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Abstract: Water shortage problem is one of the most serious environmental challenges facing many countries
worldwide. Libya is one of the most affected countries by water shortage crisis due to many overlapping factors
that have effectively contributed to aggravate the problem from one year to another. This paper attempts to
analyze the adverse impact of population growth on water resources in Libya. Results show that the rapid
population growth has a negative impact on water resources in the country, where it leads to decrease in the
annual per capita of renewable water increasingly. The study shows a strong negative correlation between
changes in population size and per capita of renewable water. In addition, saline rates have been dramatically
increased in the most populated area in the country due to sea water intrusion.
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INTRUDUCTION than 95% of country's land makes the major part of the
country is located under influences of an acute climate

About 71% of total earth's surface is covered with conditions, represented in dry desert climate [3].
water, represented in water bodies like oceans, seas, bays, In addition, Libya has not any permanent rivers
lakes, rivers and in the atmosphere. However; in arid areas which can be reliable in order to get any stable amount of
where drought conditions prevail, water is ultimately water and reduce the pressure on other limited water
precious. The issue of water shortage is probably to resources in the country. Furthermore, human conditions
approach the crisis threshold in many arid and semi arid play a major role in the increase of the water gap size in
countries, where; surface water resources are often absent the country such as population growth, increasing
and groundwater basins are predominantly non-renewable urbanization rates, expansion of irrigated agricultural areas
[1]. and misuse of water resources that due to the lack of

Since the  early of seventies of the last century, environmental awareness. 
Libya  has  faced a serious water shortage problem. This paper aims to shed some light on the problem of
United Nations classified Libya as one of the ten poorest water shortage in Libya and attempts to evaluate water
countries in its renewable water resources and has situation in the country and the impact of population
experienced the situation of imbalance between water growth on the available water resources in Libya, as the
resources and water needs [2]. This serious shortfall of population element is the key variable affecting water and
water is attributed to a combination of reasons, such as: environmental resources exhaustion [4].
lack and variability of rainfall associated with the fully
absence of permanent rivers, rapid population growth and Literature Review: Population element is the main factor
diversification of economic activities. for identifying consumption rate of natural resources [5].

Natural conditions have played a major role in Thus, Population size and its composition have important
identifying the features of the water situation in Libya. implications for pressures on natural resources. Increase
Tropical and semi-tropical location of the country in North populations require more food, which typically requires
Africa where Al-Sahara desert extends and covers more land and water [6]. The increase of human consumption
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rates of natural resources is the reason behind all consumed for irrigation is indirectly related to population
environmental problems that the world has witnessed
since the second half of the last century. Thus, the rapid
growth of population constitutes the key factor when
studying the relationship natural resources in the
geographical space. Because water is one of the most
compelling needs for human life and socio-economic
development, many studies have been conducted to
investigate the relationship between population growth
and water availability in terms of both quantity and
quality. These studies have underlined that the
relationship between population growth and
environmental problems are closely linked. For instance,
in Tanzania, rapid population growth has led to high
pressure on water resources, which in turn has led to a
number of water related problems. Although, this resource
provide livelihood to a considerable number of people in
Tanzania, it is increasingly being polluted, depleted
and/or wasted through environmentally destructive ways
[7] In Gaza Belt (Occupied Palestine), the high population
density plays a major role in deterioration of the limited
water resources, taking into account that this part of the
world is the most densely populated area on the earth.
This population "explosion" gave rise to great pressure
on the available water resources, leading to expansion in
digging wells, that increased from 1200 well in 1967
pumping about 65 million cubic meter by year to 2100
licensed wells in addition to about 900 unlicensed well,
extracting 100 to 110 million cubic meters of water in 1993.
This uncontrolled expansion in drilling wells has led to
sea water intrusion and consequently, causing a serious
degradation of water quality, where one of studies
showed that the chloride concentration has exceeded the
secure limit [8]. However, the absolute population number
cannot be considered the sole demographic driver of
water scarcity. The distribution of population within a
region also plays a major role in the pressure on water
resources available. Further, increase of urbanization rates
(the ratio of the population living in cities) has an
important effect on water, where the increase of
population number of megacities such as Dhaka, Jakarta
and Lagos will impose additional pressures on water
supply infrastructure which may lead to shortfall in water
supply in these cities [9].

Population growth is the key factor of pressure on
the renewable water resources in a given region. Likewise,
expansion of irrigated agriculture area aims providing
adequate  population  food  needs;  consequently,  water

growth [10]. As population increase, per capita of natural
resources are progressively decreasing. The rapid
increase of population against declining of water
resources, per capita of water available has decreased and
the pressure on the existing resources of water is
continuously increasing in time and space [11] 

MATERIALS AND METHODS

Collecting the fundamental and necessary data can
be summarized as follows:

Data on population was collected from General
Authority of information, based on the
comprehensive population surveys that have been
conducted in Libyaduring 1973-1984-1995-2006. Note
that, these surveys are typically conducted in Libya
each 9 to 11 years. (2) Data on water was obtained
from the reports issued by General Water Authority
(GWA), in exception of the volume of total renewable
water resources (TRWR), where it was obtained from
Aquastat Database. It is estimated about 700 mm  or3

0.7 km . To evaluate population growth in Libya,3

population growth rate (PGR) indicator was applied
as a suitable statistical tool widely used to evaluate
changes occurred in population over time according
to this formula:- 

P = Is the population number in the first census. 1

P = Is the population number in the second census1

t = Is the period of time between P1, P2

To assess the relationship between population
growth and total renewable water resources TRWR,
per capita of TRWR were obtained through this
equation

Where:

 is per capita. TRWR is total renewable which is estimated
by about 0.7 km  water resources.  POP t is total3

population.
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To investigate the relationship between population As shown from the table, the maximum capability to
growth and per capita of TRWR,(water available), supply water in Libya on sustainable basis has been
Pearson Correlation coefficient (PCCs) was applied, expected at the fixed rate of 3820 mm , in contrast, demand
it is usually used to measure the leaner relationship for water is expected to grow annually from 3885 mm  in
between two quantitative variables [12]. The aim of 1995 to 5794 mm3in 2010, with a growth ratio of 3.3% per
applying this statistical measurement is to know to year and expected to reach about 8022 million  m3 by
what extent renewable water resources are affected 2025. The negative difference between water supply and
by the increase of population demand for water in the country create a serious water

estimated to reach -4202 mm3 by 2025. This imbalance
Where: situation has led to the appearance of a serious water gap

r = Correlation Cof.
x = population.
y = percapitasharshare of renewable water
n = Nunber of values.

The value of this statistical measurement is confined
between +1 and -1, or (+- 1), the strength of association
between variables under investigation is strong as the
value obtained is close to 1 in both positive and negative
direction, while no correlation  between  variables  when
r is 0. P-value was also used to measure the level of
significance. The association is statistically significant if
p-value is > 0.5, whereas, the association among variables
is not significant if p-value is <0.5.

RESULTS AND DESCUSSION 

Water Situation in Libya: The Libyan population
increased from less than one million in 1955 to more than
5 million in 2005 and it is expected to reach more than 12
million by the year 2025 [13]. As shown from Table 1, the
total available fresh water supplies on sustainable basis
have been estimated at the fixed rate of 3820 million cubic
meters per year. In contrast, water demand has grown
from 3882 mm  in 1995 to 5720 mm3 in 2010 and expected3

to be 8022 mm  by 2025.3

3

3

deficit ranges from -65 mm3 in 1995 to -1974 mm3 and it is

in the country (Fig. 1)

Population  Growth   in Libya    Between   1973-2006:
As shown from the table, Libya has witnessed an increase
in population through the three decades ago. Censuses
conducted in Libya shows that population number was
2249.2 thousand person in 1973, increased to 3642.5
thousand in 1984, with an annual growth rate 4.5%, which
is categorized as the second highest growth rate in the
world after Kuwait [14] From the table, three different
stages were observed for the population growth as
follows:

1 Phase: Rapid population increase can be observedst

between 1973-1984, where; growth rate has recorded the
highest value (4.5%).

2  Phase: Relative decrease of population growth wased

observed between 1984-1995. It has suddenly declined
from 4.5% in 1984 to only 2.5% in 1995, affected by many
factors of which; (1) declining of crude birth rates
resulting from declines in fertility rate, (2) decreasing of
immigration rates caused by contraction of labour market
in Libya during this period due to the turbulent political
circumstances that Libya has witnessed caused by the
international economic sanctions imposed by Security
Council during 1991-2003. 

3   Phase:  This  stage  is  limited   between  1995-2006.rd

It was characterized by the significant declining in
population  growth  rate  where,  it  recorded   only  1.8%.

Table 1: Presents water situation in Libya 

Water (10  m ) 1995 2000 2005 2010 2015 2020 20256 3

Water  supply 3820 3820 3820 3820 3820 3820 3820

Water needs 3885 4493 5128 5794 6495 7236 8022

Water balance -65 -673 -1308 -1974 -2675 -3416 -4202
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Fig. 1: Water gap in libya 

Table 2: Population growth in Libya 

Year 1973 1984 1995 2006

Population number 2249.2 3642.5 4799 5657.7
Growth rate period 1973-84 1984-95 1995-06

(%) 4.5 2.8 1.6

Source: [15, 16]

Table 3: Water scarcity index barrier differentiation proposed by Falkenmark
1989.

Water situation Indicator value M3

No water stress >1700
Water stress 1000-1700
Water scarcity 500-1000
Absolute water scarcity <500

Source: [18]

However, population number have doubled more than
once where, the Population growth in Libya increased
from 2249 thousand/person in 1973 to more than 5657
thousand/person in 2006 as shown from Table 2.

The Development of per Capita of Renewable Water in
Libya: Per capita of total renewable water resources
(TRWR) can be used as one of the most important
indicator to evaluate the water situation in a certain region
and to measure the impact of population pressure on
water resources and to demonstrate the severity of water
shortage in a particular region. Early water indicators
concentrated on the physical availability of water and
how it is associated to population. Per capita of available
water resources measures the ratio of the renewable water
generated by the hydrological cycle to the people number
[17].

Thus TRWR can be defined as a total annual volume
of water renewed by hydrologic cycle in a particular
region, includes surface flow from its internal and external
sources plus recharge quantity of aquifers by infiltration
through the soil. 

Table 4: Shows the change in per capita of renewable water resources in Libya during
1974-2006

1972 1984 1995 2006

Population/1000/ inha 2249.2 3642.5 4799 5657.7
Per capita/ m3 of renewable water 266.76 164.72 125.03 106.05
Population growth rate % 1973-1984 1984-1995 1995-2006

4.48 2.52 1.56
Per capita growth rate % -- -4.5 -2.6 -1.5

Calculated by researcher.

Researchers concerning in water problems proposed
that 1700 m  of renewable water per capita per year are the3

minimum volume of water that should be available for
various purposes and represents the threshold of water
stress in the region. When this amount declines below
1000 m  a region (country) suffers from water scarcity and3

less than 500 m  is absolute scarcity Table 3. 3

Based on this index and according to AQUASTAT
DATA BASE, the total volume of renewable water
resources in Libya (TRWR) equals only  700  mm /year3

(0.7 km ). In contrast; population is constantly growing,3

which leads to decreasing the per capita share of
renewable water, the table 4 Shows changes in per capita
of renewable water in the country from 1973-2006.

From the table, the decrease in per capita share of
renewable water is clearly observed caused by the
population pressure imposed on the limited water
resources  in  Libya.  Per  capita  has decreased from
266.76 m  in 1973, to only 106.05 m3 in 2006, where the3

Libyan water situation can be categorized as an absolute
water scarcity. 

As seen from the Figure, a negative relationship is
observed between the change in population size and per
capita of TRWR. Statistically, high negative correlation
between change in population and change in per capita of
renewable water is observed. The value of r is -0.969, with
a significant level (0.03). This result reflects that negative
association between both variables (population growth
and  per  capita of renewable water), namely, per capita of
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Fig. 2: Growth rate in per capita of TRWR and population
in Libya 

Fig. 3: Population distribution compared to the
distribution of the main underground water basins
in Libya 

renewable water decreases as population increases.
According to all above, the increase in population has
effectively contributed to pressure on limited water
resources and led to serious decrease in per capita of
renewable water as reflected by figures and rates shown
in the Table 4. Large deficit in per capita of water is
compensated by excessively pumping from underground
water, which in turn has led to depletion the shallow
aquifers and increasing of water salinity due to sea water
intrusion along the coastal basin [19].

Population Density and Water Resources in Libya:
Population density plays a major role in the pressure on
water resources available. Consider this fact; Libya is
generally sparsely populated, where population density
was 3.20 /person/ km  in 2006. However, substantial2

differences  in  population  density  are  observed
between regions in Libya. It ranged from 0.11/person/km2

in Al- Kufra municipality, located within the largest
Libyan water basins to 2207.3/ person/ km2 in Tripoli that
is situated the northern part of the smallest water basin in
the country (Jefara Basin). Figure 3 reflects the population
density for the distribution of the main underground water
basins in Libya.

As seen from the figure, mismatch between
population distribution and the distribution of the basic
water basins is clearly observed in Libya, where more than
37% of total Libyan population lives within the smallest
water basin, located in the North-West part of the
country. Only 8.7% of the total population live within the
largest water basins (Al-Kufra and Murzuq) that cover
roughly  three-quarters  of  total   Libya's   area.
Population concentration in the northern belt of the
country has led to impose pressures on the northern
basins (Jefara plain basin and Jebal Al-Akhder basin).
High population density coupled with the expansion of
irrigated agriculture in the north western country has
contributed to the deterioration of quality and quantity of
water. For instance, Over-exploitation of water in Gefara
Plain Basin has led to lowering water tables  seriously.
The average of the declining water levels in the basin
ranged between 0.5-2.3 m/year during 1972-2005 in the
upper reservoir. In the deep reservoir, the decline in water
table ranged from 2.5 to 5 m/year during the same period
[19]. Salinity rates have also increased due to sea water
intrusion in the basin, especially in its northern parts.
Figure 4 shows the change in sea water intrusion
between1957-2003.

Population Growth and Water Demand for Domestic
Purpose: Estimated data on water demand for domestic
purposes indicates that it is continuously increasing due
to the increasing of population number and improving of
living  standard.   The  volume  of  domestic  rose  from
364 mm  to 573 mm  in 2005 water needed Table 5. 3 3

The table shows that domestic water needs increase
by roughly 5.7% per yearbetween 1995-2010, where it
jumped from 364 Mm  in 1995 to 573 mm  in 2005. 3 3

Table 5: Shows the projected water demand for domestic use in Libya in

million cubic meter

Year 1995 2000 2005

Population in million 4.8 5.7 6.7

Domestic water needs in Mm 364 457 5733

Source: [21]
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Fig. 4: Sea water intrusion in Jefara Plain Basin between 19572003

Increasing water demand as described can be attributed 2. General Water Authority, 1999. A study of water
to the change in population size and the increase of per
capita water consumption. Although, 50 L /person/per
day for domestic water use could be considered as a
reasonable   quantity   for   developing   countries  [20].
Per capita of water consumption in Libya ranged from 150
l/day in rural areas to more than 400 l/day in big cities [21],
thus it far exceeded the proposed limit of the daily per
capita of water consumption. Improvement of income and
increasing urbanization rates in Libya have played a major
role in the increasing water demand for domestic use.

CONCLUSION

From all the above, it can be concluded that the water
resources in Libya are limited and are under severe
pressure due to the increase in population.It is shown that
the increasing population has led to decrease per capita
of water available gradually, leading to create a serious
water  gap  between  water  demand  and   water  supply.
It is also shown that population concentration in the
north western part of the country associated with over
exploitation of water have led to serious deterioration of
water quantity and quality in Jefara Plain Basin due to sea
water intrusion and lowering water tables
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