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Abstract: Population growth and rising water demand, climate change, severe droughts, and land-use
changes are among the top severe issues in Iran. Water management in this country is sectoral and
disintegrated. Each authority evaluates water based on its final intention and there is no commonplace
indicator for evaluation programs. In this research, we used the Water Poverty Index (WPI) to map
the status of water scarcity in a north-eastern province of Iran. Water poverty was measured based
on five components of “Resources”, “Access”, “Capacity”, “Use”, and “Environment”. The scores on
each component were then aggregated using the weighted multiplicative function, assuming equal
weights for all components. The overall WPI was evaluated to be 41.1, signaling an alarming and
serious water poverty in the study area. Based on the results, Azadshahr (29.1) and Gorgan (61.6)
districts had the worst and the best conditions among all cases, respectively. To better understand
the importance of WPI components, four weighting alternatives were used; however, none of them
resulted in a tangible improvement of WPI index. The cross-correlation between the components
was also evaluated, with Access and Capacity showing significant results. Leaving out “Capacity”,
however, reduced WPI by 8.1. In total, “Access”, “Capacity”, and “Use” had the highest correlation
with WPI, implying that any attempt to improve water poverty in the province must firstly tackle
these issues. This study showed that WPI is an effective indicator of water scarcity assessment and
could be used to make priorities for policy-making and water management.

Keywords: Iran; access; environment; availability; scarcity; policy

1. Introduction

Water is the fundamental basis of life and should be regarded as an inevitable necessity of
sustainable development. Water is also an integral part of social and economic development in any
country. Water resources are unevenly distributed on earth. While some countries receive abundant
precipitation, others may fall extremely short of water. More than two billion people live in highly
water-stressed areas because of this uneven distribution of water resources [1].

Water is becoming a rare commodity for most people [2]. This is especially the case in the populated
arid areas of the Central and West Asia and North Africa, with less than 1000 m3/capita/year water
availability [3]. Burgeoning population, remarkable rise in water demand and water shortage are all
the facts of the current era. The demand for water is highly likely to grow in the 21st century which calls
for a wise management of scarce water resources [4]. For instance, Biswas [4] reported a 10-fold higher
water demand during this century. Vérdsmarty et al. [5] believed that by 2025, the rise in water demand
will outweigh the impact of global warming on the global hydrological cycle. The main challenges
ahead related to water are freshwater scarcity, lack of access to adequate and clean drinking water
and sanitation, deterioration of water quality, political fragmentation in water resources management,
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decline of financial resources for water development, threat to world peace and security, and continued
lack of awareness of the magnitude of the problem by policy and decision makers [6,7].

While anticipating a harsher water scarcity for the coming decades, one must not overlook
the intensification of competition over water sources, which might stimulate armed conflicts.
The competition over water is more probable in low to moderate income countries which are projected to
have less runoff flow and more flash floods in the coming decades [8]. This conflict will become a matter
of the national security and might turn into armed and military confrontations [9,10]. For instance,
the political tensions between Arabs and Israelis, Indians and Bangladeshi, Americans and Mexicans
and riparian states of the Nile River are all the early warnings of a significant challenge ahead [11].
De Stefano et al. [12] believe that changes in terrestrial water storage, water variability, per-capita gross
national income, national and civil conflicts, and recent disputes over water sources could result in
the intensification of tensions over transboundary water sources in the near future. They have also
argued that several basins in south-west Asia are vulnerable to such tensions, which is also supported by
Feitelson and Tubi [13].

Over the past few decades, many indicators have been developed to assess water scarcity and
vulnerability and to assist managers and the public to get a clearer picture of the prevailing status
of the system. Indicators are used to describe the system of interest and to elicit information from
a large amount of data. Indicators must be simple, measurable, robust, and relevant to the objectives
of the operator. The main roles of indicators are to simplify the data, quantify parameters and
communicate information [14]. Brown and Matlock [15] provided a very detailed description of
the available water scarcity indicators, by dividing all the indices into four general categories related to
the basic human requirements (Falkenmark indicator [16], the Social Water Stress Index [17], and Water
Resources Availability and Cereal Import [18]), water resources vulnerability indices (Water Resources
Vulnerability Index [19], the Index of Local Relative Water Use and Reuse [5,9], the Watershed
Sustainability Index [20], the Water Supply Stress Index [21], and Physical and Economical Water
Scarcity (developed by the International Water Management Institute (IWMI)), environmental water
requirements (Population Growth Impacts on Water Resource Availability [22], and the Water Stress
Indicator (WSI) [23]), and life cycle analysis and water footprint assessment (Water Scarcity Index [24] and
Water Footprinting Index [24]). As Brown and Matlock [15] further described, the purpose of the indices
related to human water requirements is to estimate the available water resources as a function of
population size on a national scale. Accordingly, if there is not enough water for the population, the area
will be considered water scarce. Compared to the water availability indices which provide a fixed value
for the amount of water available, water resources vulnerability indices both consider water availability
and water demand, which can be divided into smaller agricultural, industrial, and domestic categories.
In addition to water supply and demand assessment, indices related to environmental water requirements
consider the amount of water required to maintain the ecosystem’s integrity. Although estimating
the ecological water demand is challenging, considering both water and ecosystem as a unit increases
the validity of the results of water scarcity assessment. The fourth category which concerns life cycle
analysis and water footprint assessment, evaluates water use effects in response to consumption of goods
and services. The fourth category thus far provides a more comprehensive picture of water scarcity by
incorporating the impact of water consumption on human health, ecosystem quality and resources [12].

Water scarcity is mainly a function of the amount of water available and the number of people
demanding it [14]. However, except for a few cases, most of the indicators provided above mainly
consider the physical availability of water, without directly addressing the importance of external
social and economic forces [25]. Considering only the physical water scarcity can be misleading
as some countries facing severe water scarcity can address the problem by importing virtual
water [26,27]. Feitelson and Tubi [13] mentioned the rich arid countries as oil states (mainly along
the Persian Gulf) which are capable of water provision via importing virtual water. Moreover, the
thresholds set in most of the introduced indicators is applicable to human survival or food production,
while nowadays food is increasingly supplied through market mechanisms. Water availability should
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be approached from both water quantity and quality perspectives, which is not sufficiently reflected in
the introduced indicators.

Physical water scarcity is also strongly connected to poverty, and adequate access to safe water is
regarded as a human right [28]. For instance, Feitelson and Chenoweth [14] defined water poverty
as a situation where a nation or a region cannot afford the cost of sustainable clean water to all
people at all times. Insecure water infrastructures and networks could also exacerbate physical water
poverty [29,30]. Lawrence et al. [31] believe that inadequate water availability and insufficient income
both lead to water scarcity. In order for the indices to be more compliant with reality, Ohlsson and
Turton [32] emphasized the importance of the adaptive capacity. To Gallopin [33], adaptive capacity
is the system’s ability to adjust to a disturbance, moderate potential damage, take advantage of
opportunities, and cope with the consequences of a transformation that occurs. Ohlsson [34] proposed
to use the Human Development Index (HDI) components when assessing water scarcity in the form of
the social water scarcity index. A broader perspective has been adopted by Salameh [35], who defined
water poverty as the ratio of the amount of available renewable water to the amount required to
cover food production and the household uses of one person in one year under the prevailing climate
condition. One of the main advantages of the new index was considering the severity of water scarcity
from the household perspective [14]. Sullivan et al. [36] finally introduced the most recent definition of
water poverty and drew fine distinctions between different components of water-related poverty [37].
Accordingly, water poverty was defined as an aggregated index of the percentage of water used in
a region combined with the percentage of the population with access to safe water and sanitation, and the
percentage of the population with easy access to water for domestic use [14,36]. The Water Poverty Index
(WPI) is mainly developed for water scarcity assessments at the scale of local communities, but the ability
to adapt this index for different scales is one of its advantages. For instance, Pérez-Foguet and Garriga [38]
proposed a watershed-based WPI and successfully piloted it at a Peruvian watershed as a case study.

The WPI has found great relevance in policy-making as an effective water management tool,
particularly in resources allocation and prioritization processes [38—40]. In this research, we have
adopted the WPI to evaluate the intensity of water shortage and make prioritization of water-poor
areas in a north-eastern province of Iran. There is not enough evidence on the application of the WPI in
Iran. In one of the few cases, Shirdeli [41] evaluated water scarcity in Iran (in general) and the Qaraqom
Watershed (as a case study) using different internationally known indices including WPI and found
that among all indices WP is a suitable index for water scarcity assessments on national and local scales.
The main objective of this paper is to evaluate the status of water poverty in Golestan Province of Iran.
Iran is selected in this study because of the intensity of water scarcity in this country. Iran’s major
rivers such as Karoun and Zayendehroud are almost dried and it has also lost one of the largest
lakes in the Middle East, Lake Urmia. Iran has also difficulty providing drinking water because of
the significant population growth and shrinkage of water sources over the past decades as the result
of overexploitation of water resources and prolonged drought episodes. Water scarcity evaluation
in Iran is mainly based on the physical quantity of water in each province while neglecting other
important economic and social driving forces of water scarcity. Therefore, in this paper, we tried to
use WPI as a comprehensive water scarcity evaluation tool in Golestan Province of Iran with a large
socio-economic, topographic, and environmental diversity to demonstrate its applicability for other
parts of the country. The geographic scale of the study was selected since water management in Iran
is administered within the boundary of a province, and not the scale of river basins and watersheds,
mainly because the boundary for which governmental organizations have authority in is defined as
provinces by the law. The items used to estimate the WPI index were identified in close collaboration
with the scientific community working in the field of water management in Golestan Province. It is
also attempted to illustrate how improving water poverty components can help reduce water scarcity
in different districts of the province. We believe that (up to the time of writing) the experimental work
presented here provides one of the first comprehensive applications of WPI indicator in Iran which
makes this paper unique in this respect.
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The remaining part of the manuscript proceeds as follows: a detailed description of the study
area, the structure of the WPI index and the list of the adopted indicators are provided in the next
section. In the results section, we will report on the differences between the districts studied in terms of
the selected indicators and the total scarcity itself. In the discussion section, the results will be compared
with those of others, and a practical conclusion will be provided afterward in the conclusion section.

2. Materials and Methods

2.1. Study Area

Golestan Province covering almost 21,000 km?, is in the north-eastern part of Iran and is home to
1.86 million people (Figure 1). This area enjoys a mild weather and a temperate climate. One of the main
characteristics of precipitation variability in Golestan Province is its distinct variation in the north-south
and west-east directions. Based on the 30-year average (1987-2017) of weather records provided by
the Iran Meteorological Organization, mean annual precipitation in the north-south direction ranges
from 290 mm at Marze Artesh Station (north) to 600 mm at Shirinabad Station (south) covering
a distance of 50 km, and in the west-east direction from 460 mm at Bandar Turkmen Station (west) to
370 mm at Maraveh Tappeh Station (east), covering a distance of 200 km (Figure 1). Likewise, mean
annual temperature ranges from 18.1 to 14.9 °C in the north-south direction and from 18.2 to 18 °C
in the west-east direction. This province has diverse topographic features including the high Alburz
Mountains to the south, salt marshes and low lands to the north, the coastal areas along the Caspian Sea
to the west and the loess hills to the west. The north-south and west-east directions elevation changes
range from —10 to 2460 m and —26 to 1110 m, respectively. Gorgan Roud and Atrak are the two longest
rivers in Golestan Province. These two rivers originate from the mountains of the Northern Khorasan
Province. Gorgan Roud flows through the Gorgan Plain for a distance longer than 250 km before it
reaches the Caspian Sea. Atrak Roud, which acts as a border barrier between the two countries of
Iran and Turkmenistan, travels for longer than 670 km draining a basin of 27,300 km?. The average
annual discharges of these two rivers are 1.08 x 108 m?/year and 4.7 x 108 m3/year, respectively [42].
Because of the heavy exploitation of the Atrak river for agricultural purposes, it only flows to the
Caspian Sea in case of flood events. The other rivers of the province are mainly saline or seasonal and
have little or no importance for irrigation or drinking water purposes. Major land-use types include
agricultural lands (35% including irrigated, rain-fed, orchards), rangelands (42%), forests (22%), salt
marshes, playas and residential areas (1% in total) [42]. Based on the latest statistics, the population of
Golestan Province has increased by 9.4% since the last census in 2011. Administratively, the area is
divided into 14 districts, 14 cities and 279 villages most of which distributed in a narrow band in the
middle of the province with a very sharp reduction in population density traveling from south to north
and from west to east. Groundwater is the main source of water for drinking purposes and agricultural
activities. However, in parts in the north of the province, some villages have historically used rainwater
harvesting structures to compensate a part of their demand for drinking and livestock watering.
However, a sharp reduction in precipitation and severe droughts in recent years have remarkably
diminished the performance of these structures [43]. Due to poverty, lack of enough water, and
unemployment, Golestan Province has recently experienced a major shift in migration from small villages
to larger population centers, especially the capital city, Gorgan. Overexploitation of groundwater aquifers
has been simultaneous with a sharp drop of groundwater levels, saline water intrusion, loss of water
quality and land subsidence. On the other hand, lack of sufficient precipitation has limited the natural
rate of recharge of these water sources. Therefore, water shortage is expected to become harsher and
more severe in the coming years [44]. Heavy migration from villages to cities might cause different social
and economic issues in the future. Therefore, there is an urgent need of planning and policy-making
before the situation becomes uncontrollable. One of the main problems in water management in Iran
in general, and Golestan Province in particular, is its fragmented water governance structure [45].
Iran Meteorological Organization is in charge of collecting data on precipitation. The Ministry of Energy
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is responsible for policy-making for water and water provision for domestic, industrial, and agricultural
sectors, while at the same time collecting data on water resources, treating wastewater, and generating
hydropower. Among the objectives of the Forests, Range and Watershed Management Organization,
water conservation and watershed management could be mentioned. The overlapping responsibilities of
different organizations has made integrated water management a complex task in this country [46].
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Figure 1. Location of the study area relative to Iran’s boundary along with the districts of Golestan Province.

2.2. Water Poverty Index

To evaluate water scarcity in Golestan Province, we used the Water Poverty Index (WPI) proposed
by Sullivan [47]. The WPI index is composed of five components:

e  Resources (R): the amount of water available, by considering the seasonal and inter-annual
variability of water availability and quality;

e  Access (A): how well provisioned the population is, including domestic and agricultural uses;

o Capacity (C): the ability to manage water resources, based on education, health, and access
to financing;

e  Use (U): the use of water and its contribution to the economy;

e  Environment (E): which attempts to capture the environmental impact of water management to
ensure the long-term ecological integrity.

To evaluate each WPI component, we used a set of indicators as provided in Table 1. The indicators
are identified in close collaboration with the scientific community working in the field of water resources
and watershed management in Golestan Province. Table 1 also provides the details on data sources,
duration and the scale used for collecting each data source.
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Table 1. WPI component variables for water scarcity assessment over the study area.

WPI Component Indicator Used Year Scale Source
-Per-capita annual water Regional Water
) resources (R7) 2001-2014 L Company of
Resources (R;) -Precipitation Coefficient of 1987-2017 Catchment/District Golestan Province

Variation (CV) (R3) WorldClim

-Access to clean water as percent
of the population having piped

water supply (A7) s Golestan Province
Access (4) -Access t}o)I;a};litation as a percent 2016 District Territorial Planning
of the population with improved
sanitation services (A;)
-Literacy Rate (C;) Golestan Province
-% of the population with access Territorial Planning,
to health centers (C5) National Population,
. -% of the population with access s and Housing Census
Capacity (C;) to electric}i)typ(C 3) 2016 District Statistics Yeagrbook of
-% of households receiving a the Ministry of
pension, remittances, or Cooperatives, Labor,
wages (Cy) and Social Welfare
-Domestic water consumption
ra.te (L) Rural and Urban
-Livestock water use, based on
. . Water and
livestock holdings and standard Wastewater
Use (U;) water needs (U>) 2014 District Authority
-Agricultural water use expressed Aericul .
. . gricultural Jihad
as the proportion of irrigated land Oroanization
to the total cultivated area (U3) &
-Industrial water use (Uy)
-Risk of desertification (E7) .
Environment (E;) -Risk of erosion (E;) 2015 District Faraj Ziieh etal
-Risk of flooding (E3) [48]

2.3. WPI Components and Normalization Approaches

In total, 15 indicators were selected to estimate water poverty in different districts of Golestan
Province. What follows is the description of each of the components along with the approach adopted
for data normalization.

2.3.1. Resources

This component represents the physical availability of both surface and groundwater resources,
taking into account variability and quality as well as the total amount of water [49]. The “Resources”
component was evaluated by considering both the availability and variability of water resources.

Availability

The amount of readily available fresh water was measured in quantity and quality from both surface
water and groundwater resources. Data for this component was obtained from the Regional Water
Company of Golestan Province for 2001-2014. For the groundwater resources, we considered the average
annual discharge of Kariz strings (a system of underground tunnels and networks to collect water
from water-rich layers into a single or multiple ground surface drainage points; a total of 152 strings),
springs (a total of 3627) and the average annual water abstraction from wells (a total of 22,187 wells).
Water quality of these resources was evaluated using the Schuller Water Quality Classification (see [50]).
Schuller Water Quality Classification method is commonly used for water quality classification with
respect to drinking quality standards. We used the Na*!, C1~1, SO,2~, total dissolved solids (TDS)
and water hardness parameters to evaluate the volume of suitable water for drinking. According
to the Schuller Classification Method, water sources were classified into six categories ranging from
non-potable to acceptable quality, and only the volume of water in the acceptable quality status was
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considered for further measurements. The amount of water from three groundwater sources was
then aggregated at the scale of districts. However, as surface water sources from rivers were not
readily convertible into district scale, specific discharges were estimated at each station (using the data
from 26 hydrometer stations) and multiplied by the area of the corresponding district (see [51]).
From the total number of 26 stations (Figure 2), the discharge from four stations on the River Atrak
was discarded because of low water quality. We used the minimum and maximum values of water
availability for data normalization as follow:
R1 — min(Rl)

Ri= max(R;) — min(Ry) % 100, @

where R; is the normalized water availability, ranging between 0 and 100, respectively indicating
the worst and the ideal water availability conditions.

S4°0'0" 56°0'0"

3 Golestan Province
[ Districts
Rivers
I waterbodies
@ Kariz
@ Springs
Wells
® Hydrometric Stations

0 25 50 km
]

Figure 2. Surface and groundwater resources of Golestan Province.

Variability

We used the precipitation Coefficient of Variation (CV) as a proxy for water variability. The CV
data was obtained from the WorldClim (website at http://www.worldclim.org) for 1990-2017.
WorldClim is a set of global climate layers (gridded climate data) with a spatial resolution of
about 1 km?. Any value above the CV values of 30% represents vulnerability and water resources
unreliability [52]. Accordingly, the following equation was used to normalize CV values:

@

R2:100—( R, — 30 )

max(R;) — 30

where R; represents the normalized CV at district 7, ranging in value from 0 to 100.
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2.3.2. Access (4;)

We approached the “Access” component from two aspects, namely access to drinking water
supply and access to improved sanitation. Data for this component was obtained from the Golestan
Province Territorial Planning [42] for the year 2016. Access to these two items was evaluated using
the proportion of the population with access to safe water supply network and improved sanitation
facilities (sewage collection network) as follows:

A1y = F f;—s x 100, 3)

where A1 ; is the normalized score for the “Access” component, P;_; is the proportion of the population
having access to safe drinking water and sanitation, and p is the total population at the district
of interest.

2.3.3. Capacity (C;)

The indicators used under this component were literacy level, percent of households receiving
a pension, remittances or wages, percent of the population with access to electricity, and population with
access to primary medical services (number of active health centers was used as a proxy). Data for this
component was obtained from Golestan Province Territorial Planning [42], National Population and
Housing Census, and the Statistics Yearbook of the Ministry of Cooperatives, Labor, and Social Welfare
for the year 2016. Literacy rate was measured as the number of literate people higher than 15 years of
age with the ability to read and understand the issues related to water as:

p
¢, = = x 100, 4
1=5 (4)
where C; is the normalized index, p is the number of literate people, and P is the total population of
the district. Access to electricity (electrification rate) and access to health services were normalized
using the following equations:

_ (RM x RP) — min(RM x RP)
~ max(aRM x RP) — min(RM x RP)

2 x 100, (5)
where C; is the normalized score for the number of primary health centers, RM is the relative frequency
of the number of health centers and RP is the relative frequency of population of the district.
Z—minz
C3=————— %100, (6)
max z — min z

where Cj is the normalized score for the electrification rate, and z is calculated as the ratio between
the number of households with access to electricity in the district over the total population of that
district.

The subcomponent “Receiving money in the form of pension, remittance or wages” was
normalized using the following equation:

r
_Prq 7
C4 Pt X 00, ( )

where Cy is the normalized score for the number of households receiving pension, remittance, and wages,
pr is the number of households receiving the fund, and P is the total number of households in that district.

2.3.4. Use (U;)

To assess the level of water use, we divided the consumption level into three parts of domestic
water use, industrial water use and agricultural water use. Data for this component was obtained
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from the Rural and Urban Water and Wastewater Authority and Agricultural Jihad Organization for
the year 2014. Domestic water use was measured based on the volume of water consumed from main
supply network as follows:

_ a—min(a)

~ max(a) — min(a)

U, x 100, ®)

where U is the normalized score for domestic water supply and 4 is the total water used for domestic
purposes. To estimate the amount of water used for domestic animals (Uy), the number of domestic
animals (goat, sheep, cattle) in each district was multiplied by its corresponding standard water use,
and the final score was standardized similar to U;. Agricultural water use (Uz) was estimated as
the ratio between irrigated land and the total area of cultivated land in each district, similar to Sullivan
and Meigh [40]. This index was normalized identical to U, except for that a is the ratio between the area
of the irrigated to rain-fed lands. Water use for the industrial sector (U4) was estimated by including
the water abstracted from wells plus the water consumed from the main water supply system. The
same approach to U; was used to normalize the score on this component.

2.3.5. Environment (E;)

To assess the status of this component, we used the results of the study of Faraj Zadeh et al. [48]
in terms of desertification (E;), flooding (E;) and erosion (E3). The status of each of the hazards in
Golestan was provided on a standard 1-5 scale from very low to very high intensities, and the results
were integrated for each district as the geometric average of the underlying polygons. The scores
obtained for each district was then standardized using the following equation:

o B a; — min(Ea;)
E; = 100 (max ek 100), ©)

where E; is the normalized score obtained for each of the subcomponents of the environment
(i.e., desertification, flooding, and erosion) and a is the score obtained for each subcomponent in
each district.

2.4. Aggregation

The weighted multiplicative function is the most appropriate aggregation method for calculating
WPI from its five components [37] as follows:
WPIL = Hi:R,A,C,U,E X" (10)
where WPI is the water poverty index for an arbitrary location, X; is the ith component of the WPI (R,
A, C, U, E) function, and w is the weight assigned to each component. Each of the components might
or might not include subcomponents. Again, the subcomponents are combined using the weights
assigned to them based on their relative importance. For estimation of water poverty, different
weighting systems could thus be employed to indicate the importance of each variable, although equal
indicator weights are preferred [37]. The final WPI indicator ranges from 0 to 100, where zero and 100
indicate the worst and the ideal situations. In reality, though, absolute zero and 100 almost never occur,
so that the real WPI is higher and not including zero, as well as lower and not including 100.

2.5. Sensitivity Analysis

In the analysis, it was assumed that all components are of equal importance for the final WPI value.
However, it is important to evaluate different weighting alternatives to see the enhancement of which
component can help improving water poverty in the study area. Therefore, similar to Van Ty et al. [53],
the weight of different components were altered. For this purpose, we considered three alternative
weighting scenarios as given in Table 2. As the total amount of water is constant and cannot be directly

”oou

improved, the weights were only altered for the “Access”, “Capacity”, “Use” and “Environment”
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components. To avoid redundancy in using the components of WPI, the cross-correlation between
different components was also evaluated using the Pearson correlation coefficient.

Table 2. Alternatives to equal weighting for the estimation of WPI in Golestan Province’s districts.

Relative Weight
Alternative MWPI
R A C U E
1 1 2 2 2 1 304
2 1 2 2 3 1 27.5
3 1 2 2 1 1 27.3
4 1 2 2 1 2 29.2

3. Results

3.1. WPI Components

In this research, we estimated the level of water scarcity in different districts of Golestan Province
of Iran using the WPI. The results of the normalized scores obtained for each subcomponent are
provided below.

3.1.1. Resources

The results obtained for water availability at each district in Golestan Province are provided
in Figure 3. Water resources are divided into four categories of rivers, wells, Kariz, and springs.
The black squares indicate the level of per-capita water availability in each district. The Falkenmark’s
threshold, which is shown as a guide to illustrate physical water scarcity is indicated by a dashed line.
As shown in Figure 3, the highest share of water availability comes from the river sources. However,
according to the Golestan Province Territorial Planning [42], merely 54% of the total amount of river
flow is utilized, most of which used for agricultural purposes. Only 18% of the drinking water of
the province is supplied by surface water. Wells are the common sources of water in all districts;
having the largest share in water provision in Aliabad. Bandar Turkmen has the least diversity of
water resources, only having access to wells for its water provision, followed by Gomishan and Aq
Qala, which can increase vulnerability to water scarcity in these districts. Kariz, as a sustainable means
of water provision, still provides the largest share of water in Golestan Province, but its application is
adversely affected by the introduction of drilling technologies which could in a short time tap into deep
aquifers. Springs have the smallest share of water supply in Golestan. What stands out in Figure 3 is the
dependency of all districts on groundwater sources. This dependency (which will result in the depletion
of groundwater resources) along with frequent and prolonged drought episodes in Iran could be regarded
as the early warnings of physical water scarcity in this province in the near future. In terms of per-capita
water resources availability, Gomishan (1715 m® per capita), Aq Qala (1307 m? per capita), Maraveh
Tappeh (1179 m3 per capita) and Aliabad (888 m® per capita) had the highest levels while Bandar Gaz
(2.9 m3 per capita) and Bandar Turkmen (0.3 m? per capita) had the worst conditions. Aq Qala and
Bandar Turkmen are two adjacent districts while having significantly different water availability. This is
mainly because of the River Gorgan Roud which passes through the Aq Qala district. In terms of physical
water scarcity, except for Gomishan, Maraveh Tappeh, Aq Qala and Aliabad which lie very close to
the Falkenmark Threshold, the rest of the province faces severe water scarcity. Water resources reliability
which is estimated based on the precipitation CV ranged between 42.9% in Bandar Gaz and 67.4% in
Galikesh as the best and worst conditions, respectively. The precipitation coefficients of variation are
provided in Table 3.
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Figure 3. Water availability in different districts of Golestan Province along with per-capita water
availability shown in black squares. The dash-line indicates the Falkenmark Threshold which is
used to illustrate the status of physical water scarcity in different districts. The y-axis represents
the logarithm of available water volume in square meters for better comparison between surface water
and groundwater sources.

Table 3. Precipitation coefficient of variation in different districts of Golestan Province.

Districts Precipitation Coefficient of Variation (%)
Aliabad 60.1
Aq Qala 49.2
Azadshahr 66.4
Bandar Gaz 42.9
Bandar Turkmen 44.2
Galikesh 67.4
Gomishan 441
Gonbade Kavus 61.2
Gorgan 56.3
Kalaleh 66.6
Kordkouy 53.7
Maraveh Tappeh 64.6
Minoudasht 66.8
Ramian 63.2

3.1.2. Access

Table 4 provides the status of different districts in terms of the “Access” component. All districts
had high levels of water supply component. The highest proportion of the population with access to
main water supply system (100%) was obtained in Bandar Gaz and Kordkouy districts, with Galikesh
(by 93.4%) having the lowest rank among all districts. However, when it comes to access to improved
sanitation services, except for four districts (i.e., Bandar Gaz, Bandar Turkmen, Gorgan, Kordkouy),
the rest had no access to improved sanitation (sewer collection system). Almost all the population
have access to basic sanitation services, but we considered sewer collection and treatment services to
be the improved sanitation components under WPL



Water 2018, 10, 1079 12 of 22

Table 4. The status of the “Access” component in different districts of Golestan Province.

District Total Population %Population with Access to %Population with Access to
1stricts P Main Water Supply (A7) Improved Sanitation Services (Aj)
Aliabad 140,709 99.0 -
Aq Qala 132,733 99.5 -
Azadshahr 96,803 99.6 -
Bandar Gaz 46,130 100.0 16.2
Bandar Turkmen 79,978 99.6 5.7
Galikesh 63,173 93.4 -
Gomishan 68,773 98.9 -
Gonbade Kavus 348,744 99.6 -
Gorgan 480,541 99.3 7.4
Kalaleh 117,319 97.9 -
Kordkouy 71,270 100.0 8.5
Maraveh Tappeh 60,953 96.8 -
Minoudasht 75,483 94.5 -
Ramian 86,210 98.4 -

3.1.3. Capacity

Regarding literacy rate, no significant differences exist between the districts (Table 5). Gorgan,
as the capital district, and Maraveh Tappeh had respectively the highest (90.6%) and lowest (83.5%)
levels of literacy rates. However, a major deviation emerges when considering access to health centers.
Maraveh Tappeh, Minudasht, Gomishan, Galikesh, Bandar Gaz, and Bandar Turkmen have the fewest
health centers in Golestan Province and require more attention from the corresponding authorities. As for
the access to electricity (electrification rate), except for Gonbade Kavus (96.7%), Gorgan (92.7%) and
Kordkouy (92.7%), the rest of the districts have low to moderate access ratios, with Maraveh Tappeh
having the lowest rate of electrification (46.7%). With respect to the proportion of the population
receiving remittance, pension, and wages, all districts obtained extremely low values implying the low
capacity of the population especially the poor communities to deal with water scarcity and improve
water management.

Table 5. The status of the “Capacity” component in different districts of Golestan Province.

Districts Literacy Rate =~ Number of Health Access to Households Receiving
(%) (Cyq) Centers (Cy) Electricity (%) (C3) Funds (%) (Cy)
Aliabad 88.0 22 72.0 16.1
Aq Qala 84.7 13 73.0 11.0
Azadshahr 87.8 11 70.6 15.5
Bandar Gaz 91.6 7 81.1 16.9
Bandar Turkmen 86.0 7 70.8 11.0
Galikesh 87.5 8 69.3 15.7
Gomishan 84.8 7 58.1 9.3
Gonbade Kavus 86.5 33 96.7 11.6
Gorgan 90.6 57 92.7 9.4
Kalaleh 85.8 14 69.7 14.4
Kordkouy 914 10 92.7 22.8
Maraveh Tappeh 83.5 6 46.7 13.8
Minoudasht 88.4 7 74.2 19.1
Ramian 87.2 10 66.1 19.4
3.1.4. Use

Table 6 provides the summary of the results obtained for the “Use” component of WPI index.
With respect to domestic water use Gorgan, Gonbad Kavus, Aliabad, and Aq Qala districts have
the highest consumption levels, which is also indicated by their higher populations. As for livestock water
consumption, Gonbad Kavus, Maraveh Tappeh, Gorgan and Aq Qala have significantly greater water
consumptions. Industrial water use is highest in Gorgan and lowest in Ramian, Kalaleh, and Galikesh.
These districts are in fact the least industrially active areas in Golestan Province. As in the case of
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agricultural water use which was calculated based on the ratio between the area of the irrigated
agricultural lands to rain-fed agricultural lands, Gorgan obtained the highest value. Apparently,
the agricultural water use ratio decreases in drier districts such as Gomishan, Maraveh Tappeh and
Aq Qala, Gonbad Kavus and Bandar Turkmen. Minoudasht is an interesting case having most of its
agricultural lands used as rain-fed agriculture while having diverse water sources and high precipitation
unreliability (69% precipitation CV). This district is comparatively less populated while having high
domestic water use. It appears that water use can be significantly improved in this province by improving
domestic water consumption, agricultural activities and improving the industrial use of water. Based on
the results, water use is highest in Gorgan District and lowest in Bandar Turkmen.

Table 6. The status of the “Use” component in different districts of Golestan Province.

Water Use (x 10° m3)

Districts Agricultural Water Use (U3)
Domestic (Uy) Livestock (U,) Industrial (Uyg)

Aliabad 3289.0 657.1 145.0 2.2
Aq Qala 3792.6 1186.4 217.0 0.5
Azadshahr 1603.9 694.8 112.0 0.8
Bandar Gaz 1505.2 385.7 39.0 0.6
Bandar Turkmen 876.6 259.7 473.0 0.3
Galikesh 1669.3 304.8 19.0 0.7
Gomishan 2115.4 949.0 160.0 0.0
Gonbade Kavus 5163.2 3537.1 167.0 04
Gorgan 6321.2 1611.9 2688.0 3.5
Kalaleh 2595.0 1203.9 24.0 2.2
Kordkouy 2194.1 311.1 189.0 0.7
Maraveh Tappeh 1146.2 2030.0 28.0 0.1
Minoudasht 1875.5 828.9 266.0 0.2
Ramian 2387.0 551.8 14.0 23

3.1.5. Environment

The score that each district obtained on flooding, erosion, and desertification are provided in
Table 7. The “Environment” component was evaluated based on the severity of desertification, erosion,
and flooding that can adversely affect availability, access, and use of water resources. Almost all
districts are encountering some levels of desertification, but it is more pronounced in Gomishan (4.1),
Gonbad Kavus (3.6), Aq Qala (3.5), and Maraveh Tappeh (3.0) as the northern districts of Golestan
Province near Qarah Qom Desert of Turkmenistan. The southern districts, such as Gorgan, Aliabad,
and Kordkouy have dense forest and rangeland vegetation cover and ambient precipitation which
protect these districts from severe desertification. Erosion is mostly in the form of water erosion in
the southern districts of the province while shifting into wind erosion in drier districts to the north
and north-eastern parts of the province. Both wind and water erosion are active in the middle of
the province such as the northern parts of Azadshahr, Kalaleh, Minoudasht and Ramian districts
as well as the southern parts of Maraveh Tappeh, Gonbad Kavus, Aq Qala and Gomishan districts.
However, the mid-range of the province such as Minoudasht, Galikesh, and Gomishan are at risk
of flooding. The risk of flash floods is more pronounced in Gonbad Kavus (4.5), Maraveh Tappeh
(4.4), Aliabad (4.3), and Azadshahr (4.1) districts. Golestan Province climate is characterized by heavy
summer rain showers. The occurrence of rain showers coincides with the lowest level of soil moisture
and vegetation cover in the middle to the north-eastern part of the province which results in a high
probability of flash floods in these areas.
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Table 7. The status of the “Environment” component in different districts of Golestan Province.

District Risk of Desertification (E;) Risk of Erosion (E;) Risk of Flooding (E;3)
Aliabad 1.0 2.3 43
Aq Qala 3.5 11 2.0
Azadshahr 1.0 2.8 41
Bandar Gaz 1.0 1.6 1.1
Bandar Turkmen 1.0 1.0 1.4
Galikesh 1.0 2.8 1.0
Gomishan 41 1.0 1.0
Gonbade Kavus 3.6 24 4.5
Gorgan 1.0 24 23
Kalaleh 2.3 2.8 3.2
Kordkouy 1.0 21 2.3
Maraveh Tappeh 3.0 3.3 4.4
Minoudasht 1.0 2.9 1.0
Ramian 1.0 2.4 1.0

3.2. WPI Aggregation

The results of the normalized scores obtained for each WPI subcomponent along with the magnitude
of WPI in each district are illustrated in Figure 4. Please note that equal weights were assigned to
the components and the subcomponents of the WPI index. Lawrence et al. [31] have classified WPI as
severe (WPI <48), high (48-56), medium (56-62), medium-low (62-68) and low (WPI >68). According
to this classification, WPI 62 has been indicated to be the threshold between the low and medium
water poverty severity. The overall water poverty level of the Golestan Province was evaluated to be
41.1, indicating a severe water poverty for the study area. Based on this finding, Golestan Province is
lagging far beyond a sustainable water management condition. However, except for Gorgan which is
very close to the threshold (i.e., 61.6), all districts have a severe water poverty condition, among which
the districts Azadshahr (29.1), Galikesh (31.6) and Maraveh Tappeh (32.7) had the worst conditions.
Figure 5 illustrates the differences in WPI components in Azadshahr and Gorgan districts, as the two
lower and upper extremes of the WPI range, respectively.
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Figure 4. Spatial differences of WPI index component scores in the districts of Golestan Province, Iran.
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Figure 5. The radar chart showing the score of different water poverty index components in the districts
of Azadshahr (yellow) and Gorgan (blue) representing the districts with the worst and the best
conditions, respectively.
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3.3. Sensitivity Analysis

As also illustrated in Figure 3, except for Aliabad, Aq Qala, Gomishan, and Maraveh Tappeh
all districts have physical water scarcity in Golestan Province. Given that the physical quantity of
water cannot be directly altered, only the weights of “Access”, “Capacity”, “Use” and “Environment’
components were altered. By putting emphasis on the “Access”, “Capacity” and “Use” components,
WPI score rose in Gonbad Kavus, Gorgan, and Kalaleh, while significantly decreased in all other
districts. It implies that except for these three districts, improving access to water sources, capacity to
manage water, as well as water consumption could result in a major improvement in WPI in other
areas. In the next step, a higher weight was assigned to the “Use” component. Results indicated
a major reduction in WPI score in all districts except for Gonbad Kavus and Gorgan. By stressing on
the importance of the “Access” and “Capacity” in the third alternative, the situation slightly improved
in Gonbad Kavus and Maraveh Tappeh. Finally, a higher importance was assigned to the “Access”,
“Capacity” and “Environment” components. By doing so, the overall WPI score rose in Aq Qala and
Bandar Gaz, while decreased in the rest of the cases. In general, changing the importance of different
components did not improve WPI. This is mainly due to the low scores obtained on WPI components
in the districts of Golestan Province. Although the total amount of physical water quantity is constant,
there is a big potential to improve water scarcity in this province by enhancing other components of
WPl index. The correlation between different components of WPI was also evaluated using the Pearson
correlation method, and the results are provided in Table 8. There was a significant correlation between
the “Use” and the “Capacity” component (0.75, p-value < 0.05). Therefore, it can be suggested that
“Capacity” and “Use” can affect each other significantly. For example, any improvement in using water
for economic purposes could result in better capacity and vice versa. We repeated the calculations by

7

leaving out the “Capacity” component, but it resulted in an 8.1-unit reduction in WPIL. By removing
the capacity component, the WPI status in the northern districts of Gomishan and Aq Qala improved
while worsened in most of the eastern districts. This indicates that emphasis must be put on improving
capacity in the northern districts while improving other components in the eastern areas. The results
of incorporating different weighting schemes along with leaving out the “Capacity” component are
illustrated in Figure 6A-F.

Table 8. Correlation between different components of WPI.

WPI Components Resources Access Capacity Use Environment
Access 0.04 (0.89)
Capacity —0.42 (0.13) 0.10 (0.72)
Use —0.06 (0.82) 0.01 (0.96) 0.075 (0.00)
Environment —0.07 (0.79) 0.46 (0.09) —0.04 (0.88) —0.29 (0.31)
WPI 0.34 (0.22) 0.48 (0.07) 0.55 (0.03) 0.67 (0.00) 0.29 (0.31)

Cell Contents: Pearson correlation (p-Value).
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Figure 6. Using different weigh assigning schemes for the calculation of WPI: (A): baseline, (B): alternative
1, (C): alternative 2, (D): alternative 3, (E): alternative 4, (F) leaving out “Capacity” component.

4. Discussion

In this research, water scarcity was evaluated from a different view incorporating both physical
shortage and socio-economic factors. Components such as water supply, sanitation, access, use
and environmental condition have been combined to better picture the reality of water scarcity [36].
Using only physical availability of water as the indicator cannot clearly indicate water stress, as
Gomishan District having the highest per-capita water availability had a low WPI value. Although
WPI has been extensively used in the literature and it involves the most important dimensions of
water availability, it does not explicitly state how to approach physical availability of water [54].
Unconventional water sources have also not been envisaged in this indicator. Sullivan et al. [55]
believe that non-conventional sources such as vapor streams should be included when estimating
water poverty. This is especially the case in Golestan Province where the Caspian Sea supplies most of
the precipitation and air moisture. Moreover, some villages in Maraveh Tappeh and Gonbad Kavus
districts use domestic rainwater harvesting systems to store water for the summer period when water
supply form the central network has interruptions (even up to a month).

Access to water was evaluated from two sub-indicators of access to improved sanitation and access
to water supply network [48,52,55]. Our results indicated that almost all districts have enough access to
water supply network. However, assessing the “Access” component only based on the level of access
to the network is not enough, as many of the rural areas of the northern part of the province experience
long periods without water, when water is provided to them by water tankers trucks. On the other
hand, long cessation of water supply can result in the deterioration of water quality when reconnected.
Remaining water reacts with the pipe material and also create biofilm and tubercles on the pipe wall
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which can enter the water current the next time water is connected [56]. However, as data is not available
on this component, we only evaluated the level of access. As for the access to improved sanitation,
the proportion of the population connected to the main sewer collection network and treatment plants
was used. Most of the population have enough access to basic sanitation services such as bathing and
water closet. However, only a small proportion of the houses are connected to a sewage collection
network. This leads to two important consequences. The first one is the deterioration of surface and
groundwater sources as the result of the release of untreated sewer, which can then lower the volume of
the available water. The second is the loss of a potential water source which otherwise could replace
the drinking water used for everyday urban and domestic consumption. Currently, only Bandar Gaz,
Bandar Turkmen, Gorgan, and Kordkouy are connected to the network. This must be one of the top
priorities for water managers.

Regarding the “Capacity” component, the literacy rate of all districts seems satisfactory.
Literacy rate cannot only help better manage the already scarce water resources, but it can affect
directly other components. Esrey and Habicht [57] found that infant mortality rate decreased from
130 deaths in the absence of literate mothers to 76.2 in the presence of literate mothers. Van Ty et
al. [53] also found that a low rate of literacy can increase water poverty. As for the primary medical
services centers, Aliabad, Bandar Turkmen and Kalaleh had the lowest scores. This factor can directly
affect water poverty by reducing infant mortality rate [53]. On the other hand, water is stored by some
villagers in the northern rural areas of the province, during the summer period. The responsibility for
disinfecting these water storages is with the local medical services. Therefore, lack of access to these
centers can result in the spread of water-borne vectors and diseases, higher mortality rate, migration
of people and further social issues. Access to electricity is also another important factor for social and
economic development. Gomishan, Galikesh, Bandar Turkmen and Bandar Gaz districts had the lowest
level of access to electricity which can negatively affect its economic development and water management
status. The importance of access to electricity has also been emphasized by Hamouda et al. [58] and
Komnenic et al. [54]. Therefore, improvement of access to electricity could be one of the priorities in these
districts for boosting economic development and reducing both poverty and water-related poverty. In all
districts, the amount of income from remittance, pension, and wages is quite low. Raising household
income through different paths could result in poverty reduction and better management of water
resources. For instance, Hanjra et al. [59] found that investing the extra money in irrigation programs
could result in better management of water resources and poverty eradication. In another case, Renwick
and Archibald [60] argued that receiving funds in the form of subsidies can enhance the adoption of
water-efficient technologies and hence better water management.

Water use in different districts of the province was evaluated based on domestic, livestock,
agricultural and industrial water consumption. All these consumptions are supposed to help
the economic development of the area. However, most of the water is being used with quite low
performance in these sectors, and hence cannot be solely regarded as the proxy for economic development.
The intensity of use is more pronounced in Gorgan (for domestic, agricultural, and industrial purposes)
and in Gonbad Kavus (for livestock production). Similar findings have been reported by Van Ty et al. [53],
who found “Use” and “Capacity” as the most important components of WPI in a case study in Vietnam
and Cambodia. We believe that enhancing water use should be the priority in Gorgan District.

In terms of “Environment”, the severity of desertification, erosion and flooding were considered as
three proxies. Accordingly, most districts of the province face high levels of desertification, which can
result in decreasing level of water availability in both quantity and quality terms. During the recent
decades, vast expanses of forest lands in the southern part of the province have been clear-cut for
transient agriculture which has resulted in an increased risk of desertification, erosion, and flooding [61].
Akbari et al. [62] proposed the following strategies for coping with desertification and water-related
issues in Golestan Province including revegetation, improvement of drainage networks, and building
resilient water infrastructure. Elsewhere, Akbari et al. [63] propose the development of an early
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warning system for monitoring desertification and erosion which could be used along with our aim of
improved water management and use.

Finally, we used the weighted multiplicative function for data aggregation and calculating WPI from
its five components [37]. Firstly, we assigned equal weights to WPI components. Sullivan et al. [49] believe
that although different weighting schemes could be rational for WPI components, equal indicator weights
are preferred. The additive aggregation techniques which were used in recent literature regarding WP,
allows for full compensability between different components, meaning that low score on one factor could
be compensated by high values on others [64]. However, weights have to be used as “non-compensatory”’
if they are to be taken as the proxies of importance [37]. Yet, we evaluated the possibility of using different
weights to see how WPI value changes in response to improving one or more than one component.
However, none of the alternatives resulted in higher WPI values. We also evaluated the correlation
between different WPI components and found a significant relationship between Access and Capacity.
By removing “Capacity” from the main dataset, there was a sharp reduction in WPI value. Our result
is inconsistent with those of Van Ty et al. [53], which found a major improvement in WPI by leaving
out “Capacity”, “Use” and “Access” in the analysis. They believe that lack of access to water services
may be due to the lack of income or education. Finally, the highest correlation between WPI and its
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subcomponents were found for the “Access”, “Capacity”, and “Use”. Therefore, any attempt to improve
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water poverty in the province must primarily be aligned with these three components.

5. Conclusions

In this paper, we used the WPI to evaluate the status of water scarcity in Golestan Province of
Iran. The items listed under WPI components were identified in close collaboration with the experts
and scientific community working in the field of water management in this province. The WPI proved
to be a suitable measure of water scarcity in Golestan Province, and the results could be used for
further policy-making and prioritizations. Based on our analysis, the overall WPI of the province
was evaluated to be 41.1 which indicates a severe level of water scarcity. Among 14 districts studied,
Gorgan (61.6) obtained the highest WPI score. This district, however, faces water availability and
variability issue by obtaining 25.7 in terms of “Resources” component. Improving water use efficiency
and using unconventional water sources (rainwater harvesting for domestic and urban use purposes,
treatment and utilization of municipal sewage, and desalinization of seawater preferably by using
renewable energies) could improve water availability in not only Gorgan District, but all other areas of
Golestan Province. The lowest scores of WPI were obtained in Azadshahr (29.1), Galikesh (31.6), and
Maraveh Tapeh (32.7) districts, which must be the top priorities for water managers in Golestan Province.
We recommend that each case be evaluated based on its components and not on the overall WPI
score. Accordingly, in Azadshahr and Galikesh, the priority is to improve water use and capacity
components. In Maraveh Tappeh, improving the “Environment” component by better land-use
management (to prevent desertification), wastewater and sewage treatment (which otherwise is released
to the waterways and pollute the environment and water sources), and protection against floods and
erosion should be the top priorities. Based on our findings, WPI is most sensitive to access, capacity
and use components. As for the use component, establishing and developing sewage treatment plants
are the top priorities in all districts of Golestan Province. We also found that capacity and use have
the highest correlation with WPI. Therefore, improving access (by enhancing literacy rate, electrification
rate, income) can significantly improve WPIL. On the other hand, using water efficiently for economic
growth in Golestan Province can improve the access component and the overall water poverty status.
The results of this research are being discussed with water managers in Golestan Provincem, for future
policy makings and prioritizations.
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