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Extended Abstract
Introduction

The utilization of non-conventional water sources, such as saline water, drainage, and
sewage, has proven to be highly effective in managing droughts given the limitations
of the country’s water resources. The primary advantage of utilizing effluent from
urban wastewater treatment plants is the stability of these sources, their accessibility,
and their low cost for irrigating agricultural lands, which ultimately addresses the issue
of water scarcity. Studies have shown that using sewage for irrigation doesn’t harm
agricultural products. However, some long-term studies have reported contamination
with heavy metals and a decrease in soil quality in the irrigated area due to sewage
irrigation. Water quality indices are an effective and straightforward method of
assessing the condition and status of water. These indicators use multiple water quality
parameters to determine the water’s health through a mathematical formula, producing
a single numerical value. The value is then classified on a relative scale from poor to
excellent, making it useful for managing, analyzing, and monitoring water quality
changes over time and space.

Materials and Methods

In this study, the quality of Shiraz urban sewage treatment plant effluent was evaluated
for agricultural purposes by calculating the Iranian water quality index (IRWQI),
National Sanitation Foundation of America water quality index (NSFWQI), and
the Oregon water quality index (OWQI) using daily data from 2018 to 2019. The
wastewater treatment plant in Shiraz City is situated on 72-hectares of land in the
southeast region of the city. The plant currently serves a population of 409,000 people,
and it is expected to cater for a final population of 584,000 people. The transmission
lines discharge an average of 1360 I/s, with a maximum discharge of 2600 Us.
Nine parameters were selected to calculate the NSFWQI index, including turbidity,
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Evaluating the quality of Shiraz wastewater treatment ...

temperature, phosphate, nitrate, coliform, biological oxygen demand (BOD), total dissolved solids
(TDS), dissolved oxygen (DO), and PH. The OWQI quality index is similar to the NSFWQI index
but includes eight parameters: temperature, dissolved oxygen, biological oxygen demand, PH,
nitrogen, total phosphorus, total dissolved solids, and fecal coliform.

Results and Discussion

The analysis of the average quality parameters obtained from the relevant tests conducted by Shiraz
Water and Sewerage Company indicates that the biological oxygen demand (BOD) concentration
was consistently above 30 mg/L in all months. According to the standard, since the sub-index met a
minimum value of 2, its changes did not affect the water quality index. The PH level was appropriate
throughout all seasons, and it did not vary significantly. Therefore, it did not play a significant role
in determining the water quality index. On the other hand, the total dissolved solids concentration
exceeded 500 mg/L in all seasons, and the sub-index met a minimum value of 20. Thus, its changes
also did not affect the water quality index. Also, the results showed that the average NSFWQI
values varied between 28.73 and 31.54 in different months, indicating poor quality. The monthly
OWQI values ranged from 4.38 to 7.95, indicating very poor quality. The IRWQI index, which was
calculated using 11 parameters, confirms the results of the other two indices. By using a combination
of treated wastewater and high-quality water, we can irrigate our crops while reducing the amount
of freshwater we use. This can be done directly using treated wastewater or by improving its quality
through drip irrigation and subsurface irrigation systems.

Conclusion

The results of the studied indices revealed that the effluent of the Shiraz wastewater treatment plant
is of poor quality. Therefore, given the low quality of the effluent, it is recommended for use only in
irrigating non-productive plants, forest parks around Shiraz, and a limited part of urban green space.
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Introduction
Climate change is one of the most significant environmental challenges. It causes an
Natural hazard, Temperature, increase in the average global temperature, widespread melting of snow and ice, rising
sea levels, air pollution, poverty, etc. No region in the world is immune from this
phenomenon. However, it is more severe in some countries like Iran and Afghanistan.
Climate change in Iran has caused an increase in average temperature, a decrease
in rainfall, and as a result, an increase in the occurrence of droughts and floods,
a decrease in water resources, etc. Afghanistan is also one of the most vulnerable
countries to climate change adverse effects, and the consequences of climate change
include temperature increases, changes in precipitation patterns and extreme weather
events, food insecurity, etc. This study examines the past climate conditions of Iran
and Afghanistan on a macro-national scale and compares them with common solutions
in this area.
Received: Materials and methods
06 August 2023 In this research, we use a qualitative research method and a review approach based
on modeling at the international level. Extracting the results on a national scale has
also been done through the data and information provided by the climate change
Revised: knowledge portal in the field of temperature, precipitation, and natural hazards in Iran
04 October 2023 and Afghanistan.
Result and Discussion
In the first part, Iran and Afghanistan’s historical problems in the field of the Hirmand
River are examined. This dispute is 150 years old and the fact that Afghanistan is
upstream of the Hirmand River has caused Iran to ignore its water rights. Then, past and
04 October 2023 future climatic conditions of Iran and Afghanistan are studied on a macro scale from
the three perspectives of temperature, precipitation, and natural hazards. The monthly
climatology of min-temperature, mean temperature, and max-temperature shows that

Climate change, Precipitation,

wetland.
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the max and min-temperatures in both countries were in July and January, respectively, and the mean
temperature is also similar. The highest and lowest precipitation in Iran is in March and August,
respectively. These values for Afghanistan correspond to March and September, respectively. The
highest observed annual mean temperature in both countries in the last 120 years also belongs to
recent years. The variability and trends of mean temperature and precipitation across the seasonal
cycle of Iran and Afghanistan show that the highest mean temperature belongs to July and the
highest amount of precipitation belongs to March. Iran and Afghanistan have also experienced the
greatest changes in mean temperature distribution. Similarly, for precipitation, it is observed that
the most change in precipitation distribution in Iran belongs to 1951-1980 and in Afghanistan to
1971-2000. Annual and monthly trends of mean temperature and mean precipitation have increased
and decreased respectively. Finally, the projected mean temperature from 2000 to 2100 based
on SSP scenarios, as well as the projected mean temperature anomaly, has been examined. The
most deviations for both countries started in the 2010s and continue until 2100. The study of the
projected annual SPEI drought index, illustrated based on five scenarios, indicates global warming
intensification and a decrease in precipitation. The study of natural hazard statistics in Iran and
Afghanistan in the last 40 years also shows that earthquakes, floods, storms, and landslides have
mostly occurred. The occurrence of drought and flooding has also affected the most people.

In the second part, the three basic axes of adaptation, mitigation, and disaster risk reduction are
introduced to deal with climate change. It is shown that preserving and restoring wetlands is the only
strategy that pays attention to all three axes. Wetlands help adapt to climate change by improving
water quality, supporting biodiversity, and producing organic matter and food. Also, they have the
highest carbon absorption rate and act as a natural carbon sink, causing carbon sequestration and
reducing greenhouse gas emissions. Wetlands also help reduce natural disasters and are resilient to
floods, droughts, fires, storms, landslides, and erosion.

In the third part, the three basic axes of adaptation, mitigation, and disaster risk reduction are
introduced to deal with climate change. It is shown that the strategy of preserving and restoring
wetlands is the only strategy that pays attention to all three axes. Wetlands help adapt to climate
change by improving water quality, supporting biodiversity, and producing organic matter and food.
Also, they have the highest carbon absorption rate and act as a natural carbon sink, causing carbon
sequestration and reducing greenhouse gas emissions. Wetlands also help reduce natural disasters
and are resilient to floods, droughts, fires, storms, landslides, and erosion. Finally, solutions are
explained.

Conclusion

In this research, the past and future climatic conditions of both countries were analyzed on a macro-
national scale based on the reliable international database of the climate change knowledge portal
from the three perspectives of temperature, precipitation, and natural hazards. The obtained results
show the similarity of the patterns in Iran and Afghanistan, and the examination of the past and
future trends of the climate situation indicates an increase in the mean temperature and a decrease
in the mean precipitation, as well as the aggravation of these conditions and a greater threat to both
countries in the future by natural hazards such as floods and earthquakes and drought. Finally, it
is shown that the wetland is a triple strategy compatible with climate change in this context, and
in the situation that both countries are affected by climate change, there is a serious focus on the
preservation and restoration of the Hamoun Hirmand wetland, considering the role of ecosystem
services in the entire watershed shared between the two countries is one of the significant and
common solutions between the two countries. Finally, international mediators or facilitators can
help bridge the gaps and provide impartial guidance to both countries.
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CMCC-ESM2
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ACCESS-ESM1-5

ACCESS-CM2

E3SM 1.0
E3SM-1-1
E3SM-1-1-ECA
EC-Earth3
EC-Earth3-LR
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AS-RCEC Research Center for Environmental Changes,
Academia Sinica Taiwan, China

ool i85 0,41 AW deseo
AWTI Alfred Wegener Institute
Germany

oz 0y BCC (oollil 35 10
BCC Beijing Climate Centre, China

e e
BCC

oz CAMS _ulislga pgle o0lST
CAMS Chinese Academy of Meteorological Sciences China
o CAS pole 20151
CAS Chinese Academy of Sciences China
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o8l Jedos 5 (g5l Joe (51, CCCMa lollS™ 55 0
lobls
CCCMa Canadian Centre for Climate Modelling and
Analysis Canada

& yosS ool asge CCCRAITM oldl ,ois Sl 55 1

Lee-3
CCCR-IITM Centre for Climate Change Research, Indian
Institute of Tropical Meteorology India

LIl o8l s 9550 50 CMCC lail e 2lis)l 55 50

CMCC Centro EuroMediterranco sui Cambiamenti
Climatici Italy
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sl b gole Slelons o atb iy CERFACS

CNRM Centre National de Recherches Météorologiques
and CERFACS Centre Européen de Recherche et de
Formation Avancée en Calcul Scientifique France

CERFACS s CNRM
CNRM and CERFACS
W2l CSIRO @iliddl S jiiie taio g (oode liios lojl
CSIRO Commonwealth Scientific and Industrial Research
Organisation Australia
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Ll ol ool ot pole
CSIRO-ARCCSS CSIRO and Austr. Res. Council Centre of
Excellence for Climate System Science Australia
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E3SM National Laboratories Consortium USA
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EC-Earth Consortium Europe
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NorCPM1
NorESM1-F

NorESM2-LM
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National Laboratory for Marine Science and Technology
(Qingdao), China
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HAMMOZConsortium Switzerland, Germany, UK, Finland
Aoy (ygel jad (goae Slosly, ol INM annie

INM Institute for Numerical Mathematics Russian
Federation

IPSL Institut PierreSimon Laplace France
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KIOST Korea Institute of Ocean Science & Technology
Republic of Korea
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MIROC Consortium JAMSTEC, AORI, NIES, R-CCS
Japan
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MOHC Met Office Hadley Centre UK
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MPI-M Max Planck Institute for Meteorology Germany
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MRI Meteorological Research Institute Japan
NASA-GISS 3,05 ;Laé clallas avsse
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NASA-GISS Goddard Institute for Space Studies USA
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NCAR National Center for Atmospheric Research USA

NCC NorESM Climate Modelling Consortium Norway
NCC
NCC
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NIMS-KMA National Institute of Meteorological Sciences,
Korea Meteorological Administration Republic of Korea
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Fig 1. Monthly Climatology of Average Minimum Surface Air Temperature, Average Mean Surface Air
Temperature, Average Maximum Surface Air Temperature & Precipitation 1991-2020
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Fig2. Observed Annual Average Mean Surface Air Temperature for 1901-2021
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Fig4. Average Mean Surface Air Temperature Annual Trends with Significance of Trend per Decade;1951-
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Drought is one of the most important and common weather-climatic disasters that
Impacts of drought, Remote

have affected different countries around the world. Since drought affects various
sensing. parts of countries, such as water resources, agriculture, industry, the economy and
health, it requires collective and international solutions. Therefore, it seems necessary
to investigate this phenomenon in different parts of the world. Drought modeling
is an important issue in order to curb or reduce its effects, inform people about its
consequences, and plan for the preservation of water resources and social and
economic management.

Material and Method
Study area
The studied area is the entire country of Iran, which is located between 25° and 40°
Received: North and 44° and 64° East. It covers an area of approximately 1,648,000 square
02 December 2023 kilometers (Kaboli et al., 2021). Iran is the 17th largest country in the world in

terms of area. One of the country’s most noticeable characteristics is drought, which

typically affects more than two thirds of it and is partly a result of the Iranian plateau’s

Revised: location in the semi-arid tropical belt and surrounding mountains. The average annual
22 December 2023 temperature in summer is 38 degrees Celsius. The north and northwest regions of
the country usually experience temperatures below zero degrees in winter and
have humid weather almost the rest of the year (Shahabfar and Eitzinger, 2013).
According to Domarton’s definitions, Iran has super-arid, dry, and semi-arid regions.
The slopes of the Alborz and Zagros mountain ranges are semi-arid (Rahimi et al.,
2013). A prolonged period of low rainfall and improper water management has caused
devastating droughts in Iran (Jafari et al., 2020). The aim of this study is to identify
and describe drought using multiple MODIS-based indicators. For this purpose, the
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temporal-spatial characteristics of the intensity and frequency of drought in the entire country in the
period from 2001 to 2021 using the standardized precipitation index to one-month SPI-1, three-month
SPI-3, and one-year SPI-12, based on the CHIRPS precipitation dataset with a spatial resolution of
5 km, vegetation condition index (VCI), temperature condition index (TCI), and vegetation health
index (VHI), were investigated based on specific classifications.

Results and Discussion

The results of the investigations showed that the distribution of rainfall in the southeastern and
central regions of the country is less than 200 mm per year. Examining the ratio of drought classes
based on the TCI index shows that the area ratio of areas that are in severe drought class in 2020
and 2021 is 36.7% and 43.2%, respectively, which has increased by about 7%. The comparison
of the area of the drought class of the TCI and VCI indices also shows that the VCI index has
overestimated the area of the dialects that are in the severe drought class by 3.7% and 5.1% in 2020
and 2021, respectively. Examining the difference in drought classification area based on VCI and
TCI indices shows that the area ratio of classes that are located in drought-free areas based on the
VCI index is about 16.8% higher TCI index.

The drought classification map based on VHI shows that the largest area of the country in 2021
will be covered by severe drought. Most droughts occurred in the central, eastern and southeastern
regions. The trend of changes in the indicators shows that the eastern, and southeastern regions and
the southern regions of the country are located in areas with severe drought due to the type of climate
zoning, but another important point that is important is that a relatively large area of the country
was one of the drought-free areas until 2014. It has been gradually reduced, and even the areas that
include temperate and drought-free areas have been associated with stress and drought.

Also, the VHI index analysis shows that six provinces in the southern region of the country have
experienced long-term drought between 2009 and 2021. Examining the drought trend based on the
comparison of different classes of drought using the SPI index shows that the SPI-12 index has
provided more acceptable results in order to investigate and monitor the drought over a period of 20
years. In general, the investigations carried out in this research can be effectively used by relevant
decision-makers for drought risk management, resilience, sustainable agriculture, and policymaking.
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Fig 3. Average annual precipitation in the country using CHIRPS data set

ol |y Feemm sga > Saiil (Sl YNV S
Ty YoV Lo Vo A s by o5l o
ol oo Soop o] 5l eS gmmY e ¢ lade 4y
ojlm 9,58 ot Jod g 08 (2P e
o=l bl o YV L YN0 sl —ibej

e oz s 30 Jledb (2l (SWbeyS
b YNV L Y10 la Jlw (—boj o5l ,o ,5-a8
T4 4 S Sl Jw ,ommYdr sgu > Sl
5 3 005 £l 5 blie ¢l Sk olyse
VN0 gl j0as )9 iS oz g o) Do

woel8l s g JlSas glo ighy ddxe

Ya-0A e NF-Y )Led A @L_\ <S5 o)Lo..‘fJ P93 0,93



)_"’d—,ol"‘" u—" e Q*-’)l—'p—??‘\—(\)g_u‘so odaliw
ke k-¢‘>|9.> o U")l_’ u..\_w5009_u o‘)_,o.m u..._mlfl_,
a9y 9y Az P B pials Ly i b 5 )]

Kilometers

I
0 70 140 280 420 560

G O 9 )l Sl G | FA

Aee mmlsmmfe - o SL olw o uaalb
mm¥- . Jaae LYV Jlu oasaibl, JLs o
=S8l > ials . cwl 039 ol jer mmF e - L
L 2l 50 5508 Si8 5 655 o G-blie 1 odls

2017

2020

2355 s 33 Gl STy o8 FUSC
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