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Climate versus Weather

– Weather is the day-to-day state of the atmosphere, and is a chaotic
non-linear dynamic system.

– Climate — the average state of weather — is fairly stable and
predictable. It includes

• the average temperature,
• amount of precipitation,
• days of sunlight, and
• other variables that might be measured at any given site.

Starting Point



Some Current Numbers
GHG Emissions in Lebanon – Year 2000

Source: Lebanon’s Second National Communication to the UNFCCC
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Some Observed Effects - Region
• Increasing summer temperatures and decreasing winter temperatures.

• Increased dust storms affecting crops, human health, economic activity, and tourism

• Observed changes in the timing, form, and intensity of rainfall: decreased snowfall in
Lebanon’s mountains, and severe thunderstorms or unprecedented floods in Saudi Arabia,
in Gaza, in Turkey, and along the Nile river

• A severe drought from 2006-2009 that spanned central Turkey and Syria

• Rising sea levels, observed throughout the eastern side of the Mediterranean basin, and the
northern coastline of the Nile Delta (where land subsidence is a key factor)

• Low or empty dams and water storage facilities noted in Turkey, where half of the dams
serving Ankara and Istanbul were empty, prompting the installation of a $600 million
emergency water diversion system

• Longer and more intense seasons for forest fires observed in Turkey and elsewhere.



Some Current Numbers - Lebanon

• Population in 2004 is estimated at 4.29 million

• Population growth rate ~ 1.0%

• Proportion of total population in urban areas ~ 83%.



Some Current Numbers – Beirut,
Lebanon

Annual Rainfall in Beirut

0.0

200.0

400.0

600.0

800.0

1000.0

1200.0

1400.0

1870 1890 1910 1930 1950 1970 1990

Year
R

ai
n 

(m
m

)

AUB Linear (AUB)



Effects of ENSO on Precipitation
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Anticipated Impacts of Climate Change

• reduction of about 20% in precipitation (rainfall and snowfall)

• reduction in snow cover

• increase in severe storms and their frequency

• increase in evapotranspiration

• increase in the occurrence and frequency of droughts



Anticipated Impacts of Climate Change

• increase in forest fires leading to:
– decrease in ground cover
– increase in erosion
– decrease in infiltraon → decrease in gr oundwa t er  rechar ge

• reduction in surface and ground water quality
– higher temperatures reduce dissolved oxygen levels
– reduced streamflow and lake levels  less dilution of pollutants;
– increased frequency and intensity of rainfall  more pollution and

sedimentation due to increased runoff

• sea level rise leading to
– intrusion of seawater into coastal aquifers
– Interference with sewage and stormwater sea outfalls/networks in

coastal areas.



Key Impacts of Climate Change on Urban Areas

• Disruption in supply of:
– Water
– Food

• Reduction in air quality

• Reduction in water quality
– Groundwater: Sea water intrusion
– Surface water: Reduced mixing

• Infrastructure failures:
– Stormwater and sewage networks
– Electricity networks
– Transportation network
– Increase in coastal erosion

• Stress on public health:
– Increase in respiratory and vector

borne diseases

• Stress on Social Services:
– Increase in internal migrations
– Associated unemployment
– Disruption of school days



Economic
activities

Emissions

Concentrations

Climate
Change

Impacts on physical
and ecological

systems

Impacts on
(damages to)
economies

M
iti

ga
tio

n

Ad
ap

ta
tio

n



Some Adaptation Measures

• Water Resources:
– Improved urban demand

management (new technologies,
regulations on new construction
and retrofitting, etc.)

– Demand management in
agriculture

– Improved storage capacity
– Alternate water sources
– Virtual water

• Food supply:
– Roof top gardens, community

gardens, etc
– Vertical/structural agriculture
– Agreements with foreign suppliers

• Air quality:
– Urban green spaces
– Renewable energy sources
– Public transport

• Water quality:
– Wastewater treatment
– Restriction on access to

groundwater

• Infrastructure failures:
– New technologies
– Structural interventions (dikes,

breakwaters, flap gates, etc.)
– Zoning



Consequences to No Action
• Reduction in national productivity due to illnesses,

breakdowns of services, etc.

• Conflict over diminishing resources – internal and
external

• Migration – from rural to urban areas with the
associated pressures on infrastructure and social
services

• Immigration – to better adapted countries, namely
the West.



Thank you



Water Demand Management
• Agriculture:

– Irrigation:
• conveyance efficiency from source to farm
• application efficiency, e.g. sprinkler and drip methods
• New management techniques, e.g. deficit irrigation

– Crop production:
• Stop growing crops that demand a lot of water
• Select crops that are tolerant to drought or low precipitation
• Shift crop growing areas to regions that have more rainfall or available

water



Water Storage Strategy

• Reservoirs (preferably closed)

• Hill lakes

• Groundwater recharge

• Dams



Alternative Water Sources

• Use of treated sewage effluent

• Desalination

• Water harvesting



Change in Precipitation



Change in groundwater
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Increase in evapotranspiration
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Reference
Condition

1993 - 1998

S 1 -
P↓10%

and
ET↑10%

S 2 -
P↓10%

and
ET↑20%

S 3 -
P↓20%

and
ET↑10%

S 4 -
P↓20%

and
ET↑20%

S 5 -
P↓30%

and
ET↑10%

S 6 -
P↓30%

and
ET↑20%

S 7 -
P↓40%

and
ET↑10%

S 8 -
P↓40%

and
ET↑20%

Drought Years

Normal Years

Increase in the occurrence and frequency of droughts
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