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Extended abstract

Introduction

Despite ecological and historical necessity, the restoration of Tehran's Qanats
is confronted with complex socio-political obstacles. Purely technical
approaches are insufficient for ensuring sustainability, as they overlook
hidden dimensions such as power dynamics, conflicting expectations,
stakeholder interests, and socio-cultural identity. This practical gap
necessitates investigating the restoration of Tehran’s Qanats through the lens
of Urban Political Ecology, utilizing advanced quantitative methods to
uncover its multidimensional structure. Data was collected in two stages: a
qualitative phase involving content analysis of documents to extract key
indicators, and a quantitative phase utilizing Likert-scale questionnaires
administered to 34 local and institutional stakeholders. The research focused
on the Mehrgerd Qanat (District 12) and the Naseri Qanat (District 11) in
Tehran. Data analysis was performed using SPSS software. The research
findings revealed the latent structure of Qanat restoration through three
factors: 1-Operational-Participatory =~ Achievements, 2-Macro-Planning
Challenges, 3-Socio-Cultural Identity of Qanat. Furthermore, the Mann-
Whitney U test indicated a statistically significant discrepancy between the
perspectives of residents and officials regarding tangible components such as
"genuine participation” and "distribution of benefits." Conversely, no such
gap was observed in broader components like "attention to development
projects."
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Interpreted through the framework of Urban Political Ecology, successful restoration of urban Qanats
requires a shift beyond technical fixes toward a holistic integration of functional-economic, macro-policy,
and social identity dimensions. Emphasis is placed on the design of institutional mechanisms to guarantee
effective community participation and the integration of indigenous knowledge with modern planning.

Materials and Methods

This study employed a descriptive-survey design with a quantitative approach to examine the hidden
dimensions of urban qanat restoration and to analyze the perspective gaps between stakeholders, considering
both practical objectives and the inherent nature of the phenomenon. Data was collected using a structured
questionnaire administered to two primary stakeholder groups: "local communities" and "officials and
specialists." To address the research questions, two main statistical tests were utilized. First, to identify the
hidden dimensions and components of qanat restoration, Exploratory Factor Analysis (EFA) using the
Principal Component Analysis (PCA) method was conducted. Given the non-normal distribution of the
data, the non-parametric Mann-Whitney U test was employed to compare the perspectives of the two
independent groups (local communities vs. officials/specialists) and to answer the second research question
regarding the components that generate statistically significant differences in viewpoints. To explore the
structural relationships among the various dimensions of ganat restoration and to examine the internal
correlations among components, Spearman’s rank correlation coefficient was used. Furthermore, linear
regression analysis was performed to investigate the predictive relationships among the three dimensions
extracted from the factor analysis. Due to the non-normal distribution of the data, the bootstrap method with
2,000 resamples was applied to obtain robust estimates and reliable confidence intervals. It should be noted
that inferential analyses, including the assessment of questionnaire reliability (using Cronbach’s alpha
coefficient) and the testing of data normality (using Kolmogorov-Smirnov and Shapiro-Wilk tests), were
conducted prior to the primary analyses, with the results reported in the findings section. The significance
level for all tests was set at p = 0.05.

Results and Discussion

In this section, the key findings, interpreted in light of the research questions, the existing literature, and the
theoretical framework of urban political ecology, are discussed and interpreted. Interpreting the triadic
dimensions of qanat revival: the extraction of three factors—operational and participatory outcomes, macro-
level planning challenges, and socio-cultural identity—clearly shows that the revival of urban qanats cannot
be reduced to a purely technical-engineering project. This finding aligns directly with the core proposition
of urban political ecology, which regards every environmental action in the city as inherently a political -
ecological project (Swyngedouw, 2004). The dimension of operational and participatory outcomes
(including improved water access, income, and participation) indicates that stakeholders consider the
success of the revival contingent upon the realization of tangible and concrete benefits. This echoes urban
political ecology’s emphasis on the unequal distribution of environmental benefits in the city (Heynen et
al., 2006). The dimension of macro-level planning challenges (including urban development policies and
changes in consumption patterns) highlights the role of institutional structures and overarching governance
in shaping the revival process. This dimension moves the ganat out of the realm of local management and
into the discourse of macro urban development. Most importantly, identifying the socio-cultural identity
dimension as an independent factor demonstrates that qanats are not merely “water infrastructures,” but
social-historical institutions that shape collective memory, local cohesion, and cultural identity (Semsar
Yazdi & LabbafKhaneiki, 2017). This finding fills the gap in the technical-engineering literature on qanats,
which has often focused on hydrological dimensions.

Conclusion

Based on the analysis of data and research findings, the revival of urban qanats in Tehran is far beyond a
technical issue; it represents a complex scene of social, economic, and political interactions. Tehran's qanats
are no longer merely water channels but have become a political arena where, primarily, official power
(municipality, Ministry of Energy) is in opposition to local power (residents, business owners) over the
definition of "revival." Additionally, the local community evaluates revival based on tangible benefits
(income, access to water), while official institutions embed it within the discourse of macro-development.

This research, utilizing the urban political ecology framework and exploratory factor analysis method, has
identified three essential hidden dimensions in the qanats revival process:

1. Operational-participatory achievements (such as improved access to water, increased income, and local
participation),

2. Macro-planning challenges (such as changing water consumption patterns and urban development
policies),
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3. Socio-cultural identity of gqanats (including the traditional water division system, the future role of qanats,
and social cohesion).

Findings indicate a significant gap between the perspectives of the local community and officials on tangible
components such as "real participation" and "distribution of benefits." The local community measures
revival by tangible benefits (income, access to water), whereas official institutions place it within the macro-
development discourse. However, this gap is not observed in larger components such as "attention to
development projects,”" suggesting that formal planning often diverges from local lived experiences and
requires institutional mechanisms for genuine participation and integration of indigenous knowledge.

In conclusion, the success of urban ganats revival necessitates moving beyond merely technical solutions
and simultaneously addressing three functional-economic structures, macro-policy-making, and social
identity. It is recommended that participatory governance mechanisms, integration of modern technologies
like GIS, and strengthening the role of local institutions in the revival process be given serious consideration.
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Historical environmental analysis, Columbia River basin management to critique watershed
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Social water cycle and urbanization; Water scarcity; metabolism
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Irrigation management at the village level in water-scarce North china
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How ecological changes and social forces shape the future of Water resources and water
governance in the region
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How the human factor changes the combined and multi-scale water control system
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Report on irrigation policies, material flows and nonliner dynamics in the Mayo River Vally
in Northwest Mexico
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Sociology; Water management; cultural politics; cosmology
O e 9 09y Sy, ads )3 Sluil jeel 5 O Gl o] 0 a5 (SBg) medss sl (sleizly e a3 2

TR

) ) ) ] o 2014 Bouleau 25

Hydro-social cycle to explain the way water flow and human affairs became intertwined in

the Rhone and Seine river basins
S8 iz tshsg> o JEs) jlegesle 2014 Bourblanc & 26
Inter-basin transfer construction; Power struggle Blanchon
SeS ol eleizly ann slaas > (B St 4 SleiiS lawm) g LaoliCiws daogds (o (slags yslid wo5
How state technologies, practices, apparatuses, and discursive regimes contribute to shaping 2014 Fernandez 27
specific hydro-social cycles. Water scarcity
aS 5,0 5 bl 4 oliws, gblie 5l O alie Jam! gloasly 5 canlow .

552 b Shle & gy Shle Jl ol gl JEl slaslyy 5 ol 2014 Mine Islar,Chad Boda 28

Politics and consequences of water resource transfer from rural to urban areas in Turkey
Sl aVole o yiws 4y Sliws 10 &y08 Sbg 58,5 s Coeal (g 0d ol @i S0
Understanding urban Water distribution, importance of considering power dynamics in 2018 Michelle Kooy,Carolin Tina Walter 29
achieving equitable water access
5o ;;l Copie slaculw g g iliwl SIS 10 sotme (it Jul )8 sleaSil 9 &y08 by o Fu b Dl e 4>
o ) et ] Hes & 5 bl o ) 2019 Lucia, Wright-Contreras 30
How do historical legacies, power dynamics, and informal networks play a significant role in
shaping water menegement strategies and policies in areas with accelerating urbanization?
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RO SRR D P B SR G e T S TR S e Raquel Hidrich Silva&Dominic Stead&Margreet

Connecting ecological urbanism and urban political ecology for a new perspective on water 2021 Zwarteveen& Taneha Kuzniecow Bacchin 31
sensitive cities.
50 lo,eiS 10 sail) acils Curan le yo Ol A yiws Jlao a5 (piBls 50 olad 5 eleix] sla 5] pwl Coonl
g JI 2022 A Kusi-Appiah,Dr. Paul Mkandawire 32

The importance of social and spatial strategies in addressing water access issues among
displaced populations in developing countries
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Table 2. KMO and Bartlett's Test

ool plo— 35 — (6 ySdigi culis’ jluzo

0.760
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
9" B
Approx. Chi-Square 170.389
2yl Cag,S Gge) solil as o 55

Bartlett’s Test of Sphericity df
lolixo

$olkee g 0.000
Sig.

00 (rd (il ylg E oo Y Jgur
Table 3. Total Variance Explained

Component

adglofg polie

Initial Eigenvalues

J owbylg weye
Total % of Variance Cumulative % Total

L;ofl)." oo

ou gl il (ole byl wlygimo ggome AL S 2 Jole gl)b Wl j9dome £ gome
Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

S obylg sy

ol lg oy 51y oy

% of Variance Cumulative % Total % of Variance Cumulative %

O s sl
Traditional water distribution system
S L3S
Strengthening social cohesion
GIS s 55 5uil
Integration of GIS technology
lay (g 3524
Improving water accessibility
e ansl> o5 Lae
Local community participation
J.A" )o S e
Income enhancement
S dxmgs slaojg
Urban development projects

4.628 42.073
1.777 16.150
1.324 12.036
.860 7.818
.669 6.081
.508 4.621
422 3.840

42.073

58.223

70.259

78.077

84.158

88.780

92.619

4.628

1.777

1.324

42.073

16.150

12.036

PPCE WIS
42.073 3.397
58.223 2.306
70.259 2.026

30.879 30.879
20.964 51.842
18.417 70.259
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laesls s o..&.._a]
253 2.297 94916
The Future Role of Qanats
L ermeetles 227 2.064 96.980
Shifting water consumption patterns
aslaio yo Sld Lol 3l
200 1.821 98.801

The impact of Qanat restoration on the region
o yoio sloasls
SO S B 132
Municipal plans

1.199 100.000

ol slaadlge o il el g,
Extraction Method: Principal Component Analysis.

anlllao 3,90 (5lo0g 5 ol d dumlio Cupr (S 9- (30 32 3903] S P Jgu
Table 4. Mann-Whitney U Test Results for Comparing Groups' Perspectives

o903 sl lo
Test Statistics®
) . (aw01d 99) g ylobxwo 385 (5, lobzo
T R O Blig galss Zooyoi A’syn‘f; Sig g MEj;c ) Sig@M
Mann-Whitney U Wilcoxon W Z (Q-tailed) [2*(1-tailed Sig.)]
L T e 70.000 280.000 -3.469 0.001 0.14°
Traditional water distribution system
< i w’m . 58.000 268.000 -3.109 0.002 0.003°
Strengthening social cohesion
1 L3 saals
,G e 38.000 248.000 -3.750 0.000 0.000°
Integration of GIS technology
ik o I 38.000 248.000 -3.808 0.000 0.000°
Improving water accessibility
l> oS Liw
e dnelz 25, 30.000 240.000 -4.162 0.000 0.000°

Local community participation
i
Sela® S 8.000 218.000 -4.833 0.000 0.000°
Income enhancement
SR dxwgs slaojg

. 96.000 306.000 -1.551 0.121 0.221°
Urban development projects
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The Future Role of Qanats
ol B pas 658 i
Shifting water consumption patterns
dilaie o L3 Lol )
The impact of Qanat restoration on the region

Sl slaasliyy

Municipal plans

64.000

100.000

38.000

79.500

274.000

310.000

248.000

289.500

-3.129

-1.575

-3.976

-2.237

0.002

0.115

0.000

0.025

0.007°

0.169°

0.000°

0.033°

a. Grouping Variable: :;Jstus g 0050

b. Not corrected for ties.
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Table 5. Descriptive statistics for research variables

eSSl 4l sbro Sl ol
Mean Median Std. Deviation Variance

Traditional water distribution system 1.50 1.00 1.080 1.167
Koot asll 1.88 2.00 1.149 1319

Strengthening social cohesion

GIS 5k 3.als

Integration of GIS technology 2.09 2.00 1.026 1.053
el i vt 3.53 4.00 0.929 0.863

Improving water accessibility
e dasly S Lhe 3.24 4.00 1.103 1216

Local community participation
2l 2 05 3.53 3.00 1.261 1590

Income enhancement
A5 dnyi slacisn 3.67 4.00 0.736 0.542
Urban development projects
laoslis By a.)...j
The Future Role of Qanats 1.68 1.00 1.065 1135
e e e 3.59 4.00 0.925 0.856
Shifting water consumption patterns

ki 3 S Lt 2.29 2.00 0.836 0.699

The impact of Qanat restoration on the region

S5 slaasli, 332 4.00 1.065 1.135
Municipal plans

EW0sS GWT g3l (bl 2 daliiow (bl (o) 2 F S92
Table 6. Reliability analysis of the questionnaire based on Cronbach’s alpha

o slostiow! e wlel p #LS Ll ;
s, ol o SLpis! wla! » Eligys (s T s

Cronbach's Alpha Based on
Cronbach's Alph
ronbaci's A'pha Standardized Items

0.850 0.847 11

N of Items
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Table 7. Rotated Component Matrix

Bl Ay badlio o o
Rotated Component Matrix®

Jole
Component
1 2 3
L TR e 0.170 0.258 0.832
Traditional water distribution system
e gt 0.411 0.279 0.596
Strengthening social cohesion
GIS ¢,4L5 5.8l
TS sl el 0.826 0.231 0.040
Integration of GIS technology
Ao S 0.869 -0.126 0.143
Improving water accessibility
b oS Le
s dnelz 25, 0.849 0.321 0.123

Local community participation

2ol 02 St 0.742 0.089 0.467
Income enhancement

SR dnmgs slaosg

. 0.088 0.616 0.006
Urban development projects
laculd  2d5 oo
o e 0.036 -240 0.829
The Future Role of Qanats
L T e 0.156 0.880 -0.003
Shifting water consumption patterns
aihie o ol Ll I
. . . 0.646 0.297 0.105
The impact of Qanat restoration on the region
1o s slaasl
SIPA S 0.197 0.825 0.160

Municipal plans

ol laadie Jlow izl s,
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization. #
a. Rotation converged in 5 iterations.
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Table 8. Mann-Whitney U Test Results for Comparing Groups' Perspectives

Q,.oﬂ ‘5Lko)LoT
Test Statistics?
(SR OgeSlg gubs o iZ (a0l 93) (5 lobxo elaws G35 (5 ylolixo gelaws
Mann-Whitney U Wilcoxon W 7 Asymp. Sig. (2-tailed) Exact Sig. [2*(1-tailed Sig.)]
Traditional water distribution system 70.000 280.000 3.469 0.001 0.14
Feed a5 58.000 268.000  -3.109 0.002 0.003°
Strengthening social cohesion
GIS (5,55 il .
Integration of GIS fechnology 38.000 248.000 -3.750 0.000 0.000
Sl o s e 38.000 248.000 -3.808 0.000 0.000°
Improving water accessibility
e delr S5l 30.000 240000  -4.162 0.000 0.000°
Local community participation
el o5 8.000 218.000 -4.833 0.000 0.000°
Income enhancement
S nsi slaoly 96.000 306.000  -1.551 0.121 0.221°
Urban development projects
lacslid 25 ouss ) b
The Futare Role of Qanats 64.000 274.000 3.129 0.002 0.007
L Gl el 100.000 310000  -1.575 0.115 0.169
Shifting water consumption patterns
ailaie yo SLS Ll I _ b
The impact of Qanat restoration on the region 38.000 248.000 3.976 0.000 0.000
S5 sloasli 79.500 289500  -2.237 0.025 0.033b

Municipal plans

a. Grouping Variable: :;Jstus 9 #0550

b. Not corrected for ties.
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Table 9. Spearman’s Rank Correlation Analysis
L@KM
Correlations
= —
7 £ £ 5 3 - @ &
o a @ Q = = =. ¢
a g 0 = = — S = =8 g
=3 ( %= I S o - = 86 EE{ 3
o= B =8 =t ¢ 8 2 5 R - TE O=Z6
= ) o & = =] y g‘% = uQ G o o b -
= B N s % o & E (E-D % < v :‘-:, G 3 < - B g g v
=. 6 3 R 5 ) - - [ =.
. | oent] < £ b R S & é} gf mv‘g‘f ‘“Eaf_’?} Elg 9%
(3o el (590 u s QG & =0 BT oS¢ gl - R B
S 's th o alh, & = H\E: < B¢ B% 2L 10l 38 & 206
pearman's rho S%Y 2. BE ot S G 3% 26 o ‘agjc_\\og,gf; >y
= (I = A o] I Qs B g 2S¢ = O ~: = &
z, —% 82 g¢ 2+ B S8 =2F £y B3 3 g &
g Sz s B2y Qo= Bi & @ x
= b =N = @, ! Q. g g% S 5 ¢ = N ’
= o o g 2 - < 3 =3 g -
=8 28 =} £ = 8 2 o =
S S o] = = & @ = =
=] 5 < < = @ S

S (S
Correlation 1.000 0.555™

Coefficient

0.276 0.362" 0.593" 0.150 0.640™ 0.234  0.265  0.260

o
[\
=
o0

L g ol (el 53) (5 lobise 0 0001 0158 0.14 0.035 0.000 0.404 0000 0.183 0.130 0.138
Traditional water distribution system Sig. (2-tailed)

Q‘Nw 34 34 34 34 34 34 33 34 34 34 34

W’OM 0.555™ 1.000 0.425" 0.410" 0.456™ 0.426" -0.035 0.488™ 0.274 0.434" 0.498™
Correlation Coefficient

(e Cogl (@els ) s )oles 601 0 0012 0016 0.007 0012 0846 0.003 0.116 0010  0.003
Strengthening social cohesion Sig. (2-tailed)
s 34 34 34 34 34 34 33 34 34 34 34

N
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*‘*’éd e 0.248 0.425" 1.000 0.670™ 0.733™ 0.604™ 0.262 0.195 0.254 0.548™ 0.422"
Correlation Coefficient
GIS (5,5L8 suals (aeld 53) (5 lole
Integration of GIS technology Sig. (2-tailed) 0.158 0.012 0 0.000 0.000 0.000 0.141 0.268 0.147 0.001 0.013
é‘NM 34 34 34 34 34 34 33 34 34 34 34
wf"‘S e 0.276  0.410" 0.670™ 1.000 0.648™ 0.616™ 0.081 0.281 0.052 0.505™ 0.111
Correlation Coefficient
S & ey S (@al> 99 s )lee 114 0016 0000 0 0.000 0.000 0.653 0.107 0.769 0.002  0.530
Improving water accessibility Sig. (2-tailed)
J‘NM 34 34 34 34 34 34 33 34 34 34 34

WFM 0.362" 0.456™ 0.733™ 0.648™ 1.000 0.748" 0.242 0.245 0.300 0.623" 0.478"
Correlation Coefficient

e el o5l (@els59) s )olies 635 0007 0,000 0.000 0  0.000 0.175 0.162 0.085 0000  0.004
Local community participation Sig. (2-tailed)
"'N‘*"S 34 34 34 34 34 34 33 34 34 34 34

w’p“ P 0.593"  0.426" 0.604™ 0.616™ 0.748" 1.000 0.192 0.480™ 0.074 0.551" 0.257
Correlation Coefficient

el 5ot (413 59) (5, lobine 0.000 0.012 0.000 0.000 0.000 0 0285 0.004 0.676 0.001  0.143
Income enhancement Sig. (2-tailed)
Slows

N 34 34 34 34 34 34 33 34 34 34 34
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Urban development projects

old s e
The Future Role of Qanats

Sl B pas o8Il s
Shifting water consumption patterns
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The impact of Qanat restoration on the region

Correlation Coefficient

(4ol 90) (5,lolize
Sig. (2-tailed)

slaws

N

Correlation Coefficient

(aels 99) (5 lolize
Sig. (2-tailed)

Sloss

N

S (S
Correlation Coefficient

(4ol 99) (5,lolize
Sig. (2-tailed)

slaws

N

Correlation Coefficient

(4l 90) (5,lolizn
Sig. (2-tailed)

slaws

N

0.150

0.404

33

0.640™

0.000

34

0.234

0.183

34

0.265

0.130

34

-0.035

0.846

33

0.488"™

0.003

34

0.274

0.116

34

0.434" 0.548" 0.505™ 0.623™ 0.551"" 0.170 0.236 0.395"

0.010

34

0.262

0.141

33

0.195

0.268

34

0.254

0.147

34

0.001

34

.081

0.653

33

0.281

0.107

34

0.052

0.769

34

0.242

0.175

33

0.245

0.162

34

0.300

0.085

34

0.192 1.000 0.139 0.175

0.285

33

0.480™" 0.139 1.000 -0.138

0

33

0.004 0.441

34

33

0.441

33

0

34

0.331

33

0.436

34

0.074 0.175 -0.138 1.000

0.676 0.331

34

33

0.436

34

0

34

0.002 0.000 0.001 0.344 0.180 0.021

34

34

34

33

34

34

0.170

0.344

33

0.236

0.180

34

0.395"

0.021

34

1.000

0

34

0.280

0.115

33

0.030

0.868

34

0.554™"

0.001

34

0.421°

0.013

34
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o 0.260 0.498™ 0.422° 0.111 0478 0.257 0.280 0.030 0.554" 0.421°  1.000
Correlation Coefficient
S0t slaasliy (@l 5) 5, lolise 0.138  0.003 0.013 0.530 0.004 0.143 0.115 0.868 0.001 0.013 0
Municipal plans Sig. (2-tailed)
°'N“"5 34 34 34 34 34 34 33 34 34 34 34

el lo Lire (aials go) +/+ ) C.la.“u N M ek

ok Correlatlon is significant at the 0.01 level (2 -tailed).
ol Sl Ls (aials g0) /20 o ;o (Sicon

* Correlatlon is significant at the 0.05 level (2- talled)
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Fig 1. The Proposed Structural Model for Urban Qanat Restoration in Tehran Derived from Study Results
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