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Abstract

The increasing need and demand for water in our current era has created a crisis
worldwide and it has become necessary to search for alternative means to overcome
this problem and its expansion, which poses a threat to human existence. Therefore,
the research was directed towards an alternative source by reusing gray water, which
is characterized by being a sustainable water source as it is the largest part of
domestic wastewater resulting from household activities such as bathing, washing,
cleaning dishes, etc. Therefore, its treatment and the possibility of reusing it for
agricultural purposes contribute to reducing the demand for fresh water, which
contributes to reducing water needs and providing a source of fresh water for basic
uses and to get rid of gray water and reduce environmental pollution and increase
the areas of irrigated land and achieve food security. The study showed that there is
one gray water treatment station in the eastern part of the city towards the city of
Canaan, and the volume of water discharged in it is (8000) m3/day and covers the
eastern neighborhoods of the city of Baqubah. The Tahrir neighborhood, which is
located on the eastern side of the city of Baqubah, is one of the first neighborhoods
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in the amount of gray water, reaching (4000) m3/day, followed by Al-Farouq
neighborhood in second place With a quantity of grey water reaching (1000) m3/day
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Impact of Rainfall Variability on the Surface Area Dynamics of
Water Bodies in Iraqg
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dr.azharslman@gmail.com ahmed.ge.hum@uodiyala.edu.iq
University of Diyala/College of Education for Human Sciences/Department of
Geography

Abstract

This research aims to reveal the impact of rainfall variability on the variation in
the surface area of water bodies (Tharthar Lake — Habbaniyah Lake — Razzaza Lake
— Darbandikhan Lake — Hamrin Lake) in Iraq. This is achieved through the analysis
of precipitation data for two rainy seasons (1994-1995 and 2018-2019) from
meteorological stations within Iraq (Mosul, Kirkuk, Khanaqin, Baghdad, and
Nasiriyah), as well as stations in Iran (Saqqez and Sanandaj) and the station in Van,
Turkey. The study calculates the change in the surface area of water bodies by
analyzing satellite imagery from the month of May using ArcMap 10.4.1 during
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these two seasons, highlighting the extent of the changes. The research found that
there was significant variation in the surface area of the water bodies. Although
rainfall increased by a range between 15% in Mosul (the highest increase) and 20%
in Khanagqin (the lowest increase), the meteorological stations outside Iraq recorded
a decrease in rainfall amounts, with a drop of -25% in Saqqez and Sanandaj and -
44% in Van in the 2018/2019 season compared to the 1994/1995 season. Despite
this, the surface area of the water bodies varied: Darbandikhan Lake showed no
change, while Tharthar Lake decreased by 6%, Habbaniyah by 44%, and Razzaza

Lake experienced a dramatic reduction of 83%.
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Abstract :

The ability to manage and regulate water resources available and used in a
scientific way and economic treaties like me, of the priorities and objectives of
sustainable development . The actual relationship between sustainable
development and water management cannot stop at the borders of the link
alazahari but should go beyond that and put in the context of the search for
availability of natural and treated the population data with these data to determine
when the developmental dimensions The issue of water . It is important that the
water crisis is avoided in the future must provide integrated water resources
management that includes wegtmaai and cultural economic support in addition
to the time factor, which reflects on the whole water resource management details
. Ensuring research on problem in water resources management and research's
importance came from interest on the question of the rationalization of water
consumption and how to manage them, as well as ensure that research on the
motivation and justification for the researcher urged check is important because
this area of Modern critical areas, especially to water resources management in
modern new note after the emergence of the need to address the growing problem
of water deficit and find solutions in water scarcity through abuse of ideas
concerning the management of water resources.

The name : Prepared by A. Dr. Taha Musahib Hussein Al-Khazraji
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Abstract

Industrial activities in various sectors represent a major environmental challenge
through the harmful effects of liquid pollutants on the environment. These effects vary
depending on the type of industry, the technology adopted, the availability of liquid
pollutant treatment units, and the efficiency of these means. Most industrial activities
suffer from the lack of efficient treatment units to control pollutants, the obsolescence
of production lines, and the absence of modern technologies. Liquid waste is
discharged from (25) industrial activities within the government sector. The problem
of Iraqi water pollution is one of the major problems that Iraq suffers from and has
been increasing recently, which necessitated thinking about finding ways to combat it
and reduce the resulting effects, especially since the shores of rivers and lakes attract
basic human communities, and most villages and cities in Iraq are often located on the
edges of rivers and lakes. Just as the river was a source of all people's water
requirements, in return, waste and waste were dumped into these waters, which led to
their pollution. Keywords: Environment, industry, legal protection, industrial
activities, economic development
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Abstract :-

Iraq 1s facing a real water crisis due to the decline in its surface water imports on the
one hand and because of Iraq’s use of traditional methods of irrigation, which have no
longer kept pace with the current stage due to its excessive use of water, which leads
to an increase in the percentage of water losses due to the non-optimal use of water,
which has led to an increase in the percentage of total water losses. Annually, which
reached about (2317) billion m3, and here the urgent need appears in introducing
modern irrigation systems for the purpose of providing water at the right time and in
the appropriate quantity for field crops, especially wheat and barley, as scientific
studies confirm that production reaches its peak with a limited amount of water. On
the contrary, it leads to significant negative results if large quantities are
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Summary:

The island of Greenland is the second largest island in the world (after the continent
of Australia), and it is covered with ice sheets with a thickness of up to thousands of
metres, which gives it great importance as it is considered the second largest great
reserve of fresh water (after Antarctica) on the surface of the Earth, and the rise in
temperatures of the gasosphere or what is known as the phenomenon of global warming
And the excessive use of fossil fuels to ,that arose after the industrial revolution
generate energy that operates factories, factories, and cars, as well as huge fires, are all
factors that have led to an increase in the volume of greenhouse gases released into the
gasosphere, which has led to a rise in global temperatures by two degrees Celsius, which
exposes the ice sheets accumulated on the surface of the island of Greenland to the risk
The importance of the ice sheets on the .of melting if man continues on his current path
surface of the island of Greenland stems from the fact that they do not take up space
from the waters of the seas and oceans, unlike the ice sheets found in the Arctic Ocean.
The danger of melting the ice accumulated on the surface of the island of Greenland lies
in the fact that it will lead to the emergence of giant glaciers whose waters tend to flow
into the Atlantic Ocean, and since the waters of the seas and oceans are connected to
This will lead to a rise in the level ,each other through straits and navigation channels
of sea and ocean waters in general, which will result in sea and ocean waters
overwhelming coastal areas with large population density, threatening millions of
residents in various countries of the world with the danger of floods, in addition to
threatening the global economy due to the sinking of many oil fields and wells near the
The rise in sea and .coasts, and exposing a large number of ports to the risk of floods
ocean water levels will also affect the movement of ocean currents, and thus affect the
climatic regions that are the main control over the cultivation of strategic crops, which
will put global food security at risk. In addition, rising sea and ocean water levels will
cause the Earth’s rotation to slow down, due to the increased weight of sea water on the
center of the Earth. This will also result in the loss of the second largest reservoir of
fresh water
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Abstract

Soil water content plays an important role in both global and regional hydrological cycles,
the development of weather patterns, precipitation generation, and climate change. The aim
of this research is to investigate the relationship between rainfall and soil moisture over a
13-year period. The work was conducted using data on total rainfall and soil moisture
obtained from NASA's website for the period 2010-2023. Using statistical techniques such
as Pearson's correlation coefficient, the correlation revealed a moderate to high direct
relationship in Baqubah District. The work was also conducted using annual data on total
rainfall and soil moisture for Baqubah District, obtained from the website)

power.larc.nasa.gov/data-access-viewe), to demonstrate the annual effect. The relationship
between rainfall and soil moisture in Baqubah District, at latitude 33.7005 and longitude
44.6188, 1s a strong direct relationship, with soil moisture increasing with rainfall. This is
demonstrated by the correlation coefficient values. We note that the Pearson correlation
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coefficient value was equal to (0.587), as was the case between latitude 33.7445 and
longitude 44.5405 in Baqubah District.

We note that the relationship between latitude 33.7542 and longitude 44.614 is a strong
inverse correlation, with the correlation coefficient value reaching (-0.628). This is also
observed between latitude 33.757 and longitude 44.6778 in Baqubah District. Soil moisture
depends on the amount of rainfall, infiltration, and percolation, as infiltration and
percolation can alter soil heterogeneity and texture.

Keywords: Rainfall, soil moisture, climat
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Abstract
Lac chad is one of the most significant water bodies in the African continent,
playing a vital role in supporting biodiversity and ensuring the stability of
surrounding communities. Over geological and historical periods, the lake has
This undergone major transformations due to climatic and geomorphological
research aims to analyze these changes that have affected its area and resources
transformations and explore their environmental, social and economic impacts
The importance of this study lies in shedding light on Lake Chad’s role in shaping .
the region’s ecological, social, and economic systems, as well as its influence on
Jhuman migrations and environmental balance The research s to
examine the geographical and historical changes the lake has experienced over
time, and to analyze the impact of these changes on communities and economic
activities. It also explores current environmental challenges and proposess to
preserve the lace's resources The study adopts a descriptive and analytic
approach, reviewing geographical and historical sources related to
tlake’sdevelopment, and analyzing climatic and geomorphological data to
understand the dynamics of these changes. Additionally, it reviews the
environmental and regional policies in place to conserve the lace’s resource
The research is organized into the following sections Section One: Geographical
Changes Section Two: Historical Influences Section Three: Recent
Transformations and Challenges Section Four: Proposed Strategies for Lcke
ConservationLace Chad reflects the complex interaction between natural and
human fac tors in shaping geographical and historical environments. Preserving it
requires integrated strategies that involve both local and international cooperation
to ensure the sustainability of its resources

Keywords: History, Lac, Chad
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Lol g 555 dpadd) 4 il g olall 55 5 (pe Ol jliaall oda Caolitiaal 28 5, Ay Y 5 AN A8 b Badecie
Al Aalail 3kt e 5 e )30 Claadinall )8 WY LU 35 e aal) s Al
osardl e Biiasdpelaial
S Cua i 8000 oo Ji Y Le de sl Jga Sae (5 (Uil 35a s N 4 VI AN i
Llall o) 3l e a8 sha Jaai gkt e Ja 4l ¢Slual 15 ¢y a8 wdad g oy jaa Sl sal e
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G 5 0all il (53 e < jeda g R BV Jaladl dilaia b il ) shal el (5 5 a1 (pe B
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Abstract

Water is essential for life, economic development, and environmental stability.
However, managing this vital resource sustainably has become an increasingly
complex task in the face of global challenges such as climate change, rapid
urbanization, and resource scarcity. The World Economic Forum consistently ranks
water crises as one of the greatest global risks, emphasizing the urgency of innovative
approaches to addressing water-related issues. In recent years, Al has emerged as a
transformative technology across sectors, including environmental management. By
leveraging Al’s capabilities in data analytics, predictive modeling, and automation,
there is enormous potential to improve water management processes, reduce waste,
and ensure equitable distribution. For example, Al-powered models can predict
droughts, optimize irrigation schedules, and monitor water quality in real time,
making water systems more resilient and efficient, despite its promise, the adoption
of Al in sustainable water management is not without challenges. Issues such as data
availability, the digital divide, and ethical considerations surrounding algorithmic
decision-making pose significant hurdles. These challenges require a balanced
approach that maximizes the benefits of Al while addressing its limitations, in this
study seeks to explore the intersection of Al and sustainable water management,
focusing on its potential applications, associated challenges, and viable solutions. In
doing so, it aims to provide a comprehensive understanding of how Al can contribute

to achieving water sustainability goals and
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Abstract
Glaciers are a vital natural source of freshwater in many regions worldwide,
playing a key role in environmental balance and water resources. With the
increasing impacts of climate change, glaciers across the globe have been melting
at an accelerated rate, resulting in a reduction of freshwater reserves and rising
sea levels. This research explores international policies aimed at protecting
glaciers and mitigating the effects of their melting, while assessing their impact
on the local climate in Iraq. Although Iraq does not have glaciers, the melting of
glaciers in neighboring countries, such as Turkey and Iran, directly affects the
flow of water in the Tigris and Euphrates rivers, exacerbating Iraq’s issues of
drought and desertification. The study also discusses the environmental policies
and strategies Iraq could adopt to benefit from global experiences in water
resource management and renewable energy, while adapting to climate change.
A set of recommendations is provided, calling for enhanced regional cooperation,
the development of environmental regulations, investment in renewable energy,
.and improved environmental monitoring in Iraq
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Abstract

This research aims to review the appropriate method for water harvesting, which
varies depending on the type of technology used. It also varies depending on the
prevailing climate, geology, and topography of the region, as well as the type and
properties of the soil. Therefore, economical methods must be chosen to achieve water
harvesting. The valleys of the Qazaniya region, whose sources lie outside the Iragi-
Iranian border, were chosen as a model for applying water harvesting within a small
area with significant water quantities. This area is characterized by an arid or semi-
arid climate, as well as geomorphological and hydrological characteristics that can be
exploited to develop water resources. This is achieved by arriving at accurate
estimates of the volume of surface runoff, which is important in determining water
harvesting estimates. Many methods are used to arrive at these estimates, the most
important of which are the SCS-CN method and the rainstorm. This is a mathematical
method used to calculate surface runoff and was developed by the Soil Conservation
Administration in the United States of America in 1970. Its famous formula was
established in 1986. This method was implemented using geographic information
systems technology. (ArcGis10.5) Remote sensing, which requires several stages of
equations and
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Abstract
The research addressed the issue of groundwater and its impact on human health

in the city of Muqdadiyah, in light of the recent water scarcity. Iraq suffers from a
lack of water resources, which has prompted people to use groundwater. However,
current developments have led to an increase in pollutants and waste. All of these
factors and causes affect the water and, consequently, human health.

*The research problem was defined by the quality of groundwater in the study
area and the extent to which it meets human health requirements based on the
elements present. It also highlighted the potential for its use in all areas.

After studying the qualitative characteristics of groundwater, and through analysis
of the compounds according to international and Iraqi standards, its impact on
human health was revealed. It was found that the percentage of compounds
exceeded the normal percentage set by the World Health Organization. Any
increase or decrease in the percentage of compounds affects human health, causing
disease and dysfunctional bodily functions. This requires Water Resources
Management officials to limit the currently prevalent random, unplanned drilling,
which has negative consequences for groundwater reserves. As well as guiding
and educating citizens through preparing reports, holding special seminars and the
media on the importance of preserving groundwater and making optimal use of
groundwater in the city of Muqdadiyah by rationalizing consumption.
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Survey Study on the quality of drinking water in Basrah City
Seta A. K. Garabedian
Marine Science Centre — University of Basrah
Basrah — Iraq
setaaram@gmail.com

Abstract:

The aim of this paper is to study the quality of drinking water in Basrah city
by examining some of the main water quality properties due to the main
parameters (pH, E.C., TDS, Turbidity) with two main element contents dealing
with human health directly ( Cu and Pb).The study is conducted after many
aquatic problems faced Basrah such as salinity, dryness and decrease in the
appropriate water used for human needs especially for drinking .Two kinds of
Samples were collected from nine selected areas representing the three
geographical parts of Basrah, North, Middle and South located in ( Hartha, Al-
Qurna, Al-Dear, Al-Qarma, Al- Maaqil, Al-Abella, Al-Jubella, Al-Zubair and
Safwan ). The first kind of samples is RO* that is used by the people for
drinking and cooking while the other one is the tap water that supply Basrah city
with water for different purposes The study results

Key words: Water quality, Drinking water, Basrah City

* Reverse Osmosis Water
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Introduction:
The preset study of water quality is significant due to its direct relation to

people life in Basrah city especially that used for drinking after the water salinity
problem that faced this city, providing clean drinking water that is safe for human
health is a major challenge after it was estimated in 2010 that 1.8 billion people
globally use non-potable water (Edokpayi et a/,2018) The importance of the
drinking water quality study comes from that the drinking water classification is
different from that for irrigation water or the watery, safe drinking water need for
consumption is major importance for human health

The quality of drinking water is one of the great influences on human health,
however, the quality of drinking water, especially in developing countries, is
undesirable (Li and Wu, 2019)

Many researches point to the water problems in Iraq, 20% of used water in Iraq
use an unsafe drinking water source, 16% suffering from many problems with
daily water supply because of contaminate the drinking water pipes with sewage
water and also 80% of Iraqis using untreated drinking water for this reason this
study is important in this condition

There are tree sources for drinking water in Basrah city first one is the tap water
from the water supplies pipes, but this kind is not use for drinking any more
especially in the last years and the second one is the bottled water, also there
are the RO* water that supplies by tankers to all the districts in Basrah city

The main source of human livelihood is water and the availability of safe
drinking water is the basis of good health (Meride and Ayenew, 2016)

The Main source of water in Basrah Governorate is surface water of Shat Al-
Arab River and its water level changes according to the seasonal problem that
faced water resources like salinity or incorrect practices as a result of lack of
environmental awareness at the social level so studies like this will improve the
water quality and protection strategies by raising the public awareness towards
sustainable water recourses (Wee et al, 2022)

Determine the main trace metals in water for this study like Copper (Cu) and
Lead (Pb) to be sure that it's not effected on human health as its use for drinking
this imply that may be the water storage in contaminated vessels via heavy
metals(Abdullahi et al, 2016)
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The needs for safe dirking water become a big problem in the last decay , because
water is the one of the essential needs in human life as a result that the main
sources of water supplies polluted severely, for that we need to study the quality
of water especially that deal with the public health case (WHO,2008)Increasing
in population caused increase in the rate of human consumption of water in many
developing countries supply healthy drinking water is one of the most important
things around the world, the average need of human use from water the daily
amount for drinking 2L, for cooking 15L, general health 13L, for shower ( Bath
Room) 90L and for toilet 80L.For all that above reasons the study of water
quality become as a support and input for public education for protect and
improve water quality after it deteriorated because of incorrect practices from the
public according to the national environmental strategy and action plan for Iraq
(2013-2027) (Jones et al, 2006)

Sampling and Chemical Analysis:
Two kinds of water samples on of them is the tap water the other is reverse

osmosis water (RO) were collected from nine selected areas in Basrah city (Al-
Qurna, Al-Dear, Al-Hartha, Al-Qarma, Al-Abella, Al- Maaqil, Al-Jubella, Al-
Zubair and Safwan ) as we can see in the Fig.1.Using Multi Parameter, instrument
Model Multi 1350 for measuring the parameter's ( pH, E.C., T.D.S and Turb.) and
using Atomic Absorption for measured the trace elements (Cu and Pb)

Fig.1. The Sampling Stations in Basrah City
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Result and Discussion:
Comparing the values that recorded for the samples with those Iraqi standard

values and (WHO) standard values the samples values shows values thought the
acceptable ranges but the old water pipeline network caused many problems
also sabotage operations of water pipelines caused pollution problems, the
random urbanizing regions, uncontrolled urbanization caused pressure on the
quality of services provided, especially in water supply services. About the (RO)
water supply dirty, old, rusty water tanks also cause health problems. Therefore,
we need water conservation programs and awareness programs to conserve
water, Maintenance of drinking water supply networks and periodic maintenance
of reverse osmosis water tanks.

Table 1. The Maine Water Analysis Parameters Values

stations Parameters (R.O.) Water” Parameters
(Tap Water)

pH | E.C. T.D.S. | Turb. Cu Pb pH | E.C. | T.D.S. Turb. Cu Pb

ps/cm | mg/l mg/L mg/L ps/cm | mg/l mg/L mg/L

Al- | 7.948 55.4 | 35.456 | 0.07 | 0.07825 | 0.27695 | 7.358 | 183.4 | 117.376 0.71 | 0.04695 | 0.20525
Maagqil

Al- | 8.364 43.4 | 27.776 | 0.63 | 0.00595 | 0.1336 | 7.316 | 1086 | 695.040 0.70 | 0.0779 | 0.19225
Abella

Al- | 8.019 45.6 | 29.184 0.56 | 0.11545 | 0.27695 | 7.831 679 | 434.560 0.40 | 0.0078 | 0.19225
Jubella

Al- | 7.586 | 65.7 42.048 0.22 | 0.03255 | 0.18895 | 7.862 | 694.0 | 444.160 0.18 | 0.01065 | 0.26715
Garma

Al- | 8.764 | 50.4 32.256 | 0.16 0.005 | 0.16615 | 8.335 | 127.1 | 45.376 0.63 | 0.03975 | 0.17595
Hartha

Al- | 8.070 37.8 | 24.192 0.64 | 0.00155 | 0.11405 | 7.379 | 418.0 | 267.520 0.39 | 0.0479 | 0.19875
Dear

Al- | 6.71 | 163.0 | 104.32 0.48 | 0.0022 | 0.12055 7.46 3.16 | 2022.4 2.57 | 0.00405 | 0.2118
Gurna

Al- | 8.328 89| 5.69 | 0.27 0.066 | 0.1694 | 7.526 | 595.0 | 380.800 0.44 | 0.09045 | 0.26065
Zubair

Safwan | 7.881 78.6 | 60.304 0.22 | 0.0069 | 0.40725 | 7.421 | 489.0 | 312.960 0.04 | 0.0022 | 0.10425

Reverse Osmosis Water *
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Table 2. The R.O. Water Parameters Comparing with Iraqi Standards and WHO

Values
Paramete | Stations Iraq WH
rs Al- Al- Al- Al- Al- Al- Al- Al- Safwan | Standar | O
(R.O.) Maagqil | Abella | Jubella | Garma | Hartha | Dear Gurna | Zubai d
Water r
pH 7.948 | 8364 |8.019 |7.586 |8764 |8.070 |6.71 8.328 | 7.881 6.5-8.5 | 6.5-
8.5
E.C. 55.4 43.4 45.6 65.7 50.4 37.8 163.0 |89 78.6 - 2300
us/cm
T.D.S. 35456 |27.776 |29.184 |42.048 |32.256 |24.192 | 104.32 | 5.696 | 60.304 | 1000 1000
mg/1
Turb. 0.07 0.63 0.56 0.22 0.16 0.64 0.48 0.27 10.22 5 5
Cumg/L | 0.0782 | 0.0059 |0.1154 |0.0325 |0.005 |[0.0015 [0.0022 |0.066 |0.0069 |0.050 2.000
5 5 5 5 5
Pbmg/L | 0.2769 | 0.1336 | 0.2769 | 0.1889 | 0.1661 | 0.1140 | 0.1205 | 0.169 | 0.4072 | 0.010 0.010
5 5 5 5 5 5 4 5
Table 3. The Tap Water Parameters Comparing with Iraqi Standards and
WHO Values
Parame | Stations Iraq
ters Standard
(Tap Al- Al- Al- Al- Al- Al- Al- Al- Safwa
Water) | Maaqil | Abella | Jubell | Garm | Hartha | Dear | Gurna | Zubai | n
a a r
pH 7.358 7.316 7.831 | 7.862 | 8.335 7.379 | 7.46 7.526 | 7.421 | 6.5- | 6.5-
8.5 8.5
E.C. 183.4 1086 679 694.0 | 127.1 418.0 |3.16 595.0 | 489.0 |- 2300
ps/cm
T.D.S. | 117.376 | 695.04 | 434.5 |444.1 | 45376 |267.52 |2022.4 |380.8 |312.96 | 1000 | 1000
mg/l 0 60 60 0 00 0
Turb. 0.71 0.70 040 |0.18 |0.63 0.39 2.57 0.04 |0.04 5 5
Cu 0.0469 | 0.0779 |0.007 |0.010 |0.0397 | 0.0479 | 0.0040 | 0.090 | 0.0022 | 0.05 |2.00
mg/L 5 8 65 5 5 45 0 0
Pb 0.2052 | 0.1922 |0.192 |0.267 |0.1759 |0.1987 | 0.2118 | 0.260 | 0.1042 | 0.01 | 0.01
mg/L 5 5 25 15 5 5 65 5 0 0
180
" 160
A 140
Pb mg/L / \\ 120
o A -
/A RN o
E:C: - N\ \k'é‘\% 40
pH \V 20
— T T —+ 0
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Analysis of Raw and Drinking Water Efficiency in Diyala Governorate for 2021

M.M. Zainab Younis Majoul
M.D. Nahda Salman Ibrahim
Spatial Research Unit

Abstract

Drinking water faces constant contamination from human activities. This
contamination varies in form and sometimes makes fresh water unfit for human
use. This study examined physical and chemical indicators in Diyala Governorate
during 2021. Data showed that turbidity, electrical conductivity, total hardness,
chlorides, sodium, potassium, total dissolved solids, pH, alkalinity and sulfates all
remained within the Iraqi and global limits for drinking water. Calcium was the
only exception, with concentrations of 86 mg/L in raw water and 87 mg/L in treated
water, exceeding permitted levels. Water treatment plants reduced pollutants before
distribution. Turbidity fell by 75.55 %, total hardness by 8.33 %, sodium by 2.08 %,
total dissolved solids by 1.27 %, sulfates by 0.89 %, pH by 0.53 % and electrical
conductivity by 0.35 %. Removal rates for alkalinity, chlorides and magnesium
were zero. Potassium and calcium showed negative removal at 0.23 % and —1.16 %,
respectively. These low efficiencies reflect the plants’ operational age and
fluctuations in the power supply.
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ABSTRACT:
residential units on water service in Baquba city to show its impact on the per capita
share of water, especially after the increase in population and the increase in
demand for land plots for the construction of residential units and due to the high
prices of land in Baquba city, residents resorted to the division or splitting the
existing residential unit into two or more residential units according to the area of
the residential unit, as the division of the residential unit into other units makes
them separate from each other, which increases the pressure on the water supply
network in the city and thus reduces the per capita

The subdivision of residential units is one of the issues that affect the liquefaction
water service, as the research hypothesised that the subdivision of residential units
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negatively affects the liquefaction water service, as its increase The research aims to
show the impact of the subdivision of residential units on the adequacy of net water
and estimate the share of each residential unit and individuals from the water of the
liquefaction network in the city The research relied on data from governmental
sources, field study and published and unpublished literature. The research reached
results such as the number of pure water projects and complexes in Baquba city (18)
projects and complexes, including (5) projects and (13) complexes to filter and pump
pure water, with (5) projects and (3) complexes in the eastern sector and (10)
complexes in the western sector, as well as the low per capita share of water in the
western sector, reaching (136) litres/day, which is the lowest per capita share. (6)
litres/day, which is lower than the specified standard, while the eastern sector reached
(752) litres/day, which is higher than the specified standard. The research proposes
the establishment of water purification and distribution projects in the western sector
of Baqubabh city to increase the per capita share of clear water as
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Analysis the Impact of Population growth on Tehran’s Water Supply: A
Scenario-Based Approach

Safar Ghaedrahmati
Department of Geography and Urban Planning, Tarbiat Modares
University, Tehran, Iran

Abstract
Demographic estimates for 2021 indicated that the population of the Tehran
metropolis exceeds 9 million. It can be asserted that all challenges faced by
Tehran, as well as potential solutions to these challenges, are directly or indirectly
linked to its population dynamics. In this context, the annual demand for drinking
water in Tehran has increased by 3%, while water resources have declined by
2%. Given that every 0.5% increase in population growth is estimated to raise
water demand by 100 million cubic meters, conducting a comprehensive
quantitative and qualitative analysis of Tehran’s population in relation to water
consumption is of critical importance. The primary water-related challenges
confronting Tehran include: Declining precipitation and diminishing reservoir
capacities in dams, Climate change impacts, Rising temperatures, and Aging
water supply infrastructure. The objective of this study is to analyze the impact
of population growth on Tehran’s drinking water supply using a combination of
quantitative and qualitative scenarios. The proposed scenarios include:

1. Scenario 1: Status Quo Continuation (current population growth trends +
conventional water management practices),

2. Scenario 2: Optimized Management (controlled population growth +
reduced per capita consumption to 160 liters/day + infrastructure
modernization),

3. Scenario 3: Rapid Population Growth and Hydrological Bankruptcy
(accelerated population growth + failure to implement new water
projects).

Key words: Water Supply, Scenario-Based Approach, Tehran metropolis.
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Introduction

Population growth is a primary driver of water scarcity globally, with urban areas
in developing nations facing acute challenges due to rapid urbanization and
infrastructure limitations. For example, Chennai, India, experienced a
catastrophic water crisis in 2003—2004 when reservoirs dried up, forcing reliance
on emergency tanker supplies. This crisis was exacerbated by population growth
outpacing infrastructure upgrades, highlighting the vulnerability of megacities to
demand-supply mismatches (Srinivasan et al., 2013). Similarly, Lamu Island,
Kenya, projects that population growth from 50,000 to 1.25 million by 2050 due
to port development will deplete its Shela aquifer 20-30 years earlier than
climate change alone, emphasizing the dominance of demographic pressures
over environmental factors (Oiro et al., 2020). Globally, water demand has
tripled since 1950, while per capita freshwater availability has declined by 55%,
with over 27% of the world’s population facing water shortages annually (UN
The MENA region, including Iran, is World Water Development Report, 2021).
among the most water-stressed areas globally. Iran’s groundwater depletion
reached 74 km?* between 2002-2015, driven by agricultural over-extraction (92%
of national water use) and urbanization (Madani, 2014). Tehran exemplifies this
crisis, where population growth from 300,000 in the 1930s to over 9 million
today has increased water demand 80-fold, with per capita consumption (350
liters/day) far exceeding global averages. This growth has shifted reliance from
traditional qanats to overexploited groundwater (42% of supply) and stressed
surface reservoirs like the Latiyan Dam (Jafari et al., 2019; Iran Water Resources
Unplanned urban expansion degrades water Management Company, 2023).
infrastructure, as seen in Addis Kidam, Ethiopia, where a system designed for
8,906 people now serves 25,854, with 37.9% water loss due to leaky pipes
(Abebe et al., 2022). Tehran faces similar issues: 30% of treated water is lost
through aging networks, while untreated wastewater injection pollutes 15% of
aquifers (Iranian Ministry of Energy, 2020). Spatial metrics from remote sensing
studies reveal Tehran’s urban footprint expanded 5.89% annually between 1996—
2006, consuming agricultural and natural lands, further straining water resources
Iran, a populous nation in Western Asia, faces critical (Karimi et al., 2018).
environmental challenges, including air pollution, water scarcity, waste
mismanagement, and climate change. Tehran, its capital with nearly nine million
residents, grapples with acute air pollution, water crises, and urban inequities.
Water management is pivotal to the city’s functionality, sustainability, and public
health, as Iran’s renewable water per capita has plummeted to critical levels, with
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a withdrawal-to-availability ratio exceeding 80%, signaling severe water stress.
Tehran exacerbates this crisis through inefficient water allocation across
agriculture, domestic use, and industry, coupled with per capita consumption
rates doubling global averages. Aging infrastructure leaks treated water, while
untreated sewage, runoff, and geological pollutants threaten water quality.
Groundwater depletion and nutrient mismanagement further strain resources,
contaminating ecosystems. Sustainable Water Management (SWM) is
imperative, requiring integrated approaches that balance ecological preservation
with socio-economic needs. Key strategies include revising policies to prioritize
safe water access, incentivizing private sector engagement, promoting water
reuse, and securing financial resilience (Ardalan, Khaleghy Rad, & Hadi, 2019).

Literature Background
Scenario modeling has emerged as a critical tool to address water scarcity:
Chennai, India: Integrated models comparing supply augmentation
(desalination), efficiency improvements (tariff reforms), and rainwater
harvesting found demand-side solutions (e.g., reducing leaks, harvesting) more
Tehran, cost-effective than large-scale infrastructure (Srinivasan et al., 2013).
Iran: WEAP (Water Evaluation and Planning System) simulations evaluate three
scenarios:

- Status Quo: Continued growth (2% annually) leads to a 45% supply-
demand gap by 2040.

- Optimized Management: Reducing consumption to 160 liters/day and
modernizing infrastructure stabilizes groundwater depletion.

- Hydrological Bankruptcy: Accelerated growth and climate change trigger
irreversible aquifer collapse (Nazemi & Madani, 2018; Gohari et al.,
2017).

Lamu Island, Kenya: Modeling shows population-driven demand under RCP
climate scenarios will deplete freshwater reserves by 2028, prioritizing adaptive
governance (Oiro et al., 2020).

Effective water management requires holistic strategies:
Demand Management: Chennai’s “dual-quality” system separates high-quality
piped water for drinking from lower-quality groundwater for sanitation,
Infrastructure balancing equity and efficiency (Srinivasan et al., 2013).
Modernization: Tehran’s proposed 500,000 smart meters aim to reduce
consumption by 10%, while Lamu’s aquifer recharge programs mitigate over-
extraction (Iranian Ministry of Energy, 2020; Oiro et al., 2020).
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Governance and Equity: Iran’s anthropogenic drought—caused by unsustainable
agricultural policies—highlights the need for cross-sectoral coordination to
Globally, cities like Las Vegas balance urban and rural needs (Madani, 2014).
and Chennai mirror Tehran’s challenges, where population growth, aging
infrastructure, and climate variability intersect. Key lessons include:
Decentralized Solutions: Rainwater harvesting and tariff reforms outperform
capital-intensive projects like desalination (Srinivasan et al., 2013; Damkjaer &
Spatial Planning: Remote sensing and landscape metrics (e.g., Taylor, 2017).
Shannon’s entropy) help quantify urban sprawl and its hydrological impacts, as
Addressing disparities demonstrated in Bandar Abbas, Iran (Karimi et al., 2018).
in water access, as seen in Addis Kidam, requires phased infrastructure upgrades
Tehran, the capital of Iran, has and community engagement (Abebe et al., 2022).
experienced rapid urbanization, with its population growing from 300,000 in the
1930s to over 9 million today. This growth has led to an exponential rise in water
demand, increasing from 10 Mm?/year in 1955 to over 930 Mm?/year by 2000.
The per capita water consumption in Tehran (350 liters/day) far exceeds global
averages, driven by urban expansion, industrialization, and inefficient water
allocation across domestic, agricultural, and industrial sectors. Population
projections suggest that Tehran’s demand could outstrip supply by 40% by 2040
if current trends persist, exacerbating water stress (Madani, 2014; Tehran Urban
Planning Research Center, 2021). Tehran historically relied on ganats and surface
water from the Karaj and Jajrood Rivers. However, rapid population growth has
shifted dependence to groundwater, which now supplies 42% of the city’s water.
Over-extraction has caused groundwater levels to drop by 1.8 meters annually,
leading to aquifer contamination and land subsidence (up to 36 cm/year in
southern Tehran). Surface water reservoirs, such as the Latiyan and Lar Dams,
are also under strain, with storage capacity reduced to 25-36% during droughts
(Jafari et al., 2019; Iran Water Resources Management Company, 2023; Saemian
et al., 2021). Unplanned urbanization has degraded water infrastructure, with
30% of treated water lost through leaky pipes. Untreated wastewater—
discharged into groundwater via injection wells—has polluted 15% of aquifers,
raising public health risks. Similar challenges are observed globally in megacities
like Chennai, India, where aging infrastructure and population density amplify
water scarcity. Tehran’s reliance on long-distance water transfers (e.g., from the
Lar River) highlights the unsustainable nature of current supply strategies
(Iranian Ministry of Energy, 2020; Srinivasan et al., 2013; AghaKouchak et al.,
Effective management requires a holistic approach, combining supply 2021).
augmentation (e.g., desalination), demand reduction (e.g., tariff reforms), and
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ecosystem preservation. Lessons from Chennai show that decentralized solutions
like rainwater harvesting and tariff adjustments are more cost-effective than
large-scale desalination. Similarly, Iran’s agricultural sector—consuming 92% of
national water—must adopt virtual water trade strategies to optimize crop
patterns and reduce pressure on urban supplies (Srinivasan et al., 2013; Madani
& Marifio, 2009). Tehran’s challenges mirror those of water-scarce cities like Las
Vegas and Chennai, where population growth, infrastructure decay, and climate
variability intersect. Global studies highlight those economic adaptations (e.g.,
virtual water trade) can either mitigate or exacerbate scarcity, depending on
governance. For example, unsustainable agricultural policies in the Indus Basin
worsened groundwater depletion, a cautionary tale for Tehran (Sivapalan et al.,

2014; Qureshi et al., 2010).

Material and Method
Finding
Population Dynamics of Tehran
Population dynamics, a critical field of demographic research, examines the
determinants and consequences of changes in population distribution, structure,
and growth. This section provides a comparative analysis of Tehran’s population
trends relative to national patterns, followed by an exploration of growth
variations across its 22 administrative districts.
As of April 2025, Iran’s population is estimated at 92,417,681, ranking 17th
globally (Worldometer, 2025, based on UN data). Key demographic indicators
include:
o Population density: 57 persons/km? (147 per mi?).
o Urbanization rate: 73.32% (67.7 million urban dwellers in 2025).
Source: U.N. Department of Economic and Social Affairs, Population Division.
(2024). World Population Prospects (Medium-fertility variant).
Fig 1. Yearly Population Growth Rate (%) of Iran
Data Source: United Nations - World Population Prospects
Migration Patterns and Population Trends in Tehran
Interprovincial Migration:
Census data reveals significant fluctuations in migration patterns to Tehran:
e 1996-2006: 76% of migrants came from other Iranian provinces
o 2006-2011: Proportion decreased to 65.71%
o 2011-2016: Increased sharply to 80%
This trend indicates growing provincial migration to Tehran over two decades.
Conversely, intra-provincial migration declined from 19% (1996-2006) to 11%
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(2011-2016), likely due to administrative boundary revisions in Tehran
Province.
International Migration:
A notable development has been the rising proportion of international migrants,
primarily from neighboring Afghanistan and Pakistan.
(Note: Persian calendar years have been converted to Gregorian equivalents:

1375-1385 = 1996-2006, 1385-1390 = 2006-2011; 1390-1395 = 2011-2016.)
Historical Growth Patterns:
Tehran's population dynamics show distinct phases:

o 1921-1971: Growth rate exceeded other Iranian urban areas
o 1971-2021: Growth fell below national urban average, influenced by:
o Declining fertility rates (particularly post-1990s)
o Urban planning initiatives
Urban Development Policies:
In 1989, Iran's Supreme Council of Urban Planning proposed six satellite cities
(Hashtgerd, Parand, Pardis, Andisheh, Eshtehard, and Zaviyeh) to:Redistribute
Tehran's population, manage migration flows, Relocate metropolitan overflow.
While achieving moderate success, these efforts were offset by rising housing
costs, driving many residents (especially migrants) to Tehran's periphery.

Recent Trends:
1981-2021: Average annual growth rate stabilized at 1.4%, reflecting these
combined demographic and policy factors.
Fig 2. Annual population growth trend of Tehran, 1960-2025
Data Source: United Nations - World Population Prospects
According to Iran Statistical Center reports, Tehran's population reached
8,693,706 by the mid-2010s, reflecting a 6.6% growth compared to the beginning
of the decade (2011-2016). The city's average annual population growth rate

during this period stood at 1.29%, representing a 5.6-fold increase over the past
sixty years. If current growth rates persist, Tehran's population is projected to
National more than double by mid-century, approaching 20 million inhabitants.
census data reveals that Tehran experienced its peak population growth during
the 1996-2006 decade. Certain districts showed particularly high growth rates,
with District 22 (6.85%) and District 1 (4.29%) leading this trend. However,
growth rates declined significantly in the 2011-2016 period, with only District
22 maintaining substantial growth. Several central districts (7, 12, 13, and 16)
recorded growth rates below 1%, with some even experiencing population
decline. District 22 demonstrated exceptional growth (6.46%) during the 2011-
2016 census period, likely attributable to positive net migration patterns. In
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contrast, District 5 has shown consistent population decline, potentially
influenced by housing market dynamics - official real estate transaction records
from spring 2022 indicate this district maintains the highest land prices in Tehran.
Water Scarcity in Tehran: A Microcosm of Iran’s Crisis
Iran has faced a severe water scarcity crisis in recent decades, with profound
consequences for millions across the country. This crisis stems from a
combination of environmental changes, unsustainable agricultural practices, and
poor resource management, leading to a drastic decline in both surface and
groundwater reserves. The overexploitation of water resources has exacerbated
food insecurity and internal migration, while inefficient agricultural techniques
and dam construction have disrupted natural hydrological systems (Calabrese &
As Iran’s capital, Tehran—home to roughly 18% of the nation’s John, 2024).
population—epitomizes these challenges. The city’s water crisis is driven by
climate change, rapid urbanization, and decades of mismanagement.
Compounded by excessive groundwater extraction and aging infrastructure,
Tehran’s water management system has further suffered from political
favoritism, worsening the strain on resources. Currently, three of the five major
dams supplying the city are nearing critically low levels, with total reservoir
storage at just 26% capacity—a 5% decline from 2023. Authorities have called
for urgent public conservation efforts, though the long-term outlook remains
bleak due to persistent drought and climate change impacts.

Socio-Spatial Disparities in Water Access
The water crisis in Tehran is not uniformly distributed; stark inequalities exist
between neighborhoods, reflecting broader socio-economic divisions. Affluent
northern districts benefit from advanced water infrastructure, including reliable
distribution systems and ample storage facilities, enabling consistent access even
during shortages. In contrast, economically disadvantaged southern
neighborhoods contend with outdated infrastructure, erratic supply, and
hazardous water quality—particularly due to elevated nitrite levels exceeding
safety standards (Roodsari & Nasri, 2022). these disparities are further evident
in water rationing practices: while northern residents enjoy uninterrupted
services, southern districts face frequent shortages. Such inequities are often
attributed to historical urban development policies that prioritized wealthier
areas, perpetuating a cycle of unequal resource allocation. Notably, privileged
neighborhoods maintain private swimming pools and expansive green spaces,
underscoring the stark contrast in water accessibility.

198



Conclusion

Tehran’s water crisis mirrors Iran’s broader struggles, exacerbated by
environmental and anthropogenic factors. However, the unequal distribution of
scarcity highlights systemic governance failures and socio-economic divides.
Without comprehensive reforms in water management and infrastructure equity,
the crisis will likely deepen, with marginalized communities bearing the greatest
Scenario modeling, such as using the WEAP (Water Evaluation and burden.
Planning System), has been critical in assessing Tehran’s future water security.
Status Quo: Continued population Three key scenarios are often evaluated:
growth (2% annually) and current management practices, leading to a 45%
supply-demand gap by 2040.
Optimized Management: Reducing per capita consumption to 160 liters/day,
modernizing infrastructure, and integrating rainwater harvesting. This could
stabilize groundwater depletion and reduce losses by 15%.
Hydrological Bankruptcy: Accelerated growth and climate change, resulting in
severe rationing and ecosystem collapse (Nazemi & Madani, 2018; Gohari et al.,
2017; Karimi et al., 2022; Damkjaer & Taylor, 2017).

The proposed scenarios include:

1. Scenario 1: Status Quo Continuation (current population growth trends +
conventional water management practices),

2. Scenario 2: Optimized Management (controlled population growth +
reduced per capita consumption to 160 liters/day + infrastructure
modernization),

3. Scenario 3: Rapid Population Growth and Hydrological Bankruptcy
(accelerated population growth + failure to implement new water
projects).
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Abstract
The Helmand River is one of the most important border rivers. It gained this
importance due to international quotas and major disputes, resulting from several
disputes and disagreements between the two bordering countries, Iran and
Afghanistan, for several reasons, including ethnic, religious, sectarian, and
sometimes political
These disputes arose as a result of its passage through an open desert, which did
not prevent the movement of Afghans and Iranians across the border. There are
no cultural divides, and the dominant language across their borders is Persian.
Therefore, the border was not divided based on language, but rather based on
religion and sect. Sunni Muslims remained within Afghan territory, while Shia
Muslims remained within Iranian territory. During this period, the country
achieved gains, including the signing of a water-sharing agreement.
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Abstrac

The current study examined the impact of private electric generators on surface water
pollution in the city of Baqubah (Al-Yarmouk First District). Industrial waste is one
of the most dangerous sources of water pollution due to its toxic chemical
composition and its ability to accumulate and decompose. It contains many chemical
compounds, most notably hydrogen and hydrocarbon compounds and chlorophenol
compounds. The severity of this water pollution depends on the type of waste. Some
wastes are rich in plant nutrients, others are rich in toxic organic substances, and
others are rich in toxic inorganic substances. In addition, there is thermal waste.
Therefore, water sources must be monitored periodically to determine the extent of
their contamination by waste or wastewater. The study included the analysis and
measurement of 22 samples from the study area. The physical and chemical
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properties of the water samples included heavy metals such as copper and zinc, water
temperature, chemical oxygen demand, oils and grease. The measurements were
conducted between August 2024 and January 2025. The analyses were conducted at
the UsainS laboratory in Diwaniyah. The analysis results showed that there is spatial
and temporal variation in the concentrations of both copper in the water used to cool
private generators in the study area, as they vary spatially from one place to another
and temporally during the seasons of the year, with an average concentration of
(0.0439 mg/L), where the highest percentage was recorded in the site St 9 (near the
kindergarten in Al-Shagah) with a percentage of (0.1211 mg/L). As for zinc, its
average concentration was (0.0485 mg/L), and its highest was in the site St 22 (a
generator near Al-Awzai School) with a percentage of (0.0752 mg/L). As for the
average water temperature, it was (67.58 mg/L), and its highest was in the site St 22
(a generator near Al-Awzai School) with a percentage of (91.55 mg/L). As for the
chemical oxygen requirement (COD), its average was (152.11 mg/L) where the
highest percentage was at site St 1 (generated near Al-Muntasir bakery) at a rate of
(1,676.5 mg/L). Finally, oils and greases had a rate of (39.255 mg/L) and the highest
.(was at site St 16 (2,410.8 mg/L
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Figure 1-6: A Simplified Model of SPHR (Strategic Planning for Human Resources)
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Abstract

Water is one of the most important natural resources. The provision and regularity
of clean water is one of the basic matters for the survival as well as the health of
living organisms. It is noted that most rivers, lakes, streams and other bodies of
water are increasingly affected by pollution as a result of rapid area expansion
accompanied by a continuous and excessive increase in population numbers.
As a result of various human activities, water is exposed to pollution when its
quality or composition changes, directly or indirectly, and therefore it is considered
less suitable for drinking, agriculture, fishing, entertainment, or other purposes. As
a result, it must be preserved in its natural state.
Water pollution is one of the most important problems facing humanity at the
present time, and it is necessary to establish international frameworks, laws and
agreements to avoid the problem of pollution, as well as to preserve water sources.
It is necessary for decision makers to unite and coordinate efforts to develop the
necessary legislation and laws in order to control water sources and preserve them
from pollution.
As a result, research was highlighted to address water pollution in the city of
Baqubah from a geographical point of view.
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