDG�DV�D�

UHVXOW�RI�PDOQXWULWLRQ��RZLQJ�WR�FXUUHQW�DJULFXOWXUDO�SUDFWLFHV��WKLV�SUREOHP�

KDV�QRW�PDWHULDOL]HG�DV�H[SHFWHG��2Q�WKH�RWKHU�KDQG��GXH�WR�WKH�LQFUHDVH�LQ�

WKH� DPRXQW� RI� SURGXFW� REWDLQHG� IURP� WKH� XQLW� DUHD�� WKH� QDWXUDO� KDELWDWV�

QHFHVVDU\�WR�PHHW�WKH�IRRG�QHHGV�RI�WKH�LQFUHDVLQJ�ZRUOG�SRSXODWLRQ�ZHUH�

SUHYHQWHG� IURP� EHLQJ� RSHQHG� DV� QHZ� DJULFXOWXUDO� DUHDV� $V� D� UHVXOW��

PLOOLRQV�RI�KHFWDUHV�RI�ODQG�DQG�IRUHVW�DUHDV��DV�ZHOO DV�QDWXUDO�HFRV\VWHPV�

DQG�ELRGLYHUVLW\�KDYH�EHHQ�SUHVHUYHG� 
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$IWHU� PDQ� WUDQVLWLRQHG� WR� DJULFXOWXUDO� FXOWXUH�� KH� GLG� QRW� VHH� WKH�

HQYLURQPHQW�DV�D�SDUW�RI�QDWXUH�EXW�VDZ�QDWXUH�DV�D�FROOHFWLRQ�RI�UHVRXUFHV�

WKDW� ZRXOG� PHHW� KLV� RZQ� QHHGV�� WKXV� LQYLWLQJ� WKH� GHVWUXFWLRQ� RI� WKH�

HQYLURQPHQW�� 7KH� PDMRULW\� RI� HQYLURQPHQWDO� LVVXHV� DUH� FDXVHG� E\� WKH�

QDWXUDO�HTXLOLEULXP�EHLQJ�ORVW�DV�D�UHVXOW�RI�KXPDQ�LQWHUIHUHQFH�ZLWK�DQG�

H[SORLWDWLRQ�RI�QDWXUH��3URGXFWLYLW\�KDV�LQFUHDVHG�DV�D�UHVXOW�RI�WKH�XVH�RI�

QHZ�WHFKQRORJ\�DQG�PHWKRGV�LQ�DQLPDO�DQG�SODQW�SURGXFWLRQ��+RZHYHU��LW�

LV� QRW� SRVVLEOH� WR� DFKLHYH� DQ� LQILQLWH� SURGXFW� LQFUHDVH�ZLWK� WKH� DSSOLHG�

PHWKRGV�DQG�WHFKQLTXHV��,Q�WKLV�ZD\��DOWKRXJK�D�TXDQWLWDWLYH�LQFUHDVH�LQ�

WKH�SURGXFW�LV�DFKLHYHG��VRPH�SUREOHPV�DOVR�DULVH��)URP�WKH�EHJLQQLQJ�RI�

WLPH�WR�WKH�SUHVHQW��PDQ�KDV�VWUXJJOHG�WR�PDVWHU�QDWXUH��7KH�KXPDQ�EHLQJ��

ZKR�KDV�JURZQ�VWURQJHU�DV�D�UHVXOW�RI�VFLHQWLILF�DGYDQFHPHQWV��IUHHO\�XVHV�

DQG�HYHQ�H[SORLWV�QDWXUH� 

$JULFXOWXUH�LV�DQ�RFFXSDWLRQ�WKDW�KDV�H[LVWHG�IURP�WKH�EHJLQQLQJ�RI�WLPH�

DQG�ZLOO�FRQWLQXH�WR�JURZ�LQ�LPSRUWDQFH��7KHVH�DFWLYLWLHV�WDNH�SODFH�LQ�D�

FHUWDLQ� HQYLURQPHQW�� 7KH� HQYLURQPHQW� LQIOXHQFHV� WKH� HIILFLHQF\� DQG�

TXDOLW\�RI�SURGXFWLRQ�LQ�SURSRUWLRQ�WR�LWV�VXLWDELOLW\�IRU�WKH�IRUPXODWLRQ�RI�

WKHVH� DFWLYLWLHV�� 7KH� JURZLQJ� HQYLURQPHQW� LQ� DJULFXOWXUH� LV� WKH�

HQYLURQPHQW�WKDW�SURYLGHV�VXLWDEOH�FRQGLWLRQV�IRU�WKH�OLIH�DQG�GHYHORSPHQW�

RI�OLYLQJ�WKLQJV�DV�PXFK�DV�SRVVLEOH� 

:KHQ� VRLOV� DUH� QRW� HIIHFWLYHO\� PDLQWDLQHG� LQ� DJULFXOWXUDO� DUHDV��

DJURHFRV\VWHPV�VXIIHU�JUHDWO\�LQ�PDQ\�SDUWV�RI�WKH�ZRUOG��6RLO�TXDOLW\�LV�

GLUHFWO\� DIIHFWHG� E\� DJULFXOWXUDO� DSSOLFDWLRQV�� ZKLOH� RSWLPXP� SUDFWLFHV�

LPSURYH�VRLO�SURGXFWLRQ�FDSDFLW\�DQG�PDNH�LW�VXVWDLQDEOH��$OO�HFRQRPLF�

DFWLYLWLHV� KDYH� DQ� LPSDFW� RQ� VRLO� FRQGLWLRQV� DQG� SHUIRUPDQFH�� HLWKHU�
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GLUHFWO\�RU�LQGLUHFWO\��$JULFXOWXUH�LV�WKH�PRVW�FRPPRQ�HFRQRPLF�DFWLYLW\�

WKDW�UHTXLUHV�ODQG��DQG�DQ�HQRUPRXV�DPRXQW�RI�SHRSOH�PDNH�D�OLYLQJ�IURP�

LW� 

$JULFXOWXUH� ZKLFK�KDV�EHHQ�WKH�SULPDU\�VRXUFH�RI�OLIH�VLQFH�WKH�EHJLQQLQJ�

RI� FLYLOL]DWLRQ�� LV� FXUUHQWO\� IDFLQJ� VLJQLILFDQW� FKDOOHQJHV�� $� IHZ� RI� WKH�

LVVXHV�WKDW�FDQ�EH�LPPHGLDWHO\�UHFRJQL]HG�DUH�WKH�UDSLGO\�H[SDQGLQJ�ZRUOG�

SRSXODWLRQ�� WKH� LQFUHDVLQJ�GHPDQG� IRU� QXWULHQWV�� WKH� OLPLWHG� FDSDFLW\� RI�

DUDEOH�ODQG�H[SDQVLRQ��WKH�ULVH�RI�IDFWRUV�WKDW�OHDG�WR�FURS�\LHOG�ORVVHV��DQG�

WKH�HPHUJHQFH�RI�SHVWLFLGH�UHVLGXH�DQG�UHVLVWDQFH�LVVXHV��,Q�WKLV�VLWXDWLRQ��

LQFUHDVLQJ�SURGXFWLYLW\�- WKDW�LV��REWDLQLQJ�PRUH�SURGXFWV�SHU�XQLW�DUHD - LV�

WKH�RQO\�RSWLRQ�WR�LPSURYH�DJULFXOWXUDO�SURGXFWLRQ� 

7KH� PRGHO� RI� ODUJH-VFDOH�� LQWHQVLYH�� PHFKDQL]HG� IHZ� HVVHQWLDO� FURSV�

VXSSRUWHG� E\� LQSXWV� RI� SHVWLFLGHV� DQG� IHUWLOL]HUV� FXUUHQWO\� GRPLQDWHV�

DJULFXOWXUDO�V\VWHPV��HVSHFLDOO\� LQ�GHYHORSHG�QDWLRQV�� �7KHVH� WHFKQLTXHV�

LQYROYH�WKH�ORQJ-WHUP�XVH�RI�KHUELFLGHV�RU�WLOODJH�WR�PDQDJH�ZHHGV��ZKLFK�

FDQ�EH�KDUPIXO�WR�ERWK�WKH�HQYLURQPHQW�DQG�ORQJ-WHUP�DJULFXOWXUDO�\LHOG��

+RZHYHU��WKH�VWXGLHV�DQG�PHWKRGV�DSSOLHG�LQ�WKLV�GLUHFWLRQ�DOVR�EULQJ�VRPH�

GLVDGYDQWDJHV�� 2YHUXVH� RI� KHUELFLGHV� FDQ� FDXVH� HQYLURQPHQWDO�

FRQWDPLQDWLRQ�� QRQ-WDUJHW� FURS� GDPDJH�� ORVV� RI� QDWXUDO� IORUD� DQG� VRLO�

ELRGLYHUVLW\�� DQG� KDUP� WR� IDUPZRUNHUV
� DQG� WKH� SXEOLF
V� KHDOWK�� 'XH� WR�

IUHTXHQW� SURFHVVLQJ�� WKH� IHUWLOLW\� RI� WKH� VRLO� GHFUHDVHV�� DQG� FKHPLFDO�

SURGXFWV�XVHG�IRU�IHUWLOL]DWLRQ�DQG�SODQW�SURWHFWLRQ�FDQ�DGYHUVHO\�DIIHFW�WKH�

\LHOG�DQG�QDWXUH� 

8QIRUWXQDWHO\��DJULFXOWXUDO�DFWLYLWLHV�LQ�WRGD\
V�FRQGLWLRQV�KDYH�PDGH�WKH�

VRLO� WKH� SULPDU\� ORFDWLRQ� IRU� WKH� DFFXPXODWLRQ� RI� FKHPLFDOV� DQG� ZDVWH�
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SURGXFWV�WKDW�ULVN�WKH�KHDOWK�RI�DOO�OLYLQJ�WKLQJV��ZKHWKHU�LQWHQWLRQDOO\�RU�

XQLQWHQWLRQDOO\��:KHQ�WKHVH�FKHPLFDOV�DQG�ZDVWHV�JHW�LQWR�WKH�VRLO��WKH\�

EHFRPH�SDUW�RI�WKH�F\FOH�WKDW�LPSDFWV�DOO�OLIH�IRUPV��DQG�WKH\�HYHQWXDOO\�

JHW�WR�SHRSOH�WKURXJK�WKH�IRRG�DQG�ZDWHU�F\FOHV��EHFRPLQJ�WKH�ZDVWHV�HYHQ�

PRUH�KDUPIXO� 

:KHQ�WKH�VRLO
V�EXIIHU�FDSDFLW\�IRU�RQH�RU�PRUH�SROOXWDQWV�LV�VXUSDVVHG��WKH�

VRLO� IUHTXHQWO\� ORVHV� LWV� DELOLW\� WR� SURWHFW� ZDWHU�� WKH� DWPRVSKHUH�� DQG�

RUJDQLVPV� LUUHYHUVLEO\�� 7KH� VRLO
V� ELRJHRFKHPLFDO� EDODQFH� FKDQJHV��

UHVXOWLQJ�LQ�DGYHUVH�HIIHFWV�RQ�VRLO�SDUDPHWHUV�VXFK�DV�S+��RUJDQLF�PDWWHU�

FRQFHQWUDWLRQ��VRLO�DWPRVSKHUH��DQG�VWUXFWXUH�� 

%RWK�WKH�VRLO�DQG�WKH�HQYLURQPHQW�DUH�SROOXWHG�E\�LPSURSHU�DJULFXOWXUDO�

SUDFWLFHV�DQG�W\SLFDOO\�GRVH��WLPLQJ��DQG�NLQG�RI�SHVWLFLGH�DSSOLFDWLRQV��$V�

D� UHVXOW� RI� LQWHQVLYH� DQG�XQFRQVFLRXV�SHVWLFLGH�XVH�� WKH�SHVWLFLGH�RU� WKH�

GHFRPSRVLWLRQ�SURGXFWV�XVHG� LQ� IRRG�� VRLO��ZDWHU��DQG�DLU�KDYH�QHJDWLYH�

HIIHFWV� RQ� RWKHU� QRQ-WDUJHW� RUJDQLVPV� DQG� KXPDQV�� %\� OHDYLQJ� EHKLQG�

UHVLGXHV��SHVWLFLGHV�KDYH�D�KDUPIXO�LPSDFW�RQ�WKH�HQYLURQPHQW�DQG�KXPDQ�

KHDOWK�ZKHQ�WKH\�DUH�QRW�XVHG�DV�UHFRPPHQGHG�� 

3HVWLFLGHV� DUH� QHHGHG� WRROV� WR� PD[LPL]H� WKH� RXWSXW� IURP� WKH� FXUUHQW�

DJULFXOWXUDO� ODQGV� DQG� IHHG� D� JURZLQJ� JOREDO� SRSXODWLRQ�� $PRQJ�

DJULFXOWXUDO�FRQWURO�WHFKQLTXHV��SHVWLFLGHV�DUH�ODUJHO\�IDYRUHG�EHFDXVH�WKH\�

SURGXFH� UHVXOWV� UDSLGO\�� DUH� HDV\� WR� XVH�� DQG� DUH� HFRQRPLFDO��&KHPLFDO�

FRQWURO�SOD\V�D�VLJQLILFDQW�UROH�WRGD\��KDYLQJ�D�VXFFHVV�UDWH�RI�RYHU�����LQ�

HOLPLQDWLQJ� PLFURRUJDQLVPV� WKDW� DIIHFW� FURSV�� $OWKRXJK� SHVWLFLGHV� DUH�

NQRZQ� WR� KDYH� QHJDWLYH� HIIHFWV� RQ� SHRSOH�� RWKHU� OLYLQJ� WKLQJV�� DQG� WKH�

HQYLURQPHQW��WKH\�DUH�SUHIHUUHG�IRU�DJULFXOWXUDO�DUHDV� 
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7RGD\��ZLWK� WKH� LQFUHDVH� LQ� HQYLURQPHQWDO� DZDUHQHVV�� WKH� SURWHFWLRQ� RI�

KXPDQ�KHDOWK��WKH�HQYLURQPHQW��DQG�ELRORJLFDO�GLYHUVLW\�KDV FRPH�WR�WKH�

IRUH� LQ� DOO� VWXGLHV�� )RU� WKLV� UHDVRQ�� LW� LV� QRZ� HVVHQWLDO� WR� HVWDEOLVK� SHVW�

PDQDJHPHQW� WHFKQLTXHV� WKDW� WDNH� LQWR� DFFRXQW� VXVWDLQDEOH� DJULFXOWXUDO�

SURGXFWLRQ��DJURHFRORJLFDO�DQDO\VLV��DQG�D�UHGXFWLRQ�LQ�SHVWLFLGH�XVH��7KLV�

ZLOO�EH�SRVVLEOH ZLWK�WKH�DSSOLFDWLRQ�RI�VXVWDLQDEOH�PHWKRGV�DQG�SHUPDQHQW�

VROXWLRQV�LQ�DJULFXOWXUH�� 

6XVWDLQDEOH�DJULFXOWXUH�LQYROYHV�V\VWHPV�DQG�SUDFWLFHV�WKDW�ZLOO�LPSURYH�

WKH�SURGXFWLRQ�RI�VXIILFLHQW�DQG�KLJK-TXDOLW\� IRRGV�DW� UHDVRQDEOH�SULFHV��

WKH� HFRQRPLF� YLWDOLW\� RI� JOREDO� DJULFXOWXUH�� HQYLURQPHQWDO� DQG� QDWXUDO�

DJULFXOWXUDO� UHVRXUFH� SURWHFWLRQ�� DQG� JOREDO� SRSXODWLRQ� ZHOIDUH��

6XVWDLQDEOH� DJULFXOWXUH�� LV� WKH� SURGXFWLRQ� RI� SODQW� DQG� DQLPDO� SURGXFWV�

ZLWK�WHFKQLTXHV�WKDW�SURWHFW�WKH�HQYLURQPHQW��SXEOLF�KHDOWK��VRFLHW\��DQG�

DQLPDO�ZHOIDUH�E\�HQVXULQJ�IRRG�VHFXULW\��,W�LQFOXGHV�WKH�GHYHORSPHQW�RI�

HFRORJLFDO�DJULFXOWXUDO�SUDFWLFHV� WKDW�FDQ�SUHVHUYH�VRLO� IHUWLOLW\�� OLPLW� WKH�

XVH� RI� QRQUHQHZDEOH� QDWXUDO� UHVRXUFHV�� DQG� LQWHJUDWH� ZLWK� ORFDO�

ELRGLYHUVLW\�DQG�ODQGVFDSH�� 

7R� EH� HQFRXUDJHG� WKH� XVH� RI� DJULFXOWXUDO� PHWKRGV� WKDW� LQFUHDVH� IRRG�

SURGXFWLRQ�ZLWKRXW�GDPDJH�IURP�VRLO�HURVLRQ��H[FHVV�ZDWHU��QXWULHQWV��RU�

SHVWLFLGH�XVH��5HGXFLQJ�WKH�HQYLURQPHQWDO�LPSDFW�RI�DJULFXOWXUDO�DFWLYLWLHV�

LV�HVVHQWLDO�IRU�WKH�VXVWDLQDELOLW\�RI�DJULFXOWXUH�DQG�IRRG�VHFXULW\��7R�PHHW�

WKH� GHPDQG� IRU� VXVWDLQDEOH� DJULFXOWXUH�� D� YDULHW\� RI� DJULFXOWXUDO�

PDQDJHPHQW� V\VWHPV� DQG� LQQRYDWLYH� DJURQRPLF� WHFKQLTXHV� KDYH� EHHQ�

VXJJHVWHG�DQG�DSSOLHG� 
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)RRG�VDIHW\�LV�HQGDQJHUHG�E\�GLVHDVH��SHVWV��DQG�ZHHGV�WKDW�FDXVH�PDMRU�

\LHOG�ORVVHV�LQ�DJULFXOWXUH��,Q�DGGLWLRQ�WR�WKH�HFRQRPLF�ORVVHV�SURGXFHG�E\�

WKHVH�IDFWRUV��RQH�RI�WKH�PRVW�VLJQLILFDQW�FRQVHTXHQFHV�LV�WKH�GDPDJH�WR�

WKH� HFRV\VWHP� FDXVHG� E\� LQYDVLYH� VSHFLHV�� ZKLFK� FDXVHV� D� GHFUHDVH� LQ�

ELRGLYHUVLW\� 

'XH� WR� WKH� JURZLQJ� GHPDQG� IRU� HQYLURQPHQWDO� SUHVHUYDWLRQ� DQG�

VXVWDLQDELOLW\�� WKH� JOREDO� GHFOLQH� LQ� ELRGLYHUVLW\�� DQG� WKH� ULVH� LQ� KXPDQ�

SRSXODWLRQ��SODQW�KHDOWK� LV�QRZ�PRUH�FUXFLDO� WKDQ�HYHU�� øW� LV� UHTXLUHG�RI�

REWDLQLQJ� KLJK-TXDOLW\� SURGXFWV� ZLWKRXW� SHVWLFLGH� UHVLGXHV� E\� XVLQJ�

DOWHUQDWLYH�PHWKRGV�DQG�WHFKQLTXHV�LQ�WKH�PDQDJHPHQW�DJDLQVW�IDFWRUV�WKDW�

FDXVH�\LHOG�ORVV�LQ�FURS�SODQWV��UVLQJ�SHVWLFLGHV�RQO\�ZKHQ�QHFHVVDU\��RU�

FKRRVLQJ�HFRORJLFDOO\�IULHQGO\�SHVWLFLGHV��DQG�DSSO\LQJ�WKHP�DW�WKH�WLPH�

DQG�GRVH��UHGXFLQJ WKH�LQSXWV�XVHG�IRU�DJULFXOWXUDO�FRQWURO LV�SRVVLEOH. ,W�

ZLOO� WKHUHIRUH�FRQWULEXWH� WR� UHGXFLQJ� WKH�QHJDWLYH� LPSDFWV�RI�SHVWLFLGHV��

VXFK�DV�WKH�GLVUXSWLRQ�RI� WKH�QDWXUDO�EDODQFH��QHJDWLYH�HIIHFWV�RQ�SHRSOH�

DQG�ZDUP-EORRGHG��HQYLURQPHQWDO�SROOXWLRQ��WKH�ULVN�RI�SURGXFW�UHVLGXH��

DQG�UHVLVWDQFH� 

2. Limiting Factor: Weeds  

7KH�QHHG� IRU� DJULFXOWXUDO�SURGXFWV� LV�JURZLQJ�DV� WKH�ZRUOG
V�SRSXODWLRQ�

ULVHV��DQG�WKLV�FLUFXPVWDQFH�VKRZV�WKDW�SODQW�RXWSXW�QHHGV�WR�EH�UDLVHG�WR�

IXOILOO�WKH�QXWULWLRQDO�GHPDQG� 

,W�LV�NQRZQ�WKDW�WKH�FURSV�DUH�OLPLWHG�E\�ELRWLF�DQG�DELRWLF�IDFWRUV�DQG�WKHUH�

LV� D� GHFUHDVH� LQ� \LHOG�� DQG� RQH� RI� WKHVH� IDFWRUV� LV� ZHHGV�� :HHGV� DUH�

UHFRJQL]HG�DV�D�VLJQLILFDQW�OLPLWLQJ�IDFWRU�LQ�DFKLHYLQJ�KLJK�\LHOGV�LQ�FURS�

SODQWV� :HHGV�DUH�WKH�PRVW�VLJQLILFDQW�UHVWULFWLRQ IDFWRU� WR�\LHOG�LQ�PRVW�
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FURSV��DFFRXQWLQJ�IRU�DQ�HVWLPDWHG�����RI�WKH�ZRUOG
V�ORVVHV��:HHGV�DUH�

SODQWV�WKDW�FDQ�DGDSW�WR�WKHLU�HQYLURQPHQWV�DQG�KDYH�EHHQ�UHODWHG�WR�FURS�

\LHOG�IURP�WKH�EHJLQQLQJ�RI�DJULFXOWXUH��,W�LV�VWDWHG�WKDW�ZKHQ�ZHHGV�DUH�

QRW�DGHTXDWHO\�FRQWUROOHG RU�FRQWUROOHG��SURGXFW� ORVVHV�UDQJH�IURP����WR�

�����:HHGV� VLJQLILFDQWO\� UHGXFH� QRW� RQO\� FURS� \LHOG� EXW� DOVR� SURGXFW�

TXDOLW\��7KH�UDWH�RI�GDPDJH�FDQ�GLIIHU�FDXVHG�E\�ZHHGV�RQ�FURSV��VRPH�

SUHVHQW�WURXEOH�RQO\�LQ�D�VLQJOH�FURS�SODQW��ZKLOH�RWKHUV�FDXVH�D�ORVV�LQ�\LHOG�

LQ�PDQ\�FURSV��)XUWKHUPRUH��FURS�ORVVHV�GXH�WR�ZHHGV�YDU\�JHRJUDSKLFDOO\� 

&URS� SURGXFWLRQ� GHFUHDVH� WR� GLVHDVHV�� SHVWV�� DQG� ZHHGV� WKDW� LQIOXHQFH�

FURSV� �ZKHDW�� FRUQ�� ULFH�� FRWWRQ�� DQG� VR\�� LV�DURXQG��������ZRUOGZLGH��

ZLWK�ZHHGV�DFFRXQWLQJ�IRU��������RI�WKLV. :HHGV�UHGXFH�FURS�\LHOGV�E\�

FRPSHWLQJ�ZLWK�WKH�FURS�IRU�QXWULHQWV��ZDWHU��OLJKW��DQG�SODFH��7KHVH�ORVVHV�

GHSHQG�RQ�YDULHW\��HQYLURQPHQWDO�FRQGLWLRQV��ZHHG�VSHFLHV�DQG�GHQVLWLHV��

DQG�FURS�DQG�ZHHG�JURZWK�VWDJHV� :HHGV��JHQHUDOO\��DUH�PRUH�DGDSWDEOH�WR�

WKH�DJURHFRV\VWHP�WKDQ�FURSV� :HHGV�DFTXLUH�DQ�HGJH�E\�XWLOL]LQJ�PRUH�

UHVRXUFHV�GXH�WR�WKH�FURS
V�VORZ�JURZWK�DW�ILUVW� +HUELFLGHV�DUH�SUHIHUUHG�LQ�

DJULFXOWXUH� WR� FRQWURO� ZHHGV� GXH� WR� WKH� ULVH� LQ� ODERU� DQG� FRVW�� WR� EH�

HIIHFWLYH��HDV\ DSSOLFDWLRQ��DQG� ORZ�FRVW��+HUELFLGHV�DUH�XVHG� WR�FRQWURO�

ZHHGV�LQ�ERWK�DJULFXOWXUDO�DQG�QRQ-DJULFXOWXUDO��LQFOXGLQJ�URDGV��LUULJDWLRQ�

FDQDOV�� DLUSRUWV�� DQG� KLVWRULFDO� EXLOGLQJV� :KHQ� XVHG� LPSURSHUO\� DQG�

IUHTXHQWO\��KHUELFLGHV�KDYH�PDMRU�DGYHUVH LPSDFWV�RQ�WKH�HQYLURQPHQW�DQG�

HFRORJ\��+RZHYHU��WKH\�KDYH�QHJDWLYH�FRQVHTXHQFHV�RQ�ELRGLYHUVLW\��EHH�

SRSXODWLRQV�� VRLO� DQG� ZDWHU� SROOXWLRQ�� KXPDQ� KHDOWK�� DQG� DJULFXOWXUH��

+HUELFLGH-UHVLVWDQW� ZHHGV� KDYH� EHFRPH� D� VLJQLILFDQW� ZHHG� SUREOHP� LQ�

PRGHUQ�DJULFXOWXUH��ZKLFK�LV�UDLVLQJ�SURGXFWLRQ�FRVWV�� 
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(IIHFWLYH� ZHHG� FRQWURO� LV� FULWLFDO� WR� DJULFXOWXUDO� SURGXFWLYLW\�� 8VLQJ�

KHUELFLGHV�DJDLQVW�ZHHGV�LV�IDU�IURP�VXVWDLQDEOH�PDQDJHPHQW�EHFDXVH�RI�

WKH� WHQGHQF\�RI�FRQVXPHUV� WR� WXUQ� WR�RUJDQLF�SURGXFWV�DQG� WKH�JURZLQJ�

VHQVLWLYLW\� RI� SHRSOH� WR� WKH� HQYLURQPHQW�� HYHQ� WKRXJK� WKH\� DUH� VWLOO�

SUHIHUUHG�EHFDXVH�WKH\�DUH�HFRQRPLFDO�DQG�ELRORJLFDOO\�HIIHFWLYH��2QO\�E\�

XVLQJ� VXVWDLQDEOH� JURZLQJ� WHFKQLTXHV� WKDW� UHGXFH� UHVRXUFH� GHSOHWLRQ��

SURWHFW�WKH�HQYLURQPHQW��DQG�PDLQWDLQ�KLJK�FURS \LHOG�DQG�SURILWDELOLW\�LQ�

WKH� FURSSLQJ� V\VWHPV� FDQ� DGHTXDWH� IRRG� SURGXFWLRQ� EH� PDLQWDLQHG��

7KHUHIRUH�� WKH� EDVLF� SULQFLSOH� UHJDUGLQJ� KRZ� ZHHG� VSHFLHV� UHVSRQG� WR�

FRQWURO� WHFKQLTXHV� DQG� HQYLURQPHQWDO� IDFWRUV� QHHGV� WR� EH� GHILQHG�� 7KH�

VXVWDLQDELOLW\� DQG� VXFFHVV� RI� DJULFXOWXUH� DV� D� ZKROH� DUH� VXEVWDQWLDOO\�

LPSDFWHG� E\� WKH� HIIHFWLYHQHVV� DQG� VXVWDLQDELOLW\� RI� ZHHG� PDQDJHPHQW�

PHDVXUHV�� 

3. Sustainable weed management objectives and approaches  

7KH�HVVHQWLDO�REMHFWLYHV�RI� VXVWDLQDEOH�ZHHG�PDQDJHPHQW��SUHVHUYH�DQG�

HQKDQFH� WKH� HQYLURQPHQW� DQG� QDWXUDO� UHVRXUFHV�� WR� XWLOL]H�ZHHG� FRQWURO�

UHVRXUFHV�DV�HIIHFWLYHO\�DV�SRVVLEOH��WR�SURYLGH�VXIILFLHQW�KLJK-TXDOLW\��VDIH�

IRRG�� WR� FUHDWH� FXOWLYDWLRQ�PHWKRGV� WKDW� UHGXFH�ZHHGV� DQG� HQKDQFH� VRLO�

TXDOLW\�� DV� ZHOO� DV� HYDOXDWH� WKH� HIIHFWLYHQHVV� RI� ZHHG� PDQDJHPHQW�

V\VWHPV�� 6XVWDLQDEOH� ZHHG� FRQWURO� PDQDJHPHQW� LQYROYHV� D� YDULHW\� RI�

DSSURDFKHV�� 

Preventive weed control 

:HHG� SUHYHQWLRQ� LQFOXGHV� ZKDWHYHU� LV� SHUIRUPHG� WR� SUHYHQW� WKH�

LQWURGXFWLRQ� DQG� VSUHDG� RI� XQGHVLUDEOH� SODQWV��$Q\� DWWHPSWV� WR� SUHYHQW�

ZHHGV� IURP� JHWWLQJ� LQ�� VHWWOLQJ�� DQG�RU� VSUHDGLQJ� DUH� FRQVLGHUHG�
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SUHYHQWDWLYH� PHDVXUHV� ,W� LV� D� ORQJ-WHUP� VWUDWHJ\� WR� FRQWURO� RU� PDQDJH�

ZHHGV��0XVW�EH�DYRLGHG�XVLQJ�FURSV�WKDW�KDYH�ZHHG�VHHGV�LQ�WKHP�ZKLOH�

VRZLQJ�� DQG� DYRLG� JLYLQJ� IDUP� DQLPDOV� IHHG� WKDW� FRQWDLQV� ZHHG� VHHGV��

:HHG�PDQDJHPHQW�SURJUDPV�VKRXOG�DLP�DW�HOLPLQDWLQJ�VHHG�SURGXFWLRQ�  

6RPH� SUHYHQWLYH� PHDVXUHV� LQFOXGH� NHHSLQJ� LUULJDWLRQ� FDQDOV�� ILHOG�

ERXQGDULHV��DQG�XQFXOWLYDWHG�DUHDV�FOHDQ�WR�HQVXUH��WKHUH�DUH�QR�ZHHGV�DQG�

WR�SUHYHQW�ZHHG�SUROLIHUDWLRQ��6DQG�DQG�JUDYHO�FOHDQLQJ�DQG�ZHHG�VHHGV�

EHLQJ� UHWXUQHG� WR� WKH� VRLO� OHVV� IUHTXHQWO\�� XVLQJ� IUHVK� RU� SDUWLDOO\�

GHFRPSRVHG FRPSRVW�DUH�QRW�DYDLODEOH��&OHDQLQJ�IDUP�HTXLSPHQW�SURSHUO\�

EHIRUH�SODQWLQJ�DQG�NHHSLQJ�ZHHGV�RXW�RI�WKH�LUULJDWLRQ�GUDLQDJH�FKDQQHO�

DQG�IDUP�EXQG��SUHYHQWLQJ�WKH�VSUHDG�RI�ZHHG�VHHGV�ZLWK�LUULJDWLRQ�ZDWHU� 

SURGXFW�DQG�KHUELFLGH�URWDWLRQ��DQG�PHDVXUHV�TXDUDQWLQH��HWF� 

Cultural methods  

%\� OLPLWLQJ� ZHHG� HVWDEOLVKPHQW� FXOWXUDO� SUDFWLFHV� SURYLGH� FURSV� D�

FRPSHWLWLYH�DGYDQWDJH�DJDLQVW�ZHHGV� &XOWXUDO�PHWKRGV�LQFOXGH WROHUDQFH�

FXOWLYDUV� VWDOH�VHHGEHGV��FURS�URWDWLRQ� VRZLQJ�SODQWLQJ�WLPH�DQG�PHWKRGV��

FRYHU� FURSV�� DQG� LQWHUFURSSLQJ�� WLOODJH� WHFKQLTXHV� UDWH� RI� VRZLQJ� DQG�

IHUWLOL]HU��PXOFKLQJ�HWF� 

Mechanical methods 

0HFKDQLFDO�ZHHG�PDQDJHPHQW�WHFKQLTXHV��VXFK�DV�KRHLQJ��KDQG�ZHHGLQJ��

VLFNOLQJ DQG�PRZLQJ��WLOODJH��GLJJLQJ��DQG�EUXVK�ZHHGLQJ�DUH�DSSOLHG�LQ�

HDUO\�ZHHG�JURZWK�VWDJHV� 

Thermal weed control 

7KH� XVH� RI� ILUH�� IODPLQJ� KRW� ZDWHU�� VWHDP�� DQG� IUHH]LQJ� XVLQJ� OLTXLG�

QLWURJHQ�RU�FDUERQ�GLR[LGH�VQRZ��XOWUDYLROHW�OLJKW��&22 ODVHU�FXWWLQJ��KRW�
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IRDP�DQG�GU\�KHDW��DQG�VRLO�VRODUL]DWLRQ�DUH�DOO�H[DPSOHV�RI�WKHUPDO�ZHHG�

PDQDJHPHQW� 

Mulching 
,Q� VXVWDLQDEOH� DJULFXOWXUH�� WR� PLQLPL]H� DOO� WKH� QHJDWLYLWLHV� RI� FKHPLFDO�

FRQWURO�� LW� LV� HIIHFWLYH�� DV�ZHOO� DV� OHDVW� GDPDJLQJ� WR� WKH� DJURHFRV\VWHP��

PHWKRGV� VKRXOG EH� GHWHUPLQHG� DQG� DOWHUQDWLYH� DSSOLFDWLRQV� VKRXOG� EH�

HYDOXDWHG�� +HUELFLGH-IUHH� ZHHG� PDQDJHPHQW� KDV� EHFRPH� FKRVHQ� LQ�

HQYLURQPHQWDO� SURGXFWLRQ� DQG� HFRORJLFDO� IDUPLQJ� 0XOFKLQJ� LV� RQH� RI�

WKHVH�DSSURDFKHV��0XOFKHV�DUH�FRYHUV�DSSOLHG�WR�WKH�VRLO
V�VXUIDFH��,W�LV�D�

SURFHGXUH�LQ�ZKLFK�RUJDQLF�RU�V\QWKHWLF�PDWHULDOV�DUH�DSSOLHG�WR�WKH�VRLO�

VXUIDFH��0XOFKLQJ� LQKLELWV�ZHHGV¶� JURZWK� E\� OLPLWLQJ� OLJKW�� 6R� LW� KDV� D�

VPRWKHULQJ�LPSDFW�RQ�ZHHG�FRQWURO��(YHQ�LI�WKH�ZHHG�VHHGV�JURZ�DQG�UHDFK�

WKH�VRLO�VXUIDFH�GXH�WR�WKH�PDWHULDO�FRYHULQJ�WKH�VRLO�VXUIDFH�� WKH\�ZRQ
W�

VXUYLYH�VLQFH�WKH\�DUH�QRW�DEOH�WR�SKRWRV\QWKHVL]H��,W�LV�DQ�DJURHFRORJLFDO�

PHWKRG�WKDW�FDQ�UHGXFH�ZHHG�SUREOHPV�E\�LQKLELWLQJ�WKH�JHUPLQDWLRQ�RI�

ZHHG�VHHGV�RU�WKH�JURZWK�RI�VHHGOLQJV��,W�LV�HIIHFWLYH�DJDLQVW�DQQXDO�DQG�

VRPH� SHUHQQLDO�ZHHGV�� ,Q� DGGLWLRQ�� LW� UHGXFHV� VRLO� HURVLRQ� HYDSRUDWLRQ��

LQFUHDVHV� LQILOWUDWLRQ�� DQG� HQKDQFHV� WKH� SRSXODWLRQ� RI� EHQHILFLDO�

PLFURRUJDQLVPV�� ,W� FRQWULEXWHV WR� PDLQWDLQLQJ� VRLO� PRLVWXUH�� QXWULHQW�

XSWDNH��GLVHDVH�SUHYHQWLRQ��DQG�VRLO�WHPSHUDWXUH�UHJXODWLRQ�� 

'U\�RU�JUHHQ�SODQW�PDWHULDO��SODVWLF�VKHHW��RU�SRO\HWK\OHQH�ILOP�FDQ�EH�XVHG�

IRU�PXOFKLQJ��&RQVLGHUDWLRQV�RI�PXOFK�VKRXOG�EH�WKLFN�HQRXJK�WR�UHVWULFW�

OLJKW�WUDQVIHU�DQG�VR�SUHYHQW�SKRWRV\QWKHVLV��6HYHUDO�VWXGLHV�VKRZ�WKDW�LW�

SUHVHUYHV VRLO�WHPSHUDWXUH�DQG�SUHYHQWV�IUHH]LQJ��LQKLELWV�ZDWHU�DQG�ZLQG�

HURVLRQ��LPSURYHV�WKH�DPRXQW�RI�EHQHILFLDO�QXWULHQWV�DQG�RUJDQLF�PDWWHU�LQ�
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WKH� VRLO�� DQG� LPSURYHV� WKH� DFWLYLW\� DQG� QXPEHU� RI�

PLFURRUJDQLVPV� )XUWKHUPRUH�� LW� SURPRWHV� DQG� DFFHOHUDWHV� URRW� V\VWHP�

GHYHORSPHQW�LQ�SODQWV���,W�LPSURYHV�VRLO�TXDOLW\�DV�ZHOO�DV�\LHOG��:LWK�DOO�

RI� WKHVH� EHQHILWV�� PXOFKLQJ� LV� UHJDUGHG� DV� DQ� HIIHFWLYH� ZHHG� FRQWURO�

DSSURDFK�DV�ZHOO�DV�DQ�LPSRUWDQW�SODQW�SURGXFWLRQ�FRPSRQHQW��0RUHRYHU��

WKH�PXOFKHV� FRXOG� KHOS� UHGXFH� SHVWLFLGH� FRQVXPSWLRQ� DQG� GHFUHDVH� WKH�

SURGXFWLRQ�FRVW��6R�PXOFKHV�KDYH�EHHQ�FRPPRQO\�XVHG�LQ�PDQ\�FRXQWULHV��

0XOFKLQJ�LV�PDLQO\�XWLOL]HG�WR�SUHVHUYH�VRLO�PRLVWXUH�DQG�FRQWURO�ZHHGV��

0XOFKHV�KDYH�D�YDULHW\�RI�IRUPV��WKRXJK��,W�LV�GLYLGHG�LQWR�WKUHH�FDWHJRULHV��

RUJDQLF��LQRUJDQLF��DQG�OLYLQJ�PXOFK��7KHVH�PXOFKLQJ�WHFKQLTXHV�FDQ�EH�

XVHG�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�RWKHU�PHWKRGV��,W�LV�HVVHQWLDO�WR�FRQVLGHU�

WKH�V\VWHPV�DSSURDFK�ZKHQ�VHOHFWLQJ�D�PXOFK�W\SH� 

Mulch type 

0XOFKLQJ�� ZKLFK� LV� FRQVLGHUHG� WR� EH� RQH� RI� WKH� DOWHUQDWLYH� ZHHG�

PDQDJHPHQW�PHWKRGV�� FRYHUV� WKH� VRLO� VXUIDFH�ZLWK� OLYLQJ� RU� QRQ-OLYLQJ�

PDWHULDOV��SUHYHQWV�VRLO�PRLVWXUH�ORVV��DQG�LQKLELWV�WKH�JHUPLQDWLRQ�RI�PDQ\�

ZHHG�VHHGV��SDUWLFXODUO\�E\�EORFNLQJ�OLJKW�IURP�SHQHWUDWLQJ�WKH�VRLO��$OVR��

GLIIHUHQW�GLVFV�LQ SRWV�FDQ�EH�XVHG�WR�VXSSUHVV�ZHHGV��7KHVH�GLVFV�FRXOG�EH�

JHRWH[WLOH� GLVFV�� FRFRQXW� ILEHU� GLVFV�� DQG� SODVWLF GLVFV�� ,Q� DGGLWLRQ� WR�

SURWHFWLQJ�WKH�VRLO�VWUXFWXUH��WKHVH�WUHDWPHQWV�PXVW�EH�DSSOLHG�DW�D�WKLFNQHVV�

WKDW�FXWV�RXW�OLJKW��$OVR��GLIIHUHQW�PXOFKLQJ�WHFKQLTXHV�KDYH�EHHQ�SUHIHUUHG�

IRU�ZHHG�FRQWURO�LQ�GLIIHUHQW�IRUHVW�DQG�FRQLIHU�QXUVHULHV�LQ�UHFHQW�\HDUV��

0XOFK�WUHDWPHQWV��DFFRUGLQJ�WR�VWXGLHV��LQFUHDVH�WKH�\LHOG�RI�DJULFXOWXUDO�

SODQWV��ERWK�DQQXDO�DQG�SHUHQQLDO��5HGXFHG�URRW�]RQH�FRPSHWLWLRQ��PRUH�

DFFHVVLEOH�QLWURJHQ�LQ�WKH�VRLO��DQG�LPSURYHG�XVDEOH�ZDWHU�DOO�FRQWULEXWH�WR�
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WKH� LQFUHDVH� LQ� SURGXFWLRQ�� 0XOFKLQJ� PDWHULDO� KDV� VHYHUDO� SURSHUWLHV��

&OLPDWH��FRVW��DQG�W\SH�RI�SODQW�DUH�LPSRUWDQW�IDFWRUV�LQ�WKH�VHOHFWLRQ�RI�

VXLWDEOH�PXOFKLQJ�PDWHULDOV��0XOFKLQJ PDWHULDOV�RI�GLIIHUHQW�W\SHV�DUH�XVHG�

LQ�DJULFXOWXUDO�ILHOGV�LQ�D�YDULHW\�RI�WHFKQLTXHV�DQG�FRPELQDWLRQV��6HYHUDO�

UHFHQW� VWXGLHV� KDYH� SURYLGHG� GDWD� RQ� WKH� LPSDFW� RI� GLIIHUHQW� PXOFKLQJ�

V\VWHPV�RQ�SUHVHUYLQJ�ZDWHU�WKURXJK�UDLQZDWHU�JDWKHULQJ�IRU�PDL]H��ZKHDW��

DQG� PL[HG� DJULFXOWXUDO� WHFKQLTXHV�� 9DULRXV� EHQHILWV� DUH� RIIHUHG� E\�

DJULFXOWXUDO�PXOFKLQJ�V\VWHPV�� 

$GYDQWDJHV�LQFOXGH�VDYLQJ�ZDWHU��SUHYHQWLQJ�WKH�SK\VLFDO��FKHPLFDO��DQG�

ELRORJLFDO�GHJUDGDWLRQ�RI�WKH�VRLO��DQG�UHGXFLQJ�WKH�QHHG�IRU�LUULJDWLRQ� 

Organic mulches 

2UJDQLF�PXOFKHV�DUH�WKRVH�WKDW�DUH�IRXQG�LQ�QDWXUH�DQG�FDQ�EH�GHFRPSRVHG�

E\�VRLO�RUJDQLVPV��$JULFXOWXUDO�ZDVWH��ZRRG�LQGXVWULDO�ZDVWH��SURFHVVLQJ�

UHVLGXH��DQG�DQLPDO�ZDVWH�FDQ�DOO�EH�XVHG�DV�RUJDQLF�PXOFKLQJ�PDWHULDOV��

2UJDQLF�PXOFK� LPSURYHV�VRLO� IHUWLOLW\�E\�SURYLGLQJ�QXWULHQWV� WR� WKH�VRLO��

0XOFK� PD\� EH� HIIHFWLYHO\� PDGH� IURP� D� ZLGH� YDULHW\� RI�

RUJDQLF FRPSRQHQWV��0DWHULDOV�VXFK�DV�VWUDZ��EDUN�FKLSV��VDZGXVW��SODQW�

OHDYHV�� QXWVKHOO�� R\VWHU� VKHOO�� SHUOLWH�� EDUN�� FOLSSHG� JUDVV�� SXPLFH� VWRQH��

FRPSRVW��DQG�ULFH�KXVN�DUH�XVHG� 

Types of some organic mulches 

Barks  

+DUGZRRG�DQG�VRIWZRRG�EDUN�PXOFK�DUH�WKH�WZR�YDULHWLHV��7KH\�DUH�TXLWH�

XVHIXO�ZKHQ�XVHG�DQG�ZRRG�PXOFKHV�DUH�ZLGHO\�DYDLODEOH� 7KH\�ODVW�PRUH�

WLPH��0XOFK�FDQ�FRPH�LQ�D�YDULHW\�RI�IRUPV��VXFK�DV�VKUHGGHG�EDUN��FRDUVH��

JURXQG� FKLSV�� FRORU-HQKDQFHG�PXOFK�� UHF\FOHG�ZRRG�� RU� UHF\FOHG�ZRRG�
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FKLSV� 7KH�UDWH�DW�ZKLFK�D�JLYHQ�NLQG�RI�PXOFK�GHFRPSRVHV�PLJKW�YDU\��

:KLOH� PXOFKHV� GHJUDGH� DQG� VXSSO\� RUJDQLF� PDWWHU� WR� WKH� VRLO�� 7KHVH�

PXOFKHV�ZLWK� D�KLJK�PRLVWXUH� FRQWHQW�PDNH�H[FHOOHQW�PXOFK� VLQFH� WKH\�

KDYH�PRUH�PRLVWXUH�DQG�FDQ�UHWDLQ�LW�IRU�D�ORQJHU�SHULRG��7KH\�VR�DLG�LQ�

VXSSO\LQJ�PRLVWXUH�WR�WKH�FURS�DV�LW�JURZV��7KH\�DUH�H[WHQVLYHO\�XWLOL]HG�

LQ�ODQGVFDSLQJ��,WV�XVDJH�LQ�WKH�FXOWLYDWLRQ�RI�YHJHWDEOHV�VKRXOG�EH�DYRLGHG�

GXH�WR�LWV�DFLGLF�FKDUDFWHU��%HIRUH�WKH�DSSOLFDWLRQ��LW�VKRXOG�EH�DJHG�ZRRG- 

RU�EDUN-EDVHG�PXOFKHV�WR�UHGXFH�WKHLU�DOOHORSDWKLF�LPSDFW��0XOFKHV�PDGH�

RI�ZRRG�FKLSV�DQG�EDUN�VKRXOGQ
W�EH�VWDFNHG�XS�DJDLQVW�WKH�URRWV�RI�WUHHV�

RU�VKUXEV�VLQFH�GRLQJ�VR�FRXOG�HQFRXUDJH�IXQJL GLVHDVHV� 

Bark (Hardwood) 

,W� LV� D� ZDVWH� SURGXFW� IURP� WKH� ZRRG� DQG� SDSHU� LQGXVWULHV� WKDW� PD\� EH�

FRQYHUWHG� LQWR�PXOFK��2QH�RI� WKH� W\SLFDO�PXOFKHV�XVHG� LQ� UXUDO� DUHDV LV�

KDUGZRRG� EDUN�� +DUG� EDUN� FRQWDLQV� PRUH� QXWULHQWV� WKDQ� VRIW� EDUN�� EXW�

JHWWLQJ�WR�WKHP�PLJKW�EH�FKDOOHQJLQJ�� 

Bark (Softwood) 

+DUGZRRG�EDUNV�DUH�PRUH�HDVLO\�GHFRPSRVHG�WKDQ�VRIWZRRG�EDUNV� 

Straw 

2QH�RI�WKH�HDUOLHVW�PXOFKHV�HYHU�XWLOL]HG�LV�VWUDZ��,W�KDV�D�JRRG�LPSDFW�RQ�

VRLO�VWUXFWXUH��WHPSHUDWXUH��DQG�PRLVWXUH��%XW�WKHUH�LV�D�ULVN�RI�VSUHDGLQJ�

ZHHGV�� LQFOXGLQJ� FRYHU� FURS� UHVLGXHV�� WR� D� QHZ� FURS� SODQW�� ,W� LV� HDVLO\�

DSSOLHG�LQ�WKH�ILHOG�DQG�XWLOL]HG�LQ�YHJHWDEOH�ILHOGV�IRU�ZLQWHU�SURWHFWLRQ�DV�

ZHOO� DV� VXPPHU�PXOFK�� 7KHVH�PXOFKHV� DUH� XVHIXO� IRU� LQVXODWLRQ�� ZDWHU�

SHQHWUDWLRQ��DQG�ZHHG�FRQWURO� 6WUDZ�VKRXOG�EH�FRYHUHG�RQ�WKH�VRLO�VXUIDFH�

WR�EH�DERXW��-��LQFKHV�WKLFN�ZKHQ�PXOFKLQJ��,W�VKRZV�D�ORZHU�OHYHO�RI�ZHHG�



 
 

286 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-10  

FRQWURO�HIIHFWLYHQHVV�WKDQ�WKDW�DWWDLQHG�E\�OLYLQJ�PXOFKHV���,W�KDV�DOVR�WKH�

DGYDQWDJH�WKDW�LW�FDQ�EH�SORZHG�ZKHQ�LW�LV�QR�ORQJHU�QHHGHG� 

Sawdust 

7KH�GHEULV�WKDW�UHPDLQV�DIWHU�OXPEHU�KDV�EHHQ�SURFHVVHG�LQ�WKH�FDUSHQWU\�

LQGXVWU\�LV�NQRZQ�DV�VDZGXVW��7KLV�LV�QRZ�FRQVLGHUHG�WKLQ�DQG�WKLFN��7KH�

W\SH�RI�WUHH�IURP�ZKLFK�WKH�VDZGXVW�LV�REWDLQHG��DQG�WKH�GXUDWLRQ�RI�XVH�

DUH�LPSRUWDQW�LQ�SODQW�FXOWLYDWLRQ��,Q�UHJLRQV�ZKHUH�LW�LV�HDVLO\�DYDLODEOH��

VDZGXVW� LV� D� FRPPRQ� W\SH� RI� PXOFK�� 'HFRPSRVLWLRQ� RFFXUV� UHODWLYHO\�

VORZO\�EHFDXVH�RI� WKH�KLJK�&��1�UDWLR�� ,WV�GLVLQWHJUDWLRQ�ZLOO� UHVXOW� LQ�D�

QLWURJHQ�GHILFLHQF\� LQ� WKH� VRLO�� WKXV� IHUWLOL]HU�KDV� WR�EH�DSSOLHG�RIWHQ�� ,W�

VKRXOG� QRW� EH� XWLOL]HG� LQ� VRLOV� ZLWK� DQ� DFLGLF� S+� EHFDXVH� RI� LWV� DFLGLF�

QDWXUH��,W�KDV��KRZHYHU��KROG�PRLVWXUH�IRU�D�ORQJHU�WLPH��,WV�GLVDGYDQWDJHV�

LQFOXGH� NHHSLQJ� WKH� VRLO�ZHW� DQG� DLUOHVV�� KDYLQJ� DOOHORSDWKLF� HIIHFWV� RQ�

VRPH� FURSV�� DQG� SURYLGLQJ� D� IDYRUDEOH� JHUPLQDWLRQ�PHGLXP IRU� GLVHDVH�

DQG�ZHHG�VHHGV� 

)XUWKHUPRUH�� LW� PD\� QRW� H[KLELW� LWV� LPSDFW� LI� ZDVKHG� DZD\� E\� UDLQ��

HVSHFLDOO\�LQ�VORSLQJ�DUHDV� 

Compost 

&RPSRVW�FDQ�EH�HDVLO\�FUHDWHG�DW�KRPH�E\�FRPSRVWLQJ�D�YDULHW\�RI�ZDVWH�

SURGXFWV�� VXFK� DV� OHDYHV�� VWUDZV�� JUDVV� FOLSSLQJV�� DQG� SODQW� OHIWRYHUV��

&RPSRVW�LV�D�XVHIXO�VXEVWDQFH�IRU�HQKDQFLQJ�VRLO�KHDOWK��'XH�WR�WKH�H[FHVV�

QLWURJHQ�DQG�SRWHQWLDO�ZHHG�VHHGV��LW�VKRXOGQ
W�EH�XVHG�LQ�YHJHWDEOH�ILHOGV� 

Newspaper 
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1HZVSDSHU�PXOFKLQJ� LV� D� VLPSOH� DQG� HDVLO\� DYDLODEOH�PHWKRG� IRU�ZHHG�

PDQDJHPHQW��:LWKLQ�D�VKRUW�SHULRG��WKH�QHZVSDSHU�OD\HU�GHFRPSRVHV�LQWR�

WKH�VRLO� 

Inorganic mulch 

3RO\HWK\OHQH�SODVWLF� VKHHWV� DUH� SHWUROHXP-EDVHG�SURGXFWV�� DQG� V\QWKHWLF�

SRO\PHUV�DUH�JOLPSVHV�RI�LQRUJDQLF�PXOFKLQJ�PDWHULDOV� 

,Q� YDULRXV� DJULFXOWXUDO� SURGXFWLRQ� V\VWHPV�� PDWHULDOV� VXFK� DV� EODFN�

SRO\HWK\OHQH�DUH�XVHG�WR�FRQWURO�ZHHGV��,W�KDV�EHHQ�SURYHG�WKDW�PXOFKHV�

DUH� HIIHFWLYH� DW� FRQWUROOLQJ� ZHHGV�� $OXPLQXP-FRDWHG� SODVWLF� DQG� IRLO�

PXOFKLQJ�PDWHULDOV�DUH�PDLQO\�FRQILQHG�WR�YHJHWDEOH�FURSV��0XOFKHV�PDGH�

RI� DOXPLQXP-FRDWHG� SODVWLF� DOVR� KHOS� YHJHWDEOH� FURSV� UHGXFH� YLUXVHV��

DSKLGV��DQG�RWKHU�LQVHFWV� 

Special type 

$OVR� DYDLODEOH� DV� HQYLURQPHQWDOO\� IULHQGO\�PDWHULDOV� DUH� ELRGHJUDGDEOH�

DQG�SKRWRGHJUDGDEOH�SODVWLF�ILOPV� 

The role of organic mulches in weed management  

7KH�GLVSHUVDO�RI�ZHHG�VHHGV�LQWR�WKH�VRLO�DQG�WKHLU�DELOLW\�WR�HPHUJH�DUH�

OLPLWHG�E\�RUJDQLF�PXOFKHV� 2UJDQLF�PXOFKHV�FDQ�UHGXFH�ZHHG�SRSXODWLRQV�

E\�UHGXFLQJ� WKH�DPRXQW�RI�R[\JHQ� WKDW�DIIHFWV� WKH�JHUPLQDWLRQ�RI�ZHHG�

VHHGV��$GGLWLRQDOO\��WKH�PXOFK�OD\HU
V�WKLFNQHVV�QHHGV�WR�EH�VXIILFLHQW�WR�

EORFN� OLJKW�� �22 DYDLODELOLW\� UHGXFHV�DV�PXOFK� OD\HU� WKLFNQHVV� LQFUHDVHV��

%HFDXVH�RUJDQLF�PXOFKHV��ZKLFK�DUH�DSSOLHG�RQ�WKH�VRLO
V�VXUIDFH��SUHYHQW�

VXQOLJKW�IURP�DFFHVVLQJ�WKH�VRLO� ZKLFK�LV�HVVHQWLDO�IRU�SKRWRV\QWKHVLV��DQG�

UHVWULFWHG�ZHHG�VHHGV�IURP�JHUPLQDWLQJ��$�WKLQ�OD\HU�RI�RUJDQLF�PXOFKLQJ�

NHHSV�WKH�VRLO�PRLVW�DQG�SURYLGHV�LW�ZLWK�HVVHQWLDO�QXWULHQWV��EXW�DOORZV�WKH�
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ZHHGV�WR�JURZ�DQG�HPHUJH��7KH�WKLFNQHVV�RI�RUJDQLF�PXOFKLQJ�VKRXOG�EH�

GHWHUPLQHG�E\�WKH�SUHGRPLQDQW�ZHHG�VSHFLHV��0XOFKLQJ�LV�XVHG�WR�UHGXFH�

FRPSHWLWLRQ�IRU�OLJKW��WHPSHUDWXUH��QXWULHQWV��DQG�VSDFH�DPRQJ�ZHHGV�DQG�

FURSV��(IIHFWLYH�ZHHG�FRQWURO�GHSHQGV�RQ�DSSO\LQJ�WKH�SURSHU�PXOFK�DW�WKH�

ULJKW� WLPH� DQG� LQ� VXIILFLHQW� TXDQWLWLHV�� %\� UHOHDVLQJ� VXEVWDQFHV� WKDW� DUH�

KDUPIXO�WR�PDQ\�ZHHGV��DOOHORSDWKLF�UHVLGXHV�IURP�VRPH�RUJDQLF�PXOFKHV�

FDQ�UHGXFH�ZHHG�JURZWK��%XW�ZHHG�VHHGV�FDUULHG�E\�RUJDQLF�PXOFKHV�OLNH�

VWUDZ�� KD\�� FRPSRVW�� OHDYHV�� HWF�� FDQ� EH� GLIILFXOW WR� FRQWURO RQFH� WKH\�

HPHUJH��,Q�PDQ\�SURGXFWV��WKH�IDFW�WKDW�RUJDQLF�PXOFKLQJ�LQYLWHV�GLVHDVH�

DQG�SHVW�SUREOHPV�OLPLWV�LWV�XVH�LQ�VRPH�SURGXFWV��2YHU-PXOFKLQJ�UHGXFHV�

WKH� R[\JHQ� DYDLODELOLW\� LQ� WKH� VRLO�� ZKLFK� HYHQWXDOO\� LQKLELWV� FURS�

JHUPLQDWLRQ� DQG� URRW� GHYHORSPHQW� QHJDWLYHO\�� ,W� FDQ� EH� GLIILFXOW� WR�

XQLIRUPO\�DSSO\�WKH�WKLFNQHVV�RI�WKH�RUJDQLF�PXOFKHV�DW�WKH�VRLO�VXUIDFH�RQ�

DOO� VLGHV�� FRPSOHWHO\� EORFNLQJ� WKH� SHQHWUDWLRQ� RI� VXQOLJKW� LQWR� WKH� VRLO��

(YHQ�LI�DSSOLHG�LQLWLDOO\��VRPH�ZHHGV�FDQ�JHUPLQDWH�DQG�GHYHORS�LI�WKHUH�

DUH�RFFDVLRQDO�JDSV�GXH�WR�HIIHFWV�VXFK�DV�LUULJDWLRQ��UDLQ��RU�ZLQG� 

4. Conclusion and Suggestions 

6LQFH�WKH\�JURZ�DW�WKH�VDPH�OHYHO�DV�WKH�FURS�DQG�DUH�XVLQJ�VRPH�RI�WKH�

UHVRXUFHV�UHTXLUHG�IRU�SODQW�JURZWK��ZHHGV�DUH�LPSRUWDQW�FRPSRQHQWV�LQ�

DJULFXOWXUDO�SURGXFWLRQ�V\VWHPV��:HHGV�XQFRQWUROOHG�LQHYLWDEO\�UHVXOW� LQ�

VLJQLILFDQW� DJULFXOWXUDO� RXWSXW� GHFUHDVHV� DQG� DQ� LQFUHDVH� LQ� SURGXFWLRQ�

FRVWV�� :HHG� FRQWURO� LV� QHFHVVDU\� WR� SUHYHQW� \LHOG� ORVVHV�� :HHGV�

VLJQLILFDQWO\� UHGXFH� FURS� TXDOLW\� DQG� \LHOG�� +RZHYHU�� ZHHGV� FDXVH�

GLIIHUHQW�DJULFXOWXUDO�ORVVHV�GHSHQGLQJ�RQ�WKH�UHJLRQ�DQG�W\SH�RI�FXOWLYDWHG�

SODQW��(DUO\�JURZWK�VWDJH ZHHG�FRQWURO�LV�HVVHQWLDO�WR�SUHYHQW�FURSV�IURP�
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UHGXFLQJ� \LHOG�� &KHPLFDO� ZHHG� FRQWURO� PHWKRGV� EHFRPH� FRPPRQ� LQ�

DJULFXOWXUDO�DUHDV�EHFDXVH�RI�WKHLU�IDVW HIIHFWV��HDV\ DSSOLFDWLRQ��DQG�ORZ�

FRVW� GXH� WR� WKH� ULVH� LQ� ODERU� DQG� SULFHV�� 'XH� WR� WKHLU� XQFRQVFLRXV� DQG�

H[WHQVLYH�XVH�PDQ\�KHUELFLGHV�XVHG�WR�FRQWURO�ZHHGV�FDQ�VHULRXVO\�GDPDJH�

WKH�HQYLURQPHQW�DQG�HFRORJLFDO�V\VWHPV��2QH�RI�WKH�DOWHUQDWLYH�PHWKRGV�WR�

FKHPLFDO�FRQWURO�LQ�VXVWDLQDEOH�DJULFXOWXUH�LV�PXOFKLQJ��0XOFKLQJ�LV�RQH�

RI� WKH�QRQ-FKHPLFDO�VWUDWHJLHV�WR�JHW�ULG�RI� WKH�QHJDWLYH�HIIHFWV�RI�ZHHG�

PDQDJHPHQW��,W�KDV�EHHQ�VKRZQ�WKDW�ZHHG�HPHUJHQFH�LV�SUHYHQWHG�LQ�PDQ\�

FURSV��0XOFKLQJ��ZKLFK�LV�FRQVLGHUHG�WR�EH�DQ�DOWHUQDWH�VWUDWHJ\��LQYROYHV�

FRYHULQJ� WKH� VRLO
V� VXUIDFH�ZLWK� OLYLQJ�RU�QRQ-OLYLQJ�PDWHULDOV� WR� UHGXFH�

PRLVWXUH�ORVV�DQG�WKH�HPHUJHQFH�RI�ZHHG�VHHGV��SDUWLFXODUO\�E\�UHVWULFWLQJ�

WKH� LQWDNH� RI� OLJKW� LQWR� WKH� VRLO�� 0XOFKLQJ�� ZKLFK� LV� RQH� RI� WKH� PRVW�

HIIHFWLYH�PHWKRGV�RI�ZHHG�FRQWURO�� LV�ERWK�HQYLURQPHQWDOO\�IULHQGO\�DQG�

HIIHFWLYH� LQ� WHUPV� RI� SURGXFW� TXDOLW\�� 9DULRXV� RUJDQLF� DQG� LQRUJDQLF�

PXOFKHV��VXFK�DV�SRO\HWK\OHQH�FRYHU��VWUDZ��VDZGXVW��KD]HOQXW�VKHOO��R\VWHU�

VKHOO��SHUOLWH��SXPLFH��DQG�FUXVKHG�UXEEHU��FDQ�EH�XVHG�IRU�WKLV�SXUSRVH�WR�

HIIHFWLYHO\�VXSSUHVV�ZHHG�JURZWK� 

7KH�PRVW�DGDSWDEOH�DQG�RIWHQ�XWLOL]HG�RUJDQLF�PXOFKHV�LQFOXGH�KD\��VWUDZ��

DQG�IUHVKO\�FXW�IRUDJH�RU�FRYHU�FURSV��7KH\�DUH�UHODWLYHO\�VLPSOH�WR�XVH��

OLPLW�HYDSRUDWLYH�ORVVHV�RI�VRLO�PRLVWXUH�ZKLOH�SHUPLWWLQJ�UDLQIDOO�WR�UHDFK�

WKH�VRLO��DQG�FDQ�FRQWURO�ZHHG�JHUPLQDWLRQ�DQG�HPHUJHQFH�ZKHQ�DSSOLHG�

DW�DSSURSULDWH�UDWHV��:HHGV�DUH�SUHYHQWHG�E\�RUJDQLF�PXOFK�LQ�D�YDULHW\�RI�

PDQQHUV��7KHVH�PXOFKHV�E\�SUHYHQWLQJ� WKH� OLJKW� IURP�UHDFKLQJ� WKH�VRLO��

UHGXFLQJ�WKH�VRLO�WHPSHUDWXUH��DQG�VLJQLILFDQWO\�UHGXFLQJ�WKH�WHPSHUDWXUH�

FKDQJHV�EHWZHHQ�GD\�DQG�QLJKW��QRW�RQO\�VXSSUHVV�ZHHGV�EXW�DOVR�DFW�DV�D�
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SK\VLFDO�EDUULHU��SUHYHQWLQJ�WKH�HPHUJHQFH�RI�JHUPLQDWLQJ�ZHHGV��0XOFKHV�

SURYLGH� SK\VLFDO� EDUULHUV� WKDW� SUHYHQW ZHHG� JURZWK�� 7KH� FRQILQHG�

VHHGOLQJV�GLH�LI�WKH�PXOFK�LV�WRR�WKLFN�WR�DOORZ�OLJKW�WR�UHDFK�WKHP��6RPH�

PXOFK�PDWHULDOV�FDQ�DOVR�VXSSUHVV�ZHHGV�E\�SURGXFLQJ�RUJDQLF�FRPSRXQGV�

WKDW� LQKLELW� WKH� JURZWK� RI� ZHHG� VHHGOLQJV� IRU� ZHHNV� DIWHU� DSSOLFDWLRQ��

2UJDQLF�PXOFKLQJ�VKRXOG�EH�HYDOXDWHG�IRU�QXPHURXV�FURSV��HVSHFLDOO\�LQ�

GU\ODQG�DUHDV��WDNLQJ�LQWR�DFFRXQW�LWV�UROH�LQ�HQYLURQPHQWDO�VDIHW\��DV�ZHOO�

DV� VRPH�� DGGHG� EHQHILWV� EH\RQG� ZHHG� PDQDJHPHQW�� $OWKRXJK� FHUWDLQ�

LVVXHV�ZLWK�RUJDQLF�PXOFKLQJ�SUHYHQW�ZHHG�FRQWURO� LQ�FURSV� IURP�EHLQJ�

IXOO\�SHUIRUPHG��LW�LV�VWLOO�D�YHU\�SURPLVLQJ�DSSURDFK�IRU�ZHHG�FRQWURO�LQ�

DQ� DJULFXOWXUDO� ILHOG� LQ� WHUPV� RI� ERWK� VXVWDLQDEOH� DQG� HQYLURQPHQWDO�

FRQVHTXHQFHV� 
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3UHVV������S 

0FGRQDOG�� 3�0��� )HGGOHU�� *�2� 	� +�5� +DUULVVRQ� �������� 0XOFKLQJ� WR�
5HJHQHUDWH� D� +DUVK� 6LWH�� (IIHFW� RQ�'RXJODV-ILU� 6HHGOLQJV�� )RUEV��
*UDVVHV�DQG�)HUQV��86'$�)RU�6HUY��5HV��3DS������S�� 

0($����������*XLGH�WR�WKH�0LOOHQQLXP�$VVHVVPHQW�5HSRUWV��0LOOHQQLXP�
(FRV\VWHP� $VVHVVPHQW�� KWWS���ZZZ�PLOOHQQLXPDVVHVVPHQW�RUJ��
�$FFHVVHG������������� 

0LD�� 0�-��� 0DVVHWDQL�� )��� 0XUUL�� *� 	� 1HUL�� '�� ������� 6XVWDLQDEOH�
DOWHUQDWLYHV�WR�FKHPLFDOV�IRU�ZHHG�FRQWURO�LQ�WKH�RUFKDUG-$�5HYLHZ��
+RUWLF��6FL��������-12. 

0RQWHLUR�� $� 	� 6DQWRV�� 6� �������� 6XVWDLQDEOH� $SSURDFK� WR� :HHG�
0DQDJHPHQW��7KH�5ROH�RI�3UHFLVLRQ�:HHG�0DQDJHPHQW��$JURQRP\�
������������KWWSV���GRL�RUJ���������DJURQRP\��������  

1JRVRQJ�� &��� -XVWLQ�� 2��� 7HQLQJ�� $�6�� ��������0XOFKLQJ�� D� VXVWDLQDEOH�
RSWLRQ� WR� LPSURYH� VRLO� KHDOWK�� ,Q�� 6RLO� IHUWLOLW\� PDQDJHPHQW� IRU�
VXVWDLQDEOH�GHYHORSPHQW��SS����-�����KWWSV���GRL�RUJ������������-
���-13-����-0_11  

1RUVH�� '� 	� 7VFKLUOH\�� -�� �������� $JULFXOWXUH� DQG� WKH� HQYLURQPHQW��
FKDQJLQJ�SUHVVXUHV��VROXWLRQV�DQG�WUDGHRIIV��%UXLQVPD�-��HG��:RUOG�
DJULFXOWXUH�� WRZDUGV� ����������� $Q� )$2� SHUVSHFWLYH�� (DUWKVFDQ�

https://doi.org/10.3390/agronomy12010118
https://doi.org/10.1007/978-981-13-5904-0_11
https://doi.org/10.1007/978-981-13-5904-0_11
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3XEOLFDWLRQV�DQG�)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��/RQGRQ��SS����–356 

1RUVZRUWK\��-�.���:DUG��6�0��6KDZ��'�5���/OHZHOO\Q��5�6���1LFKROV��5�/���
:HEVWHU��7�0���%UDGOH\��.�:���)ULVYROG��*���3RZOHV��6�%���%XUJRV��
1�5��� :LWW�� :�:� 	� %DUUHWW�� 0�� ������� 5HGXFLQJ� WKH� ULVNV� RI�
KHUELFLGH� UHVLVWDQFH�� EHVW� PDQDJHPHQW� SUDFWLFHV� DQG�
UHFRPPHQGDWLRQV��:HHG�6FL�����63�,����-62 

2HUNH��(�&����������&URS�ORVVHV�WR�SHVWV��7KH�-��$JULFXOWXUDO�6FLHQFH�������
31-��� 

g÷�W�<DYX]��'�	�%R]��g����������$Q�(YDOXDWLRQ�RI�WKH�(IIHFWLYHQHVV�RI�
'LIIHUHQW�0HWKRGV�IRU�:HHGV�LQ�)LJ�1XUVHULHV��,QWHUQDWLRQDO�-RXUQDO�
RI� $JULFXOWXUH� DQG� )RUHVWU\�� 9RO�� �� 1R�� �� SS�� ���-����� GRL��
��������M�LMDI������������� 

3DQQDFFL�� (��� /DWWDQ]L�� %� 	� 7HL�� )�� �������� 1RQ-FKHPLFDO� ZHHG�
PDQDJHPHQW�VWUDWHJLHV�LQ�PLQRU�FURSV��$�UHYLHZ��&URS��3URW��������-
��� 

3HWHUVRQ�� 0�$��� &ROODYR�� $��� 2YHMHUR�� 5��� 6KLYUDLQ�� 9� 	� :DOVK� 0�-��
��������7KH� FKDOOHQJH�RI�KHUELFLGH� UHVLVWDQFH� DURXQG� WKH�ZRUOG�� D�
FXUUHQW�VXPPDU\��3HVW�PDQDJHPHQW�VFLHQFH�������������-����� 

5HOI�� '� 	� $SSOHWRQ�� %�/�� �������� 6HOHFWLRQ� DQG� 8VH� RI� 0XOFKHV� DQG�
/DQGVFDSH�)DEULFV��9LUJLQLD�7HFK��9LUJLQLD�6WDWH�8QLYHUVLW\��86$. 

5HOI�� '�� �������� ,UULJDWLQJ� WKH� +RPH� *DUGHQ�� 9LUJLQLD� &RRSHUDWLYH�
([WHQVLRQ�� 5HWULHYHG� $SULO� ���� ������ IURP�
KWWS���ZZZ�H[W�YW�HGX�SXEV�HQYLURKRUW����-�������-����KWPO  

5RGUtJXH]-(XJHQLR�� 1��� 0F/DXJKOLQ�� 0��� 	� 3HQQRFN�� '�� �������� 6RLO�
3ROOXWLRQ��$�+LGGHQ�5HDOLW\��5RPH��)$2������SS��5HWULHYHG�IURP�
KWWSV���ZZZ�IDR�RUJ���L����HQ�L����HQ�SGI  

5XQKDP�� 6��� 7RZQ�� 6� 	� )LW]SDWULFN�� -�� �������� (YDOXDWLRQ� RYHU� IRXU�
VHDVRQV�RI�D�SDSHU�PXOFK�XVHG�IRU�ZHHG�FRQWURO�LQ�YHJHWDEOHV��$FWD�
+RUW����������–202. 

http://www.ext.vt.edu/pubs/envirohort/426-322/426-322.html
https://www.fao.org/3/i9183en/i9183en.pdf
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5\DQ�� 0�5��� 6PLWK�� 5�*�� 	� 0RUWHQVHQ�� '�$�� �������� :HHG�� FURS�
FRPSHWLWLRQ� UHODWLRQVKLSV�GLIIHU�EHWZHHQ�RUJDQLF�DQG�FRQYHQWLRQDO�
FURSSLQJ�V\VWHPV��:HHG�5HVHDUFK���������-���� 

6DQFKH]��(���/DPRQW��:�-�	�2U]ROHN��0�'����������1HZVSDSHU�PXOFKHV�
IRU�VXSSUHVVLQJ�ZHHGV�IRU�RUJDQLF�KLJK-WXQQHO�FXFXPEHU�SURGXFWLRQ��
+RUW7HFKQRORJ\��������-157. 

6DQGHUV��'���������8VLQJ�3ODVWLF�0XOFKHV�DQG�'ULS�,UULJDWLRQ�IRU�+RPH�
9HJHWDEOH� *DUGHQV�� +RUWLFXOWXUH� ,QIRUPDWLRQ� /HDÀHW�� 1RUWK�
&DUROLQD�([WHQVLRQ�5HVRXUFHV��86$�� 

6DUGDQD��9���0DKDMDQ��*��� -DEUDQ��.�	�&KDXKDQ��%�6�� �������� 5ROH� RI�
FRPSHWLWLRQ�LQ�PDQDJLQJ�ZHHGV��$Q�LQWURGXFWLRQ�WR�WKH�VSHFLDO�LVVXH��
&URS�3URWHFWLRQ������-7. 

6FKRQEHFN��0�� �������� 3ULQFLSOHV� RI� 6XVWDLQDEOH�:HHG�0DQDJHPHQW� LQ�
2UJDQLF� &URSSLQJ� 6\VWHPV�� �UG� HG��� :RUNVKRS� IRU� )DUPHUV� DQG�
$JULFXOWXUDO� 3URIHVVLRQDOV� RQ� 6XVWDLQDEOH :HHG� 0DQDJHPHQW��
&OHPVRQ�8QLYHUVLW\��&OHPVRQ��6&��86$� 

6FKRQEHFN��0�:�	� (YDQ\OR�� *�.�� �������� (IIHFWV� RI� PXOFKHV� RQ� VRLO�
SURSHUWLHV�DQG�WRPDWR�SURGXFWLRQ�LL��SODQW-DYDLODEOH�QLWURJHQ�RUJDQLF�
PDWWHU�LQSXW��DQG�WLOWK-UHODWHG�SURSHUWLHV��-��6XVWDLQ��$JULF��������–
100. 

6FLDODEED��1���	�:LOOLDPVRQ��'���Q�G����7KH�6FRSH�RI�2UJDQLF�$JULFXOWXUH��
6XVWDLQDEOH�)RUHVW�0DQDJHPHQW�DQG�(FRIRUHVWU\�LQ�3URWHFWHG�$UHD�
0DQDJHPHQW�� 5HWULHYHG� $SULO� ���� ������ IURP�
KWWSV���ZZZ�IDR�RUJ���\����H�\����H���KWP  

6KDUPD�� $�5�� �������� :HHG� PDQDJHPHQW� LQ� FRQVHUYDWLRQ� DJULFXOWXUH�
V\VWHPV- SUREOHPV�DQG�SURVSHFWV��1DWLRQDO�7UDLQLQJ�RQ�$GYDQFHV�LQ�
:HHG�0DQDJHPHQW�SS���-�� 

6KDUPD�� 6�1� 	� 6LQJK�� 5�.�� �������� :HHG� PDQDJHPHQW� LQ� ULFH-ZKHDW�
FURSSLQJ�V\VWHP�XQGHU�FRQVHUYDWLRQ�WLOODJH��,QGLDQ�-��:HHG�6FLHQFH��
����	������-��� 

https://www.fao.org/3/y5558e/y5558e00.htm
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6LOYD��9���0RO��+�*���=RPHU��3���7LHQVWUD��0���5LWVHPD��&�-�	�*HLVVHQ��9��
��������3HVWLFLGH�UHVLGXHV�LQ�(XURSHDQ�DJULFXOWXUDO�VRLOV–$�KLGGHQ�
UHDOLW\�XQIROGHG��6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW����������-����� 

6LQJK�� 5�� �������� :HHG� PDQDJHPHQW� LQ� PDMRU� NKDULI� DQG� UDEL� FURSV��
1DWLRQDO�7UDLQLQJ�RQ�$GYDQFHV�LQ�:HHG�0DQDJHPHQW��SS����-��� 

6PLWK��5�*���0RUWHQVHQ��'�$�	5\DQ��0�5����������$�QHZ�K\SRWKHVLV�IRU�
WKH� IXQFWLRQDO� UROH� RI� GLYHUVLW\� LQ� PHGLDWLQJ� UHVRXUFH� SRROV� DQG�
ZHHG-FURS�FRPSHWLWLRQ�LQ�DJUR-HFRV\VWHPV��:HHG�5HVHDUFK��������-
��� 

6WRUFN��9���.DUSRX]DV��'�*���0DUWLQ-/DXUHQW��)����������7RZDUGV�D�EHWWHU�
SHVWLFLGH� SROLF\� IRU� WKH� (XURSHDQ� 8QLRQ�� 6FLHQFH� RI� 7RWDO�
(QYLURQPHQW�� ����� ����-1033. 
KWWSV���GRL�RUJ���������M�VFLWRWHQY������������ 

6X�� :�+�� �������� $GYDQFHG� PDFKLQH� OHDUQLQJ� LQ� SRLQW� VSHFWURVFRS\��
5*%DQG� K\SHUVSHFWUDO-LPDJLQJ� IRU� DXWRPDWLF� GLVFULPLQDWLRQV� RI�
FURSV�DQG�ZHHGV��$�UHYLHZ��6PDUW�&LWLHV����������-���� 

6YHQVRQ�� 6�(�� �������� 6XSSUHVVLRQ� RI� /LYHUZRUW� *URZWK� LQ� &RQWDLQHUV�
8VLQJ�,UULJDWLRQ��0XOFKHV��)HUWLOL]HUV�DQG�+HUELFLGHV���(G��%U\VRQ��
/��-DPHV��,Q��3URFHHGLQJV�RI�6RXWKHUQ�1XUVH\�$VVRFLDWLRQ�5HVHDUFK�
&RQIHUHQFH������-���� 

6ZLQWRQ��6�0�	�9DQ�'H\Q]H��%����������+RHV�WR�KHUELFLGHV��HFRQRPLFV�
RI�HYROYLQJ�ZHHG�PDQDJHPHQW�LQ�WKH�8QLWHG�6WDWHV��7KH�(XURSHDQ�
-RXUQDO�RI�'HYHORSPHQW�5HVHDUFK�����������-��� 

7DKLU��,�,���6YHQVVRQ��6�(�	�+DQVVRQ�'����������)ORRU�PDQDJHPHQW�V\VWHP�
LQ� DQ� RUJDQLF� DSSOH� RUFKDUG� DIIHFW� IUXLW� TXDOLW\� DQG� VWRUDJH� OLIH��
+RUW6FLHQFH���������-���� 

7DUDUD�� -�0�� �������� 0LFURFOLPDWH� 0RGLILFDWLRQ� ZLWK� 3ODVWLF� 0XOFK��
+RUW6FLHQFH�������������-���� 

7HDVGDOH��-�5����������&RQWULEXWLRQ�RI�FRYHU�FURSV�WR�ZHHG�PDQDJHPHQW�LQ�
VXVWDLQDEOH�DJULFXOWXUDO�V\VWHPV��-�3URG�$JULF������–��� 
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7HDVGDOH�� -�5�� �������� &RYHU� FURSV�� VPRWKHU� SODQWV�� DQG� ZHHG�
PDQDJHPHQW�� 3DJHV� ���–���� LQ�+DWILHOG� -/�� %XKOHU�''�� 6WHZDUW�
%$��HGV��,QWHJUDWHG�:HHG�DQG�6RLO�0DQDJHPHQW��&KHOVHD��0,��$QQ�
$UERU�3UHVV 

7HSH�� ,�� �������� 7�UNL\H¶GH� WDUÕP� YH� WDUÕP� GÕúÕ� DODQODUGD� VRUXQ� RODQ�
\DEDQFÕ�RWODU�YH�P�FDGHOHOHUL��<�]�QF��<ÕO�hQLYHUVLWHVL�<D\ÕQODUÕ�
1R������9DQ� 

7HSH�� ,�� �������� <DEDQFÕ� 2WODUOD�0�FDGHOH�� 6LGDV�0HG\D� =LUDDW� <D\ÕQ�
1R������ø]PLU 

7RSDO��$���dRPDNOL��6���g]NDUDFD� 0���%DUDQ��$���.|NW�UN��0���3DUODN��9���
6D÷ODP�� <�6��� $WDPDQDOS�� 0� 	� &H\KXQ�� 6�%�� ��������
,PPXQRIOXRUHVFHQFH� HYDOXDWLRQ� RI� �-K\GUR[\QRQHQDO� DQG� �-
K\GUR[\-2-GHR[\JXDQRVLQH� DFWLYDWLRQ� LQ� ]HEUDILVK� �'DLQR� UHULR��
ODUYDH� EUDLQ� H[SRVHG� �PLFURLQMHFWHG�� WR� SURS\O JDOODWH��
&KHPRVSKHUH����������-256. 

8JEHGH�,WRGR��+����������&RQWUROOHG�5HOHDVH�RI�+HUELFLGHV�8VLQJ�1DQR-
)RUPXODWLRQ��$�5HYLHZ�� -RXUQDO� RI�&KHPLFDO�5HYLHZV� ������ ���-
���� 

8\JXU�� 6�	�8\JXU�� )�1�� ��������<DEDQFÕ� RWODUÕQ� EL\RORMLN�P�FDGHOHVL��
7�UNL\H�%L\RORMLN�0�FDGHOH�'HUJLVL����������-��� 

9HUPD��6�.�	�6LQJK��6�%����������(QKDQFLQJ�RI�ZKHDW�SURGXFWLRQ WKURXJK�
DSSURSULDWH�DJURQRPLF�PDQDJHPHQW��,QGLDQ�)DUPLQJ����������-��� 

9HUPD��6�.���6LQJK��6�%���5DL��2�3�	�6LQJK��*����������(IIHFW�RI�PXOFKLQJ�
DQG�LUULJDWLRQ RQ�ZHHGV�DQG�\LHOG�RI�VXPPHU�JUHHQ JUDP�LQ�VDOLQH�
VRLO��,QGLDQ�-��$JULFXOWXUDO�6FLHQFHV��������������-������ 

9HUPD��6.���6LQJK��6�%���5DL��2�3���6KDUPD��5�	�6LQJK��*����������(IIHFW�
RI�FXOWLYDUV�DQG�KHUELFLGHV�RQ�\LHOG�DQG�QXWULHQW�XSWDNH�E\�ZHHG�DQG�
ZKHDW� XQGHU� ]HUR-WLOODJH� V\VWHP�� ,QGLDQ� -�� $JULFXOWXUDO� 6FLHQFHV��
�����������-��� 
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:HLO��5�5�	�%UDG\��1�&����������7KH�1DWXUH�DQG�3URSHUWLHV�RI�6RLOV��1HZ�
<RUN��0DFPLOODQ�3XEOLVKLQJ�&RPSDQ\�������� 

:LHQ�+�&���0LQRWL�� 3�/�	�*UXELQJHU��9�3� �������� 3RO\HWK\OHQH�0XOFK�
6WLPXODWHV�(DUO\�5RRW�*URZWK�DQG�1XWULHQW�8SWDNH�RI�7UDQVSODQWHG�
7RPDWR��-��$P��6RF��+RUW�6FLHQFH��������������-211. 

;LXNDQJ��:���=KDQELQ��/�	�<LQJ\LQJ��;���������(IIHFWV�RI�PXOFKLQJ�DQG�
QLWURJHQ� RQ� VRLO� WHPSHUDWXUH�ZDWHU� FRQWHQW�� QLWUDWH-1� FRQWHQW DQG�
PDL]H�\LHOG�LQ�WKH�/RHVV�3ODWHDX�RI�&KLQD��$JULF��:DWHU�0DQDJ�������
53-��� 

<ÕOGÕ]��1��������. ��$UDOÕN�'�Q\D�7RSUDN�*�Q���7DUÕPVDO�WRSUDN�VRUXQODUÕ�
YH�WRSUDN�NRUXPDOÕ�WDUÕP��dLIWOLN��7XUNH\�������������� 

=DUDJR]D��&����������:HHG�0DQDJHPHQW�LQ�9HJHWDEOHV���(G��5��/DEUDGD��
:HHG� 0DQDJHPHQW� IRU� 'HYHORSLQJ� &RXQWULHV��� )RRG� DQG�
$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV��$GGHQGXP�������S� 

=LPGDKO�� 5�/�� �������� )XQGDPHQWDO� RI� ZHHG� VFLHQFH�� $FDGHPLF� 3UHVV��
%XUOLQJWRQ��0$� 
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1. Introduction 

7KH�HYHU-LQFUHDVLQJ�ZRUOG�SRSXODWLRQ�DQG�WKH�UHODWHG�QXWULWLRQDO�DQG�IRRG�

UHTXLUHPHQWV� KDYH� EURXJKW� QHZ� GLPHQVLRQV� WR� DJULFXOWXUDO� LQSXWV� DQG�

PHWKRGV��,Q�WKH�GHYHORSLQJ�DQG�PXOWLSO\LQJ�JOREDO�ZRUOG��WHFKQRORJ\�KDV�

EHHQ� XVHG� LQWHQVLYHO\� WR� REWDLQ� PRUH� SURGXFWV� IURP� XQLW� DUHDV�� ,Q� WKH�

DJULFXOWXUDO�VWUXJJOH�DSSOLHG�IRU�WKLV�SXUSRVH��PRUH�SHVWLFLGHV�DQG��PRUH�

FKHPLFDO� IHUWLOL]HUV� DUH� XVHG� WR� PLQLPL]H� SURGXFW� ORVV� DQG� WR� LQFUHDVH�

SURGXFW�TXDOLW\�DQG�TXDQWLW\��PRUH�ZDWHU�LV�XVHG�WR�LQFUHDVH�WKH�XSWDNH�RI�

FKHPLFDO�IHUWLOL]HUV�E\�SODQWV��DQG�H[FHVVLYH�XVH�RI� LQSXWV�KDV�VWDUWHG� WR�

OHDYH�PDQ\�QHJDWLYH�HIIHFWV�RQ� WKH�HQYLURQPHQW��7KH�XVH�RI� VRLO�SDUHQW�

PDWHULDO�� ZKLFK� KDV� DQ� LPSRUWDQW� SODFH� LQ� DJULFXOWXUDO� DFWLYLWLHV�� LV� DQ�

LQGLVSHQVDEOH�QHFHVVLW\�WR�HQVXUH�LWV�IXQFWLRQ�DQG�FRQWLQXLW\��7KH�ZD\�WR�

UHDOL]H� WKLV� LV� WR�EH�DEOH� WR�XVH� WKLV�PDWHULDO�DV�PXFK�DV�SRVVLEOH�IRU� LWV�

SXUSRVH�DQG�ZLWKRXW�GDPDJLQJ�LW��7XUNH\
V�VRLOV�DQG�QDWXUDO�QXUVHU\�VRLOV�

DUH�JHQHUDOO\�SRRU�LQ�RUJDQLF�PDWWHU��7KLV�LV�D�VLWXDWLRQ�WKDW�KDV�D�GLUHFW�

HIIHFW�RQ�SURGXFWLYLW\��7R�LQFUHDVH�WKH�SURGXFWLYLW\�RI�SRRU�VRLOV�LQ�RUJDQLF�

PDWWHU��VRLOV�PXVW�EH�HQULFKHG�WKURXJK�RUJDQLF�PDWWHU� 

$OO� LQSXWV� DYDLODEOH� LQ� DOO� NLQGV� RI� DFWLYLWLHV� FDUULHG� RXW� LQ� DJULFXOWXUDO�

SURGXFWLRQ�DUH�ZKROH�DQG�VKRXOG�EH�HYDOXDWHG�EDVHG�RQ�FHUWDLQ�FULWHULD��,W�

LV� XVHIXO� WR� HYDOXDWH� WKH� EDVLF� LQSXWV� DV� D� ZKROH�� ZKHWKHU� LW� LV� WKH�

SURGXFWLRQ�RI�VDSOLQJV�IRU�D�VWDQG�WR�EH�HVWDEOLVKHG�LQ�DQ�LQGXVWULDO�VHQVH�

RU�LQ�DOO�NLQGV�RI�DFWLYLWLHV�FDUULHG�RXW�LQ�D�FORVHG�JUHHQKRXVH�HQYLURQPHQW�

WR�PHHW�WKH�QHHG�IRU�YHJHWDEOHV��%HFDXVH�WKH�PDLQ�PDWHULDOV�DUH�ILUVWO\�WKH�

VRLO��JURZLQJ�PHGLXP��DQG�VHFRQGO\�WKH�UHTXLUHPHQWV�RI�WKH�JURZQ�SODQW�

PDWHULDO��7KH�SURFHVVHV�WR�EH�SDVVHG�WKURXJK�LQ�WKH�SURFHVV�IURP�WKH�VHHG�
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VWDJH� WR� WKH� VDSOLQJ� DUH� WKH� VDPH�� 7KH� RQO\� GLIIHUHQFH� KHUH� LV� WKDW� WKH�

YDULHW\� ZH� JURZ� KDV� GLIIHUHQW� HFRORJLFDO� UHTXLUHPHQWV� DFFRUGLQJ� WR� LWV�

PRUSKRORJLFDO�VWUXFWXUH��/HYHQWR÷OX�������� 

)HUWLOL]DWLRQ�LV�XVHG�WR�UHJXODWH�VRLO�UHDFWLRQ��1XWULHQW�XSWDNH�LQ�VHHGOLQJ�

SURGXFWLRQ�DQG�PLFURRUJDQLVP�DFWLYLWLHV�LQ�WKH�VRLO�DUH�FORVHO\�UHODWHG�WR�

VRLO�UHDFWLRQ��,Q�7XUNH\��DJULFXOWXUDO�VRLOV��DQG�HVSHFLDOO\�PDQ\�JURZLQJ�

HQYLURQPHQWV�DUH�KLJKO\�FDOFDUHRXV�DQG�KLJK�LQ�S+��7KHUHIRUH��WKHUH�LV�D�

QHFHVVLW\� WR� FRPSO\�ZLWK� VRPH� UXOHV� LQ� WKH� IHUWLOL]DWLRQ� DFWLYLWLHV� WR� EH�

FDUULHG�RXW��IRU�H[DPSOH��LQ�WKH�DONDOLQH�VRLOV�RI�7XUNH\��HYHQ�LI�LURQ�DQG�

SKRVSKDWH�DUH�SUHVHQW� LQ�WKH�VRLO�RU� WKHVH�QXWULHQWV�DUH�JLYHQ�WR�WKH�VRLO��

FDOFLXP� ELQGV� WKHP� DV� LQVROXEOH� FRPSRXQGV� DQG� WKH� SODQW� FDQQRW� WDNH�

WKHVH�QXWULHQWV���hUJHQo��������dLoHN�HW�DO��������� 

6FLHQWLILF�VWXGLHV�DQG�LQIRUPDWLRQ�VHHQ�LQ�WKH�OLWHUDWXUH�KDYH�VKRZQ�WKDW�

IHUWLOL]DWLRQ�DFWLYLWLHV�DUH�LPSRUWDQW�IRU�WKH�SURGXFW�JURZQ��7KH�PDLQ�JRDO�

VKRXOG�EH�WR�DQDO\]H�WKH�FRQFHSW�RI�IHUWLOL]DWLRQ�ZHOO�DQG�WR�HQVXUH�WKDW�LW�

LV� FDUULHG� RXW�ZLWK� WKH� SURSHU�PHWKRGV��&RPSOLDQFH�ZLWK� WKH�PLQLPXP�

EDVLF� UXOHV� LQ� WKH� IHUWLOL]DWLRQ� SURFHVV� ZLOO� OHDG� WR� WKH� VXFFHVV� RI� WKH�

SURFHVV� 

$V�VHHQ�IURP�7DEOH����EHVLGHV�WKH�IDFWRUV�DIIHFWLQJ�IHUWLOL]DWLRQ��RQH�RI�WKH�

LPSRUWDQW� LVVXHV� LV� WR� GHFLGH� KRZ�� LQ� ZKDW� GRVH�� DQG� ZKHQ� WR� DSSO\�

IHUWLOL]HUV��WDNLQJ�LQWR�DFFRXQW�WKH�FKHPLFDO�SURSHUWLHV�RI�WKH�IHUWLOL]HUV�WR�

EH�DSSOLHG��,Q�DGGLWLRQ�WR�WKH�IHUWLOLW\�VWDWXV�RI�WKH�VRLO��WKH�SODQW�SURGXFWLRQ�

V\VWHP� DQG� LUULJDWLRQ� PHWKRG� DUH� DOVR� LPSRUWDQW� LQ� GHWHUPLQLQJ� WKH�

IHUWLOL]DWLRQ�PHWKRG� 
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Table 1. )DFWRUV�DIIHFWLQJ�IHUWLOL]DWLRQ��.DUD|]�������� 

 

1.1. Organic Fertilizers 

3ODQW�DQG�DQLPDO�UHVLGXHV�RU�ZDVWHV�DUH�WUDQVIRUPHG�LQWR�RUJDQLF�IHUWLOL]HUV�

WKDW� FDQ� EH� XVHG� LQ� SODQW� SURGXFWLRQ� DIWHU� EHLQJ� VXEMHFWHG� WR� FHUWDLQ�

SURFHVVHV��,Q�DGGLWLRQ�WR�WKHVH�RUJDQLF�IHUWLOL]HUV��JUHHQ�IHUWLOL]HUV�DUH�DOVR�

PDGH� E\� PL[LQJ� SODQWV� JURZQ� IRU� IHUWLOL]DWLRQ� LQWR� WKH� VRLO�� 0LFURELDO�

IHUWLOL]DWLRQ��LQ�ZKLFK�SODQW�QXWULHQWV�DUH�DGGHG�WR�WKH�VRLO�DV�D�UHVXOW�RI�WKH�

DFWLYLWLHV� RI�PLFURELDO� RUJDQLVPV� SUHVHQW� LQ� WKH� VRLO�� LV� LQFOXGHG� LQ� WKH�

FODVVLILFDWLRQ�RI�RUJDQLF�IHUWLOL]HUV� 

7KH�VRLOV�RI�7XUNH\�DQG�QDWXUDO�QXUVHU\�VRLOV�DUH�JHQHUDOO\�SRRU�LQ�RUJDQLF�

PDWWHU�� 7KLV� KDV� D� GLUHFW� HIIHFW� RQ� SURGXFWLYLW\�� 7R� LQFUHDVH� WKH�

SURGXFWLYLW\�RI�SRRU�VRLOV�LQ�RUJDQLF�PDWWHU��VRLOV�PXVW�EH�HQULFKHG�WKURXJK�

RUJDQLF�PDWWHU��7KLV�VLWXDWLRQ�FDXVHV�QHZ�LQSXWV�LQ�WKH�VDSOLQJ�SURGXFWLRQ�

SURFHVV�DQG�LQFUHDVHV�WKH�FRVW��2*0������� dLoHN�������� 

2UJDQLF�0DWWHU �����2UJDQLF�PDWWHU�FRQWHQW�RI�VRLOV��,W�ZDV�GHWHUPLQHG�E\�

WKH�PRGLILHG�:DONOH\-%ODFN�PHWKRG�DV�UHSRUWHG�E\�-DFNVRQ���������7KH�

Soil Factors Climate Factors Plant Factors Human Factors 

6RLO�IHUWLOLW\ 
$PRXQW�RI�

SUHFLSLWDWLRQ 

3ODQW�W\SH 
�6RLO�FXOWLYDWLRQ 


6RLO�PRLVWXUH 
3UHFLSLWDWLRQ�
GLVWULEXWLRQ 


3ODQW�DJH 
'LVHDVH�DQG�ZHHG�
FRQWURO 


6RLO�GHSWK 
7HPSHUDWXUH 
3ODQW�VL]H 
3ODQWLQJ� VSDFLQJ� DQG�
GLVWDQFH 


6RLO�UHDFWLRQ 
�$PRXQW�RI�OLJKW 
 


3ODQWLQJ� RU� SODQWLQJ�
PHWKRG 


6RLO�WH[WXUH   +XPDQ�)DFWRUV 

6RLO�VWUXFWXUH    

6RLO�RUJDQLF�VWUXFWXUH    
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FODVVLILFDWLRQ� RI� VRLOV� DFFRUGLQJ� WR� WKHLU� RUJDQLF�PDWWHU� YDOXHV� JLYHQ� LQ�

7DEOH� �� SURYLGHV� LPSRUWDQW� GDWD� IRU� WKH� HYDOXDWLRQ�RI WKH� DQDO\]HG� VRLO�

YDOXHV� 

Table 2. &ODVVHV�RI�VRLOV�DFFRUGLQJ�WR�RUJDQLF�PDWWHU�YDOXHV��hOJHQ�	�

<XUWVHYHU�������� 

 

 

 

 

1.1.1. Animal fertilizers 

$QLPDO-EDVHG�RUJDQLF�IHUWLOL]HUV��EDUQ\DUG�PDQXUHV��PDQXUH�RI�FDWWOH�DQG�

VKHHS�DQG�JRDWV�DUH�JHQHUDOO\�FDOOHG�EDUQ\DUG�PDQXUH�DQG�FRQVLVW�RI�WKUHH�

VHSDUDWH� SDUWV�� VROLG� SDUW� �VROLG� H[FUHPHQW��� OLTXLG� SDUW� �XULQH��� DQG�

EHGGLQJ��3RXOWU\�DQG�SRXOWU\�GURSSLQJV DUH�DOVR�ZLGHO\�XVHG�DV�RUJDQLF�

IHUWLOL]HU� DQG� DUH� VXEMHFW� WR� WKLV� FODVVLILFDWLRQ�� $QLPDO� PDQXUH� LV� WKH�

IHUWLOL]HU�WKDW�SURYLGHV�WKH�EHVW�QXWULHQWV�IRU�VRLO�VWUXFWXUH�DQG�VRLO�WH[WXUH��

,I� LW� LV� SURSHUO\� DSSOLHG� WR� WKH� VRLO�� LW� LV� SUHIHUUHG� EHFDXVH� LW� KDV� EHWWHU�

QXWULHQW�FRQWHQW�WKDQ�FRPPHUFLDO�IHUWLOL]HUV�DQG�LV�HFRQRPLFDO�� 

:KHQ�DQLPDO�PDQXUH�LV�DSSOLHG�WR�WKH�VRLO��LW�HQULFKHV�WKH�VRLO�LQ�WHUPV�RI�

QLWURJHQ�� SKRVSKRUXV�� SRWDVVLXP�� DQG� VXOIXU� DQG� LQFUHDVHV� WKH� ZDWHU-

KROGLQJ�FDSDFLW\�RI�WKH�VRLO��.DFDU�	�.DWNDW�������� 

$V�XQGHUVWRRG�IURP�7DEOH����WKH�DPRXQW�RI�PDFUR�HOHPHQWV�LQ�JUDPV�SHU�

����J�RI�GU\�PDWWHU�LV�JLYHQ��7KHVH�YDOXHV��ZKLFK�DUH�HVSHFLDOO\�SUHVHQW�LQ�

WKH�ZDVWHV�RI�FDWWOH��VKHHS��KRUVH��DQG�SRXOWU\�JURXSV�LQ�WKH�FODVVLILFDWLRQ�

2UJDQLF�PDWWHU����� (YDOXDWLRQ 
 

 

���� 9HU\�OLWWOH 
���-��� /HVV 
���-��� 0LGGOH 
���-��� *RRG� 
!��� +LJK 
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RI�DQLPDO�PDQXUH��DUH�LPSRUWDQW�LQ�WHUPV�RI�LQFUHDVLQJ�WKH�RUJDQLF�PDWWHU�

RI� WKH� VRLO��$W� WKH� VDPH� WLPH�� WKH\� HQULFK� WKH�JURZLQJ� HQYLURQPHQWV� LQ�

WHUPV�RI�PDFUR�DQG�PLFURHOHPHQWV�ZLWK�WKHVH�QXWULHQWV� 

Table 3. &KHPLFDO�VWUXFWXUHV�RI�VRPH�DQLPDO�IHUWLOL]HUV��6H]HQ�������� 
 

 

Table 4. &KHPLFDO�VWUXFWXUH�RI�XULQH�RI�VRPH�DQLPDOV�LQ�WHUPV�RI�IHUWLOL]HU�YDOXH�
�6H]HQ�������� 

 

Table 5. (VVHQWLDO�QXWULHQW�FRQWHQWV�RI�GLIIHUHQW�DQLPDO�PDQXUHV��7DEDQ�������� 

    Nutrients, % in dry matter   
Fertilizer 1 3 . 
Cattle manure  � 1 � 
Horse manure  ��� ��� ��� 
Sheep manure � ��� ��� 
Chicken manure ��� ��� ��� 

 

 

 

Type 
H2O(%) 

Dry 
Matter(%) N(%) P2O5(%) K20(%) CaO 

Cattle ���� ���� ���� ���� ��� ���� 
Horse ���� ���� ���� ���� ���� ���� 
Sheep ���� ���� ���� ���� ���� ���� 

Goose, Duck �� �� ��� 1 ��� ��� 
Pigeon, 
Chicken �� �� ��� ��� ��� � 

Type H2O (%) Dry matter (%) N (%) P2O5 (%) K2O (%) Ca (%) 
Cattle ���� ��� ���� � ���� ���� 
Horse ���� ��� ���� � ��� ���� 
Sheep ���� ���� ���� ���� ���� ���� 
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Table 6. 6RPH�SURSHUWLHV�RI�YDULRXV�DQLPDO�IHFHV��7DEDQ�������� 
Type 

Ash(%) 
Organic 

Matter (%) 
Organic 
C (%) 

pH 
(1:5) 

ECmS cm-
1(1:5) 

Cattle ����� ����� ����� ���� ���� 
Sheep ����� ����� ����� ���� ���� 
Chicken ����� ����� ����� ���� ����� 
Sheep+Cattle+Chicken ���� ���� ����� ���� ����� 

Table 7. 3URSHUWLHV�RI�OLTXLG�EDW�JXDQR��85/���� 

Organic Matter ��� 
Total Nitrogen (N) ����� 
Total Phosphoruspentaoxide (P2O5)  �� 
Water Soluble Potassium Oxide (K2O)  �� 
Total Humic+Fulvic Acid  �� 
Ec (dS/m)  ��� 
pH 4.5-6.5 ���-��� 

Table 7. $QDO\VLV�UHVXOWV�RI�YHUPLFRPSRVW��85/���� 

Organic Matter ����� 
Total Nitrogen (N) ���� 
Organic Nitrogen ���� 
Max. Humidity ����� 
C/N ���� 
pH 6--� 
Max EC � G6�P 

 

1.1.2. Compost 

In FRPSRVWLQJ�� SODQW� VWHPV�� OHDYHV�� SUXQLQJ� UHVLGXHV�� DJULFXOWXUDO�

LQGXVWULDO� UHVLGXHV� �FDQQLQJ� RLO�� WREDFFR��� IRUHVWU\� LQGXVWULDO� UHVLGXHV�

�VDZGXVW��EDUN��FRQHV��HWF����DQG�DOO�RUJDQLF�PDWHULDOV�RI�DQLPDO�RULJLQ�FDQ�

EH�XVHG��85/��� dLoHN�	�<�FHGD÷������� 

In WKH�VWXG\�FRQGXFWHG�E\�$NJ�O���������LW�ZDV�HPSKDVL]HG�WKDW�FRPSRVW��

JUHHQ�PDQXUH��DQG�RWKHU�RUJDQLF�IHUWLOL]HUV�VKRXOG�EH�SUHIHUUHG�LQVWHDG�RI�

DUWLILFLDO�IHUWLOL]HUV�XQOHVV�LW�LV�FRPSXOVRU\��DQG�LW�ZDV�VWDWHG�WKDW�HVSHFLDOO\�
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WKH� XVH� RI� FRPSRVW� IRUPHG� IURP YDULRXV� RUJDQLF� UHVLGXHV� LQFUHDVHV�

SURGXFWLYLW\�LQ�QXUVHULHV��$OWKRXJK�JUHHQ�ZDVWH�FRPSRVW�YDULHV�GHSHQGLQJ�

RQ� LWV� VRXUFH�� WKHVH� FKDQJHV� DUH� OHVV� WKDQ� WKRVH� RI� IDUP\DUG� PDQXUH�

FRPSRVW��7KHUH�LV�D�WHQGHQF\�IRU�ORZHU�\LHOGV�ZKHQ�JUHHQ�ZDVWH�FRPSRVW�

LV�XVHG�DV�DQ�DOWHUQDWLYH�WR�EDUQ\DUG�PDQXUH�FRPSRVW��7KLV�LV�EHFDXVH�WKH\�

FRQWDLQ�QLWURJHQ�LQ�D�PRUH�VWDEOH�IRUP��&RPSDUHG�WR�EDUQ\DUG�PDQXUH��LW�

RIIHUV� VLPLODU� FKDUDFWHULVWLFV� LQ� WHUPV�RI�XWLOL]DWLRQ�� HVSHFLDOO\� VLQFH� WKH�

PDFUR� HOHPHQWV� WKH\� FRQWDLQ� DUH� FKHPLFDOO\� PRUH� VWDEOH�� *UHHQ� ZDVWH�

FRPSRVW�LV�DQ�LPSRUWDQW�LQSXW�WR�LPSURYH�WKH�RUJDQLF�VWUXFWXUH��EXW�LW�LV�

SUHIHUUHG� RQO\� DIWHU� IDUP\DUG�PDQXUH� LQ� WHUPV� RI� WKH� SODQW� QXWULHQWV� LW�

FRQWDLQV�� $V� D� UHVXOW� RI� WKH� GLJHVWLRQ� RI� GLIIHUHQW� RUJDQLF� ZDVWHV� DQG�

UHVLGXHV�E\ VRPH�HDUWKZRUPV��YHU\�YDOXDEOH�RUJDQLF�IHUWLOL]HU�LV�REWDLQHG�

LQ�WHUPV�RI�FRQWHQW�XVHG�LQ�DJULFXOWXUDO�SURGXFWLRQ��7KLV�FRPSRVW�SURGXFW��

FDOOHG�YHUPLFRPSRVW��LV�DOVR�SUHIHUUHG�DV�D�VRLO�FRQGLWLRQHU��(GZDUGV�	�

%RKOHQ�������� 

9HUPLFRPSRVW�FRQWDLQV�D�KLJK�SHUFHQWDJH�RI�V\PELRWLF�EDFWHULD��QLWURJHQ-

IL[LQJ�EDFWHULD��DQG�P\FRUUKL]DO�IXQJL�IURP�DV\PELRWLF�PLFURRUJDQLVPV��

6LQFH� WKH�VHFUHWLRQ�VXEVWDQFHV�RI� WKH�ZRUPV�FRQWDLQ�KLJK�DQG�H[FHVVLYH�

QXWULHQWV�� WKHVH� VHFUHWLRQ� VXEVWDQFHV� DUH� PL[HG� ZLWK� WKH� IHFHV� RI� WKH�

ZRUPV�� DOORZLQJ� WKH�SODQW� WR�JURZ�EHWWHU� DQG� WR�EH� UHVLVWDQW� WR�DGYHUVH�

HQYLURQPHQWDO�FRQGLWLRQV� 

,Q� UHFHQW� \HDUV�� �RUJDQRPLQHUDO� IHUWLOL]HUV��� ZKLFK� FRQWDLQ� RUJDQLF� DQG�

PLQHUDO� VXEVWDQFHV� WRJHWKHU�� KDYH� DOVR� EHHQ� XVHG� LQ� WKH� SUHIHUHQFH� RI�

JURZLQJ� PXOWLSOH� FURSV�� ZKLFK� LV� FDOOHG� LQWHQVLYH� DJULFXOWXUH��

2UJDQRPLQHUDO� IHUWLOL]HUV� SURGXFHG� IURP� DQLPDO� DQG� YHJHWDEOH� ZDVWH-
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GHULYHG�FRPSRVW�DUH�GHVLJQHG�IRU�WKH�IXOO�XVH�RI�RUJDQLF�VXEVWDQFHV�DQG�

PDFUR�DQG�PLFURHOHPHQWV�LQ�WKHLU�VWUXFWXUH�E\�SODQWV��85/���� 

1.1.3. Green fertilizer 

7R� LQFUHDVH� WKH� DPRXQW� RI� RUJDQLF� PDWWHU� LQ� SRRU� VRLOV� WKH� JURXS� RI�

FXOWLYDWHG�SODQWV�WKDW�DUH�VSHFLDOO\�SURGXFHG�DQG�JLYHQ�WR�WKH�VRLO�SDUHQW�

PDWHULDO�LV�FDOOHG�JUHHQ�IHUWLOL]HU��7KH�SURFHVV�RI�PL[LQJ�WKHVH�SODQWV�LQWR�

WKH�VRLO�DW�D�FHUWDLQ�VWDJH�RI�WKHLU�GHYHORSPHQW�ZKLOH�WKH\�DUH�VWLOO�JUHHQ�LV�

FDOOHG�JUHHQ�IHUWLOL]DWLRQ��$V�JUHHQ�IHUWLOL]HU�SODQWV��OHJXPLQRXV�SODQWV�WKDW�

FDQ�ELQG�QLWURJHQ�WKURXJK�QRGXOHV�LQ�WKHLU�URRWV�DQG�WKXV�SURYLGH�QLWURJHQ�

WR�WKH�VRLO�DQG�LQFUHDVH�WKH�DFWLYLWLHV�RI�PLFURELDO�RUJDQLVPV�LQ�WKH�VRLO�DUH�

JHQHUDOO\� SUHIHUUHG�� $PRQJ� WKH� OHJXPH� VSHFLHV� LQ� JUHHQ� IHUWLOL]DWLRQ��

FORYHU�� PHDGRZ� FORYHU�� VWRQH� FORYHU�� VR\EHDQV�� IRGGHU� SHDV�� IRGGHU�

FRZSHDV��UHG�FORYHU��-DSDQHVH�FORYHU��DQG�ZLOG�KDLU\�YHWFK�FDQ�EH�FRXQWHG��

1RQ-OHJXPH� FURSV� LQFOXGH� U\H�� RDWV�� EDUOH\�� PLOOHW�� EXFNZKHDW�� ZKHDW��

JUDVV��6XGDQ�JUDVV��PXVWDUG��UDSH��HWF��7R�PHHW�WKH�RUJDQLF�PDWWHU�GHILFLW�

LQ� QXUVHU\� VRLOV�� VRZLQJ� IRU� JUHHQ� PDQXULQJ� RU� RUJDQLF� PDWWHU�

VXSSOHPHQWDWLRQ�LV�UHTXLUHG��:DUNHQWLQ�������� 

*UHHQ�IHUWLOL]DWLRQ�LV�LPSRUWDQW�LQ�WHUPV�RI�UHJXODWLQJ�WKH�SK\VLFDO�VWUXFWXUH�

RI�WKH�VRLO�E\�LQFUHDVLQJ�WKH�DPRXQW�RI�RUJDQLF�PDWWHU��HQULFKLQJ�WKH�VRLO�

ZLWK� SODQW� QXWULHQWV�� DQG� FRQWULEXWLQJ� ELRFKHPLFDOO\�� *UHHQ� IHUWLOL]HUV�

LQFUHDVH�PLFURRUJDQLVP�DFWLYLWLHV�DQG�WKH�DPRXQW�RI�RUJDQLF�PDWWHU�LQ�WKH�

VRLO��ZKLOH�LQFUHDVLQJ�WKH�ZDWHU-KROGLQJ�FDSDFLW\�RI�WKH�VRLO��SURWHFWLQJ�LW�

IURP�QDWXUDO�SKHQRPHQD�VXFK�DV�HURVLRQ�DQG�ZHHG�LQYDVLRQ��*UHHQ�PDQXUH�

SODQWV� UHWDLQ� WKH� FKHPLFDO� IHUWLOL]HUV� JLYHQ� WR� WKH� VRLO� DQG� NHHS� WKHVH�

QXWULHQWV�DV�VROXEOH�RUJDQLF�FRPSRXQGV�LQ�WKHLU�ERGLHV��7KH�UHOHDVHG�SODQW�
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QXWULHQWV�DUH�DEVRUEHG�DV�WKH\�DUH�LQ�D�XVDEOH�IRUP�IRU�WKH�VHHGOLQJV�DQG�

SODQWV�SURGXFHG��,Q�WKLV�ZD\��LUULJDWLRQ�ZDWHU�DQG�UDLQ�SUHYHQW�WKH�ZDVKLQJ�

DZD\� RI� QXWULHQWV�� $OWKRXJK� RUJDQLF� PDWWHU� FRQVWLWXWHV� D� YHU\� VPDOO�

SURSRUWLRQ�RI�WKH�VRLO��LW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�SK\VLFDO��FKHPLFDO��

DQG� ELRORJLFDO� VWUXFWXUH� RI� WKH� VRLO� DQG� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH�

FRQYHUVLRQ�RI�PDQ\�SODQW�QXWULHQWV�LQ�WKH�VRLO��HVSHFLDOO\�QLWURJHQ��%XFN��

1����� 

1.1.4. Biological fertilizer 

7KH\�DUH�PLFURRUJDQLVPV�WKDW�DUH�LQWURGXFHG�LQWR�WKH�VRLO�RU�PL[HG�LQWR�WKH�

VRLO� ZLWK� VHHGV� WR� LQFUHDVH� WKH� DPRXQW� RI� XVHIXO� SODQW� QXWULHQWV�� 7KHVH�

RUJDQLVPV�PDNH� WKHP� DYDLODEOH� WR� SODQWV� E\� UHWDLQLQJ� �IL[LQJ�� WKH� IUHH�

niWURJHQ�LQ�WKH�DLU�RU�E\�FRQYHUWLQJ�WKH�SKRVSKRUXV�LQ�WKH�VRLO�LQWR�D�VROXEOH�

IRUP�� 7KH� GHYHORSPHQW� DQG� XVH� RI� DOWHUQDWLYH� SURGXFWV� WR� WKH� XVH� RI�

FKHPLFDO�SURGXFWV� LV�RI�JUHDW� LPSRUWDQFH�IRU�VXVWDLQDEOH�DJULFXOWXUH�DQG�

HQYLURQPHQWDO� SURWHFWLRQ�� 5HODWHG� VWXGLHV� DQG� DZDUHQHVV� DFWLYLWLHV� DUH�

FDUULHG�RXW�E\�WKH�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\�XQGHU�WKH�QDPH�RI�

�JRRG�DJULFXOWXUH��DQG�WKH�GDPDJHV�DUH�WULHG�WR�EH�PLQLPL]HG��*|NKDQ�HW�

DO��������� 

)HUWLOL]DWLRQ�PHWKRGV�KDYH�D�VSHFLDO�LPSRUWDQFH�LQ�HFRORJLFDO�DJULFXOWXUH��

%HFDXVH�LQ�VXVWDLQDEOH�DJULFXOWXUH��SURWHFWLQJ�WKH�VRLO
V�SDUHQW�PDWHULDO�DQG�

WUDQVIHUULQJ�LWV�IXQFWLRQDOLW\�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ�FDQ�EH�UHDOL]HG�

ZLWK�RUJDQLF�IHUWLOL]DWLRQ�DQG�PHWKRGV��7KLV�FDQ�EH�DFKLHYHG�ZLWK�RUJDQLF�

RULJLQ� PDWHULDOV� WKDW� ZLOO� VXSSRUW� DQG� HYHQ� VXEVWLWXWH� WKH� LQRUJDQLF�

VWUXFWXUH�DV�PXFK�DV�SRVVLEOH�WR�SURWHFW�WKH�QDWXUDO�EDODQFH��/HYHQWR÷OX��

������ 
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1.2. Fertilization in Ecological Agriculture 

,I�WKHUH�DUH�QRW�HQRXJK�QXWULHQWV�LQ�WKH�VRLO�WR�PHHW�WKH�QHHGV�RI�WKH�JURZQ�

SODQWV�� LW� LV�HVVHQWLDO� WR�VXSSOHPHQW� WKH�VRLO�ZLWK�SODQW�QXWULHQWV� WKURXJK�

IHUWLOL]DWLRQ�� ,I� WKH� VRLO� LV� QRW� VXIILFLHQWO\� QRXULVKHG�� \LHOG� ORVVHV� DUH�

REVHUYHG�DIWHU�D�ZKLOH�GXH�WR�WKH�ODFN�RI�QXWULHQWV��7R�JURZ�VXIILFLHQW�DQG�

KLJK-TXDOLW\�VHHGOLQJV��VRLO�QXWULWLRQ�LV�HVVHQWLDO��$V�NQRZQ��IHUWLOL]HU�LV�D�

QDWXUDOO\�RU�DUWLILFLDOO\�REWDLQHG�FRPSOH[�FKHPLFDO�VWUXFWXUH�WKDW�FRQWDLQV�

RQH�RU�PRUH�QXWULHQWV�QHFHVVDU\�IRU�WKH�QXWULWLRQ�RI�SODQWV��)HUWLOL]DWLRQ�LV�

WKH�SURFHVV�RI�DSSO\LQJ�IHUWLOL]HUV�WR�WKH�VRLO��VROLG�RU�WKURXJK�LUULJDWLRQ��

RU�GLUHFWO\�WR�WKH�SODQW��.DUD|]��������� 

)HHGLQJ�KDV�EHFRPH�D�YHU\�LPSRUWDQW�HOHPHQW�DV�D�UHVXOW�RI�WKH�DQDO\VLV�RI�

WKH�JURZLQJ�HQYLURQPHQW��VRLO�SDUHQW PDWHULDO��E\�DGKHULQJ� WR�VFLHQWLILF�

PHWKRGV�DQG�PHWKRGV��7R�GHWHUPLQH� WKH�DPRXQW�RI� IHUWLOL]HU� WR�EH�XVHG�

GXULQJ� SURGXFWLRQ�� ILUVW� RI� DOO�� LW� LV� QHFHVVDU\� WR� DQDO\]H� WKH� VRLO� ZHOO�

�*�oGHPLU�������� 

)HUWLOL]HU� DQG� IHUWLOL]DWLRQ� WHFKQLTXHV�DSSOLHG� LQ�QRUPDO FXOWLYDWLRQ�PD\�

QRW�EH�VXLWDEOH�IRU�HFRORJLFDO�DJULFXOWXUH��$SSOLFDWLRQV�DQG�PHWKRGV�PDGH�

ZLWK�JHQHULF�SURGXFWV��&KHPLFDO�IHUWLOL]HUV��LQ�DJULFXOWXUDO�SURGXFWLRQ�GR�

QRW� FRPSO\� ZLWK� WKH� ORJLF� RI� HFRORJLFDO� DJULFXOWXUH�� 7KHUHIRUH�� SODQW�

QXWULWLRQ�SURGXFWV�DQG�PHWKRGV�VXLWDEOH�IRU�HFRORJLFDO�DJULFXOWXUH�VKRXOG�

EH�SUHIHUUHG�LQ�WKH�ILUVW�SODFH��$OWKRXJK�PDQ\�IHUWLOL]HUV�DQG�UDZ�PDWHULDOV�

SUHIHUUHG�LQ�WRGD\
V�SURGXFWLRQ�VWDJHV�DUH�WRXWHG�DV�RUJDQLF�RULJLQ�SURGXFWV��

WKH�IDFW� WKDW� WKHVH�SURGXFWV�KDYH�RUJDQLF�FHUWLILFDWHV� WKDW�FDQ�EH�XVHG�LQ�

HFRORJLFDO� DJULFXOWXUH� DQG� KDYH� IRUPXODWLRQV� DQG� VWUXFWXUHV� WKDW� FDQ� EH�

XVHG�LQ�RUJDQLF�DJULFXOWXUH�LV�RQH�RI�WKH�IDFWRUV�WKDW�VKRXOG�EH�SDLG�VSHFLDO�
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DWWHQWLRQ��$V�D�UHVXOW�RI�WKH�LQFRUSRUDWLRQ�RI�SODQW�DQG�DQLPDO�UHVLGXHV�LQWR�

WKH�VRLO�DQG�WKHLU�GHFRPSRVLWLRQ��7KH�VRLO�LV�HQULFKHG�LQ�WHUPV�RI�RUJDQLF�

PDWWHU��&KHPLFDO�IHUWLOL]HUV�DUH�RIWHQ�QRW�VXLWDEOH�IRU�IHUWLOL]DWLRQ�DQG�LW�LV�

PRUH� EHQHILFLDO� WR� XVH� WKHP� WRJHWKHU� ZLWK� SODQW� UHVLGXHV� DQG� DQLPDO�

UHVLGXHV�WR�LPSURYH�VRLO�IHUWLOLW\�TXDOLW\��$QRQ\PRXV�������� 

$QLPDO�PDQXUH� LV� WKH� IHUWLOL]HU� WKDW� SURYLGHV� WKH� EHVW� QXWULHQWV� IRU� VRLO�

VWUXFWXUH�DQG�VRLO�WH[WXUH��,I�LW�LV�SURSHUO\�DSSOLHG�WR�WKH�VRLO��LW�LV�SUHIHUUHG�

EHFDXVH� LW� KDV� EHWWHU� QXWULHQW� FRQWHQW� WKDQ� FRPPHUFLDO� IHUWLOL]HUV� DQG LV�

HFRQRPLFDO��:KHQ�DQLPDO�PDQXUH�LV�DSSOLHG�WR�WKH�VRLO��LW�HQULFKHV�WKH�VRLO�

LQ�WHUPV�RI�QLWURJHQ��SKRVSKRUXV��SRWDVVLXP��DQG�VXOIXU�DQG�LQFUHDVHV�WKH�

ZDWHU-KROGLQJ�FDSDFLW\�RI�WKH�VRLO��.DoDU�	�.DWNDW�������� 

3UHIHUULQJ�WKH�PHWKRGV�RI�QRW�IHUWLOL]LQJ�PRUH�WKDQ�QHFHVVDU\�EHIRUH�DQG�

DIWHU� WKH� WLPH� �DSSURSULDWH� GRVDJH�� DSSURSULDWH� WLPH�� DQG� FRUUHFW�

IHUWLOL]DWLRQ���,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�VHHGOLQJV�IHG�ZLWK�IHUWLOL]DWLRQ�

DW�WKH�ULJKW�WLPH�DQG�ZLWK�WKH�ULJKW�GRVDJH�JDLQ�DSSURSULDWH�PRUSKRORJLFDO�

DQG� SK\VLRORJLFDO� FKDUDFWHULVWLFV� DQG� DUH� WKHUHIRUH� VXFFHVVIXO� LQ� ILHOG�

FRQGLWLRQV��g]GHPLU��������7DFHQXU�	�(IHR÷OX�������� 

.DUDoDO� ������� REVHUYHG� WKDW� LI� RUJDQLF� FRPSRXQGV� DQG� SURGXFWV� DUH�

SUHIHUUHG��WKH\�KDYH�SRVLWLYH�HIIHFWV�RQ�VRLOV��7KH�PDLQ�RQHV�DUH�HVSHFLDOO\�

IRUPLQJ� RUJDQLF� VWUXFWXUHV�ZLWK� SODQW� QXWULHQWV� �.LOH\W��� LQFUHDVLQJ� VRLO�

PLFURELRORJLFDO� DFWLYLW\�� DFFHOHUDWLQJ� QXWULHQW� XSWDNH�� HVSHFLDOO\�

IDFLOLWDWLQJ�WKH�XSWDNH�RI�QLWURJHQ��SKRVSKRUXV��DQG�VXOIXU��DQG�SURYLGLQJ�

UDSLG�UHOHDVH�RI�SODQW�QXWULHQWV�E\�GLVVROYLQJ�PLQHUDOV� LQ�D�VKRUWHU� WLPH��

LQWHQVLI\LQJ�WKH�DFWLYLWLHV�LQ�WKLV�UHJLRQ�E\�VWLPXODWLQJ�URRW�FHOOV�DQG�WKXV�

LQFUHDVLQJ� WKH� XSWDNH� RI� SODQW� QXWULHQWV�� LPSURYLQJ� WKH� VRLO� VWUXFWXUH��
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LQFUHDVLQJ�WKH�ZDWHU�KROGLQJ�FDSDFLW\�RI�WKH�VRLO�SDUHQW�PDWHULDO��$PRQJ�

WKH�+XPLQ�VXEVWDQFHV�ZKRVH�XVH�KDV�LQFUHDVHG�LQ�UHFHQW�\HDUV��HVSHFLDOO\�

�+XPLF�$FLG��LV�XVHG�DV�IHUWLOL]HU�LQ�SODQW�QXWULWLRQ�DQG�KDV�DVVXPHG�WKH�

IXQFWLRQDOLW\�RI�RUJDQLF�VXEVWDQFHV� 

7R�WKH������UHJXODWLRQV�SXEOLVKHG�LQ�WKH�2IILFLDO�*D]HWWH�1R���������WKH�

SULQFLSOHV� RI� IHUWLOL]DWLRQ� PHWKRGV� IRU� HFRORJLFDO� DJULFXOWXUH� VKRXOG� EH�

IROORZHG� 

2. Material and Method 

7R�H[DPLQH�WKH�HIIHFWV�RI�RUJDQLF�RULJLQ�SURGXFWV�RQ�WKH�IHUWLOLW\�RI�VRLOV�

ZLWK�GLIIHUHQW�FKDUDFWHULVWLFV�DQG�RQ�WKH�\LHOG�DQG�QXWULHQW�FRQWHQW�RI�

FXOWLYDWHG�SODQWV�JURZQ�RQ�WKHVH�VRLOV��D�WRWDO�RI����VRLO�VDPSOHV�ZHUH�

WDNHQ�IURP���ORFDWLRQV�ZLWK�GLIIHUHQW�FKDUDFWHULVWLFV�IURP�GLIIHUHQW�

SURYLQFHV�LQ�7XUNH\��$QWDO\D��.�WDK\D��.RQ\D��6DPVXQ��(VNLúHKLU��8UID��

(U]XUXP��'HQL]OL������VRLO�VDPSOHV�ZHUH�WDNHQ�IURP�ODQGV�WKDW�JURZ�

FURSV�ZLWK�PLQLPXP�FRPSOLDQFH�ZLWK�HFRORJLFDO�FRQGLWLRQV�DQG����VRLO�

VDPSOHV�ZHUH�WDNHQ�IURP�ODQGV�WKDW�JURZ�FURSV�XQGHU�XQFRQWUROOHG�

FRQGLWLRQV�DQG�H[SHULPHQWV�ZHUH�FDUULHG�RXW�E\�JURZLQJ�FXOWLYDWHG�SODQWV�

GHWHUPLQHG�DV�WDUJHW�FURSV�LQ�WKHVH�VRLOV�� 

7KHVH�VDPSOHV��ZKLFK�ZHUH�WDNHQ�IURP�WKH����OHDGLQJ�IDUPHUV�ZKR�

SDUWLFLSDWHG�LQ�WKH�SUHVHQW�VWXG\�E\�DGKHULQJ�WR�WKH�VRLO�VDPSOLQJ�FULWHULD��

ZHUH�FOHDQHG�IURP�FRQWDPLQDWHG�PDWHULDOV��VXFK�DV�SODQW��URFN��VWRQH�

SDUWLFOHV��HWF���DQG�VXEMHFWHG�WR�DLU�GU\�SURFHVV�DQG�WKHQ�JURXQG�DQG�

VLHYHG��7KH�VRLO�VDPSOHV�ZHUH�ODEHOHG�DFFRUGLQJ�WR�ODQG�ORFDWLRQ�

iQIRUPDWLRQ��SURGXFWLRQ�ORFDWLRQ��DQG�SURGXFW�W\SH�DQG�DQDO\]HG�LQ�DQ�

DFFUHGLWHG�DXWKRUL]HG�ODERUDWRU\��7KH�SURGXFW�PDWHULDOV�JURZQ�LQ�WKH�
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ILHOGV�ZKHUH�VRLO�DQDO\VLV�ZDV�FDUULHG�RXW�ZHUH�FRPSDUHG�EDVHG�RQ�

VDPSOHV�WDNHQ�IURP�XQFRQWUROOHG�ILHOGV��IDUPHUV
�JURZLQJ�HQYLURQPHQWV��

LQ�WKH�YLFLQLW\��DQG�WKH�PRUSKRORJLFDO�UHVXOWV�RI�WKH�REWDLQHG�FURSV�ZHUH�

UHFRUGHG�DQG�FRPSDUHG 

7KH�IHUWLOL]DWLRQ�SURFHVV�LV�LPSRUWDQW�DFFRUGLQJ�WR�WKH�WLPH��DPRXQW��

PHWKRG�RI�IHUWLOL]DWLRQ��ELRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�VSHFLHV��VRLO�

TXDOLWLHV�RI�WKH�SODQWLQJ�DUHD��DQG�FOLPDWLF�FRQGLWLRQV�RI�WKH�FLW\��*H]HU�	�

*�O��������*H]HU�	�<�FHGD÷��������*H]HU�	�<�FHGD÷��������� 

3. Findings and Discussion 

7KH�FRQFHSW�RI�IHUWLOL]DWLRQ��ZKLFK�LV�RQH�RI�WKH�PRVW�VHQVLWLYH�LVVXHV�RI�

HFRORJLFDO� DJULFXOWXUH�� VKRXOG� EH� LPSOHPHQWHG� E\� WDNLQJ� WKH� QHFHVVDU\�

PHDVXUHV� LQ� SURGXFWLRQ�SODQV� WR�PLQLPL]H� WKH� LPSHQGLQJ� GDQJHU� WR� WKH�

VRLOV�LQ�7XUNH\��2UJDQLF�IHUWLOL]HUV�SOD\�DQ�LPSRUWDQW�UROH�LQ�LQFUHDVLQJ�VRLO�

IHUWLOLW\�DQG�VXVWDLQDELOLW\��6WXGLHV�FRQGXFWHG�LQ�GLIIHUHQW�SDUWV�RI�WKH�ZRUOG�

KDYH�VKRZQ�WKDW�RUJDQLF�IHUWLOL]HUV�LPSURYH�VRLO�SURSHUWLHV�DQG�LQFUHDVH�WKH�

\LHOG�RI�FURSV� 

7KH� IDFW� WKDW� WKH� VRLOV� XVHG� LQ� WKH� FXUUHQW� DUH� JHQHUDOO\� LQ� WKH�$ONDOLQH�

JURXS�VKRZV�WKDW�WKH�DPRXQW�RI�QLWURJHQ�IHUWLOL]HU�WR�EH�DSSOLHG�SHU�GHFDUH�

LQ� WKH� RUJDQLF�PDWWHU� FRQWHQW� ���� �-�� UDQJH� LV� ��� NJ-��� NJ�� ZKLOH� WKH�

DPRXQW�RI�QLWURJHQ�IHUWLOL]HU�WR�EH�DSSOLHG�SHU�GHFDUH�LQ�D�VRLO�FRQWDLQLQJ�

�-��� 20� LV� �� NJ-��� NJ�� ,Q� D� GRFWRUDO� VWXG\�� WKH� DPRXQW� RI� QLWURJHQ�

IHUWLOL]HU�WR�EH�DSSOLHG�SHU�GHFDUH�LQ�VRLOV�LQ�WKH�$ONDOLQH�JURXS�WDNHQ�IURP�

QXUVHULHV�GXULQJ�WKH�VDSOLQJ�SURGXFWLRQ�SKDVH�LQ�WKH�RUJDQLF�PDWWHU�FRQWHQW�

����UDQJH�RI��-�� LV����NJ��ZKLOH� WKH�DPRXQW�RI�QLWURJHQ� IHUWLOL]HU� WR�EH�



 
 

315 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-11  

DSSOLHG�LQ�D�VRLO�FRQWDLQLQJ�20�LQ�WKH�UDQJH�RI��-���LV���-���NJ�SHU�GHFDUH�

�/HYHQWR÷OX�������� 

7KHUHIRUH��LW�LV�HVVHQWLDO�WR�LQFUHDVH�WKH�RUJDQLF�VWUXFWXUH�RI�WKH�VRLO�ZLWK�

RUJDQLF�SURGXFWV�� ,Q�SDUWLFXODU��ZHOO-EXUQHG�IDUP�IHUWLOL]HUV��ZKLFK�KDYH�

EHHQ�VXEMHFWHG�WR�DW�OHDVW���\HDU�RI�ZDLWLQJ��DQG�ZKLFK�KDYH�EHHQ�SXULILHG�

IURP�WR[LF�FRPSRQHQWV�VXFK�DV�XUHD�DQG�XULF�DFLG�VXFK�DV�1+��VKRXOG�EH�

SUHIHUUHG��$OWKRXJK�VRPH�SURGXFHUV�XVH�FKLFNHQ�DQG�SLJHRQ�PDQXUH��DOEHLW�

LQ� OLPLWHG� DPRXQWV�� FKLFNHQ� DQG� SLJHRQ� PDQXUH� VHHPV� WR� EH� ULFK� LQ�

PLFURHOHPHQWV� LQ� WHUPV RI� FRQWHQW� EXW� FRQVLGHULQJ� WKDW� LW� PD\� KDYH�

QHJDWLYH�HIIHFWV�RQ�WKH�VRLO�LQ�WHUPV�RI�(&�YDOXHV�DQG�VDOLQLW\��LW�VKRXOG�EH�

SUHIHUUHG�E\�WDNLQJ�LQWR�DFFRXQW�WKH�(&�GHJUHH�DFFRUGLQJ�WR�WKH�DQDO\VLV�

UHSRUWV�ZKHQ�GHWHUPLQLQJ�WKH�DPRXQW�RI�XVH� 

$FFRUGLQJ�WR�WKH UHVXOWV�RI�WKH�VDPSOHV�WDNHQ�IURP�WKH�ODQGV�ZLWK�KLJK�S+�

����-������20�FRQWHQW�EHORZ�����DQG�FOD\�FRQWHQW�IDU�DERYH�WKH�FULWLFDO�

YDOXHV��LW�ZDV�GHWHUPLQHG�WKDW�PRVW�RI�WKHP�GLG�QRW�SUHIHU�WR�XVH�RUJDQLF�

JURXSV�FORVH�WR�IRVVLO�VXFK�DV�/HRQDUGLWH��+XPLF�$FLG��+XPDWH��+XPDWH��

+XPLQ��)XOYLF�$FLG��ZKLFK�KDYH�SRVLWLYH�HIIHFWV�RQ�VRLO�WH[WXUH�VWUXFWXUH��

,Q�SDUWLFXODU�� LW�ZDV�XQGHUVWRRG�WKDW� WKH�VSHFLHV�JURZQ�LQ�QXUVHULHV�ZLWK�

ORZ�S+�VRLO�VWUXFWXUH�VKRZHG�PRUH�GHYHORSPHQW�FRPSDUHG�WR�RWKHU�VSHFLHV�

LQ� WHUPV� RI� ERWK WKH� DPRXQW� RI� EFP� WKH\� UHPRYHG� IURP� WKH� VRLO� DQG�

PRUSKRORJLFDO�FKDUDFWHULVWLFV��/HYHQWR÷OX�������� 

([LVWLQJ�ILHOGV�DQG�SURGXFHUV�HVSHFLDOO\�LQ�WKH�FRDVWDO�DUHDV�DUH�H[FOXGHG�

IURP�WKLV�JURXS��7KH�QHHG�IRU�RUJDQLF�PDWWHU�LQFUHDVHV�LQ�KRW-DULG�RU�FROG-

KXPLG�UHJLRQV��$�JRRG�GHYHORSPHQW�SURFHVV�RI�WKH�SURGXFHG�PDWHULDO�LV�

FORVHO\� UHODWHG� WR� WKH� SK\VLFDO� DQG� FKHPLFDO� SURSHUWLHV� RI� WKH� VRLO�
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HQYLURQPHQW� LQ� ZKLFK� LW� JURZV�� 7KH� PRVW� FRPPRQO\� XVHG� PHWKRG� WR�

LPSURYH�DQG�PDLQWDLQ�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�VRLO�LV�WR�DGG�PDWHULDOV�

RI� RUJDQLF� RULJLQ� WR� WKH� VRLO�� 6LQFH� KXPLF� DFLGV� DUH� REWDLQHG� E\�

GHFRPSRVLQJ�OHRQDUGLWH��ZKLFK�LV�LQ�WKH�QDWXUDO�PLQHUDO�JURXS��LQWR�VPDOOHU�

PROHFXOHV�DIWHU�H[WUDFWLRQ�SURFHVVHV��WKH�&DUERQ��+\GURJHQ��DQG�2[\JHQ�

ERQGV� WKH\� FRQWDLQ� UHDFW� ZLWK� WKH� LQVROXEOH� FRPSRXQGV� DQG� HOHPHQWV�

SUHVHQW� LQ� DONDOLQH� VRLOV�� DOORZLQJ� WKHP� WR� GLVVROYH� DQG� EH�PRUH� HDVLO\�

DEVRUEHG�E\�WKH�QXUVHU\�URRWV��$SSUR[LPDWHO\�����RI�WKH�SURGXFHUV�ZKR�

SDUWLFLSDWHG�LQ�RXU�VXUYH\�GLG�QRW�SUHIHU�WKHVH�SURGXFWV�DW�DOO��DQG�LW�ZDV�

GHWHUPLQHG�WKDW�WKH�SURGXFHUV�ZKR�XVHG�WKHP�XVHG�WKHP�LQ�DPRXQWV�WKDW�

KDG�D�YHU\�ZHDN�HIIHFW�RQ�WKH�VRLO��,Q�DGGLWLRQ�WR�RUJDQLF�VWUXFWXUHV�VXFK�DV�

IDUP�PDQXUH��OLWWHU��FRPSRVW��JUHHQ�PDQXUH��ELRORJLFDO�IHUWLOL]HU��DQG�SODQW�

QXWULWLRQ�SURGXFWV�REWDLQHG�ZLWK�WKHVH�DQG�VLPLODU�LQSXWV��LW�LV�QHFHVVDU\�WR�

LQFUHDVH�WKH�DZDUHQHVV�RI�WKH�SURGXFHUV��HVSHFLDOO\�LQ�RXU�LQQHU�DQG�HDVWHUQ�

UHJLRQV��WR�LQFUHDVH�WKH�SURPRWLRQ�DQG�ODXQFK�RI�DSSOLFDWLRQ�PHWKRGV�DQG�

WHFKQLTXHV�DQG�WR�LQFUHDVH�WKH�LQFHQWLYHV�IRU�XVH� 

4. Conclusion and Suggestions  

$SSURDFKHV� LQ� HFRORJLFDO� DJULFXOWXUH� SUDFWLFHV� KDYH� EHFRPH� PRUH�

SURPLQHQW�ZLWK�DFWLYLWLHV�WKDW�DUH�VXLWDEOH�IRU�WKHLU�SXUSRVH�LQ�UHFHQW�\HDUV��

(VSHFLDOO\� LQ� :HVWHUQ� FRXQWULHV�� FRPPRGLWLHV� DQG� LQSXWV� XVHG� LQ�

DJULFXOWXUDO� DFWLYLWLHV� VHUYH� WKLV� SXUSRVH�� ,Q� 7XUNH\�� WKH� VLWXDWLRQ� LV�

GLIIHUHQW��8QIRUWXQDWHO\��WKH�FXUUHQW�VWDWH�RI�WKH�VRLO�VWUXFWXUH�DV�D�UHVXOW�RI�

XQFRQVFLRXV� SUDFWLFHV� LV� LQ� D� SRVLWLRQ� WR� WXUQ� DJULFXOWXUDO� DFWLYLWLHV� WR�

PLQLPXP�OHYHOV�DIWHU�WKH�QH[W�IHZ�GHFDGHV� 
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&DUU\LQJ�RXW�DFWLYLWLHV�E\�WKH�FULWHULD�RI�RUJDQLF�DJULFXOWXUH�LV�QR�ORQJHU�D�

ZKLP��EXW�D�QHFHVVLW\�FRQVLGHULQJ�WKH�VRLO�VWUXFWXUH�LQ�7XUNH\��+XPDQ�DQG�

DQLPDO� KHDOWK� LV� XQGHU� VHULRXV� WKUHDW�� 7KH� XVHG� LQRUJDQLF� �FKHPLFDO��

FRPSRQHQWV�XVHG�DQG�WKH�SHVWLFLGHV��FKHPLFDO�IHUWLOL]HUV��DQG�RWKHU�LQSXWV�

FUHDWHG�ZLWK�WKHP�KDYH�EHFRPH�D�WKUHDW�WR�OLYLQJ�OLIH�DV�ZHOO�DV�WKH�VRLO�

SDUHQW�PDWHULDO� 

7KH�ILQDO�VLWXDWLRQ�FDXVHG�E\�WKH�XQFRQVFLRXV�DQG�H[FHVVLYH�XVH�RI�VXFK�

SURGXFWV� LQ� DJULFXOWXUDO� DFWLYLWLHV� DSSOLHG� LQ� 7XUNH\� KDUPV� WKH QDWLRQDO�

HFRQRP\�� WKH�YDOXH�RI�SURGXFW�TXDOLW\��TXDQWLW\�� DQG�HFRQRPLF�YDOXH� LV�

GHFUHDVLQJ�RYHU�WLPH��7KH�GLVHDVH�DJHQWV��UHVLGXHV��HWF��WKDW�RFFXU�LQ�WKH�

JURZQ� FURSV� ZLWK� LQRUJDQLF� SURGXFWV�� WU\LQJ� WR� HOLPLQDWH� WKHP� ZLWK�

SURGXFWV�RI�WKH�VDPH�TXDOLW\�LV�D ORVV�LQ�HYHU\�VHQVH� 

3URPRWLQJ�DJULFXOWXUDO�SROLFLHV�LQ�7XUNH\�WKDW�SULRULWL]H�KXPDQ�DQG�DQLPDO�

KHDOWK�� SDUWLFXODUO\� UHJDUGLQJ� EUHHGLQJ�� VKRXOG� EH� D� NH\� REMHFWLYH�� ,Q�

DGGLWLRQ��VDQFWLRQV�VKRXOG�EH�DSSOLHG�WR�SUHYHQW�WKH�XVH�RI�FHUWDLQ�LQSXWV�

WKDW� PD\� FDXVH� HQYLURQPHQWDO� DQG� FOLPDWH� LVVXHV�� :DWHU� UHVRXUFHV� LQ�

7XUNH\�� ZKLFK� DUH� LQGLVSHQVDEOH� IRU� DJULFXOWXUDO� DFWLYLWLHV� DQG� WKH� OLIH�

F\FOH� DQG� ZKLFK� DUH� GHFUHDVLQJ� GD\� E\� GD\�� DUH� EHLQJ� SROOXWHG� DQG�

GLVDSSHDULQJ��7KH�SURWHFWLRQ�RI�D�YLWDO�DVVHW�VXFK�DV�ZDWHU�ZLOO�EH�HQVXUHG�

WKURXJK�HFRORJLFDO�DFWLYLWLHV� 
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7KURXJKRXW�P\����\HDUV�RI�SURIHVVLRQDO� OLIH��,�RZH�D�ORW� WR�P\�EHORYHG�
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,�KDYH�PHQWLRQHG�LQ�WKH�ELEOLRJUDSK\�VHFWLRQ��ZKRVH�ZRUNV�,�KDYH�UHIHUUHG�
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KDYH�GRQH�LQ�WKH�SDVW��ZKLFK�,�KDG�WKH�RSSRUWXQLW\�WR�VXSSRUW�P\�WKHVLV� 
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WRJHWKHU�GLVWLQJXLVKHG�DFDGHPLFLDQV�RQ�VXFK�D�XVHIXO�VXEMHFW��SLRQHHULQJ�

WKH�FUHDWLRQ�RI�DQ�H[FHOOHQW�ERRN��DQG�ZRUNLQJ�GD\�DQG�QLJKW�DV�DQ�HGLWRU� 

Author Contribution and Conflict of Interest Disclosure Information 

7KH�DXWKRU�FRQWULEXWHG�IXOO\�WR�WKH�DUWLFOH��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 



 
 

319 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-11  

References 

$NJ�O��(����������%D]Õ�ILGDQOÕNODUGD�NDUDoDPÕQ��3LQXV�QLJUD�$UQROG��HNLPL�
VÕUDVÕQGD� WRSUD÷D� YHULOHQ� D]RWOX� YH� IRVIRUOX� J�EUHOHULQ� ILGDQ�
JHOLúLPLQH� RODQ� HWNLOHUL�� 2UPDQFÕOÕN� $UDúWÕUPD� (QVWLW�V�� 'HUJLVL��
7HNQLN�%�OWHQ�6HULVL�1R�������V����- ��� 

$QRQ\PRXV�� �������� ø÷QH� <DSUDNOÕ� $÷Do� )LGDQODUÕ�� 7�UN� 6WDQGDUWODUÕ�
(QVWLW�V���76����������V��$QNDUD� 

%XFN�� 3�6�� �������� 7KH� 1DWXUH� DQG� 3URSHUWLHV� RI� 6RLOV�� 6RLO� 2UJDQLF�
0DWWHU��(OHYHQWK�(GLWLRQ���-���������-���3����-�����3ULQWHG�LQ�WKH�
8QLWHG�6WDWHV�RI�$PHULFD� 

dLoHN��1����������.DGLIH��7DJHWHV�HUHFWD��oLoH÷LQLQ�ED]Õ�NDOLWH�YH�JHOLúLP�
SDUDPHWUHOHULQH�\DUDVD�J�EUHVL�YH�YHUPLNRPSRVWXQ�HWNLOHUL��-RXUQDO�
oI�$JULFXOWXUDO�%LRWHFKQRORJ\����������-��� 

dLoHN�� 1��� 	� <�FHGD÷�� &�� �������� $WHú� oLoH÷LQGH� �6DOYLD� VSOHQGHQV��
\HWLúWLUPH�RUWDPÕ�RODUDN�IÕQGÕN�]XUXIXQXQ�NXOODQÕPÕ��$UWYLQ�dRUXK�
hQLY�2UPDQ�)DN�OW�'HUJ������������–���� 

dLoHN��1��� &HQJLO�� %���	�<�FHGDJ��&�� �������� 7KH� LPSRUWDQFH� RI� SODQW�
QXWULHQWV�DQG�WKH�UROH�RI�IHUWLOL]DWLRQ�LQ�IRUHVW�QXUVHULHV��7KHRUHWLFDO�
DQG� $SSOLHG� )RUHVWU\�� ������ ��–����
KWWSV���GRL�RUJ����������WDIRU�����YRO�LVV�SS��-��� 

(GZDUGV�� &�$�� 	� %RKOHQ�� 3�-�� �������� %LRORJ\� DQG� (FRORJ\� RI�
(DUWKZRUPV���UG�(GLWLRQ��&KDSPDQ�	�+DOO��/RQGRQ� 

*H]HU�� $�� 	� <�FHGD÷�� &�� �������� 2UPDQ� $÷DoODUÕ� 7RKXPODUÕ� YH�
7RKXPGDQ� )LGDQ� <HWLúWLUPH� 7HNQL÷L�� 6'h� 2UPDQ� )DN�OWHVL�
<D\ÕQODUÕ�1R���������,VSDUWD� 

*H]HU��$��	�*�O��$��(GV����������.HQW�2UPDQFÕOÕ÷Õ��.DYUDPVDO-7HNQLN�Ye 
.�OW�UHO�%R\XWX���6'8�2UPDQ�)DN�OWHVL��.LWDS�<D\ÕQ�1R������V����-
����� ,VSDUWD�� ������ �,6%1�� ���-����-���-��-��� 6'8� %DVÕP� HYL- 
,VSDUWD� 



 
 

320 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-11  

*H]HU�� $�� 	� <�FHGD÷�� &�� �������� 2UPDQ� $÷DoODUÕ� 7RKXPODUÕ� YH�
7RKXPGDQ� )LGDQ� <HWLúWLUPH� 7HNQL÷L�� 6'h� 2UPDQ� )DN�OWHVL�
<D\ÕQODUÕ�1R���������,,��%DVNÕ������V���,VSDUWD� 

*|NKDQ��1���$KPHW��'�+���.ÕUSÕN��0�$���g]OHP��1���%D÷UÕDoÕN��1���<ÕOGÕ]��
<����������6�UG�U�OHELOLU��UHWLP�\DNODúÕPÕ��HNRORMLN�WDUÕP��.DINDV�
hQLYHUVLWHVL�)HQ�%LOLPOHUL�(QVWLW�V��'HUJLVL���������-�� 

*�oGHPLU�� ø�� �������� 7�UNL\H� *�EUH� YH� *�EUHOHPH� 5HKEHUL��
*�QFHOOHúWLULOPLú�YH�JHQLúOHWLOPLú�EDVNÕ��$QNDUD��7�UNL\H��7DUÕP�YH�
.|\LúOHUL�%DNDQOÕ÷Õ�7DUÕPVDO�$UDúWÕUPDODU�*HQHO�0�G�UO�÷��7RSUDN�
YH�*�EUH�$UDúWÕUPD�(QVWLW�V��0�G�UO�÷��<D\ÕQODUÕ�� 

-DFNVRQ�� 0�/�� �������� 6RLO� &KHPLFDO� $QDO\VLV�� 3UHQWLFH-+DOO�� ,QF��
(QJOHZRRG�&OLIIV��1�-� 

.DoDU��%��	�.DWNDW��9����������*�EUHOHU�YH�*�EUHOHPH�7HNQL÷L�����%DVNÕ��
1REHO�<D\ÕQ�'D÷ÕWÕP�/WG��<D\ÕQ�QR�������V���-��� 

.DUDoDO�� ø�� �������� *�EUHOHPHGH� dHYUHFL� <DNODúÕPODU�� ��8OXVDO� *�EUH�
.RQJUHVL�%LOGLUL�.LWDEÕ��V�����-�����7RNDW� 

.DUD|]��0���g�� ��������*�EUHOHU� YH� SH\]DM� X\JXODPDODUÕQGD� J�EUHOHPH�
WHNQLNOHUL��ø�h��2UPDQ�)DN�OWHVL�'HUJLVL��6HUL��%��&LOW������6D\Õ���-���
V���-����øVWDQEXO���� 

/HYHQWR÷OX�� +�� �������� µ7�UNL\H� 2UPDQ� )LGDQOÕNODUÕQGD� %LWNL� %HVOHPH�
'XUXPX�¶�'RNWRUD�7H]L�� ,VSDUWD�8\JXODPDOÕ�%LOLPOHU�hQLYHUVLWHVL�
)HQ�%LOLPOHUL�(QVWLW�V���2UPDQ�0�KHQGLVOL÷L�$QDELOLP�'DOÕ�,VSDUWD��
7�UNL\H� 

2*0����������)LGDQOÕN�dDOÕúPDODUÕ��2*0�(÷LWLP�'DLUHVL�%DúNDQOÕ÷Õ�YH�
7DQÕWPD�ùXEH�0�G�UO�÷��<D\ÕQODUÕ��$QNDUD�� 

g]GHPLU�� g�� /�� �������� .DUDoDP� �3�� QLJUD� $UQROG�
LQ� )LGDQOÕNODUGD�
<HWLúWLULOPH� 7HNQL÷L� h]HULQH� %D]Õ� 'HQHPHOHU�� 2U�� $UDú�� (QVW��
7HNQLN�%�OWHQ�6HULVL�1R�����$QNDUD� 



 
 

321 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-11  

6H]HQ�� <�� �������� *�EUHOHU� YH� *�EUHOHPH� 'HUV� 1RWODUÕ�� $WDW�UN�
hQLYHUVLWHVL�=LUDDW�)DN�OWHVL�7RSUDN�%|O�P���(U]XUXP� 

7DEDQ��6����������+D\YDQ�*�EUHVL�YH�7DUÕP�øoLQ�gQHPL�$PDV\D�gUQH÷L�
�<D\ÕQODQPDPÕú�<D]Õ���KWWSV���DFLNGHUV�DQNDUD�HGX�WU 

7DFHQXU�� '�� $�� 	� (IHR÷OX�� $�� Ĉ�� �������� 7�UNL\H¶QLQ� %D]Õ� 2UPDQ�
)LGDQOÕNODUÕQGD� hUHWLOHQ� L÷QH� <DSUDNOÕ� )LGDQODUÕQ� $OGÕ÷Õ� %HVLQ�
0DGGHOHUL� YH� *�EUHOHPH� *HUHNVLQLPL� h]HULQH� $UDúWÕUPDODU��
78%ø7$.�<D\ÕQODUÕ��3URMH�1R����������V��$QNDUD� 

hOJHQ��1��	�<XUWVHYHU��1����������7�UNL\H�*�EUH�YH�*�EUHOHPH�5HKEHUL�
���� %DVNÕ��� 7�&�� %DúEDNDQOÕN� .|\� +L]PHWOHUL� *HQHO� 0�G�UO�÷��
7RSUDN�YH�*�EUH�$UDúWÕUPD�(QVWLW�V��0�G�UO�÷��<D\ÕQODUÕ��*HQHO�
<D\ÕQ�1R�������7HNQLN�<D\ÕQODU 1R��7�����V������$QNDUD� 

hUJHQo��6�� ��������$÷DoODQGÕUPD�7HNQL÷L�� ø�h��2UPDQ�)DN�OWHVL��<D\ÕQ 
1R����������øVWDQEXO� 

:DUNHQWLQ�� %�3�� �������� 3K\VLFDO� 3URSHUWLHV� RI� )RUHVW-1XUVHU\� 6RLOV��
5HODWLRQ� WR� 6HHGOLQJ� *URZWK�� 3���-���� )RUHVW� 1XUVHU\� 0DQXDO��
3URGXFWLRQ�RI�%DUHURRW�6HHGOLQJV��1XUVHU\�7HFKQRORJ\�&RRSHUDWLYH�
'HSDUWPHQW�RI�)RUHVW�6FLHQFH�2UHJRQ�6WDWH�8QLYHUVLW\� &RUYDOOLV��
2UHJRQ� ������86$� 

URL1=KWWSV���ZZZ�WDULPRUPDQ�JRY�WU�$%'*0�%HOJHOHU�8OXVODUDUDVÕ�
.XUXOXúODU�*ÕGDQÕ�.RUX�.RPSRVW�SGI   

85/� KWWSV���DFLNGHUV�DQNDUD�HGX�WU�2UJDQLN7DUÕPGD%LWNL%HVOHPH<|QHt
LPL�SGI     

85/� KWWSV���ZZZ�WXUNXYD]JXEUH�FRP�WU�LF�EURVXU-LQGLU�����E  
$FFHVVHG�RQ�� ��0D\����� 

85/� KWWSV���ZZZ�WXUNXYD]JXEUH�FRP�WU�LF�EURVXU-LQGLU������D  
$FFHVVHG�RQ��� 0D\ ���� 

 
 

https://www.tarimorman.gov.tr/ABDGM/Belgeler/Uluslararas%C4%B1%20Kurulu%C5%9Flar/G%C4%B1dan%C4%B1%20Koru%20Kompost.pdf
https://www.tarimorman.gov.tr/ABDGM/Belgeler/Uluslararas%C4%B1%20Kurulu%C5%9Flar/G%C4%B1dan%C4%B1%20Koru%20Kompost.pdf
https://acikders.ankara.edu.tr/OrganikTar%C4%B1mdaBitkiBeslemeY%C3%B6netimi.pdf
https://acikders.ankara.edu.tr/OrganikTar%C4%B1mdaBitkiBeslemeY%C3%B6netimi.pdf
https://www.turkuvazgubre.com.tr/ic/brosur-indir/2020b
https://www.turkuvazgubre.com.tr/ic/brosur-indir./2020a


 
 

322 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-11  

Dr. +DNDQ�/(9(172ö/8 
E-mail � G����������#LVSDUWD�HGX�WU 
Educational Status � $JULFXOWXUH�(QJLQHHU� 
MSc- � (DJHQ�8QLYHUVLW\-)DFXOW\�RI�$JULFXOWXUH 
PhD � ,VSDUWD�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��7KH�

,QVWLWXWH�RI�*UDGXDWH�(GXFDWLRQ��'HSDUWPHQW�RI�
)RUHVW�(QJLQHHULQJ 
 

Professional 
experience 

� 6oil science and plant nutrition 

   
   

 
 

https://tureng.com/tr/turkce-ingilizce/soil%20science%20and%20plant%20nutrition


 

Citation: Ulus, A., Bolat, F. (2023). The Role of Plants in Reducing Air Pollution in 
Urban Planning In Türker, H. B. & Bolat, F. (Eds.). Architectural Sciences and 
Ecological Approaches. 2023, Chapter: 12, 323-350. ISBN: 978-625-367-073-3. Iksad 
Publications. 
 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-12  

 

 

 

 

The Role of Plants in Reducing Air Pollution in 
Urban Planning  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

 

Assist. Prof. Dr. Aysel ULUS 1  

1øVWDQEXO�University-&HUUDKSDúD, Faculty of Forestry, Department of 
Landscape Arhitecture, 9DOLGH�6XOWDQ�&DG��1R���6DUÕ\HU��

øVWDQEXO�7�UNL\H. 
ORCID: 0000-0002-9038-994X 

E-mail: ulusay@iuc.edu.tr  
 
 

 
Dr. Fatmagül BOLAT2  

2øVWDQEXO�University-&HUUDKSDúD��9RFDWLRQDO�6FKRRO�RI�)RUHVWU\ Valide 
6XOWDQ�&DG��1R���6DUÕ\HU��øVWDQEXO�7�UNL\H 

ORCID: 0000-0003-1714-3334 
E-mail: fatmagul.bolat@iuc.edu.tr  

  
 
 
 

 

mailto:ulusay@iuc.edu.tr
mailto:fatmagul.bolat@iuc.edu.tr
https://orcid.org/0000-0002-9038-994X
https://orcid.org/0000-0003-1714-3334


 
 

324 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-12  

1. Introduction 

People have started to build cities from the moment they developed certain 

levels of production and related social organizations (Tuna, 2011). 

However, rapid urbanization followed in the footsteps of industrialization 

in the later part of the 18th century. It has continued with growing speed to 

this day. By the beginning of the 21st century, urban population had 

surpassed rural population for the first time in world history (UN, 2022). 

According to UN predictions, the world’s urban population will reach 60% 

of the total in 2030 (UN, 2022).  For this reason, some researchers refer to 

the current period as the "urban age" (Steiner, 2011).  

Accelerated urbanization after 1945 has gone parallel to unrecorded levels 

of degradation of the environment and overconsumption of natural 

resources on a global scale, leading to drastic changes on the whole 

ecosystem (McNeill, 2000). Therefore, urbanization has often been 

considered as the source of these problems (Elmqvist et al., 2013). The 

intense and accelerating urbanization process brings with it some 

ecological problems. Urbanization affects all components of the 

environment and adversely affects the quality of life of urban dwellers and 

living creatures by creating environmental problems.   

Urbanization is a process that is leading to degradation in green areas in 

the city or around it. Many urban planners tried to bring green or the 

“nature” back into the cities throughout the history of urban planning. 

Whether for ecological, aesthetic or economic reasons, the way to create 

more livable cities is always through increasing vegetation in other words 

green spaces. 
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Urban green spaces have several functions. They contribute to mitigate 

several environmental phenomena such as urban heat island (UHI) effect 

(Gunawardena et al., 2017), carbon sequestration (Strohbach et al., 2012) 

and the climate change (Mabon et al., 2019). They improve air quality by 

filtering pollutants (Heidt & Neef, 2008), they provide habitats for 

wildlife, and promote biodiversity. Green spaces also contribute to human 

well-being and provide other ecosystem services for the resilience and 

sustainability of cities (Bolund & Hunhammar 1999). They provide 

opportunities for recreational activities and social interactions. Green 

spaces have aesthetic values and can be a part of a cultural element of a 

city hence the identity of the city. They also have economical benefits by 

increasing the land value and support economical activities such as tourism 

or new job opportunities (Fam et al., 2008). 

Urban green spaces should be designed and planned with certain principles 

in mind to maximize their potential functions. While these principles may 

vary based on city-specific variables such as urban planning policies, 

cultural, ecological, economic, and political structures, there are common 

goals that should be achieved in every planning (Türker & Gül, 2022). 

These goals include accessibility for all segments of society, producing 

ecological benefits while being interconnected, planning in line with 

sustainable principles, developing community awareness and increasing 

participation, suitability for various activities, contribution to biodiversity, 

and maintenance and sustainability at affordable costs. The right plant 

selection plays a significant role in achieving these goals. Easily pruned 

plants can be used for visual space control, while plants with various 
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sensory qualities such as smell, texture, and form can be used for sensory 

guidance. By selecting natural species, green spaces can be designed 

sustainably, at low costs, while effectively providing ecosystem services. 

Edible landscapes and pollination gardens can also contribute to 

community awareness and the ecosystem. An important factor in selecting 

the right plant species is their ability to reduce air pollution.  

The process of removing or neutralizing pollutants in an environment 

using various plants is defined as phytoremediation (Aybar et al., 2015). 

Strategic selection of tree, shrub, and ground cover species known for their 

efficacy in air purification within urban green areas can yield significant 

improvements in urban air quality. These species fulfill their filtering 

functions through their leaves and root systems and filter pollutants in the 

air such as carbon dioxide, nitrogen dioxide, particulate matter and volatile 

organic compounds. Furthermore, these plant species serve as barriers, 

effectively curbing the dispersion of pollutants. According to Eisenman et 

al. (2009), urban trees also reduce asthma by improving air quality. 

Considering that some of the plant species can trigger allergies, it is 

important to select propriate species to reduce asthma and allergic 

reactions. Thus, meticulous consideration in choosing right plant species 

contributes to a cleaner and healthier urban air environment. 

2. Urban Green Spaces and Their Role in Reducing Air Pollution 

Urban green spaces provide numerous advantages that help both humans 

and the environment. Urban green spaces contribute to ecological, 

HFRQRPLF�DQG�VRFLDO�VWUXFWXUHV�RI�WKH�FLW\��7�UNHU�	�%DNÕU�������� 
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Urban green spaces provide numerous advantages that help both humans 

and the environment. Urban green spaces contribute to ecological, 

economic and social structures of the city. However, the effectiveness of 

green spaces depends on choosing the right plant species and design 

strategies. The foremost function of urban green spaces is to support urban 

ecosystems in various ways. Plants are improving air quality through 

photosynthesis but also certain plant species possess exceptional air 

purification capabilities, effectively removing pollutants from the 

atmosphere by capturing or holding hold dust, pollen, chemical 

compounds, and other contaminants in the air (Yang, 2008). When 

choosing plants, their specific abilities in filtering various pollutants 

should be considered as well. For instance, deciduous trees are known for 

their effectiveness in absorbing gaseous pollutants, while conifers are 

more adept at capturing particulate matter. 

In addition to their ecological benefits, green spaces provide economic 

advantages to cities. Designing and tending to thoughtfully conceived 

green spaces is known to have multiple positive outcomes such as 

LQFUHDVHG� SURSHUW\� YDOXH�� EXVLQHVV� DQG�RU� WRXULVP� DWWUDFWLYLWy. They 

contribute to economic development by creating job opportunities, 

supporting local businesses, and improving the quality of urban life. 

Socially, green spaces offer opportunities for recreation, relaxation, and 

community engagement. Accessible and well-designed green spaces 

provide settings for physical activities, such as walking, jogging, and 

sports, which contribute to improved public health and well-being. These 

spaces also serve as gathering places for community events, cultural 
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activities, and social interactions, strengthening the bonds between local 

denizens. 

To ensure the effectiveness of green spaces, selecting the right plant 

species is crucial. Different plant species have varying capacities for air 

purification, and their suitability for specific pollutants should be 

considered. Proper implementation and design methods are equally 

important.  

Tree groups such as urban forests, woods or green belts, for instance, are 

2 to 16 times more successful in reducing air pollution than shorter 

vegetation (Tallis et al. 2011) while shrubs and hedges can be strategically 

placed to complement the air-filtering capabilities of trees. Permeability 

and porosity of green spaces should be considered, as they influence air 

flow and the contact between pollutants and leaves (Wesseling, 2004). 

Designing green spaces with appropriate width, height, and spacing helps 

create protected areas and optimize air flow, reducing the negative effects 

of concentrated pollution. Implementing diverse plant species within green 

spaces enhances their ability to filter out various air pollutants. 

Urban green spaces are critical for supporting ecological, economic, and 

social well-being. Choosing the correct plant species, together with smart 

implementation and design methodologies, improves air purification 

effectiveness and contributes to a healthier and more sustainable urban 

environment. Cities may leverage the multiple benefits afforded by green 

areas and create more livable and vibrant urban landscapes by emphasizing 

the selection of appropriate plants and implementing effective design 

tactics. 
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3. Air Pollution 

Air is defined as a combination of gases that constitute up the atmosphere 

and is one of the most important environmental elements that enable 

humans and other living things to survive. In its pure form, air is a mixture 

primarily composed of nitrogen (78%) and oxygen (21%), accompanied 

by other gases such as carbon dioxide, argon, water vapor, neon, helium, 

methane, krypton, hydrogen, nitrogen monoxide, xenon, ozone, ammonia, 

and nitrogen dioxide. Carbon dioxide and noble gases are present at a rate 

RI�����0�H]]LQR÷OX���������Air pollution is referred to as a change in the 

ratio of the gases that make up the air, negatively affecting the vitality and 

the environment.  

Airborne pollutants are chemical substances that change the natural 

composition of the air and can be found in solid, liquid and gaseous forms. 

In general terms, emission pollutants can be classified as Combustion 

Gases (SO2, NOx, CO), Particulate Matter (PM), heavy metals, Volatile 

Organic Vapors and Compounds (VOC), Fluorine, Chlorine, Polycyclic 

Hydrocarbons (PAH), Dioxin-Furans, Radioactive Substances etc. 

These pollutants affect the human respiratory tract, disrupting its normal 

mechanisms and causing inflammation and narrowing of the bronchi. As 

a result of these changes, chronic bronchitis, pharyngitis, laryngitis, 

breathing difficulties, asthma and emphysema are the most common types 

of diseases. Research shows that air pollution is an important cause of the 

occurrence and increase in lung cancer. It has also been determined that 

the lifespan of people living in regions with air pollution is 2-3 years 

shorter than those living in regions without air pollution. In addition, 
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polluted air can also have negative psychological effects on people, reduce 

the body's resistance to epidemics and delay the recovery of diseases. 

These events are more effective especially on infants and children of 

developmental age, pregnant women, the elderly, those with chronic 

respiratory and circulatory system diseases, those working in industrial 

enterprises, smokers and those in low socioeconomic groups. 

Carbon and Carbon emissions 

The two most important components of carbon emissions are CO (carbon 

monoxide) and CO2 (carbon dioxide). Carbon monoxide gas is colorless, 

tasteless, odorless and chemically inert (a chemical substance that does not 

react) and is a major air pollutant that is created when carbon-containing 

fuels are burned inefficiently. The effects of urban airborne carbon 

monoxide on human health are significant. The most significant of these 

effects is that carbon monoxide decreases hemoglobin's ability to transport 

oxygen in the blood. As the body receives less oxygen, this could result in 

death. Carbon monoxide concentrations are particularly high in cities with 

heavy traffic and congested roads. 

Sulfur Oxides 

Among gaseous pollutants, sulfur oxides, a non-flammable and colorless 

gas, are one of the best-known primary air pollutants. Fossil fuel 

combustion is the main source of sulfur oxides. According to estimates, 

industrial sources account for more than 80% of anthropogenic sulfur 

oxide emissions (Huang & Han, 2021). The most common sulfur oxides 

are sulfur dioxide (SO2), sulfur trioxide (SO3) and sulfur heptoxide (S2O7). 

There is between 0.5% and 6% sulfur in fossil fuels like coal and oil 
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(Reddy & Venkataraman 2002). The combustion of these fuels therefore 

releases sulfur into the atmosphere, mostly in the form of SO2. SO2 can 

affect lung function and the respiratory system and can cause eye irritation. 

Nitrogen oxides 

Nitrogen oxides (NOX) are highly reactive gases formed at high 

temperatures (1200 °C). Most forms of nitrogen oxides are colorless and 

do not dissolve in water. The most important types in terms of air pollution 

are NO and NO2 gases. Nitrogen monoxide (NO) and a small amount of 

nitrogen dioxide (NO2) are usually formed as a result of combustion at 

high temperatures. NO released into the atmosphere turns into NO2 as a 

result of oxidation. NO2, which is widely present in the atmosphere, is a 

strong oxidant and can be seen as a reddish-brown layer in urban areas 

when present with particles. 

Two major sources are motorized land and sea vehicles and thermal power 

plants. Other sources of NOx include other industrial plants, fuel 

consumption for commercial and domestic heating. NOx concentrations 

increase with the increase in the number of vehicles, especially in urban 

areas. Maximum NO concentrations occur mostly in the late fall and winter 

months. These months are characterized by the maximum need for heating 

energy, low wind speeds and the lowest solar radiation. NO2 does not show 

seasonal variations like NO. 

Exposure of healthy people to very high concentrations of NO2, even for a 

short time, can cause severe lung damage. For people with chronic lung 

disease, exposure to these concentrations can lead to short-term lung 
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dysfunction. Long-term exposure to NO2 concentrations can lead to a 

significant increase in respiratory diseases. 

Ozone (O3) 

Ozone is a highly reactive gas in the natural composition of the 

atmosphere, reaching the highest concentrations in the stratosphere. There 

is up to 8 mm3 of ozone in 1m3 of air. Ozone is formed as a result of 

photochemical reactions on the earth's surface, especially in urban areas 

where nitrogen oxides and volatile organic compounds (VOCs) are 

concentrated and in summer months. One of the most important 

parameters affecting this reaction is sunlight and high temperature. 

Since ozone is a secondary pollutant, it is directly related to other factors 

affecting air pollution and meteorological factors. Ozone is considered an 

air pollutant if it is in the breathing air (troposphere layer). Ground-level 

ozone (tropospheric ozone), on the other hand, is not a pollutant emitted 

into the atmosphere from pollutant sources but is formed in the atmosphere 

by the side effects of various pollutants, such as VOCs and NOx, and with 

the help of factors such as sunlight. The most important causes of increased 

ozone in urban areas are domestic heating and increased traffic load 

�7RSoX�	�øQFHFLN��������� 

Particulate Matter (PM) 

Particulate Matter (PM) are suspensions of solid and liquid substances in 

a gas, also called aerosols. Coarse particles with an aerodynamic diameter 

RI�OHVV�WKDQ����ȝP�DUH�GHILQHG�DV�3010, while fine particles of less than 2.5 

ȝP�DUH�FDOOHG�302.5. This range corresponds to the majority of particles 

suspended in the atmosphere (Beckett et al., 1998). 
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Particles are divided into two groups: natural and anthropogenic. 

Examples of natural ones include pollen, spores, bacteria, viruses, 

protozoa, fungi and volcanic dust. Anthropogenic (artificial) ones include 

smoke, fly ash, metal oxides and other inorganic dusts. 

Particulate pollution is a broad spectrum of pollution, including smoke and 

aerosols leaking into the atmosphere. The negative effects of such particles 

on human health have been thoroughly demonstrated by studies conducted 

in recent years. Especially PM10 concentrations and their effects on human 

health are an important research topic. The most important effect of 

particulate matter is irritation on the respiratory system. It is known to 

cause health problems such as heart diseases, impaired lung function, lung 

cancer and stomach cancer. Particulate matter with adverse effects consists 

of heavy metals, carbon, polycyclic aromatic hydrocarbons and other 

suspended matter and is predominantly of anthropogenic origin (Sæbø et 

al., 2012). Although particulate matter is emitted into the urban 

atmosphere from both natural and anthropogenic sources, the most notable 

source of PM is vehicular traffic (Watkins, 1991). 

Sources of PM10 come from industrial plants in the form of smoke and 

dust; agricultural emissions and roads. Pollen can also be added naturally. 

PM2.5 is associated with volatile organic compounds (VOCs), heavy 

metals, traffic and forest fires. PM10 can accumulate in the respiratory 

system and worsen the health of people with asthma, chronic lung and 

heart disease. Other pollutants in dust can travel deep into the lungs. Many 

of the fine particles can reach the alveoli in the lungs, where toxic 

substances can enter the bloodstream. 
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PM2.5 is more dangerous than PM10 in terms of health effects. The smaller 

the particles, the easier it is to reach the lungs. Small particles can enter 

and be effective in closed environments. These particles can cause 

problems in the heart and respiratory tract and increase mortality rates. It 

is estimated that more than 500 000 people die annually due to PM2.5 

SROOXWLRQ�LQ�WKH�ZRUOG��øQFHFLN & øP� 2013). 

Volatile Organic Compounds (VOCs) 

Organic compounds constitute a large fraction of the air pollutants 

commonly found in urban atmospheres. In general, they are compounds 

containing at least one carbon atom and one or more hydrogen, halogen 

(chloride, fluoride, bromide, etc.), oxygen, sulfur, phosphorus, silicon or 

nitrogen. Organic compounds are divided into three main groups: volatile, 

semi-volatile and non-volatile organic compounds. Volatile organic 

compounds (VOCs), which are among organic compounds, are chemically 

gaseous organic compounds in the ambient air and are important air 

pollutants found at ground level in the atmosphere in all urban and 

industrial areas. VOCs can be present in the air in gaseous form or bound 

to particles. VOC concentrations in the atmosphere are determined by 

emissions, evaporation, deposition and photochemical reaction processes 

in the presence of sunlight. The main sources are motor vehicles, 

incomplete combustion of fuels, evaporation of gasoline etc., 

decomposition and decomposition of plants and animals, chemical 

industries and power plants. 
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Biogenic Volatile Organic Compounds (VOCs) 

As a result of their biological activities using sunlight, plants release 

significant amounts of volatile organic compounds into the atmosphere 

along with their main photosynthetic products. These volatile organic 

compounds (VOCs), which are of biogenic origin, are compounds 

produced by plants and play an important role in plant growth, 

development, reproduction and resistance to environmental influences. 

BVOCs are mainly divided into four main groups: isoprene, 

monoterpenes, sesquiterpenes and others (oxygenated species, aliphatic 

and aromatic hydrocarbons, etc.), of which isoprene and monoterpenes are 

the most common species. VOCs cause ozone formation in the troposphere 

by entering into photochemical reactions with nitrogen oxides (NOx) and 

therefore they are of great importance in atmospheric chemistry (Yaman 

et al., 2012). Especially isoprene is more reactive than many anthropogenic 

VOCs and is involved in the formation of oxidants in the atmosphere. 

Studies have shown that broadleaf species tend to emit isoprene, while 

coniferous species tend to emit monoterpenes (Yaman, 2013). On a global 

scale, BVOC emissions are predominantly produced by terrestrial 

vegetation (Pugh et al., 2013). 

Heavy metals 

The most important heavy metal pollutants from traffic are lead (Pb), 

cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni) and zinc (Zn). 

Lead: One of the biggest sources of air pollution is lead (Pb) from the 

exhaust of motor vehicles. Health problems caused by lead include 

decreased sensory and nerve communication speed, irreversible brain 
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damage, anemia, moodiness, irritability, moodiness, headaches, muscle 

tremors, muscle coordination disorders and memory loss.  

Cadmium: Cadmium is a silvery white metal. This metal quickly turns 

into cadmium oxide in the air. It is found in small amounts in nature. 

Cadmium is used in the metal industry and plastics. It is found in motor 

oils and tires of vehicles. It can enter the air as a result of combustion and 

tire wear. Excess cadmium causes hypertension because it damages the 

circulatory system. Cadmium deposits on living organisms are mostly seen 

in the kidney and liver. 

Chromium: Chromium is a metallic element. The behavior of chromium 

in living organisms, especially in the human body, depends on the 

oxidation step and its chemical properties in the oxidation step and its 

physical structure in the environment. Chromium is used in metal alloying 

and as a pigment for paints, cement, paper, rubber and other materials. 

Exposure to low levels of chromium causes skin irritation and ulcers. 

Long-term exposure can cause damage to the kidneys and liver and can 

destroy the circulatory system and nervous tissues. 

Copper: The effect of copper on plants and living organisms depends on 

its chemical form and the size of the organism. While it is a poison for 

small and simple creatures, it is a basic structural component for large 

creatures. 

Nickel: Nickel is used in industry for plating, electronics, coins, batteries 

and in the food industry (as a catalyst) and in the production of stainless 

steel. Although nickel is a metal with low toxicity, it is formed during the 

interaction of active nickel with carbon monoxide. Nickel is emitted into 
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the air as a result of the burning of fossil fuels. Nickel is absorbed into the 

body through the respiratory tract. It increases the risk of lung and nose 

cancer. 

Zinc: Zinc is used in metal plating, alloys, paints, tires and cosmetics. It is 

released into the atmosphere in excessive amounts as a result of the wear 

and tear of automobile tires. They reach the soil environment through wet 

and dry precipitation. Very high doses of zinc in living organisms cause 

poisoning. 

4. Plants and their effects on Air Pollutants 

All plants have the ability to filter dust and gaseous pollutants from the air 

much more effectively than other surfaces (Fowler et al., 1989). Plants 

affect air quality directly and indirectly. In the direct effect, air pollutants 

are captured and bound by the leaves and root systems of plants. In the 

direct effect, depending on the planting method used, trees or tree 

communities affect the concentration and distribution of air pollutants by 

changing wind speed and turbulence. As a result, which plant is used is as 

important as the methods used.  

In order to reveal which species are more effective against air pollutants, 

pollutants can be grouped under three main headings: gaseous pollutants, 

particulate matter and organic compounds. 

4.1. Capture and binding of gaseous pollutants by plants 

Plants both absorb gaseous pollutants through the stomata and deposit 

them on the cuticle. The cuticle is the outermost layer of the leaf. It is 

composed of oil-containing substances and protects the plant from drying 
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out. Stomata allow the leaf to continuously exchange gas with its 

environment, i.e. air in and out. 

Nitrogen oxides and ozone are mainly taken up by the leaf through the 

stomata. Each leaf has a network of cavities, i.e. a large system of many 

cavities in its interior. These cavities, through the stomata, provide the 

leaf's connection and contact with the air in the external environment. The 

carbon dioxide of the air in the cavities inside the leaf is taken up by the 

cells of the leaf, oxygen and water are given to the outside air. The gaps in 

the leaf greatly increase the leaf surface and therefore the gas exchange 

capacity. 

Large quantities of air have to flow through the leaves in order for the plant 

to take up enough carbon dioxide. The permeable structure of the tree, 

formed by its branches, shoots and leaves or needles, allows the wind and 

other elements in the air to come into contact with the spaces inside the 

leaf (Gromke, 2011). It is known that nitrogen oxides and ozone dissolve 

well and that the absorbed parts are reprocessed and exchanged in the leaf. 

Stomata are open during the day and closed at night. Therefore, the 

filtration of gaseous pollutants from the air by plants is greater during the 

day than at night (Nowak, 1994). 

4.2. Retention of Particulate Matter 

Particulate matter either spontaneously falls on the leaf or is attached to 

the leaf by the wind (impaction). If the particulate matter comes into direct 

contact with the leaf, the particulate matter is electrostatically attracted. 

Indentations and protrusions on the leaf, i.e. roughness or hairs on the leaf 

surface, increase this electrostatic effect. The wetness of the leaf, the 
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stickiness of the leaf, and the dense branching and dense leafiness of the 

tree crown are also effective (Figure 1). 

 
Figure 1. The mechanism by which airborne particles move away from 

the air stream as a result of contact with a surface (Boubel et al., 1994). 

Coniferous trees in particular retain particulate matter very well. 

Particulate matter is retained not only by needles or broad leaves, but also 

by the trunk, branches and shoots of the plants. A very dense and thickly 

branched, irregularly branched canopy has a positive effect. Since 

particulate matter cannot reach the inner parts of the leaf, it is not treated 

like gaseous pollutants. They remain on the tree for a long time in the form 

of dust particles. The filtering of this dust by trees and plants is the result 

of their resistance to wind. Throughout the year, the amount of dust 

particles trapped by the leaves gradually increases (Bealey et al., 2007). 

Some of the dust particles trapped by the leaf remain attached to the leaf 

in such a way that they cannot be separated from the leaf. Another part is 

washed away by strong winds and rain. Dust that has fallen to the ground 
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is either carried with the water to the sewers or is retained and stored for a 

very long time. Some compounds attached to dust particles or particulate 

matter are decomposed and rendered harmless by microorganisms in the 

soil (Beckett et al., 1998). 

4.3. Retention of volatile compounds 

The uptake of many volatile organic compounds by plants occurs as 

follows: The cuticle seems to be the most important transportation route 

for the uptake of many volatile compounds such as PCBs, dioxin, furans, 

etc. The aforementioned substances and compounds are generally 

insoluble in water but are well soluble in the fatty tissue of the cuticle 

(Fowler et al., 1989). Thus, it is through the cuticle that leaves take up and 

bind volatile organic compounds. This also has the following advantage. 

The uptake of volatile organic compounds through the cuticle continues 

even at night when the stomata are closed. The same is true for the winter 

months. Volatile organic compounds are taken up by the leaves even 

during periods of reduced activity of evergreen plants. These volatile 

compounds taken up by the cuticle are slowly (gradually) transferred to 

the inner parts of the leaf. Leaves with a thick cuticle layer are best suited 

for the removal of volatile organic pollutant compounds or substances 

from the ambient air. Accordingly, many coniferous tree species are 

suitable for this purpose. 
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5. Principles for the choosing the right species for improving air 

quality 

As a result, the principles to be considered in plant species selection are as 

follows: 

• Coniferous plants are more effective than deciduous plants in 

filtering particulate matter. 

• Within the deciduous trees category, rough and hairy leaf surfaces 

are more effective than smooth and flat leaves in retaining 

particulate matter (Beckett et al., 2000). 

• Within deciduous trees, smooth and smooth surfaces are more 

efficient in absorbing nitrogen oxides than rough and hairy 

surfaces. 

• Evergreen plants retain more particulate matter than deciduous 

plants (Nowak et al., 1998). 

• Trees with large leaf surfaces retain more particulate matter than 

those with small leaf surfaces (Nowak et al., 1998). 

• Deciduous trees are more efficient than conifers in absorbing 

nitrogen oxides. 

• Plants with a large leaf surface retain more nitrous oxide than 

species with a small leaf surface. Therefore, trees are more 

effective than shrubs. 

• Trees and shrubs absorb nitrous oxides, the more nitrous oxides 

they store, the less ozone is formed (Benjamin & Winer , 1998). 

• Trees and shrubs can also absorb ozone itself (Baldocchi et al., 

1987). 
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• In the selection of tree species, species that emit allergens and 

volatile organic compounds should not be preferred. 

The final design of a Green Space Planning is therefore always should be 

custom, which specialized knowledge is required about trees, their growth 

characteristics and their ecological demands. Research projects on this 

subject have been conducted in many countries in recent years. The focus 

is on knowledge of the urban climatology and the effect of trees and green 

structures on air currents. Planting and maintenance of appropriate tree 

species should be considered carefully. Computer-aided simulations are 

being used to analyze the effects of different planting techniques and 

compositions on the microclimate and the transport of contaminants. 

The basic principle to be considered in the green space planning in terms 

of filtration of air pollutants is: All trees (and other vegetation) remove 

contaminants from the air and are effective for the local and regional air 

quality improvement. Regional protection depends primarily on large-

scale contamination to improve the overall air quality of the air filter. This 

called as the "mass filter". On municipal level the following general 

recommendations can help to keep the effective surface in green status and 

to enlarge (Table 1). 
Table 1. Recommendations for the effective use of green in the city. 

1 Boost natural filtering capacity through proactive tree plantation policy. 

2 Optimize growing space and access to water, nutrients and protection against 

mechanical and natural harmful impacts to ensure the wellbeing hence the 

capacity to filter of the trees. 

3 To ensure that trees can grow successfully. 
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4 Trees that are adapted to the urban environment and require little care must be 

selected. 

5 Diversity of plant species is necessary to filter out as many pollutants efficiently. 

6 Coniferous plants (preferably evergreen) are effective on absorption of 

particulate matter throughout the year. 

7 Deciduous trees with rough and hairy leaves are effective on intercepting 

particulate matter. 

8 Deciduous trees with flat, broad leaves are effective on absorption of nitrogen 

oxide and ozone. 

9 It should be avoided from the use of sensitive plant species to air pollution. 

In the vicinity of an emission source, e.g. a busy street, green spaces and 

structures can help to reduce the concentration of pollutants on the spot (local 

protection) (Table 2). One should anticipate diminished concentration only 

locally and mostly against the dominant direction of the winds. The protective 

effect can be strengthened if at some distance, a second row of trees will be 

planted. 

Table. 2. Recommendations for planting near an emission source 

1 The treetop must transmit polluted air (with >50 percent porosity), whether 

through the proper species selection or through targeted maintenance. 

2 Trees should not prevent the airflow in the vicinity of the source (so-called 'green 

tunnel effect'). 

3 Trees should be combined with a lower planting of herbaceous plants and shrubs 

to have at various heights effective leaf mass. 

4 Highly branched trees affect air circulation and thus also the pollutant 

concentration, even if there is no more leaves on the tree. 

5 The arrangement of the trees should follow a perpendicular alignment with respect 

to the direction of the air flow and be consistently replicated throughout the area. 

6 There should be an unobstructed lateral flow around the plants. 

7 
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Plantings should be located not only in the vicinity of the emission source, but 

also for sensitive areas such as schools, hospitals and retirement homes. 

Trees affect the local climate. Especially the shading effect of trees is very 

important, but also the increase in humidity due to evaporation through the leaves 

is useful (Table 3). 

Table. 3. Planting for shading effect 

1 Trees prevent overheat of urban atmosphere by embowering the firm ground and 

cars. 

2 Alternative green structures such as green facade, pergolas and roof green can be 

used when there is no room for trees, or if the airflow is too limited. 

3 It is important to provide adequate root zone for trees (keeping the seed disc) in 

order to have a fully growth and a high evaporation rate. 

6. Conclusion and Suggestions 

Plants play a pivotal role in mitigating pollution within urban planning by actively 

addressing environmental challenges such as the urban heat island effect, carbon 

sequestration, and climate change. They effectively enhance air quality by acting 

as natural filters, removing pollutants from the atmosphere, while also providing 

valuable habitats for wildlife and promoting biodiversity. Moreover, green spaces 

offer recreational opportunities, enhance human well-being, and generate 

economic benefits. However, to optimize the effectiveness of green spaces, 

meticulous attention must be given to the selection of plant species and the 

implementation of design strategies. Different plant species possess varying 

abilities to purify the air, necessitating careful consideration of their suitability 

for specific pollutants. Thoughtful choices of trees, shrubs, and ground cover 

species, known for their air purification efficacy and their capacity to capture and 

retain dust, pollen, chemicals, and other airborne contaminants, are essential. 

Additionally, the design of green spaces should incorporate factors like tree 

groupings, permeability, and porosity to optimize airflow and facilitate effective 



 
 

345 

Architectural Sciences and Ecological Approaches 
 

CHAPTER-12  

pollutant interception. By adhering to these principles and selecting appropriate 

plant species, urban green spaces can significantly contribute to the reduction of 

air pollution, fostering a cleaner and healthier urban environment. 

In cities, where various environmental problems arise from urbanization such as 

high population density, traffic, impermeable surfaces, and intense construction-

related pollutants, plants and greenery are important problem-solving materials. 

However, these plants can exhibit their expected performance through proper 

species selection. The careful selection of plants holds paramount importance in 

establishing verdant spaces that not only combat air pollution but also 

substantially contribute to the ecological services within urban environments. It 

is crucial to recognize that inappropriate plant choices can lead to adverse 

consequences, including the exacerbation of air pollution levels, health 

complications, escalated maintenance expenditures, and inefficient water usage. 

Consequently, the development of sustainable and resilient cities hinges upon the 

meticulous planning of green areas, underpinned by judicious plant selection that 

incorporates scientific and ecological consideration. 
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