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Abstract: The Hoor-Al-Azim wetland, with an area with more than 450,000 hectares, is an environmental
ecosystem and one of the most important diverse wetlands in Iran and internationally, because its
hydrological, biological and ecological systems play a critical role in the life of the surrounding region. Due
to limited rainfall, part of this wetland has dried up and the wetland’s natural environment has been
destroyed, because of the increase in drought episodes and increase in human activities and anthropogenic
intervention in recent years. One of the most damaging factors of Hoorhs been the exploration of oil fields
and drilling of oil wells since 2000. This study aims to assess the impact of anthropogenic intervention on the
microclimate of the wetland caused by drilling company’s activities on the Hoor-Al-Azim wetland ecosystem.
To this end, an investigation of thechanges in microclimatic and water quality parameters of the area was
conducted for a twenty-yearperiod (1991-2010). Results showed that the area’s microclimatic factors have
changed in a negative direction. The amount of evaporation, warming, and sunshine duration atHoorshave
increased, whereas precipitation and relative humidity have decreased. The Hoor-Al-Azim has been
destroyed during this period and its areal extent has been reduced. These negative impacts are expected to
cause insecurity for the flora and fauna environment and increase disorder in the region.

Keywords: Hoor-Al-Azim, microclimate, water quality, drilling activities.

1. INTRODUCTION

Wetlands occur where water meets land. Wetlands are areas, where water covers the soil, or is present
either at or near the surface of the soil throughout the year or for several periods of time during the
year, including periods during the growing season. The saturation by water largely determines the soil
development, as well as the types of plant and animal communities living in and on the soil. Needless
to say, wetlands may support both aquatic and terrestrial species. The prolonged presence of water
creates conditions, which favor the growth of specially adapted plants, called hydrophytes, and
promotes the development of characteristic wetlands, namely hydric soils.

Wetlands are the biggest contributors of water ecosystems and play a fundamental role in all
ecological, economic and social aspects of a region (Davies and Claridge, 1993). Chinese were among
the first, who used the wetlands for pica culture and rice cultivation thousands of years ago. There are
several known significant values of wetlands, such as the accumulation and storage of organic
substances, as well as the filtration and purgation of input waters and surface water storage, among
others. Specifically, in Iran, wetlands and aquatic ecosystems are considered very significant valuable
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assets, since they contribute to the existence of ground setup and purgation in the surroundings,
ground water recharge, and natural erosion control, microclimate adjustment, hunting, waterfowls and
fish preying, supply sources for feeding animals, as well as mat weaving, which hall depend on the
expected wetland protection. There are several studies, which justify the above statements with
emphasis on the Hoor-Alazim pond in Iran. In particular, geographic information systems (GIS) have
been used for the study of the distribution of wetland surfaces (Emady et al., 2010). Moreover, several
studies have been conducted on the destruction of wetland ecosystems, assessment of environmental
impacts, and investigation of the causes of wetland degradation (Fouladavand and Sayyad, 2015;
Arvin et al., 2014; Navid Pour, 2012; Jafari, 2009).

The water shortage in wetlands in dry regions, such as Hoor-Alazim in Iran, has negatively
affected welfare and economic practices and policies. Population growth and increased public
demands for new agricultural lands have led to the growth of agricultural sector of the economy
and the implementation of projects related to water resources, such as dam construction and water
transportation in order to increase agricultural production(Masih et al., 2009; Jones et al., 2008).
Nevertheless, one of the specific examples of this kind of natural ecosystem destruction is Tigris
and Euphrates aquifers, which can be characterized as one of the largest destructions. In the
underlying region, there have been developed more than 60 types of engineering projects during
the last three decades, including dam construction, or channel deviation of seasonal floods and
irrigation systems. As a result, there has been a decrease of the input water into the basin, as well
as the destruction of the basin, which has significantly reduced in its areal extent (Mokhtari et al.,
2009; JAMAB, 1999).

The objective of this paper is to examine the significance of Hoor-Alazim as a valuable wetland
ecosystem in a natural environment and to assess the microclimate impacts caused by anthropogenic
interventions. The Hoor-Alazim has reedy lands for feeding animals, which is used for handicrafts.
There are fishing activities in Hoor, which contribute as a resource for people’s livelihood, and there
is touristic potential in the region. However, a series of oil fields had been developed in the Hoor-
Alazim wetland and four more oil fields have been developed lately, namely Yadavaran, Jafir,
northern Azadegan and southern Azadegan. Although these oil fields contribute to the regional
development, offering job opportunities, however, these oil fields are a major menace to the wetlands.
This study aims to review the microclimate changes and the disasters caused by oil field operations
during a 20-year period (1991-2010) in the Hoor-Alazim wetland ecosystem. The paper is organized
as follows: first, a classification of different wetland types is presented, including a brief description
of the main characteristics of each of them. This is followed by a description of the Hoor-Alazim
pond. The next step involves analysis of results, which is followed by a discussion of the
microclimate impacts due to explorations.

2. CLASSIFICATION AND TYPES OF WETLANDS

Wetlands vary widely because of regional and local differences in soils, topography, climate,
hydrology, water chemistry, vegetation and other factors, including human disturbance (Majnonian,
1998). Indeed, wetlands are found from the tundra to the tropics and on every continent except
Antarctica. Two general categories of wetlands are recognized: coastal or tidal wetlands and inland or
non-tidal wetlands.

2.1.General Categories

Tidal wetlands in the United States, as their name suggests, are found along the Atlantic, Pacific,
Alaskan and Gulf coasts. They are closely linked to the estuaries where sea water mixes with fresh
water to form an environment of varying salinities. The salt water and the fluctuating water levels
(due to tidal action) combine to create a rather difficult environment for most plants. Consequently,
many shallow coastal areas are unvegetated mud flats or sand flats. Some plants, however, have
successfully adapted to this environment. Certain grasses and grasslike plants that adapt to the saline
conditions form the tidal salt marshes that are found along the Atlantic, Gulf, and Pacific coasts.
Mangrove swamps, with salt-loving shrubs or trees, are common in tropical climates, such as in
southern Florida and Puerto Rico. Some tidal freshwater wetlands form beyond the upper edges of
tidal salt marshes where the influence of salt water ends.
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Non-Tidal wetlands are most common on floodplains along rivers and streams (riparian wetlands), in
isolated depressions surrounded by dry land (for example, playas, basins and "potholes™), along the
margins of lakes and ponds, and in other low-lying areas where the groundwater intercepts the soil
surface or where precipitation sufficiently saturates the soil (vernal pools and bogs). Inland wetlands
include marshes and wet meadows dominated by herbaceous plants, swamps dominated by shrubs,
and wooded swamps dominated by trees.

Certain types of inland wetlands are common to particular regions. Many of these wetlands are
seasonal (they are dry during one or more seasons every year), and particularly in the arid and
semiarid West, they may be wet only periodically. The quantity of water present and the timing of its
presence in part determine the functions of a wetland and its role in the environment. Even wetlands
that appear dry at times for significant parts of the year -- such as vernal pools-- often provide critical
habitat for wildlife adapted to breeding exclusively in these areas.

2.2.Classification of Wetlands

One commonly used classification system for wetlands has been developed by Cowardin (year 2002).
The Coward in system is used by the U.S. Fish and Wildlife Service for the National Wetlands
Inventory. In this system, wetlands are classified by landscape position, vegetation cover and
hydrologic regime. The Coward in system includes five major wetland types: marine, tidal, lacustrine,
palustrine and riverine. Another common wetland classification system, used by the Army Corps of
Engineers, was developed by Brinson (year 2001 ) and is described in “A Hydrogeomorphic
Classification for Wetlands.” As the title implies, wetlands are classified by their geomorphic setting,
dominant water source, e.g. precipitation, groundwater or surface water, and hydrodynamics. The
hydro geomorphic (HGM) classification includes five major wetland types: riverine, slope
depressional, flat and fringe. Wetlands include mangroves, peatlands and marshes, rivers and lakes,
deltas, floodplains and flooded forests, rice-fields, and even coral reefs. Wetlands exist in every
country and in every climatic zone, from the polar regions to the tropics, and from high altitudes to
dry regions [1-13].

Peatlands. These are wetlands with a thick water-logged soil layer made up of dead and decaying
plant material. Peatlands include moors, bogs, mires, peat swamp forests and permafrost tundra.
Peatlands represent half of the Earth’s wetlands and cover 3% of the global total land area. They are
found all over the world. Peatlands are important due to water, food, species and climate
change.Water: Peatlands absorb heavy rainfall, providing protection against floods, and release water
slowly, ensuring a supply of clean water throughout the year. Food: Millions of people depend on
peatlands for herding cattle, catching fish, and farming. Species: Tropical peat swamp forests are
home to thousands of animals and plants, including many rare and critically endangered species such
as the orangutan and Sumatran tiger. Climate change: Peatlands contain twice as much carbon as the
world’s forests. When disturbed or drained, peatlands can become significant sources of greenhouse
gas emissions.

Rivers and deltas. A river is a natural watercourse, usually freshwater, flowing towards an ocean, a
lake, a sea, or another river. Rivers originate as rain on high ground that flow downhill into creeks and
streams. Deltas are found on the lower reaches of rivers, where the flow of water slows down and
spreads out into expanses of wetlands and shallow water. Rivers and deltas are important due to the
following factors. Water and food: Rivers serve as important sources of drinking water, food and
irrigation for crops. River waters also recharge lakes and transport fertile sediments that enrich
floodplains and marshes. Transport: Rivers also play an essential role as highways for transportation
and commerce and as sources of energy. Species: Rivers and deltas provide critical habitat for fish
and other freshwater animals, such as amphibians and shellfish.

Mangrove forests. Mangroves are a crossroad where oceans, freshwater, and land meet. Mangrove
forests are among the most complex ecosystems on the planet, growing under environmental
conditions that would kill ordinary plants very quickly. Mangrove forests are found in tropical and
subtropical regions in tidal areas, which are frequently inundated with salt water. Strongly in decline,
mangrove forests occupy about 15.2 million hectares of tropical coast worldwide: across Africa,
Australia, Asia and America. Mangroves are significant for the following points. Disaster
reduction: Mangrove forests provide protection and shelter against extreme weather events, such as
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storm winds and floods. Mangroves absorb and disperse tidal surges associated with these events: a
mangrove can reduce the destructive force of a tsunami by up to 90%.Species: Mangrove leaves and
roots provide nutrients that nourish plankton, algae, fish and shellfish. Mangroves are also home to
many birds and mammals, such as mangrove monkeys in South Asia. Climate change: Mangroves
rival the carbon storage potential of rainforests.

Wetlands in dry regions. Arid and semi-arid areas are often characterized by seasonal rainfall and
wetlands that retain water long after the rest of the landscape has dried out.

These wetlands include rivers, swamps, and lakes and springs that dry up for portions of the year. Dry
regions are found in Asia, Australia, Africa, the Middle East and North and South America. These
wetlands in dry regions are important for food and species. Food: These wetlands are essential for
farmers, pastoralists who graze animals, and the livelihoods of people who fish and collect plants.
Species: They are also important to millions of water birds that breed in Europe and Asia, such as
waders and herons. Climate and disaster risks: Arid wetlands are vital water stores in otherwise
uninhabitable landscapes. They help strengthen the capacity of local people to survive droughts and
fight desertification. A changing climate and upstream diversions is putting at risk these wetlands and
the communities they support.

A typical example is how people and nature can survive at the edge of the Sahara Desert. For
centuries wetlands in the arid Sahel region of Africa have provided lifelines for local people and
wildlife. Yet these wetlands are shrinking. They are threatened by a changing climate, rapid
population growth and increasing competition for water. There is continuous work to safeguard and
restore these freshwater flows. The wetlands of the Sahel include rivers and their floodplains, seasonal
lakes and ponds are situated amid arid and semi-arid landscapes. Rivers and wetlands are critically
important life-support systems running through the Sahelian drylands. They provide food, water
supplies and fertile soils for tens of millions of people. The loss of wetlands results in increased water
scarcity, hunger and instability. This freshwater provides food and fodder for farmers, fishers, and
pastoralists. It also supports seasonal patterns of migration for people and animals, including millions
of water birds that breed in Europe. Water is already very scarce in this region and likely to become
scarcer. The need for food and energy production is driving upstream water withdrawals, often at the
expense of the seasonal floods. This jeopardizes downstream wetlands and the communities and
nature that depend on them. The area of floodplain wetlands in the Sahel is shrinking. To halt and
reverse this trend, there is an effort to improve the understanding of their values and build the capacity
of governments, civil society organizations and local communities to take action to develop
sustainably and adapt to a changing climate. The objective is to increase the reach of this work across
the Sahel from coast to coast.

High altitude wetlands. Glacial lakes, marshes, wet grasslands, peat lands and rivers support unique
ecosystems and services that sustain the livelihoods of people. High altitude wetlands store water
from rain and glacial melt, feed groundwater stores, trap sediments, and recycle nutrients, enhancing
both the quantity and quality of water. Species: These wetlands are important stopping points for
migratory birds and breeding grounds for birds, fish and amphibians. Disaster reduction: Their
ability to promote vegetation growth lessens soil erosion and buffers water flow, providing a steady
flow of water downstream, while reducing the severity of disasters, such as landslides, floods and
droughts.

Arctic wetlands. Wetlands are the main ecosystem in the Arctic. These peat lands, rivers, lakes, and
shallow bays cover nearly 60% of the total surface area. Arctic wetlands store enormous amounts of
greenhouse gases and are critical for global biodiversity. They are also the main source of livelihoods
for local indigenous peoples.

Species: Arctic wetlands offer unique habitats to both plants and animals. For many migratory species
the Arctic provides indispensable breeding and feeding areas. Livelihoods: Over four million people,
including more than 30 different indigenous groups, live in the Arctic. People living in the Arctic
depend on wetlands for fish and waterfowl hunting, harvesting of plants and as pastures for grazing.
Climate change: Arctic wetlands contain enormous stocks of organic carbon in their soils, and are
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dependent on frozen permafrost for their ability to store carbon. As temperatures rise and the
permafrost thaws, huge amounts of greenhouse gases may be released into the atmosphere.

3. THE HOOR-ALAZIM POND

Hoor-Alazim wetland is located in the southwest part of Iran, at Khuzestan province, in the Iran
and Iraq borderline (JAMAD, 2006) with coordinates at47° longitude and 31° latitude (UNEP,
2001) (Figures 1 and 2). Karkheh river originates from Lorestan Mountains and after passing
through Azadegan plane and an area called Hamidieh, the Karkheh noor branch is divided into
two, namely Hoofl and Nisan branches at Soosangerd city, and each of these branches is divided
into several branches at Hoor. About two thirds of the area is located within Irag, called
HoorAlHoveizeh (Jamei, 2003) and the remaining one third is located within Iran. The area of the
pond is affected by flood sand torrential sediments from Karkheh River in Iran and Tigris and

Figurel. Location of Hoor-Al-Azim wetland at the border of Iran and Iraq (Google Earth,2008)
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Figure2. Location map of Hoor-Al-Azim wetland in Iran

In 1377, Iran began to construct the largest dam on the Karkheh River. This is one of the biggest
water resources of Hoor-Alazim lagoon, which has been designed to irrigate the lands of
Khuzestan plane, 320,000 hectares in size (Meghdad, 1998).The areal extent of Hoor-Alazim is
176,000 hectares, of which 70,000 hectares are affected by floods and has reedy lands and extended
lakes. The wetland extent depends on thesediments entering the river and its supply. By 1998, Iran
has started to exploit from the largest dam on Karkheh River, which is one of the largest watery
sources in Hoor-Alazim wetland. Indeed, the Azadegan oil fieldis one of the biggest oil fields in Iran,
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as well as internationally, with an oil capacity of 33 billion barrels of oil and daily production of 33
thousand barrels. As a result, this wetland has turned to be a special economic zone.

According to environmental regulations any industrial operation in wetland areas is prohibited and the
oil fields must be 1500 m away from the wetland. However, this regulation had allowed to implement
operations in 7500 hectares of the wetland, where in some parts of this land there were wetland
functions, which were completely filled with water. The supply of water from the dam has caused
the decline of the quantity of water entering the wetland, resulting, thus, into a remarkable
reduction of the wetland extent. Specifically, the area of Mesopotamia marshy lands, which have
been more than 8000 km? in size in 1966, have decreased to about 750 km? in 2002(Jone et al.,
2005). Similarly, based on remote sensing techniques, it was estimated that the area of Hoor-
Alazim ponds has decreased from 900 km?in 1991 to 400 km? in 2002 (Jamei et al., 2006; Chen,
2002). This study was intended to investigate the transfer of water entering the Hoor-Alazim pond
guantitatively during a specific period. Although there have been some studies about the flow into
the pond before and after the exploitation of Karkheh dam in quantitative terms, there is still a
need to consider the impact of this trend on the area of Hoor-Alazim pond.

Historically, Iran’s black gold fields of oil and gas supply are considered national asset and constitute
the country’s energy wealth, which provides 90% of Iran’s national revenue. Specifically, Khuzestan
province, the country's oldest province, is located in the southwest of Iran, borders Iraq and the Gulf.
This province produces 35 percent of the Iran’s water and electricity. However, despite residing amid
incredible oil and gas, as well as agricultural wealth, the people in Khuzestan suffer from severe
poverty, under-development, and environmental deprivation. Recently, an array of treacherous plans
has been carried out in Khuzestan, which have led to disastrous air pollution and frequent water and
power cut-offs. Moreover, there have been central drastic actions, such as the diversion of the Karun
and Karkheh River waters, an excessive building of dams, and the use of quick and inexpensive
methods of oil extraction, and the drying up of ponds and lakes in the area, including the famous
Hoor-Alazim wetland, and Shadeganlagoon.

The Hoor-Al-Azim is one of the Bein Al-Nahrein wetlands, which has survived throughout the years.
The Hoor-Alazim wetland is considered one of the most sensitive ecosystems in southwest of Iran and
Khuzestan province on the Iran-lraq boarders. This wetland is faced with frequent droughts.
Moreover, there are anthropogenic interventions in recent years, which have a negative effect on the
wetland ecosystem. Many environment experts claim that the human factor constitutes the main
reason of wetland destruction, such as in Hoor-Al-Azim. Indeed, human and natural factors interfere,
such as the occurrence of Holy War, the continued droughts in recent years, the limited upstream
water resources and the oil exploration activities. Drought is also another problem caused by a
reduction or even lack of precipitation that has a significant role in Hoor-Al-Azim wetland condition.
Indeed, the inhibition of the wetlands has turned them to arable lands or even barren lands affecting
the livelihood of societies.

Oil companies have created several problems to Hoor-Al-Azim wetland. Specifically, the drilling
companies have constructed a road in the center of wetland for transportation and easy accessibility to
the oil installations. Drilling wastes and their depletion into wetlands have deposited huge amounts of
wastes, such as heavy metals and dangerous organic compounds. In addition, petroleum hydrocarbons
enter into water, which create a lot of harms to ecosystem and wetland organisms. Moreover, oil
companies in order to facilitate accessibility to oil have divided the wetland into five sub-regions.
Furthermore, settled drilling companies in Hoor proceeded to dig deep and shallow pits in the area,
which have caused groundwater resources evaporation and environmental imbalance. Moreover, oil
exploitation in the wetland has caused additional environmental problems due to sand and dust
movement into area (Fouladavand and Sayyad, 2015). Another potential environmental problem is
acid rain, which is one of the water pollution causes resulting into acid water due to the decrease of
PH. In addition, acid rain affects the fish population and can potentially destroy the generation of fish
population totally.

4. STUDY AREA AND DATA BASE
4.1.Study Area

As already mentioned, Hoor-Alazim wetland is located in southeast of Iran in Khuzestan province, in
the Iran-lraq border, where two thirds of its area are located within Irag lands and one third is located
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within Iran lands. This wetland with 500,000 hectares’ extent is a wide area, which extends to the
north at Hoor-Al-Nesaf and to the south at the low-lying fields. The Hoor eastern border is in Iran at
the northeast of Bostan, the western border is in Iraq, the northern border is located in Iran at Seveyle
village and the southern border is around the 31° latitude. Specifically, the eastern part of Hoor is
located at the end of the southeast of Iran-lraq border. This wetland is known by the name of Hoor-
Al-Hoveizeh in Irag. The location of Hoor-Alazim wetland between Iran and Iraq is shown in Figure
1 and Figure 2 shows the geographic location of the wetland in Iran. The images indicate the changes
that have occurred in the Hoor-Al-Hemar, the central Hoor and Hoor-Al-Hoveize (Hoor-Al-Azim)
and have caused many problems in these wetland ecosystems during recent years. The operation of
Anatoly (GAP), southeast part of Turkey, which includes 22 dams and powerhouses, causes serious
impacts on these wetlands (Friedl and Wuest, 2001).Generally, operations related to oil wells are
associated with pollutants. There are different types of pollution, such as oil pollution, heavy metals,
sewerages, toxic pollutants and pesticides. These pollutants have various harmful effects on the
wetland environment and its affiliated entities.

Part of the study area is Karkheh River basin located at the end of it. Karkheh is the third full-
water river of the country and one of the most important rivers of the aquiferous basins of the
Persian Gulf. The Karkheh runs a wide area of llam, Kermanshah, Lorestan, Hamedan and the
areas of Kurdistan and Khuzestan, then enters into Khuzestan plain passing through Bakhtar
DezfulShosh, Soosangerd and Boostan cities, and then enters into Hoor-Alazim pond along with
some branches. The basin area is about 50,727 km?. This river doesn't enter into the Persian Gulf
directly, rather it first enters into Hoor-Alazim, then ends at the Persian Gulf via Arvand River
(Chen, 2002; Ramesht, 1987).

4.2.Data Base

There are two hydrometric stations, namely the Hoffel-Sousangerd hydrometric station and the
Nissan-Sousangerd hydrometric station. A brief description follows.

The Hoffel-Sousangerd hydrometric station. This station with 21-488 code is located on one of the
Karkheh River main branches, named Hoffel, and its geographic coordinates are 47°, 117, 20"
eastern longitude and 31°, 307, 50" of northern latitude. The height of this station from the sea is 13
meters and was established in 1987.

Nisan-Sousangerd hydrometric station: This station with 21-489 code is located on one of the
Karkheh branches, called Nisan, and the geographic coordinates are 48°, 117, 20" in eastern longitude
and 31°, 327, 50" in northern latitude. The height of this station is 14 meters from the sea and was
stablished in 1987.

At the present time, these hydrometric stations are adequately equipped with instruments and the
current condition of stations is considered operational. After collecting data from the electricity and
water authorities, the hydrometric stations data are processed and analyzed using also statistical tools.

5. DATA PROCESSING

Data processing includes three specific steps. The first step covers the collection and classification of
previous studies and any background information being conducted about the region. The available
sources of information include the internet, books, articles, letters, reports of public and international
organizations, as well as private institutions and other additional sources. The procedure involves
catalogues of the collected information following a comparison and checking, which is also valid for
the obtained topographic, geophysical and other types of maps and aerial photos of the region from
different organizations and agencies. Needless to say, special attention is given to the primary maps
and aerial photos of the study area. The second step includes fieldworks and the status of the existing
observation network in the region. The third step consists of data analysis and interpretation of results,
where all the required software tools are considered and specifically the necessary tools for digital
processing of maps and photos. The analysis results are presented in the form of tables, figures and
maps.

After collecting the available meteorological data from Bostanstation, the nearest station to wetland,
data analysis has been conducted. Different methods and approaches are used to assess the climatic
conditions of the area, such as Amberge formula and Domarton method, respectively.
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Amberge factor. Amberge factor is given by the following formula, which shows the relation
between temperature and humidity:

In this Amberge climate factor, p is the annual rainfall (mm), M is the average maximum temperature
in the warmest month of year (Kelvin), and m is the average minimum temperature in the coldest
month (Kelvin). Table 1 presents the climatic classification of the synoptic station Bostan based on
the Amberge factor. Moreover, Table 2 presents the climatic parameters of the Bostan station, which
classify this station as moderate warm desert.

Tablel. Climatic classification based on Amberge factor

The Type of climate Abrreviation Signs The Type of climate Abrreviation Signs
Half dry cold H A hot warm desert A
Half humidity mild | Middle warm desert B
Half humidity cold J Mild warm desert C
Humidity mild K Temperate desert D
Very humidity L Cool dry E
Cold humidity M mild F
Climate Highlands N Half dry mild G
Table2. Climatic type of Synoptic station Bostan based on the Amberge factor
station | Average Average Average Average Average Amberge | The type
Annual maximum minimum maximum minimum Index of
rainfall | temperature | temperature | temperature | temperature climate
in the in the in the in the
warmest coldest warmest coldest
month of month of month of month of
the year the year the year the year
Bostan 193.2 38.3 8 311.3 281.0 21.6 Moderate
Warm
Desert

Domarton method. The Domarton classification method depends on the average annual temperature
and annual rainfall values. The dryness index is calculated through the Domarton method. The
Domarton method is given by the following formula, which presents the relation between temperature
and humidity:

where | is the domarton indicator, Pis the average annual rainfall, and M is the average annual
temperature. According this, the prevailing climate is type 2. Results of this method show that the
region of Hoor-Al-Azim is characterized by drought.

Table3.Climate type of synoptic station Bostan based on theDe Martone index

Station Average annual Average Annual DeMartonne Index The type of climate
rainfall temperature
Bostan 194.2 24.5 5.6 Dry

6. ANALYSIS AND DISCUSSION OF RESULTS

The water sources for feeding the Hoor-Al-Azim wetland. The Hoor-Alazim wetland receives
water from the Karkheh River in Iran and Dejle in Iraq, although in recent years most of the water
comes from the Karkheh River. The above mentioned rivers have a torrential water regime with
maximum discharges during winter and early spring, especially in the Esfand and Farvardin reaches.
Due to low water withdrawals for farming and low level evaporation, the floods of these rivers enter
the Hoor from the northeast of Karkheh, north of Dejle and west of For at and have a major role in the
creation and restoration of the wetland. The Karkheh River comes from the north of Lorestn and after
entering into Dasht Azadeganat Hamidie, it is dividedinto Karkheh Noor and the main Karkheh
branches. Moreover, at Sousangerd it is dividedinto three branches, including Nisan and Sable Rivers
and the remaining of the main Karkheh flowing in specific ways and finally enters theHoor from the
northeast. As already mentioned, in this analysis statistics of Hoffel and Nisan hydrometric stations on
the Karkheh system have been used, thus, the registered level at the stations represents the
development of water input to the wetland [14-30].
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6.1.Assessing the Impact on the Microclimate of the Region

Analysis of results shows that the Hoor-Al-Azim wetland is a complicated ecological system, since
during the study period, several factors and parameters are in full disorder and have regressed the
system. As a result, the system is not in ecological balance during this period and the areal extent of
the wetland has decreased significantly.

Results of microclimate changes in Hoor-Al-Azim wetland. In order to evaluate the area
microclimate changes, the microclimatic parameters in the Bostan weather station have been analysed
during the period before the drilling acrivities (1991-1999) and after starting drilling activities (2000-
2010). The results are shown in Table 4. Specifically, Table 4 presents the results of statistical
analysis of the basic microclimatic parameters, such as temperature, precipitation, evaporation,
relative humidity, and sunshine duration. Results indicate that after drilling operations there is an
increase in temperature and sunshine duration and a decrease in precipitation, evaporation and relative
humidity, leading to drier climatic conditions for the period after drilling.

Table4. Statistical analysis of microclimatic parameters before and after drilling operations

Variable Statistical Number of Average Standard Coefficient of
period years deviation variation
Evaporation 1995-1999 5 3709.0 319.60 0.09
2000-2010 11 3669.2 298.05 0.08
Relative 1991-1999 9 49.9 3.01 0.06
humidity 2000-2010 11 42.9 2.08 0.05
Sunshine 1991-1999 9 2763.6 828.40 0.3
duration in 2000-2010 11 3114.7 176.80 0.06
hours

Temperature 1991-1999 9 23.8 0.81 0.03
2000-2010 11 25.0 0.53 0.02
Precipitation 1991-1999 9 221.8 95.40 0.43
2000-2010 11 171.6 62.05 0.36

6.2.Quantity and Quality of Input Water to Hoor-Al-Azim

This study aimed to examine the quantity of input water to Hoor-Alazim in terms of discharge and
rainfall, as well as the quality of input water to the wetland during a certain period of time (1991-
2011) by using the recorded data and information from the Khuzestan Water and Power Authority
during this 20-year period (Jamei, 2003).In terms of water quantity, the results from this study
have shown that the main factor for reducing the expansion of the Hoor-Alazim wetland is the
reduction of input water to it caused by the Karkheh River drainage (Fouladavand and Sayyad,
2015; Ghobadil et al., 2012; Fouladavand, 2011; Zibanchi, 2009). Although rainfallhas not
changed significantly during the recent years (Table 4), the quantity of input water to the wetland
has been reduced. Figure 3 presents a plot of annual discharges of the two hydrometric stations
during this 20-year period (1991-2011). Indeed, the amount of discharge has decreased dramatically.
Specifically, the river discharge has been trending downward over time, where this decrease is
significant after the initiation of drilling activities. According to the results, the areal extent of the
wetland has changed from 900 km? in 1991 to about 300 km? in 2008 (Fouladav and and Sayyad,
2015).
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Figure3. Annual discharge at Hoofel and Nissan Hydrometric Stations
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Data provided by the Khuzestan Water and Power Authority, as well as water resources management
from hydrometric stations of Hoffel and Nisan during the 20-year period (1991-2011) have been used
to assess the status of water quality (Chambari et el., 2006). This assessment includes theresults of
analysis of basic anions (carbonate, bicarbonate, chloride, sulfate), basic cations (calcium,
magnesium, sodium, potassium), total soluble salts (TDS), electrical conductivity (EC) and PH, as
well as water temperature. Specifically, Table 5 presents the analysis of water quality parameters at
Hoefel hydrometric station during the period before drilling activities (1991-1999) and after starting
drilling activities (2000-2010), whereas Table 6 presents the corresponding analysis at Nissan
hydrometric station, respectively. Results show that there are differences in the water quality
parameters (soluble salts, electrical conductivities, cations and anions) for the period before drilling
(1991-1999) and after drilling (2000-2011), indicating an increase of these parameters during the
second period.

Table5. Qualitative and Quantitative water parameters before and after drilling operations at Hoeffel station

Variable Statistical Number of Average Standard Coefficient of
period years deviation variation
TDS 1991-1999 9 1069.8 283.4 0.3
2000-2010 12 1350.0 286.6 0.2
EC 1991-1999 9 1647.4 452.0 0.3
2000-2010 12 2097.4 483.3 0.2
Cation 1991-1999 9 16.6 4.5 0.3
2000-2010 12 21.7 5.1 0.2
Anion 1991-1999 9 16.6 4.5 0.3
2000-2010 12 21.7 5.1 0.2
Discharge 1991-1999 9 92.3 68.1 0.7
2000-2010 12 24.3 13.2 0.5
The total soluble in mg/lit and electrical conductivity in mml/lit
The total anions and cations in miliequivalent / lit

Table6. Qualitative and quantitative water parameters before and after drilling operations at Nissan station

Variable Statistical Number of Average Standard Coefficient of
period years deviation variation

TDS 1991-1999 9 1071.5 236.4 0.2
2000-2010 12 1361.5 337.8 0.2
EC 1991-1999 9 1639.6 366.7 0.2
2000-2010 12 1986.7 497.3 0.3
Cation 1991-1999 9 16.7 3.8 0.23
2000-2010 12 20.8 5.2 0.25
Anion 1991-1999 9 16.7 3.8 0.23
2000-2010 12 20.8 5.2 0.25
Discharge 1991-1999 9 98.3 28.6 0.3
2000-2010 12 30 17.0 0.6

The total soluble in mg/lit and electrical conductivity in mmol/lit
The total anions and cations in miliequivalent / lit

Water temperature. Water temperature is a function of air temperature and has a major effect on
water quality, gas dissolution, and chemical equilibrium. The oxygen and carbon dioxide solubility
depends on water temperature and decreases by an increase of temperature. Moreover, water
temperature affects the biological status and self-purification of rivers directly and indirectly.
Specifically, the indirect impact is the effect on the dissolution of gases, whereas the direct effect of
increasing the water temperature consists of the activities of microorganisms and decomposition of
organic materials. The average water temperature at Hoffel and Nisan hydrometric stations is 21 and
21.4 centigrade, respectively.

Water PH. The results of analysis on the water pH at the two hydrometric stations indicate that the
water quality for drinking purposes is acceptable and there are no limitations or restrictions.
Specifically, the average pH values for Hoffel and Nisan hydrometric stations are 8.1 and 8.04,
respectively.[31-50]
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Electrical conductivity(EC) and total soluble salts(TDS). The water electrical conductivity
measurements are summarized in Figures 4 and 5 for the two hydrometric stations Hoffel and Nissan,
respectively. From figures 4 and 5, it is concluded that the average water EC at Nisan and Hoffel
stations for the 20-year period (1991-2011) is 1839.9 and 1904.6 Micromhos per second, respectively.
Moreover, the amount of water total dissolved salts (TDS) have a direct relationship with EC and are
used as one of the quality indicators for the standard of drinking water. From the results of TDS
measurements, it can be stated that the average water TDS at Nisan and Hofel stations is 1237.2 and
1229.9 milligrams per liter, respectively [51-70].
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Figure5. Time series plot of electrical conductivity (EC) and TDS at Nissan station (1991-2011)

Quality of drinking water. The Scholler diagram (Figure 6) is one way to classify water for drinking
purposes. The physical and chemical properties of drinking water can be classified by measuring the
total amount of Anions and Cations through the Scholler diagram. According to this diagram, the
quality of water for drinking purposes in this region is considered as good to average (Figure 6).
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Figure6. Qualitative status of water for drinking according to Schuler chart

Water quality for agricultural purposes. One of the most common methods for water classification
for agricultural purposes is the Wilcox classification (Figure 7), which is based on the Sodium
Attraction Relative (SAR) and electrical conductivity (EC). Specifically, in the Wilcox diagram
(Figure 7), the horizontal axis is related to the salinity (micro MOs per centimeter) and the vertical
axis is specified for sodium attraction relative (SAR). The classification of water into quality groups
based on the Wilcox diagram is as follows:

1. Very good waters, where the EC is less than 250 micromhos per centimeter, which are
characterized as C1S1 class;

2. Good waters belonging to one of C2S1, C2S2, C1S2 classes.
3. Waters with average quality related to one of C3S3, C1S3, C3S1, C3S2 classes.
4. Rough waters that belong to C1S4, C2S4, C354, C4S4, C4S1, C4S2, C4S3.

According to Figure 7, the water in the region for agricultural uses is characterized as C3S1 class in
both hydrometric stations. As a result, the waters are considered to be of good quality for agricultural
purposes [71-90].
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7. SUMMARY AND CONCLUSIONS

At the present time, the aquatic and terrestrial habitats around the world are exploited and used by
humans for various purposes. In most of these natural areas the necessary environmental rules and
regulations for a sustainable ecosystem are not followed. Analysis shows that the Hoor-Al-Azim
wetland is a complicated ecosystem, which, during the study period, as a result of various factors and
parameters, is in a disorder situation and has regressed as a system. In other words, the ecosystem has
been destroyed during this period and there are negative impacts on the microclimatic and water
quality parameters, as well as an increase in the number of drought episodes and an overall reduction
of the areal extent of the wetland.

These findings justify the negative impact from the increase in human and anthropogenic intervention
and the continuing activities of the drilling companies in the region. Specifically, there are several
factors, which contribute to the deterioration of the ecosystem sustainability, such as an increase in
road-building, additional ways around the wetland leading to fragmentation and gradual dryness in the
wetland. On the other hand, in drilling oil wells there is lack of rules and regulations for labor
protection. All the above lead to an increase in drought episodes inHoor-Al-Azim wetland, increasing,
thus, the possibility of wetland destruction and turning it to an arable land. In addition, construction of
dams at the entrance of the wetland accelerates the loss of breadth and depth of water.

This construction cycle and processes have an impact on the ecological cycle and the natural
resources, leading to limited food resources in the region. In other words, the construction and drilling
activities prevent the normal and regular distribution of resources on the Hoor sidelines. Accordingly,
since the wetland’s migratory birds are mostly fed by water and spend the winter in shallow waters,
the appearance of these dry spotsat such large-scale results in the concentration of the birds in one
spot, increasing, thus, the population density in one place. This high population density has led to an
increase of food competition, leading toan increase of poor nutrition for birds. The continuation of this
process ultimately causes environmental imbalance and insecurity for animals in the food chain, as
well as an ecological disorder in the wetland. These changes around the wetland area, along with
other factors, such as water withdrawals during some time periods, as well as waste waters entering
the wetland upstream, can also exacerbate the effects of destructive factors within the wetland and
increase the rate of degradation.

Analysis also indicate that the water quality has been dropped after drilling operations at Hoffel and
Nisan stations. It seems that drilling operations in the wetland and construction of water wells by the
oil company has led to a change in the hydraulic gradient and a decrease in the level of river water,
which finally leads to an increase of the density of soluble salts and the salinity of water, thus,
decreasing the water quality of the wetland. Moreover, the reduction of water outflow and the
decrease of water quality of the wetland are the results of Karkheh dam dewatering in order to
enhance agricultural projects around the Karkheh, and the return of water for irrigation and drainage
purposes from downstream of Karkheh.
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