
Summary 

�Beirut is a densely pop-
ulated city which expe-
riences acute water
deficits leading to in-
termittent supply in
many areas.

�Urban areas are partic-
ularly vulnerable to cli-
mate change due to an
anticipated increase in
water demand for
domestic and industri-
al consumption.
Sensitivity to climate
change is heightened
by poverty, poor access
to clean water and san-
itation, and a lack of
environmental regula-
tion.

�Microbial contamina-
tion of drinking water
is frequent during peri-
ods of water shortage
when consumers ab-
stract water from pri-
vate wells or purchase
water from unregulat-
ed water vendors.

�The potential adverse
health impacts of cli-

mate change are associ-
ated with deteriorating
water quality and salt-
water intrusion (from
sea-level rise and
groundwater abstrac-
tion).

1. Physical 
and socio-economic
characteristics 

Water resources in
Lebanon are vulnerable
to increasing tempera-
tures and changes in
precipitation patterns.
While the country has
better water resources
per capita relative to
other countries in the re-
gion, it will still be un-
able to meet its local de-
mand by 2025 (MoE,
2001). In urban areas in
particular, domestic wa-
ter demand is expected
to increase due to higher
temperatures and cli-
mate change is likely to
further exacerbate exist-
ing water shortages
(Bou-Zeid and El-Fadel,
2002). The latter might
have serious socio-eco-

nomic consequences as-
sociated primarily with
the health impacts of de-
teriorating water quality
and salt-water intrusion
arising from increased
groundwater pumping
and/or sea-level rise. In
this context, the Greater
Beirut area (Figure 1) has
been selected to evalu-
ate the potential water-
related health impacts
associated with climate
change. Greater Beirut is
the largest metropolitan
area in Lebanon with
around 2 million inhabi-
tants, nearly half of the
country’s population. It
is a densely populated
urban area renowned for
problems of water short-
age (Yamout and El-
Fadel, 2005). In addition
to pressures of high pop-
ulation growth, water
demand has been rising
in response to tourism
and industrial develop-
ment. Consequently,
Beirut experiences an
acute water deficit lead-
ing to intermittent sup-
ply in most areas (10 hrs
of supply every other day
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more commonly known
as water vendors who
operate without proper
regulation particularly in
poorer areas. In both cas-
es, water supplies are of-
ten contaminated result-
ing in serious adverse
health impacts. Recent
statistics reported by the
Central Laboratory
(Beirut) revealed a mi-
crobiological contami-
nation of 24 percent of
403 samples collected
from water vending
companies, and 40 per-

cent of 863 samples col-
lected from potable wa-
ter networks in various
regions across Lebanon1.
Moreover, of 450 samples
collected from ground-
water and springs, 37
percent were reported to
be microbiologically
contaminated (Table 1).

2. Justification 

The Greater Beirut area
accommodates nearly
half the population of
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in the summer), coupled
with a lack of piped wa-
ter supply to a large
number of poor areas.
Climate change is likely
to further exacerbate
this situation. 
In response to the short-
age or absence of a pub-
lic piped-water supply,
consumers resort to
pumping water from pri-
vate wells, which in-
creases salt-water intru-
sion, and/or purchasing
water from small-scale
private water providers,

Figure 1:
Beirut study area 

location
Beirut

1 Note that these samples were collected from houses and not from the network itself,
indicating that the source of pollution could have occurred anywhere between the
point of delivery from the network to the point of collection.



the country of Lebanon
and is undoubtedly more
vulnerable to potential
climate change due to its
coastal location, pre-ex-
isting poor quality of
drinking water, and pres-
ent and future water
shortages. In addition, as
the capital of the country
it has more data avail-
able than other locations
and it is more likely that
decision makers and in-
fluential stakeholders
will be accessible. 
Several initiatives have
been conducted to evalu-

ate water quantity needs
including the potential
increase in demand
linked to rising tempera-
tures (El-Fadel and Bou
Zeid, 2002; Yamout and
El-Fadel, 2005). Similarly,
water quality monitoring
and characterization is
an on-going effort.
Mortality and morbidity
data are relatively limited
for health impact assess-
ments of water quality,
but are available at a na-
tional and annual level
and can be extrapolated
to the study region.

3. Key research issues

The potential health im-
plications associated
with water shortages and
deterioration in water
quality constitute the key
research issues. The po-
tential pressures of cli-
mate change are set with-
in the context of other se-
rious social and environ-
mental pressures such as
high population growth
rates coupled with pover-
ty, a general lack of envi-
ronmental awareness,
limited access to clean
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Water tanks within shops

Water source
TotalBottled

water
Network

water
Ground

water

Samples exhibiting
microbiological
pollution

97 (24%) 345 (24%) 450 (37%) 892 (36%)

Total number of
samples analyzed 403 863 1,215 2,481

Table 1:
Results of water analysis
by the Central
Laboratory 
(Al-Safir, 2002)



nomic implications of
higher water demand
and deteriorating water
quality associated with
climate change, and the
development of adapta-
tion and conservation
strategies which take in-
to account country-spe-
cific characteristics. It is
expected that these
strategies will include

water allocation for com-
peting sectors and water
quality regulatory stan-
dards for water vending.
Other sectors potentially
influenced by climate
change include air quali-
ty, tourism, coastal inun-
dation, erosion and
flooding, but these will
not be the focus of this
case study. 
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water and sanitation, and
a drive towards industri-
alization with no envi-
ronmental controls. 

4. Key areas 
of integration

This case study will focus
primarily on the assess-
ment of the socio-eco-

Mobile water 
trucks

Water tanks provided 
by political organisations



5. Regional 
stakeholders, policy
makers, institutions

Public entities:

�Council for Develop-
ment and Reconstruc-
tion

�Ministry of Energy and
Water

�Ministry of Public
Health 

�Ministry of
Environment

Municipalities:

�Non-governmental or-
ganizations

�National Council for
Scientific Research

�Academic institutions
and universities

�Private consultants

�General public of
Greater Beirut

7. Data availability

The main data required
for the case study is relat-
ed to drinking water
quality indicators partic-
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giene practices. In addi-
tion, the availability of
data are likely to be spo-
radic because monitor-
ing systems are virtually
absent in Lebanon.
While comprehensive
field surveys are beyond
the scope and resources
of this case study, future
needs will be outlined.
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ularly vectors of water-
borne diseases, econom-
ic indicators related to
income distribution,
health costs, population
structure and age distri-
bution. While some data
(limited in nature com-
pared to records in EU
countries) can be collect-
ed from various min-
istries, academic institu-
tions, and international
organizations with a rea-
sonable degree of scien-
tific certainty, other data
are expected to be less
reliable particularly
those related to heath.
The latter is likely to
present a limitation to
the case study due to un-
der-reporting of actual
health impacts. The oth-
er more significant limi-
tation will be the difficul-
ty in separating impacts
associated with climate
change from those relat-
ed to sanitation and hy-
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