oyl of aobie libos
Iran-Water Resources
Research

Developing a Composite Index to Evaluate the
State of Urban Water Supply and Sewage
Infrastructures

S. Naderi® and A. Moridi %*

Abstract

In today's world, where more than half of the population reside
in cities and economic activities are largely concentrated in
urban areas, having access to a desirable level of urban water
supply and sewage infrastructures is essential for the
socioeconomic growth and preventing many diseases and
health problems. The condition of urban water supply and
sewage infrastructure in Iran has not been comprehensively
evaluated so far, and this gap has led to a lack of accurate
knowledge of the status of these infrastructures and their
different aspects in various regions of Iran. In this study, a non-
parametric modification of data envelopment analysis was
used to construct a composite index for evaluating the status of
urban water and sewage infrastructure for all provinces of Iran
between 2011 to 2021 and the factors affecting this tatus were
evaluated by using random effects models. Based on the results
of this study, central provinces of Iran like Isfahan, Yazd, and
Semnan mostly have a favorable situation regarding the
mentioned infrastructure. Some relatively deprived provinces
such as Golestan and Sistan-Baluchestan along with some
economic and population centers namely Khuzestan, Bushehr,
and Fars are among the provinces that have a lower status.
According to the result of the random effects model, the two
factors of urbanization and the actual public expenditures are
the most important drivers of improving urban water supply
and sewage infrastructures, while urban population density is
the main factor in deterioration of this infrastructure status.

Keywords: Water Supply, Sewage, Composite Index, Benefit
of Doubt, Sustainable Development Goals.
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Table 1- Different dimensions of UWSSI and their variables

kel 51 Sy 6 puiio g UWSSI ad L 55UsS sl =Y Jgua

Dimension Variables! [Calculation method] Symbol  Unit*> Dir®
Accessibility  Per capita number of urban potable water branches [Number of water V1 N/P +
branches divided by urban population].
Per capita length of urban potable water distribution network [Length V2 m/P +
of water distribution network divided by urban population].
Fraction of cities with access to potable water [Number of cities with V3 % +
access to potable water divided by total number of cities].
Management Per capita volume of urban water reservoirs [Volume of urban water V4 m3/P +
and support reservoirs divided by urban population ].
Ratio of non-revenue water to total produced water V5 % -
[1 - (Sold water/Produced Water)].
Ratio of maximum water supply capacity to Total produced water in \/6 Unitless +
each second [Maximum water supply capacity divided by total
produced water].
Sewage Percentage of urban population covered with sewage collection V7 % +
facilities [Directly extracted from Statistical center of Iran’s
yearbooks]
Fraction of cities with access to sewage collection networks [Number V8 % +
of cities with access to sewage collection networks divided by total
number of cities].
Number of wastewater treatment facilities for each 100000 urban V9 N/P +

residents [Number of wastewater treatment facilities divided by

urban population (Multiplied by 100000)].

1-All variables and the data used to create them are derived from Statistical center of Iran’s annual yearbook. 2-N=Number,
3-Positive and negative signs respectively indicate that the more is better and the less is better. P=Person, m=meter.
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Table 2- Dependent and independent variables of panel regression
B 9w 5 5 5951 55 Jiius 9 dlamntly (S i =Y Jgoa

Variables! Time span Scale Symbol Unit
Dependent:
Urban water infrastructure development 2011-2018 Annual-Provincial UWSSI  Unitless
Independent:
Urbanization ratio 2011-2018  Annual-Provincial URB Percent
Average population of each city 2011-2018 Annual-Provincial DENS  Person
Non-farm gross domestic product 2011-2018  Annual-Provincial ~ GDP Rials
Amount of budget spent on water sector 2011-2018  Annual-Provincial  BUD Rials
Square of BUD 2011-2018  Annual-Provincial ~ BUD? Rials?
Amount of cumulative budget spent on water sector ~ 2011-2018  Annual-Provincial BUDC Rials
Square of BUDC 2011-2018  Annual-Provincial BUDC?  Rials?
Control:
Share of oil income from total GDPPC 2011-2018  Annual-Provincial ~ OilSH  Percent
Dummy variable of Tabas County 2011-2018  Annual-Provincial D Unitless

1- All variables and data used to create them are derived from Statistical center of Iran’s annual yearbook.
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Table 3- Descriptive statistics of UWSSI variables for all provinces of Iran
Oyl gLt plod b ;3 UWSSI 13 39390 (W pitio ol Hlof -V Jgua

Accessibility Management and support Sewage

V1 V2 V3 V4 V5 V6 V7 V8 V9

Unit N/P m/P % m3/P % Unitless % % N/P
Average 303.78 0.90 3.03 262.40 0.26 1.37 0.45 0.31 0.26
SD 61.96 0.07 1.03 65.94 0.05 0.16 0.21 0.19 0.19
Max 423.51 1.00 5.79 475.24 0.37 1.81 0.95 0.84 0.83
Min 148.62 0.72 1.27 171.78 0.18 1.04 0.10 0.06 0.04
CVv 020 0.08 0.34 0.25 0.19 0.12 0.46 0.63 0.74
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Fig. 2- Distribution of UWSSI and its dimensions throughout Iran’s provinces
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Fig. 3- Kernel density curves of UWSSI and its dimensions
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Fig. 4- Time trend of UWSSI and its dimensions
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Table 4- The result of random effect regression estimation
B Sl g5 5§31 3)9l 0 - F Jgsa

Model 1 Model 2
Coef SE? Z statistic Coef SE* Z statistic
InURB  0.1670** 0.0780 2.14 0.1606** 0.0740 2.17
INDENS -0.0227 0.0149 -1.52 -0.0305** 0.0141 -2.16
INGDPPC  -0.0230** 0.0117 -1.96 -0.0320*** 0.0110 -2.89
InBUD  0.0164** 0.0084 1.96 - - -
InBUD2 -0.0009* 0.0006 1.62 - - -
InBUDC - - - 0.1480%** 0.0401 3.69
InBUDC?2 - - - -0.0083*** 0.0022 -3.71
OilsH -0.0195 0.0489 -0.40 -0.0251 0.0338 -0.74
Robust Hausman 9.79 10.17
Provincial Effect Random Effect Random Effect
Wald Chi2 24.89*** 53.22%**
Adjusted R2 20.80% 40.91%

TRobust standard errors clustered for provinces. ***, ** and * are respectively indicating significancy at 1%, 5% and 10%.
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of each city (Percent) (Rials - 2011 Constant) (Rials - 2011 Constant)
(Person)

Fig. 5- Average of socioeconomic variables in Iran’s provinces in 2011-2021
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1- Sustainable Development Goal 6 (SDG 6)

2- Waterborne Disease

3- Multi-Criteria Decision Making (MCDM)

oo 1y ol GBS a5 cowl Benefit of Doubt 59, ol (oudSS) o6 —F
il S des 5 W00

5- Data Envelopment Analysis (DEA)

6- Urban Water Supply and Sewage Infrastructures
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8- Decision Making Unit (DMU)

9- Efficiency Frontier

10- Super-Efficient
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12- Fixed Effect

13- Random Effect

14- Urbanization Rate

15- Population Density

16- Gross Domestic Product Per Capita

17- Budget

18- Budget (Cumulative)

19- Dummy Variable
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