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Table 1. Step Five: A- Coding the definition of green infrastructure between 2005 and 2020

Sz o Sl o s s geuly )8 oS LS
The key sentences answering the question *"What is green infrastructure?

[EXLy[r e
Labels/codes

Authors

o))l Sk glaldd | pogad 5 egec oadibiliz slague) | (b polic g doje | dlugn o a0

‘5ch>| 9 6&[@.’}5] “sh.mw)
Interconnected network / Natural areas and elements / Public and private protected lands /

(Benedict and McMahon,
2006)

Environmental, economic and social valuable open spaces

e Jolis | iz (6,5 L 5l slolad S/ labing)) o logybiw o oy e g S0/ (So58 (lauoes
[ES ) W FRCOVURVPREEL K WX g YEN

Physical environment / Within and between cities, counties and villages /Network of open spaces
with multiple uses / environmental resources and helping their sustainable management

(Davies, et al., 2006)
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Table 1. Cont. Step Five: A- Coding the definition of green infrastructure between 2005 and 2020

Stz o Sl s 41 padians Gy 50 (ulS SlolS

The key sentences answering the question ""What is green infrastructure?

oS/
Labels/codes
ol gl ol 1ol o Sl Jolis | oIS slacalo ) g s b o (sl Jlasl Jule [ T a5
Ao o ilo g ol yos S dloaST Jolis (6Ll polie
Blue network / Connecting factor of urban green spaces and physical infrastructures / Inanimate
nature; Living nature and humans/Structural elements including patches, corridors, and
matrix/network

oo sblse 5 (S5 CotS (pinnsST Sloas il aliwg /Il aswgs adlie
Sustainable development component / Means of providing ecosystem services/ Quality of life and
health benefits
L5°"'“""““9S| Slons 4 @L._....:o ‘_glﬁ ‘_go)il.as pees @L’..a/ RN prew dLbLéé /cJ_i}d}.l)d.nLiﬁ g_g.l).»l)......al A
SN CeheS s
Planned strategic network / High-quality green spaces / Multifunctional resources to achieve
ecosystem services and quality of life

shame 5 golal 5 oleim] sblse f Wabiy, o Lo g ¥4V | o 5y (slaliad aSes / S5 (oals nms
Life support system / Network of green and blue spaces /Next to cities and villages / Social,
economic and environmental benefits

)|/ So39055T 5 sl sloanTp ol | (50 5 (limg) daz 5 35250 s slaliad (50 Socaiz aSs
e g (loixl golasdl wlsd | melg> CodlS g Cuodls
Multifunctional network of existing and new rural and urban green spaces / Support of natural and

ecological processes / Improvement of the health and quality of communities / Economic, social
and environmental benefits

S35l 69,8 es Wiz Ghlze /6 0d 5 (2liwg) e e Bl lojleiul b g oS (b3l sl s
(el g goladl
Communication features / Physical or metaphorical / Connection between rural and urban
landscape / Multi-functional benefits (ecological, economic and social)
SN CetS g Jame glacaiis saimsdil b 5 55,0l 50 O 5 pissST 5l ooliiul
Using ecosystem and water in planning and designing/Providing environmental benefits and
quality of life

5b sLad | Su3glsST 8,5 5 /63 Shas 5 (ol olal | poranin (sloaSicts /pinmmsST Slass el [ wilol b 5,
oaldiBlu g fgtan S luy Colem> b
A design method / Provision of ecosystem services / Coherent networks / Spatial and functional
dimensions / Ecological function / Open space with the support of artificial and built infrastructure

ol abals o jblis )0 pedwnwsST Sloas ol &l
Securing ecosystem services in human-dominated landscapes
;Aj)' oS g show glacaais 1,1 ‘5‘>l).lo 5 Spyaelpy o u._;\ 5 o slolad dapiucwsST 51 ool

Using ecosystems, green spaces and water in planning and designing/providing environmental
benefits and quality of life

Lo e
Micro to macro scale
9 s | (S 95§ SBliz | g1 (555100 5 oDl Cugil | (rebiasd 5 sl blie jl (sleSs
995750 Gblie sla Sy JLail 5 09 sl daio | (Ll (gl Llse | (oottamasST Dlass Cusl 5 (5065
Doz sladie; ol

A network of natural and semi-natural areas / Enhancing the health and resilience of the ecosystem /
Protecting biodiversity / Maintaining and strengthening ecosystem services / Benefits for humans /
Maintaining, restoring, improving and connecting the features of existing areas and creating new contexts

OlR80)5 g 50le S5 Qi [ golatdl &g o )
Promotion and economic prosperity / Attracting skilled workers and tourists
Hgagol gia 5 oo ; lodwgp g ladisS 5l cblas 5 Colos /O] 5 o) 4 Jaie 4rgmgs (slaaSs

e Sl 5 B )b 5l bS] o pie g sl o Pk (39 pany 5o
Interconnected networks to land and water / Support and protection of species and environmental
processes and water and air resources / Reducing the cost of designing, creating and managing
ecosystems through green infrastructure

LT

Authors

(Ahern, 2007)

(Thomas and Littlewood, .
2010; Natural England, 2008)

(Natural England, 2009)

(West, 2010; Horwood, 2011)

(May, 2010)

(Mell, 2010)

(APS Group Scotland, 2011)

(Ahern, 2011)

(Colding, 2011)

(APS Group Scotland, 2011)

(APS Group Scotland, 2011)

(Mazza, et al., 2011;
Naumann, et al., 2011)

(EEA, 2011)

(Olofsdotter, et al., 2013)
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Table 1. Cont. Step Five: A- Coding the definition of green infrastructure between 2005 and 2020

Sz o Sl 5 Mo 45 e gy 40 guulS SllS
The key sentences answering the question ""What is green infrastructure?

[EXNYFYSIWES O sy g

Labels/codes Authors

Cns jlanmo 19l cloi>! bl o) N
) o 965”"3 T SET ISR U (Llausas and Rog, 2012)
including social, physical and environmental benefits

s 152 5 ol g o (slaliad [ oai 4y
N ) 9 S shame Szl 5 ol 5 o Slald] 00 5 (Clarkson, 2013)
Living network / green spaces and water and environmental components / urban and rural

ol Syt by )5 gl oo )8 (Ashley, et al., 2013)
Multipurpose land use/Adaptability to climate change

olamdl ol iuldl ) ay e el

: . - (EPA, 2014)
Reducing costs / Increasing economic growth

5 cleizl ( STyol slails 4y a5 | ((getiwwsSD Sloas L3k g Lol o 5 (cands Lases (5631 yuis
Sloss 5 old b o Ki0 8 5 (P Sl iy el Su3elsST Blaml 4y iy Joles [ sl 5 (Ko b
S Pl g Spptelin il s ol s (Ahern, et al., 2014)
Changing the pattern of the natural environment and landscape /Revitalizing and restoring ' '
(ecosystem) services / Paying attention to perceptual, social and cultural needs and values /
Balancing ecological goals /Providing historical and cultural foundations, beauty, welfare and
urban services, safety and security /Planning and adaptive design
b Sl o o/ o jghaieniz 5L glalad aSis | aliwg, o baplaw 5ol o 0l s 9 JB 10 1 (S0 508 Las

Wiz blie e Bl (63,8)) LI (olimg) 9 6 pted 4o 0 00dla e 5 (grb o Gblie
Physical environment/ Within and between cities; counties and villages / Network of multipurpose
open spaces / Sustainable management of resources / Natural and managed green areas in urban
and rural areas / Strategic communication of green areas / Multiple benefits

Ly, 5 o Crmle g U518 cotianmsST Sloas saimaasl )V ST g s slolad § Jaeiow) b sl52]
Sens) £33 9 Srmgl Glaoliny )l cblas g lasl sws ool
Natural environmental components and green and blue spaces/Provider of ecosystem

services/Inside and between city and village/Human well-being and protection of wildlife habitats
and biodiversity

(Davies, et al., 2006)

(Douglas, 2015)

oongS] Sloss @)l [ e i g e Bl | A

= . (European Commission, 2016)
Network /Natural and unnatural areas / Providing of ecosystem services

ol Copae b bl (Bichai and Cabrera Flamini,
connection with water management 2018)
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2017; Bennett and Hassan, 2003)
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(Ahern, ,lais lais 55616STL 5 (Ahern, etal., 2014)
Sleasd gl 8,50y, el ooges solatwl 2007)
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Table 2. Step five: B- Proposed conceptual framework resulting from the categorization of the definition of green infrastructure

dgia dgie ) laS’ (gasdins 3,54,
Category Subcategory Classification of codes ~ Approach
OO Sl
Networking . ,
DI Sy ) S8
Systematic ) Morph
oo g 590055 @S O30 Eoran 5 (b 2 (sl
Components as patch, corridor and matrix
il STy M85 e
Spatial distribution From micro to macro scale N
Syl
_ ) Location
bliws; 5 5,5 5 SzsS ol Do 9 095° -
Inside and outside small and big cities and villages 2
L 2
R . D
l)fw) ()l..bl? 9 ub‘_;') = A} g \C,‘
Contextual l\_la_tural envwonr_ne:nt Context § :ﬁ\
(living and non-living) R
«Q
<
Physical environmental
okl
Man-made environmental
el o Slas plyie 4 Ol g o) Argmg0 LS|
o, Skas aiz Connection between land and water,as main function o Slee
Multi-functional Function

5508 ggiie 8 Slas axlg
Other functions
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Table 2. Cont. Step five: B- Proposed conceptual framework resulting from the categorization of the definition of green

infrastructure
Uit dgiie 5 s gaisiuss 5S4,
Category Subcategory Classification of codes ~ Approach
solaidl cu e
Economic benefit
) oo sloizl Coje
o8l Socio-cultural benefit Coje
Value creation (5Jl8) (a2 o Benefit
Environmental (physical) benefit
(o) s Cupe m
Environmental (natural) benefit S
o . e - P <
QL..JIU.A)LA5‘;..\;)M:.4.:SLA.»)| %
Improving the quality of life and human health 3%
et il o] 55 5 (st csladis? 5l Cili> N
S 5‘: S ol Protection of biological species and their diversity Sloas § §
PrOV|d£?Vti3((::§Ssystem Ll s b 6,55 6)5]\?3 s, Services
Improving resilience and climate change adaptation
Gy Sloas (i tayl 5 Sl
Security and safety of providing biological services
e il e lgae BLS idigr STl Cu paa ERVS
Sustainable management of . . .
Management of water, soil, vegetation, air Goal

resources

5o yohien 050,52l 3l g4l 090 Slool (aylas
Sloas 86 (Bl dske woze atws
oS et a5 (S o eleiz] (golal
3 e &b s b e e adgl ralae bl cnl
-V s, b e iaias el alfcas sleog,S
Vo Slas—f Coje -0 0,Slee-F alL- Yl aLl
| IS UOWRLIES WIS RW PRSP R CEVTIY- P J PR TSRV S

Do o Ginled 1) esthe gzl S

3ol ssalie LB Y Jouz 0 a5 4eSiles
Sl sdes (g, 0 SGg, 90 0 AT gumatwe
Ll ladlgion; 51 Sope o cSlan; sk
50 aal plelid Guw colu e 5l 2 S
Jew Sl g pope a4 daie SO w0 Culys
CS Ly sosie bl 5 maly slixe 4 .28, 5las
caS 05,5 0 Jle fleicar w8l jacasd Gew

o b ol (Sllos iy - Jouz
Table 3. Proposed operational definition of green infrastructure

Jooea iy o5 Jade Sllos iy y5 potie
Brief definition Detailed operational definition Concept
e omrile g j90,S AS) O g0t gsran g (b izl 5l 50 Slae iz (SlaSd
SzsS Gl 09y 9 0300 OIS B 2,5 (el 51aS Ol g (e agmags byl (18
oAb 5 ,8la 4z g wge o5 Sl gotumnsS Do 000l o (210 )13 Loy, 5 5550 9
ooiomnnssST o ) gl b e 5 gstan Lo ;0 lame ( Ko elatz (golatdl lacy s ol
e ol o ke sl e lgmgol glie Jauly Spie 4 Zold 3 5 00t baplro 5 Ll Ll s JT.
Value-creating multifunctional Rt Green
system for providing A multi-functional network of natural and man-made components as patches, infrastructure

ecosystem services with the
goal of sustainable
management of resources

corridors and matrices connecting land and water, which is located from micro
to macro scale inside and outside small and large cities and villages. This
system is an ecosystem service provider that creates economic, socio-cultural,

environmental benefits in the artificial environment and natural environment
for humans, living and non-living things, and ultimately leads to the
sustainable management of water and air resources.

VEo) i) oF oyl cpins 0y90 o sbasms pole aolilad



SR 53 e 3l b porde

e e Cley) lidiy, [ glit JS8
sl G ilo g y990,5 S Ojg0a Eoian g (grmb
Jeeplyiea 2,1 Glaae 558 aile slojgd ;o oS
—rb b G lgie 45 see oLl lid
355 olz jole 1 1) O (e 4Lt S 5l egtae
2GS o 4 bl > S lye @

Dled oo Lo po ol g sliwg, 40 5,90 oS 8

5~

o ST 5 (= 7 4 B e & T
A ‘-'/f& 57

slosob] yole ome b 3l o s oasjlel oyl b

Sp S 4 ol 50 S D 09 3l Hee b eyl

Sl 5l (B p g odd o (sl d)ly o jlan g odem,
T

~ L%

Google earth s s gus -

el b bLs)l g 03 e gm 42 S5

Blazl g Jelows (i @ 05 Jolis bl 25 0
2 ot ol e cwlgize Jdos 5l oS g mls
sdal Cewds ogtie o )l> g Slles i ,ms sl
wilias ol (bl @ JSo j0 a5 LS al> e o
By DYie S o glp Sldllas cogase I

A Ll j000)F o SO jew SO leyp) Slles

k. ™,
Google earth lsa ,sas (Ghaderian, 2016) 1321 g yuwecss peo SbT cpm b3 -¥ JS&
Fig. 3- HassanAbad Mehriz Qanat, path and components (Ghaderian, 2016) Google earth aerial image

095° 35 B O Gobide 5l e slacS Lo il
ool Ll a8 syl Lalivg) 5 Lo el (9 9
Jeplsicas o)l Glaae pgS ail> glayed o aS
5 Yb oo jo Adly cewsVl 5l oy Jlad slacdw

L

Ja ¥ S

Fig. 4- Taft floodway towards the city of Yazd and connection with the gardens - Google earth aerial image
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Fig. 6- Agricultural lands and gardens in the Meybod
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Fig. 7- Qanat black fish - a rare species of Qanat crab
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Introduction: Following the discovery, development, and maturation of green infrastructures, researchers
have defined them as an integrated network of natural and semi-natural elements, providing a wide range of
features and ecosystem services including ecological, economic, and social benefits for humans and other
species. Today, green infrastructures are considered a part of novel water management paradigms in urban
form and water studies. Regarding the management of water in cities in Iran, particularly those located on the
fringe of Dasht-e Kavir, it is necessary to outline the operational definition of green infrastructures as networks
in the ecosystem on the fringe of Dasht-e Kavir. Moreover, it is important to explain green infrastructures in
arid and semi-arid regions, detailing the features. Accordingly, this study aimed to identify green infrastructures
in Iranian desert cities. To achieve this goal, two main steps were specified: 1. Operational investigation and
definition of green infrastructures in the mature urban and water discourses and 2. Proving green infrastructures
applicable in desert-fringe cities through cases.

Material and methods: As the first step were determining the operational definition of green infrastructures,
the content of literature related to the development and establishment of the concept of green infrastructures
published between 2005 and 2020 was qualitatively analyzed. Consequently, a conceptual framework was
developed for the operational definition of green infrastructures. Different scientific sources published in the
abovementioned period were reviewed, seeking to answer what green infrastructures is. The sources included
articles, books, and reports in this field. In this study, content analysis used in qualitative studies was selected
for examining the literature on environmental design with an inductive approach in order to identify the existing
themes in the definition of green infrastructures. This method was selected to systematically analyze,
summarize, categorize, and induce the literature including the definition of green infrastructures in order to
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shed light on the hidden meanings and pave the way for comparison with the infrastructures of historical cities
located on the fringe of Dasht-e Kavir. Content analysis is generally conducted in three main stages, namely
preparation, organization, and reporting. In this study, the stages were in six steps: 1. Stating the problem, 2.
Developing questions and aims, 3. Defining and determining variables, 4. Sampling and selecting analysis and
background units, 5. Coding and categorizing, and 6. Analyzing, inducing, and reporting.

Results and discussion: Based on the content analysis of the literature, first, green infrastructures codes were
extracted and categorized in terms of morphology, establishment system, function, background, benefits,
services, and goals based on the chronology of studies in the field of green infrastructures. The results of the
qualitive content analysis yielded seven categories as follows: 1. The morphology of green infrastructures is
influenced by the systemic nature of urban network which consist of natural and artificial elements in the form
of patches, corridors, and matrix to ultimately connect water and ground. 2. The establishment of macro or
micro green infrastructures, both inside and outside the cities and villages, have an extensive geographic
dispersion. 3. Green infrastructures are multi-functional. 4. Green infrastructures develop in natural (animate
or inanimate), artificial, and human backgrounds. 5. Green infrastructures create values through economic,
social, and physical benefits. 6. Green infrastructures provide ecosystem services. 7. Green infrastructures will
ultimately lead to sustainable management of resources.

The green infrastructure network is available in the cities located on the fringe of Dasht-e Kavir in Iran as a
multi-functional value-creating system for providing ecosystem services and with the aim of sustainable
management of resources. In operational terms, from the ganats, gardens, and floodways to urban and
architectural spaces all form a multi-functional network of natural components such as gardens and artificial
components such as ganats in linear form (corridors), spots, and arena such as the flexible seasonal green
network between upstream and downstream hamlets for the two-way connection of water and ground in hot
and arid climate. From micro instances (vine scaffolding in a historical house) to macro instances (permanent
Barfkhaneh reserves), all of these are located inside and outside large and small cities as well as villages at the
margin of Dasht-e Kavir. This system which provides ecosystem services to desert dwellers creates economic,
sociocultural, and environmental benefits in the natural and artificial environment for humans and biotic and
abiotic environments, leading to sustainable management of air and water resources.

Conclusion: Green infrastructure not only refers to urban organs which are a part of a natural and human-made
ecological network but also applies to a scientific approach and method of environmental design and planning
in which the best type of connection between water and urban form is available for supporting both natural and
artificial processes in the management of water resources in the historical cities located on the fringe of Dasht-
e Kavir in Iran. Even in such hot and arid regions, green infrastructures are available as a multi-functional
value-creating system for providing ecosystem services with the aim of sustainable management of resources.
This network includes a wide range of natural and human-made water-based elements such as ganats, gardens,
floodways, and urban spaces and architecture.

Keywords: Green infrastructure, Desert-fringe cities of Iran, Dasht-e Yazd Ardakan, Conceptualization,
Operational definition.
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