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ABSTRACT

Water has always been an undeniable necessity for social and
economic development and the survival of vital ecosystems on
Earth. The limitation of water resources and varying precipitation
patterns indicate that existing surface and groundwater resources
must be well identified and studied, and proper utilization should
be carried out through precise planning. Water is one of the most
important factors affecting any type of density. Therefore, in this
research, District Four of Tabriz metropolitan area, as one of the
most populous urban areas of Tabriz, was examined to estimate the
carrying capacity of water resources. The present study is
descriptive-analytical based on a case study. Research data were
collected through documentary methods and referencing relevant
institutions, including the municipality and the regional water and
wastewater company. After integrating and consolidating the
obtained information and preparing information layers in the GIS
software, relevant maps were prepared. Based on the obtained
information, it was revealed that the minimum and maximum
population capacity of District 4 of Tabriz, based on the water
index and the limiting factor of wastewater production and
treatment, equals 172,800and 227,368 people, respectively. Given
the population size of the area and a maximum allowable density
of 95 persons, it can accommodate a gross density of 229 persons
and a net residential density of 195 persons per hectare. However,
based on the obtained results, the net residential density of District
4 is 329 persons per hectare, which exceeds the permissible
threshold and falls within the critical-pressure range.
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Extended Abstract

Introduction

Water has always been an undeniable
necessity for social and economic
development and the survival of vital
ecosystems on Earth. The limitation of
water resources and varying precipitation
patterns indicate that existing surface and
groundwater resources must be well
identified, studied, and properly utilized
through precise planning. Water is one of
the most important factors affecting any
type of density. Therefore, in this research,
District Four of Tabriz metropolitan area, as
one of the most populous urban areas of
Tabriz, was examined to estimate the
carrying capacity of water resources.
According to United Nations reports, by
2050, nearly 70% of the world's population
will live in cities. With the rapid increase in
urban population globally, achieving
sustainable development goals regarding
water, food, and energy security is one of
the greatest challenges humanity faces. The
World Water Organization (2020) studies
show that global demand for water
resources is growing at a rate of 1%
annually due to population growth,
economic development, and changing
consumption  patterns.  However, the
continuous growth of agriculture and other
water-intensive industries has led to a
decrease in freshwater resources and water
pollution worldwide. Water scarcity and the
ability to meet its demand, considering the
costs associated with finding new water
sources in the future, is one of the biggest
concerns for many governments and public
service providers. Urban water authorities
and planners in many countries are striving
to respond to the growing demand for urban
water and wastewater while simultaneously
seeking to achieve urban water system
sustainability. In Iran, water resource
studies and management indicate that this
country, due to its geographical location, is
among the arid regions of the world, and
the only source of the country's main water
resources is annual atmospheric
precipitation, which accumulates as surface
water in rivers and waterways. Tabriz, as

one of Iran's metropolises, is not exempt
from this rule due to increasing population
and urban expansion, and one of the
problems it will face in the future is related
to water and its consumption.

Methodology

The present study is descriptive-analytical
in nature based on a case study approach.
Data were collected through documentary
methods by referencing relevant urban
institutions such as the municipality, the
regional water and wastewater company,
library studies, and internet websites. To
estimate the final carrying capacity,
Liebig's law of the minimum was used.
This study, considering the nature of its
objectives and relying on the pressure
number model and concepts of urban
carrying capacity, utilized a set of factors
affecting environmental tolerance
thresholds to measure the pressure on the
territory. Based on this, permissible
population thresholds and optimal urban
density were determined using Geographic
Information System (GIS). The concept of
urban carrying capacity in this research is
formed from the integration of two
fundamental concepts: support capacity and
vital capacity (or environmental resistance).
To determine tolerance, first, the
exploitation potential of each available
resource and the functional load of each
urban facility in response to the actual
needs of urban residents were estimated.
Then, based on environmental standards
and permissible thresholds derived from
experiences, scientific evidence, and legal
requirements, the carrying capacity was
determined. The carrying capacity
calculation formula is based on the
confrontation between supply and demand,
modeled after previous studies by Albert
Penck (1925), Westing (1981), and Qiu
Shike (2005) studies.

Results and discussion

Water is one of the most important factors
affecting any type of density. Urban studies
and planning within the ecological territory
of the water basin and determining the
share of each land use from water
resources, including residential,
agricultural, industrial, green  space,
services, etc., is only one side of the
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equation. On the other side of the equation
are water resources that always have a fixed
volume and relatively consistent annual
reconstruction amount. Based on the
obtained information, the minimum and
maximum population capacity of District 4
of Tabriz according to the water index and
the limiting factor of wastewater production
and treatment, equals 172,800 and 227,368
people, respectively. This population will
cover a built area of 12,434,100 square
meters with an average floor area ratio of
125.56%, with a maximum population
density of 89 people per hectare, gross
density of 229 people per hectare, and net
residential density of 195 people per
hectare. Subsequently, the carrying capacity
of the area was distributed in three ranges:
optimal threshold (0-149), permissible
threshold (149-195), and critical pressure
(195 and above). Results showed that of the
total 1,662 residential blocks in District 4 of
Tabriz Municipality, 429 residential blocks
(25.81%) with a total population of 3,720
people are in the optimal population
threshold, 31 residential blocks (1.86%)
with a total population of 4,330 people are
in the permissible threshold, and 1,202
residential blocks (72.32%) with a total
population of 290,151 people are in the
critical pressure range, representing the
highest pressure on the urban ecosystem.
Conclusion

The increasing growth of population in
urban areas, especially large cities, without
increasing urban and environmental
infrastructure has created many problems
for cities, among which water resources are
the most important. Based on the
calculations performed, the minimum and
maximum population capacity of District 4
of Tabriz Municipality, based on water
resource consumption and exploitation
criteria  and the limiting factor of
wastewater production and treatment,
equals 172,800 and 227,368 people,

respectively. Overall, the net residential
density in District 4 of Tabriz Municipality
was calculated as 329 people per hectare,
which  far exceeds the permissible
thresholds of density based on water
resource consumption and exploitation and
wastewater production, placing it in the
critical pressure range. Therefore, measures
must be taken, including implementing
practical water conservation programs
through changes in consumption patterns
and optimization, as well as increasing the
capacity and coverage coefficient of
wastewater treatment plants to reduce
pollutant levels entering surface water
resources from wastewater discharge.
Avoiding population congestion in one
location is recommended as a precautionary
prerequisite. Effective carrying capacity
should always be maintained at a moderate
level and less than the actual carrying
capacity. Given local conditions and
existing limitations, management services
should always focus on controlling
congestion and improving ecosystem
conditions in crowded areas. Even under
such conditions, excessive congestion
beyond the estimated level is not
permissible.
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