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Fig. 1- Geographical locations of the provinces
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Table 1. Data collection sources
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C1- 2 -C3-C4-c5-C6 N OF 5
Statistical yearbook for 2018 Water and electricity department
Y Jlo bl aslile 55 5 s i

C7-c8-c9

C10-c11-c12-c13-c14

C15-c16-c17

C18-c19-c20-c21

C22

C23-c24

C25-c26

C31-c32-c33-c34-c35-c36-37-

c38

Statistical yearbook for 2018
Y Jlo bl aslile
Statistical yearbook for 2018
Y Jlo skl asldle
Statistical yearbook for 2018
Y Jlo s bl aslile
Statistical yearbook for 2018
Y Jlo s bl aslile
Statistical yearbook for 2018
Y Jlo s bl aslile
Statistical yearbook for 2018
Y Jlo bl asldle
Statistical yearbook for 2018
Y Jle kel asldle
Statistical yearbook for 2018
Wl lojles 48 Jlos 5o

Oil and gas sector
SNy J& g o i
Transportation and warehousing
department

bl )| s
Communication Department
el
Education
GBS 5 Sim b
Culture and Tourism
iz el 5 (e
Welfare and Social Security
Oleyd g cudloge
Healthcare

G j Jauzma i3
Department of Environment

Waste Organization Y-\V Research of
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Table 2. Review sources of chosen indicators

e
Researchers

U dpogi slaasiuw ouh dpogi (sbraziu

Recommended measures Recommended measures

(Wang, et al. 2020)
(Cui and Sun 2019)
(Sun and Tian 2018)
(Jia, et al. 2018)
(Zhang, et al. 2018)
(Wei, et al. 2016)
(Wei, et al. 2015)

(a3 Gl pl alg) Lshas Jobo
Length of water supply pipelines (km)
() Sl el 5 oo
Total amount of water supply (tons)
Gl B yas ylaie
Amount of water consumption (liters)

(@ SRS s sosl> colus
Avrea of urban roads (square meters)
(axlg) o wggsl slass
Number of buses (units)
(9>19) oS slows
Number of taxis (units)

(coSo yio) ormb 55 0,50 jlodie . R
T e T TS O GrasheS)is et ool ol Co 3l 5 Jsbo
Amount of natural gas reserves (cubic meters) Urban rail transit length (km)
(s il 315 ) bglas Jobo

(&0 Fo)s A Sloh o5 adlaia
Area of urban paving (square meters)
GioskeSEz b 6 e slooslr Jsbo
Length of urban roads with lights (km)
(axlg)yals S yie oluaas
Number of telephone subscribers (units)

Length of gas supply pipelines (km)
(S i) gaarle 5 el JS oo
Total amount of natural gas supply (cubic meters)
(S o)l s (sl gaarks S (rals loia
Amount of natural gas supply for households (cubic
meters)
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Table 2. Cont. Review sources of chosen indicators

oul dmogi graziiw
Recommended measures

olidze oo Aoy slrdzin
Researchers Recommended measures
(rashS)inle 5 aly) bl Jgbo
Length of heating pipelines (km)
(DpS ol oy

Hot water production (tons)
(roskeS)p s T g Lglas Jobo
Length of hot water pipelines (km)
(e 2l el JS jlado

Total amount of hot water supply (tons)
(Gagh)s e slooslr Jsbo
Length of urban roads (km)

(milag g gl S ol oz

Volume of household waste for sanitary disposal
(tons)

(alg) Jamo Clllagy ;o ool 8,50 4l glaalwg oloss
Number of vehicles used in environmental health
(units)

(a>lg) Sl Jale ads sloalwg oloss
Number of traffic vehicles (units)
(Ero i) o508 (785 s SL2D &l
Per capita public recreational green space (square
meters)

(o yodonsds axslos dilaio ;5 jrus sld &5
Rate of green space in the built area (sg. M.)
(ONSEPEETNS
)(/.Forest cover (

Ly dolo oV sy e
)/.Coverage of coastal wetlands (

(Wang, et al. 2020)
(Cui and Sun 2019)
(Sun and Tian 2018)
(Jia, et al. 2018)
(Zhang, et al. 2018)
(Wei, et al. 2016)
(Wei, et al. 2015)

() alssg, VB by olime
)/.River wetland cover (
(%) 3lrazl,s sVl ids e
)/.Lake-swamp wetland cover (
(aghs) Sl cdlee
Traffic distance (km)
(celo Dyl ) S 55 B yan
Household electricity consumption (kilowatt hours)

(axlg) i i) Gleas (S i olows
Number of Internet service subscribers (units)
(slg)abawgin glaaw,un ledes slows
Number of secondary school teachers (units)

Olelre slass
Number of primary school teachers (units)
(9519) cogoc slaailbuliS slass
Number of public libraries (units)
(021) s Lo 5 olass
Number of hospital beds (units)

(019) )i 3y olaes
Number of doctors (units)
(agheS) 250 alg) Lk Jobo
Length of drainage pipelines (km)
(I 38 oo 4o oo
Amount of centralized wastewater treatment (tons)
(DN apias IS e
Total amount of wastewater treatment (tons)
(Do ahal S 2 jlada
Amount of refined dry sludge (tons)
() sirio Sl Silowy 5l oolatul lade
Amount of use of industrial solid waste (tons)
(alg) s il S s olass
Number of Internet subscribers (units)
(»15)549,«: slralbulis 4c gose
Collection of public libraries (unit)
(9 S8l gy Slass
Number of toilets (units)
(axlg) oals )5 i olaws
Number of telephone subscribers (units)
(RONARWSECR
Amount of water production (tons)

(s>l 2l slaaw oo
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Table 3. Indicators for calculating range capacity between functional infrastructures (carriers)

us ,ub e o5l Sy M)bdml:u ‘_gta.‘\e.;.w &o5dbos ‘_gL-a:c.oLwﬁ,’
. . Winning capacity Functional
Code For impact Size - h .
calculation metrics infrastructure

8 ol bl g o sla s Sl
Number of cities covered by
drinking water facilities
(eoSe 520 O3eeo) 50y 25 ] o2
Groundwater volume (million cubic
meters)

(0,38) T Sllezil slass
Number of water branches (item)
(oshS — caSlo o) f Jlail boglas- Jolbo
Length of water transmission lines
(cubic meters - kilometers)

cl

c2

c3

c4

(Sun and Tian, 2018)

po e 63 Shos lacSlo
Conventional functional
infrastructure
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Water supply
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Table 3. Cont. Indicators for calculating range capacity between functional infrastructures (carriers)

s i sl Sy u..s,b dwlxo g aziuw GJ)SJ».: ‘sl.bc;‘ébuﬂ)’
P ol .. . i
Code For impact Size Winning capacity Functional
P calculation metrics infrastructure
SlogheS” (ygekee) WolS'g s 3 PBL gl bl
ol
c5 + — ar u—:—"L

Gross power generation capacity of
power plants (million kWh)

dfu-s cie dlows

Power supply
(Wei et al., 2016)

c6 * Number of electricity subscribers
o7 + o gluy 3B (sla o slows

Number of gas supplied cities
8 + (0,28) 392 g0 315 blesdl Bty u»-ﬂl-‘

Existing gas branches (item) Gas supply

Ul 5 S e yseen) 5 i pman oon (Wei et al., 2016)

c9 + Gas consumption volume (million
cubic meters per year)
c10 + (GaghsS) el o1 Jsbo
Free length of roads (km)

cl1 + Graghss) lacl, 555 Jsbo

Large length of roads (km
- J& s Jo
c12 " Nurr;;f :;: sfn T;y;ty?uses Transportation
g (Wang et al., 2020)

a>ly (6 s sl St Slaws

cl3 + . : .
Number of single city taxis .
gle city Py 60 Shos oSl
14 + 2>ly Sloousy (s ol Conventional functional
Number of single minibuses infrastructure
Gl olows) cpals o5 i olows
cl5 + Number of telephone subscribers
(number of households)
Gl slaws) ci ol o8 i olows 50 ol 5l el
cl6 + Number of Internet subscribers ~ Remote communication
(number of households) (Wang et al., 2020)
Gl dlaws) e us yy 6 il S e Slass
cl7 + Number of high-speed internet
subscribers (number of households)
c18 + el 6&#.0)..\@ slass
Number of primary schools
. s
c19 + alasgio gladw joe olass
Number of secondary schools
Sl g 5 Slaelijsal ol =S 9 el >l
c20 + Number of technical and vocational Educational unit
schools (Wei et al., 2015)
15 LES slas
c21 + eyes Sasls ‘.LS.° >
Number of public libraries
c22 + 58 OS Lol olass

Number of sports venues
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Table 3. Cont. Indicators for calculating range capacity between functional infrastructures (carriers)

o3l

Size

Code For impact

Oy Cad b dwlxo (gl 6o Sdos grcslo )
Winning capacity Functional
calculation metrics infrastructure

el (el (lojles Giiigy o ol 3 olaas

c23 + Number of people covered by the
Social Security Organization
Olnl cedls don ylojles iy s ol 3l slas
c24 + Number of people covered by Iran
Health Insurance Organization
Jbs slo sl Lo slass
€25 + . .
Number of active hospitals
o lacss olass
c26 + P analiC)
Number of approved boards
27 + OLse) (xob slo Koz ol
Avrea of natural forests (hectares)
c28 +
Range area (hectares)
()L';S&:) Sxio ‘_?l?i 9 LQJ)Q..))....)‘_gLaS Colowo
c29 + Green space area of towns and
industrial areas (hectares)
30 + (LSe) ous (5,5 Kz colue
Afforested area (hectares)
O R P ls 5 lows
c31 + DB Al 5, st o
Number of cities with sewerage
Ml &l ahar 51,0 slass
€32 + Number of wastewater treatment
centers
ko L s asay 35156 olaws
c33 + Number of industrial wastewater
treatment centers
(agh) SB Juizil bglas Jslo
c34 + Length of sewage transmission lines
(km)
35 + Al sl o3 o Sbl slass

Number of sanitary landfills

6{.4).. Sloas
medical services
(Wei et al., 2015)

pyye 0, 5kes glacsl;
Conventional functional
infrastructure

Natural green space

(Wang et al., 2019) slcsloy; glad g9 Sloe

e
Functional infrastructure

ol Cawd o glas
- of green space

Green space handmade
(Wang et al., 2019)

ol
Wastewater Lo (99,Sles glocsl s
(Zhang et al., 2018) oy
Functional environmental
infrastructure

Sloy
Waste
(Wei et al., 2016)
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Table 4. Relevant range capacity values from Tehran Province

Jhre o)) Jexe 33 e

o5 ke 33 S 33

Criterion Value Criterion Value Criterion Value Criterion Value Criterion Value
C1 57093 C9 23186 C17 13065692 C25 168 C33 8
Cc2 2722 C10 197 C18 3722 C26 36684 C34 1008299
C3 1886973 C11 454 C19 2095 c27 23895 C35 47
C4 2591 C12 117 C20 27 C28 848298 C36 2056032
C5 26638 C13 868 c21 322 C29 847 C37 320
C6 6701216 C14 150 C22 597 C30 615 C38 1422040
C7 48 C15 4347879 Cc23 468193 C31 46
Cs8 1264355 C16 3579895 C24 3855907 C32 23
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Table 5. Indicators for calculating the range capacity between functional environmental infrastructures (load)

- - - JS )Lf da}L.I:
Xi=Lj/Ci .
( ] ) Code Load index
W AL o5 “;’L’ . L1 ol 5 2t sl
astewater production Number of wastewater subscribers
capacity
N ERSUCHPIF IR JON N (3o 3) LB il @83 5 6,55] goz Slood (iligy Cod Connas
Centralized wastewater L2 Population covered by wastewater collection and disposal
treatment capacity services (percentage)
ol dhai cud )b JS L o
Go) > cSeyie) 0ads (5)5] @oz S x> Lawgie
Total wastewater treatment L3 .
capacity Average volume of wastewater collected (cubic meters per day)
allj adad cod)b L4 b >

Waste treatment capacity

Volume of waste
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Table 6. Results of infrastructure range capacity balance assessment in 31 provinces of Iran

by Ll o ylols

Number of laOL";...J Y1 Y2 Y3 B Rank (B)
- Province
provinces
1 B Ol 0.008464 0.002150322 0.001124 0.303316 6
East Azarbaijan
2 s oS! 0.003405 0.001644771 0.001181 0.241567 14

Western Azerbaijan
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Table 6. Cont. Results of infrastructure range capacity balance assessment in 31 provinces of Iran

byl o loos
by bow
Number of o ! Y1 Y2 Y3 B Rank ()
. Province
provinces
3 o) 0.002377 0.001269107 0.000764 0.220809 27
Ardabil
okl
4 0.015364 0.004871818 0.00103 0.352066 3
Esfahan
5 5l 0.005278 0.001053307 0.000673 0.269534 8
Alborz
6 le 0.001489 0.002595104 0.000522 0.196446 31
llam
7 Aot 0.003373 0.001307412 0.000558 0.240989 15
Bushehr
8 ol 0.025149 0.00237377 0.007891 0.398225 1
Tehran
5 Jleslex
9 S 0.002069 0.002246452 0.000815 0.213277 28
Chaharmahal va
Bakhtiari
@ ol
10 southern 0.002701 0.002603235 0.000422 0.227976 26
Khorasan
11 S52) obely> 0.012468 0.004425468 0.001173 0.334159 4
Khorasan Razavi
12 s bl 0.002735 0.001716364 0.000521 0.228694 25
North Khorasan
Qb=
13 0.011707 0.004242622 0.002426 0.328934 5
Khuzestan
14 Ql"_dj 0.00317 0.001132502 0.000561 0.237277 18
Zanjan
15 0.001916 0.003082127 0.000519 0.209211 29
Semnans
9 Ol
16 Ol sl 0.002825 0.001622945 0.000602 0.230546 24
Sistan and
Baluchestan
17 ol 0.016042 0.004314786 0.001107 0.355889 2
Fars
18 R9¥ 0.003986 0.001326788 0.000766 0.251265 12
Qazvin
19 2 0.003783 0.001242273 0.000388 0.248002 13
Qom
20 Ol S 0.003264 0.001604805 0.001029 0.239013 16
Kurdistan
oS
21 0.007346 0.003295268 0.00056 0.292756 7
Kerman
22 oliile,s 0.002953 0.00236794 0.001134 0.233107 20
Kermanshah
29 9 4ekSeS
23 Sex| 0.001636 0.002493569 0.000436 0.201106 30
Kohgiloyeh and
Boyerahmad
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Table 6. Cont. Results of infrastructure range capacity balance assessment in 31 provinces of Iran

gLl o ylols
by Low
Number of o ! Y1 Y2 Y3 B Rank (B)
. Province
provinces
Sls
24 0.002839 0.002159076 0.000527 0.230832 23
Golestan
25 oS 0.004514 0.006114981 0.001044 0.259198 10
Guilan
ol
26 0.002877 0.001878708 0.000799 0.231601 22
Lorestan
27 olpiste 0.00443 0.00346835 0.00064 0.257991 11
Mazandaran
28 ¥ 0.004735 0.002028412 0.000928 0.262316 9
Central
29 RS e 0.002923 0.003455183 0.000698 0.232525 21
Hormozgan
30 olaee 0.003261 0.000925417 0.00095 0.238975 17
Hamedan
31 éﬁd 0.002956 0.002490582 0.000503 0.233175 19
Yaz
MAX 0.025149 0.006114981 0.007890899
MIN 0.001489 0.000925417 0.000387968
AVERAGE 0.005549 0.002500112 0.00104161
Variations 2.7343 1.541 1.71041
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Fig. 2- Capacity chart of functional infrastructure
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Table 7. Reflections of the level of support of functional environmental infrastructure

o ! Msls Msls o Abj 280 wod b
. i : Waste disposal
Province Wastewater Centralized >
production wastewater t:-eogfr:évr?ts(t;w:zeitr capacity
capacity treatment capacity pacity
o b3 27 20 10 1
East Azarbaijan
Western Azerbaijan
desf 10 14 17 1
Ardabil
oleis! 12 1 7 1
Esfahan
||
5 11 15 2 1
Alborz
r’y—i‘ 16 9 21 1
llam
S 23 6 14 1
Bushehr
ol 29 3 18 2
Tehran
Chaharmahal va Bakhtiari
i Ol 24 2 26 1
southern Khorasan
sy ol 30 19 8 1
Khorasan Razavi
o ol 22 21 28 1
North Khorasan
bemie> 15 22 24 1
Khuzestan
ol 18 17 23 1
Zanjan
e 19 28 31 1
Semnans
olesh 5 25 27 30 1
Sistan and Baluchestan
o 3 25 4 1
Fars
95 7 12 12 1
Qazvin
s 1 5 1 1
Qom
Sl 4 24 3 1
Kurdistan
e 31 31 27 1
Kerman
— 5 26 5 1
Kermanshah
TLVI 259 2skeS 20 4 22 1
Kohgiloyeh and Boyerahmad
bt 28 30 25 1
Golestan
S 9 13 11 1
Guilan
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Table 7. Cont. Reflections of the level of support of functional environmental infrastructure

(o ! Ol Hsls o Ay ads cud b
. ; ; Waste disposal
Province Wastewater Centralized >
production wastewater t:-:attarL\évr?tsf:eaW::eitr capacity
capacity treatment capacity pacity
o) 2 7 6 1
Lorestan
olpiste 26 29 20 1
Mazandaran
S 13 16 13 1
Central
e 21 10 15 1
Hormozgan
B
Oe® 6 23 16 4
Hamedan
o 17 8 29 i
Yazd
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Fig. 3- Conventional infrastructure
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Fig. 6- Degree of balance between range capacity and
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Introduction: Functional infrastructures act as an integrated system to support sustainable development.
Therefore, it is worthwhile to use appropriate methods to evaluate the range capacities of functional
infrastructures and the balance between them.

Material and methods: In this research, the FUICC Catastrophe Model (FCM?) was used to evaluate the
balance between the range capacity of functional infrastructures in the provinces of Iran. This model uses the
methods of analysis of mean variance (MVA) and Critical Path Method (CPM), also the Load-Carrier mode
was used to reflect the level of support for functional environmental infrastructure. The studied indicators were
extracted from experimental data collected from 31 provinces of Iran by reviewing valid scientific sources in
the field of functional infrastructure from 2015 to 2020 and the data used using the latest available statistics.

Results and discussion: The results of this study showed that Gilan Province has the highest range capacity
in green space infrastructure and Tehran Province has the highest range capacity in conventional functional
and environmental infrastructures and also Tehran Province ranks first in the country in terms of balance
between infrastructures. Regarding load-bearing analysis, the reflection of the level of support of functional
environmental infrastructures shows that provinces such as Tehran, contrary to the good evaluation they
showed in measuring range capacity. Due to the existing cargo volume, they do not provide a good level of
support, and on the contrary, provinces such as Qom, which showed poor range capacity in this field, recorded
good environmental performance for some factors in load-bearing analysis.
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Conclusion: There is a difference in the range capacity of functional infrastructure between provinces and in
some areas with factors such as political, industrial, tourist, etc., it is higher than other provinces and the degree
of balance between the capacity of functional infrastructure is generally weak in the provinces of Iran. Also,
the reflection of the level of support of functional infrastructures has negative fluctuations and in general, in
assessing the range capacity of functional infrastructures, there is a need for management measures.

Keywords: Sunstainable development, FCM model, Load-Carrier model.
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