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Exchange Rate
1 US Dollar = 1511 Lebanese Pounds (Lira)

AEZ 	 Agro-Ecological Zones
AHZ	 Agriculture Homogeneous Zoning
ALADIN	 Aire Limitée Adaptation dynamique Développement InterNational
AR5	 Fifth Assessment Report
AWS	 Automated Weather Station
AWSN	 Automated Weather Station Network
C	 Celsius
CCLM	 Climate Community Limited-area Modelling
CDAS	 Climate Data Assimilation System
CERFACS	 European Centre for Research and Advanced Training in Scientific Computation
CHIRPS	 Climate Hazard Group InfraRed Precipitation
cm	 centimeters
CMIP3	 Coupled Model Intercomparison Project Phase 3
CMIP5	 Coupled Model Intercomparison Project Phase 5
CNRM	 National Centre for Meteorological Research
CORDEX-Europe	 European Coordinated Regional Climate Downscaling Experiment
CRU	 Climate Research Unit
DJF	 December, January, February
DRM	 Disaster Risk Management
dS/m	 deciSiemens per meter
E-OBS	 the E-OBS gridded dataset
EC-EARTH	 European Centre Earth Modelling System
ENSO	 El Niño Southern Oscillation
EU	 European Union
EWS	 Early Warning System
FAO	 Food and Agriculture Organization of the United Nations

ABBREVIATIONS
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GDP	 Gross Domestic Product
GEF	 Global Environment Facility
GNI	 Gross National Income
GPRS	 General Packet Radio Service
GPS	 Global Positioning System
GWP	 Global Water Partnership
ha	 hectare
HadGEM	 Met Office Hadley Centre Earth System Model
has 	 hectares
HIRHAM	 High-Resolution Limited Area Model
HMNDP	 High-Level Meeting on National Drought Policy
ICARDA	 International Center for Agricultural Research in the Dry Areas
ICBA	 International Center for Biosaline Agriculture
ICHEC	 Irish Centre for High-End Computing
IDMP	 Integrated Drought Management Program
IIASA	 International Institute for Applied Systems Analysis
IPCC	 Intergovernmental Panel on Climate Change
IPSL	 Institut Pierre Simon Laplace
IWRM	 Integrated Water Resource Management
JJA	 June, July, August
km 	 kilometer
KNMI	 Koninklijk Nederlands Meteorologisch Instituut
LARI	 Lebanese Agricultural Research Institute
LARI-LEB	 LARI’s Early Warning System smart phone application
m	 meter
MAM	 March, April, May
MENA	 Middle East and North Africa
mm 	 millimeter
MO	 Mediterranean Oscillation
MOA	 Ministry of Agriculture
MOE	 Ministry of Environment
MOHC	 Met Office Hadley Centre
MOI	 Mediterranean Oscillation Index
MPI-M	 Max Planck Institute for Meteorology
MT	 Metric Ton
NAO	 North Atlantic Oscillation
NAOI	 North Atlantic Oscillation Index
NAP	 National Action Plan
NDMC	 National Drought Mitigation Center
NDP	 National Drought Policy
NFT	 Nutrient Film Technique
ONI	 Oceanic Niño Index
RACMO	 Danish Regional atmospheric climate model
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RCP	 Representative Concentration Pathways
RDMS	 Regional Drought Monitoring System
REMO	 REgional MOdel
RMSE	 Root Mean Square Errors
RPCA	 Rotated Principal Component Analysis
SMS	 Short Message Service
SON	 September, October, November
SPI	 Standard Precipitation Index
TRMM	 Tropical Rainfall Measuring Mission
UN	 United Nations
UNDESA	 United Nations Department of Economic and Social Affairs
UNEP	 United Nations Environment Programme
UNFCCC	 United Nations Framework Convention on Climate Change
USAID	 Unites States Agency for International Development
USDA	 United States Department of Agriculture
W/m2	 Watt per square meter
WeMO	 Western Mediterranean Oscillation
WMO	 World Meteorological Office
WRF	 Weather Research and Forecasting Model
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This volume examines the causes and consequences of drought on Lebanon’s agricul-
ture. Lebanon is getting hotter and dryer. Projections show droughts will likely become more 

frequent and severe. Climate change, El Niño Southern Oscillation (ENSO), and the North Atlantic 
Oscillation (NAO) impact the occurrence of drought to varying degrees, with NAO being the biggest 
short-term driver and climate change being the biggest long-term driver. The drier conditions will have 
important ramifications on Lebanon’s agricultural economy and the wellbeing of citizens working 
in agriculture. Ramifications include production declines and the loss of livelihoods, among others. 
Drought was not considered an important issue in the country until recently. But, that view is slowly 
changing as a series of droughts and other extreme weather events over the past decade demanded 
the nation’s attention. With greater awareness of drought, public institutions slowly begin to change, 
moving from reactionary responses to taking the first steps towards strategic planning. Still, much more 
can be done. These actions include: developing a national drought action plan, establishing drought 
monitoring systems, improving ministerial coordination, utilizing new technologies like Hydroponics 
and Early Warning Systems, improving the quantity and quality of climatic data, and other actions.

The individual chapters of this volume were compiled using information from five commis-
sioned background papers. These background papers relied on mostly secondary data sources. But, 
some primary data was collected as well. Through key informant interviews and focus group discus-
sions, thirty stakeholders were consulted. They represent various research institutes, the private sector, 
government agencies, and civil society organizations. The purpose of this volume is to build off the 
2013 book, Increasing Resilience to Climate Change in the Agricultural Sector of the Middle East: The 
Cases of Jordan and Lebanon (Verner et al. 2013). That book prioritized agricultural needs in Jordan 
and Lebanon, including knowledge generation and technological advancement. This volume adds to 
both topics.

Agriculture and agroindustry are important economic and livelihood sectors in Lebanon, 
especially in rural areas. Climate change’s adverse impacts on agriculture increasingly translate 
into a contingent liability for the Lebanese economy. This includes impacts on GDP, the balance of  
payments, and the trade balance as agricultural and agro-industrial outputs and exports fall but food 
imports rise to meet domestic demand. Moreover, rainfed crops, which are the most affected by  
climate variability, are produced in rural areas. These crops are critical for rural livelihoods and live-
stock and food security needs.

OVERVIEW
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Lebanon is a small country, but because of its topographic diversity, has many bioclimatic 
zones (Figure 0.1). The various bioclimates mean there are also various agroclimatic zones and spa-
tial form synergy. The many different microclimates make standardized definitions of climate zones 
challenging. Lebanon delineates agricultural zones according to the Agriculture Homogeneous Zoning 
(AHZ) method. This is less accurate than delineating zones by bioclimates, but also has some benefits. 
Homogenous zones follow permanent and easily-marked borders that do not change like agroclimatic 
zones. Figure 0.1 shows the myriad of changing bioclimatic zones compared to the organized simplified 
AHZs in Figure 0.2. AHZs are convenient for administrative purposes.

Lebanon hosts a diverse set of natural and agricultural plant life. The country has among the 
highest densities of floral diversity in the Mediterranean basin and is one of the most biologically-diverse 

FIGURE 0.1 Lebanon’s Bioclimatic Zones

Source: Abi-Saleh and Safi 1988.
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regions in the world. It is home to 1.11 percent of the world’s 
plant species, a relatively high proportion given the country’s 
small land mass (Tohme and Tohme 2007). There are also 
360,000 hectares of arable agricultural lands in Lebanon. This 
comprises 35 percent of the country’s surface area (MOA 2010). 
The greatest concentration of agricultural lands is in the Bekaa 
Valley (42 percent of the total cultivated area), followed by 
northern Lebanon (26 percent), Southern Lebanon (22 percent), 
and Mount Lebanon (9 percent).

These lands grow a wide variety of crops. Thirty-one per-
cent of total agricultural production are fruit trees, 23 percent 
are olives, twenty percent are cereals, 17 percent are vegeta-
bles, and the remaining nine percent are industrial crops, like 
tobacco, grape vineyards, and others (MOA 2010). The most 
important fruit species grown in Lebanon are citrus, apricots, 
peaches, plums, cherries, grapes, almonds, apples, and pears, 
in that order.

Each of these crops is vulnerable to varying degrees to 
drought and higher temperatures. For example, olive trees 
are generally resistant to rapid climate swings, but are still vul-
nerable to longer-term climate change. Cereal yields are vulner-
able to decreased rainfall. The most vulnerable areas for cereal 
crops are in the Bekaa Valley where reduced precipitation is 
common during the growing season. Higher temperatures are 
also a factor for cereal production. Just a one-degree Celsius rise 
in temperature leads to a 13 percent loss in yields (Tsutsaka and 
Otsuka 2013). Food legumes, a major component of the Lebanese culinary tradition, are detrimentally 
impacted by heat and drought. Some crops are more suitable than others to drier and hotter conditions. 
For example, potatoes, the most cultivated vegetable crop in Lebanon, is a highly efficient water user.

Besides the major crops, there are also several underused crops being promoted in Lebanon. 
Blackberries have recently been promoted as a potential market crop. They can tolerate some drought 
and grow in areas of extreme aridity (Weber 1995). This makes it an important option in a hotter 
and drier climate. Quinoa has also been promoted. Originally from the Andes in South America, it 
is a highly nutritious food adaptable to different agro-environmental conditions. It can grow during 
droughts and high temperatures. A FAO project, “Technical assistance for the introduction of Quinoa,” 
is being locally implemented in Lebanon. In an example of an overused crop, illicit cannabis produc-
tion has risen dramatically in Lebanon since the outbreak of war in Syria.

There are also efforts to protect Lebanon’s many aromatic, medicinal, and wild edible plants. 
Aromatic plants include species of the Lamiaceae family, such as mint. These are used for mainly 
flavoring. Medicinal plants include species belonging predominately to the grass and legume families. 
These are obviously used for medicinal purposes. The primary group of wild edibles comprise of 
chicory, eryngo, gundelia, and black salsify. These are used in salads and for cooking. Because these plants 
lack clear profitability, they are often neglected and even threatened. For this reason, the domestication 

FIGURE 0.2 Agro-homogeneous Zones of Lebanon

Source: FAO 2006.
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of several species has begun. For example, capers and Lebanese oregano are native aromatic plants that 
have been threatened but are now being protected and domesticated.

To sustain its agricultural sector, Lebanon largely relies on imported seeds. It is estimated that 
local seed production does not exceed three percent of the country’s seed market. Legumes, cereals, and 
tomatoes comprise the limited local seed production. But, private international seed producers import 
most forage and vegetables seeds. To overcome this reliance on foreign seed sources, the Ministry 
of Agriculture is implementing a seed multiplication program. Its goal is to procure certified seeds of 
improved varieties for farmers at subsidized prices.

Lebanon’s climate is changing. Lebanon is characterized by hot, dry summers and cool, moist 
winters. But, the country has experienced an annual mean temperature increase of ∼0.3°C per decade 
since about 1970. According to the IPCC, this long-term warming trend is unequivocal, but short-term 
warming is more variable. These long-term trends and short-term variations are easily discerned in  
Figure 0.3 and Figure 0.4. Precipitation changes are often a complex consequence of large-scale drivers, 
like radiative forcing from enhanced greenhouse effects, and local and regional feedbacks that may work 
in opposing directions.

Like the rest of the region and much of the world, Lebanon faces increased drought risk.  
Various sources affirm this. The Lebanese Agricultural Research Institute (LARI) reported a forty to 
fifty percent decrease in rainfall last year compared to an average year. Moreover, 2013–14 was the driest 
winter on record. Lebanon’s meteorological service reported there were just 431 millimeters of rainfall 
that winter. This was less than half the previous winter’s total of 905 millimeters and well below the yearly 

Percentage Annual Rainfall Anomaly in Lebanon
compared to 1976–2005 Annual Mean Rainfall
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FIGURE 0.3 Annual Rainfall Anomaly in Lebanon Compared to the Mean Annual Total Rainfall for the Period 1976–2005

Source: ICBA (2017) “Drought, atmospheric systems, impacts and management in Lebanon,”, International Center for Biosaline Agriculture.
Note: The blue line is the model’s average for the oldest period, the yellow line is the model’s average for the less-severe RCP4.5 scenario, and the red line is the model’s 
average for the more-severe RCP8.5 scenario.
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average of 812 millimeters. Figure 0.3 shows projected rainfall declines under different climate scenarios. 
Figure 0.4 is projected temperature increases. It shows that actual temperature increases are less than the 
most serious projections but still well with the projected range of change. These changes are driven by 
anthropogenic climate change and teleconnections.

El Niño Southern Oscillation (ENSO), which includes El Niño and La Niña, is the most well-
known teleconnection. In simple terms, teleconnections are atmospheric interactions between widely 
separated regions of Earth (Glantz 1994). ENSO causes global climate variability on seasonal to inter- 
annual time scales (Wolter and Timlin 2011). ENSO clearly influences areas in Asia, Africa, and North 
and South America, but its influence in Europe, North Africa, and the Middle East is less clear. There is 
an obvious correlation between strong ENSO years and irregular precipitation in Lebanon, but a causal 
relationship has not been established

The North Atlantic Oscillation (NAO), by contrast, is the most prominent teleconnection 
in the MENA region (Barnston and Livezey 1987). The NAO consists of a north-south dipole of air 
pressure anomalies, with higher pressure across the high latitudes of the North Atlantic and lower 
pressure over Western Europe, the eastern United States, and the central North Atlantic. Long-term 
observations suggest NAO is a dominant influence on weather in the Middle East. Most notably, 
it impacts river flows, surface temperatures, and winter precipitation. NAO also drives western and 
southern Mediterranean precipitation. For example, winter rainfall in Lebanon has declined since 
the 1970s largely because of a positively phased NAO. Other important teleconnections include the 
Mediterranean Oscillation (MO) and the Western Mediterranean Oscillation (WeMO).

Lebanon’s 2014 drought led to more people realizing drought is a danger. In preceding decades, 
war and political conflict dominated Lebanese people’s conscience. As a result, droughts seemed rela-
tively inconsequential. The 2014 drought raised awareness on its various threats to agriculture and the 
economy. The most important agricultural threat is to crop production, but drought also has many social 
and environmental consequences.

Drought’s impacts on groundwater usage are considerable. Most crops in Lebanon require 
supplemental irrigation, and droughts increase irrigation demand, which is met almost entirely by 

FIGURE 0.4 �Projections of Mean Global Surface Air Temperatures from 1986–2050  
(relative to 1986–2005) under All RCP Scenarios

Source: CMIP5 Models.
Note: The black line is observed temperature increases, the grey and colored lines are projected trends. RCPs = representative concen-
tration pathways.
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groundwater abstraction. Also, utilities and organizations that provide water for refugee settlements 
face water shortages that are met through groundwater utilization. Increased groundwater pumping, 
the need to deepen or drill new wells, and water purchases for refugee relief are major cost burdens 
for all stakeholders. Moreover, blackouts are frequent in Lebanon, meaning pumps can fail for hours 
at a time.

Droughts disproportionately impact the poorest communities in Lebanon. When taking 
account of the entire agricultural value chain, agriculture is an important livelihood. This is especially 
true in the poorest governorates of Akkar and Baalbek-Hermel, where agriculture is one of the pri-
mary sources of income and employment. These communities also have limited capacity to manage 
drought risk.

Drought can lead to conflict or illegal behavior. Large agricultural areas in Lebanon depend 
on spring systems. The discharge of these springs fluctuates in response to changing snow cover 
and precipitation. According to stakeholder consultations, spring failures lead to conflicts within 
and between villages as reduced water supply must meet competing demands. Likewise, in densely 
populated areas with more piped water and wastewater infrastructure, farmers frequently tap these 
water lines illegally. This leads to leakages, water pressure drops, and, in the case of tapped sewage lines, 
major health risks.

Traditionally, Lebanon has relied on short-term emergency relief measures to manage 
droughts. Long-term drought risk management can be difficult to advance when current droughts 
heighten the focus on immediate crisis response. These ad hoc responses are a result of drought not 
historically being viewed by policymakers and the wider public as a major threat to Lebanon. But,  
ad hoc emergency assistance measures are “seriously flawed from the perspective of vulnerability 
reduction since the recipients of assistance are not expected to change behaviors or resource manage-
ment practices as a condition of the assistance” ( Jabar 2014). However, it is often a severe drought crisis 
that provides the best opportunity and impetus to implement longer-term drought risk management 
measures.

Lebanon has not been successful in drought risk management for several reasons. In Lebanon, 
drought management is not centralized. Drought is managed by individual institutions through their 
own frameworks. There is not a guiding national strategy for drought management and efforts are not 
coordinated. Government stakeholders said institutional roles in drought management are not clear. At 
a broader level, government dysfunction was another challenge, according to stakeholders. One source 
said, “corruption, bureaucracy, and the country’s perennial political paralysis make the prospects for 
(drought management) changes uncertain” (Middle East Eye 2014). A decade passed without an 
elected government or an approved budget, causing instability. While institutions continue to function 
according to their historical roles, progress is stalled because of a lack of a cohesion, clear mandates, 
coordination, and a strong central authority. Connected to this, local leaders commonly have major 
influence over local development strategies and legal and regulatory regimes. Compounding these 
problems, security concerns limit government agencies’ access to some areas of the country.

Lebanon’s drought management lacks a concerted effort. In stakeholder consultations, only one 
nationally-coordinated drought relief effort was mentioned. This effort, called the Higher Relief Fund, 
was ill-fated. The purpose was to make payments to mitigate drought risk, but, funds did not arrive for 
two years, much too late to alleviate negative impacts. Also, while Lebanon possesses a National Water 
Sector Strategy (NWSS), it does not specifically address drought management.
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One of the limits to the current drought management system is there is no drought monitor-
ing mechanism. Monitoring systems act as information sources to trigger action. Lebanon’s rela-
tively advanced meteorological network was severely disrupted and degraded during the civil war.  
Only recently has this network begun to be rebuilt, so there is limited data available. This dearth of cli-
matological data and the non-centralized nature of water resource data management are major stumbling 
blocks for monitoring drought. Efforts by the Ministry of Energy and Water to establish a Water Infor-
mation Center to collect data and make it available have not yet materialized.

Weak subnational land and water rights are major issues during droughts. Progress has been 
made in Lebanon to codify, unify, and rationalize land and water regimes over the past decade, but 
there is still lots to do. Many laws date back to the Ottoman era and simply evolved into current laws. 
Government and civil society stakeholders described this as a barrier to developing coordinated 
management plans. There are also legal difficulties to creating local water user associations, which are 
typically a part of effective water management. Most agree that providing some degree of local user 
management over water resources would be effective, especially during droughts. In cases where local 
municipalities control water resources for irrigation, there have been notable successes in drought 
management. In an important step forward, a Water Law, drafted in 2005, was ratified by the Lebanese 
Parliament in October 2017.

Weak extension services were another subnational problem for drought management.  
Governmental extension services are under-staffed with personnel responsible for a range of duties 
under the regional departments of agriculture, not just extension service duties. In the areas without 
public-sector extension services, agricultural input suppliers become the primary “extension” agents 
in Lebanon. But, stakeholders said suppliers frequently promote products regardless of their effective-
ness. It is not clear if suppliers have vested interests or simply provide poor advice.

Successful drought risk management requires both short-term emergency assistance and  
longer-term policy, structural, and institutional interventions. Drought risk management requires 
longer-term interventions because the complex nature of droughts and their social vulnerabilities change. 
These longer-term projects often focus on water resource management, agricultural technology improve-
ments, and water-related infrastructure developments.

To help build long-term drought risk management, two immediate steps could be taken. 
First, scale-up a national drought monitoring system. This would improve drought monitoring capacity 
and the timely communication of monitoring data, both of which are important steps in initiating any 
drought response. Second, develop a drought management plan that focuses on risk reduction. This 
could include organizational frameworks and operational arrangements.

Besides these immediate steps, other longer-term steps could be initiated. The first of which is 
acknowledging that drought is a challenge in Lebanon. Despite the 2014 drought and the level of aware-
ness this raised on drought risk, most Lebanese still do not view drought as a major national challenge. 
During stakeholder consultations, participants urged a shift in discourse on drought and water man-
agement. They said drought and water scarcity had hardly entered the public lexicon, despite Lebanon 
reaching extreme water scarcity in some areas.

To codify this shift in thinking, drought risk management could be embedded within  
Lebanon’s National Adaptation Plan (NAP) and National Determined Contributions (NDC) to 
the UNFCCC. NAPs are national strategies by countries to adapt to climate change that are sub-
mitted periodically to the United Nations Framework Convention on Climate Change (UNFCCC).  



DROUGHTS AND AGRICULTURE IN LEBANON: CAUSES, CONSEQUENCES, AND RISK MANAGEMENT8

In Lebanon’s most recent NAP (UNFCCC 2015), drought was not acknowledged as an important 
challenge. Rather, the focus was to improve water availability and decrease water usage. By only 
focusing on water use and availability, Lebanon is not taking steps to identify and classify drought, and as 
a result, will not be prepared for it. Also, climate change adaptation and drought risk management require 
many of the same actions, so plans should be fully consistent and integrated (Engle 2013). Updating 
Lebanon’s NDC with drought-related challenges and responses would further integrate the country’s 
climate change adaptation and drought risk management.

The local level also requires embedding drought. This would come in the form of vulnerability 
assessments. The diverse bioclimatic and agrometeorological zones in Lebanon require local assessments 
of drought risk. This would help national and international efforts to properly target interventions and 
give communities the support they require. Assessments can lead to more efficient ways of approaching 
cropping, food storage systems, water resource management, and infrastructure development. Under-
standing local vulnerabilities can help build systems that directly respond to conditions, not impacts, so 
decisions can be made before impacts occur.

Lebanon could continue to engage with international organizations for technical coopera-
tion. In other drought-prone countries, continuous engagement with international experiences has been 
beneficial both for the development of more dynamic risk management approaches and the infusion of 
updated knowledge and research findings into these approaches (Redwood 2017).

In Lebanon, there is a strong need for an integrated, cross-ministerial, multi-stakeholder 
approach to drought management that reflects the new realities of politics and government.  
Generally, this will require establishing an empowered central authority on drought risk management 
and institutional coordination. This coordination must first take place within the government, but also 
eventually with the private sector and civil society. Combining this improved communication and col-
laboration among governmental agencies and non-governmental organizations with active participatory 
decision-making is effective in reducing drought risk (Redwood 2017). Greater coordination can also 
lead to a more open exchange of knowledge and information. Currently, there is a Disaster Risk Man-
agement Unit within the Prime Minister’s Office, under an ongoing UNDP-funded project, but drought 
management is not a specified sub-unit.

Another important tool for managing drought risk, is establishing innovative financial mech-
anisms. Financial incentives and mechanisms like crop insurance and national drought contingency 
funds—or natural disaster funds more generally—may be considered. Effective drought management 
requires both supply side—like expanding water availability—and demand side measures—like price 
controls or water use restrictions. These measures conserve and allocate water during periods of water 
shortages according to pre-defined priorities. These mechanisms are being applied in places as different 
as Australia, California, and Morocco (Redwood 2017). Incentives for farmers to participate in these 
financial mechanisms would avoid moral risks and added fiscal costs.

Finally, there are opportunities to improve and expand new technologies like hydroponics 
and a drought Early Warning System. Lebanon is ideally suited for an expansion of hydroponics. 
Lebanon has increasing water pressures, large urban populations, small land holdings, and large refugee 
communities. All challenges that hydroponics can help mitigate. But, it also has logistical conditions 
that are helpful. Lebanon has been engaged in protected cultivation for decades, like greenhouse agricul-
ture. This started along the coast in the 1970s, and has lately become popular inland as well. Protected 
crops are gateways for growers to enter hydroponic schemes. After all, hydroponics is simply an advanced, 
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more productive form of protected cultivation, so a transition is not such a giant leap. This is not to say 
a transition is simple. It will still require investment, albeit less than if starting from scratch, and still 
requires high technical capacity. Even small-scale hydroponics require piloting, awareness raising, 
technical training, and field investigations.

Currently, hydroponic cultivation in Lebanon is limited. Recently, 400 square meters of land 
was set aside in northern Lebanon for hydroponics crop farming (The Daily Star 2017). This was com-
missioned by the Hyundai Startup Company in 2015. Still, there are only four larger-sized hydroponic 
producers in the country. Two of these are located on the southern coast, and two along the northern 
coast. Previously there was one in the Bekaa Valley, but it was forced to shut down after a fungal outbreak, 
brought on by unseasonably warm temperatures, destroyed the crop. Also, since hydroponics require 
freshwater to maintain nutrient solutions, saltwater infiltration on the coast makes many of those areas 
unsuitable. Generally, hydroponics require relatively large capital investments and technical know-how, 
which has tempered its expansion in Lebanon.

LARI, the Lebanese Agriculture Research Institute, has created weather forecasting facilities 
and developed a nationwide drought Early Warning System (EWS) for Lebanese growers. These 
services necessitate daily monitoring, recording and forecasting. LARI’s experts analyze the gathered 
weather data and develop information services before disseminating to farmers and the public. But, 
implementing a functional EWS in Lebanon has proven difficult. First, Lebanon’s rugged topography and 
multiple agro-climatic zones makes it difficult to target farmers. Second, Lebanon’s homogenous agricul-
tural zoning does not properly delineate different agricultural areas. So, EWS information in certain zones 
may not be relevant for many farmers. And third, to achieve required accuracy levels, Lebanon needs 
many more long-term weather stations. Until recently, there were five meteorological stations in Leba-
non, only three of which have sufficiently long recording histories to properly identify weather anomalies. 
These stations include Beirut (1888–2003), Ksara Obsy (1921–90), and Tripoli (1931–2003). But, this 
information is less helpful for the rest of the country and building and maintaining new weather stations 
is expensive.

Recognizing these challenges, LARI created an Automated Weather Station Network (AWSN). 
The AWSN generates climate data on most of the country’s agro-climates for agro-meteorological ser-
vices. The AWSN serves agricultural industries, researchers, and other public and private organizations. 
The AWS network covers much of Lebanon, and expands greatly on the five existing stations. Moreover, 
data is available for free to anyone. The AWSN started in 2009 with 25 stations and gradually expanded 
to sixty stations by 2016 (Figure 0.5). Observational climate data is transferred through GPRS technol-
ogy to centrally-located computer servers. The AWSN is inspected monthly and repaired when needed. 
Climate sensors are replaced as specified by manufacturer recommendations. The AWSN is not ideal for 
monitoring climate changes because, as we discussed, a longer historical record would be needed. But, 
over-time these stations will be essential. Alternatively, Lebanon could consider investing in historical 
data collection to make better use of the AWSN, but an analysis of the costs and benefits of such research 
should be carried out first.
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FIGURE 0.5 LARI’s Automated Weather Station Network Locations

Source: LARI 2016.
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✦
CHAPTER 

ONE

This report examines the causes and consequences of drought on Lebanon’s agriculture. 
It finds that Lebanon is getting hotter and dryer, while droughts will likely become more 

frequent and more severe. We see that climate change, El Niño Southern Oscillation (ENSO), and 
the North Atlantic Oscillation (NAO) may impact the occurrence of drought to varying degrees, with 
NAO being the largest short-term driver and climate change being the largest long-term driver. The 
drier conditions will have important ramifications on Lebanon’s agricultural economy and the well
being of citizens working in agriculture. Impacts from drier conditions include production declines, 
loss of livelihoods, and many others. Until recently, drought was not considered an important issue in 
the country, but that view is slowly changing because of a series of droughts and other extreme weather 
events that occurred over the past decade. With greater awareness of drought, public institutions have 
also slowly begun to change, moving from reactionary responses to taking the first steps towards stra-
tegic planning. Still, much more can be done. These actions include: developing a national drought 
action plan, establishing drought monitoring systems, improving ministerial coordination, utilizing 
new technologies like hydroponics and Early Warning Systems, and improving the quantity and quality 
of climatic data, among others.

METHODOLOGY

The individual chapters of this volume were compiled using information from five unpub-
lished background papers. These background papers relied on mostly secondary sources of informa-
tion. But, thirty stakeholders in Lebanon’s agricultural sector were also consulted.1 These consultations 
were carried out through structured interviews and focus group discussions. They included stakeholders 
from research institutes, the private sector, government agencies, and civil society organizations.

This report builds off the 2013 book Increasing Resilience to Climate Change in the Agricultural 
Sector of the Middle East: The Cases of Jordan and Lebanon (Verner et al 2013). This book helped  

INTRODUCTION

1 The International Center for Biosaline Agriculture (ICBA) and the University of Nebraska National Drought Mitigation 
Center carried out these consultations as part of a USAID funded project (MENA-RDMS) in Lebanon from June to 
August 2016.
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Jordan and Lebanon’s understanding of the specific challenges and opportunities posed by climate 
change in the agricultural sector. It presented local-level priorities, informed by stakeholder inputs, to 
build agricultural resilience in both countries. The book had three objectives. These include: (1) better 
understanding of climate change projections and impacts on rural communities, specifically the Jordan 
River Valley and Lebanon’s Bekaa Valley; (2) engaging locals in a participatory fashion to craft agricul-
tural adaptation options; and (3) developing local and regional climate change action plans.

Stakeholders in Lebanon prioritized the following actions:

✦✦ Adopt new irrigation technologies;
✦✦ Launch projects to construct water harvesting reservoirs;
✦✦ Manage climate change-related pests, diseases, and plant disorders;
✦✦ Produce and distribute plant materials adapted to climate change;
✦✦ Increase capacity for climate change adaptation; and
✦✦ Evaluate and maintain local plant varieties adapted to climatic change.

Several of these priorities are discussed in the present volume. Moreover, the authors of the 2013 
book made a couple recommendations that are being expanded upon in this report. First, they recom-
mend utilizing new technologies in the agricultural sector, with mechanisms in place for continuous 
revision. Chapter 8 looks at some of these new technologies. Second, they recommend Lebanon 
improves climate projection information and its accessibility. Chapter 4 presents the most up-to-date 
climate projections.

ROAD MAP

This volume continues by describing Lebanon’s agroclimatic zones and agricultural sector in Chap-
ter 2. Chapter 3 takes an in-depth look at Lebanon’s agricultural sector, describing the main crops and 
their climate requirements. Chapter 4 describes Lebanon’s climate, especially as it relates to agriculture. 
Chapter 5 looks at drought and its impacts in Lebanon. Chapter 6 looks at the atmospheric dynamics 
and teleconnections that contribute to drought. Chapter 7 projects future climate scenarios in Lebanon, 
with a focus on drought and the conditions that contribute to it. Chapter 8 examines how Lebanon’s 
public and civil society sectors have responded to drought, including fledgling technological advance-
ments like hydroponics technologies and a mobile-based Early Warning System. Chapter 9 proposes 
ways to improve Lebanon’s drought risk management.
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✦
CHAPTER 

TWO

Lebanon is a small, geographically diverse country with countless microclimates. This diversity 
makes defining agroclimatic zones difficult. Because of this challenge and a general lack of 

climate data, the country relies on using Agricultural Homogenous Zones to define its major agriculture 
producing regions. This Chapter looks closer at these diverse zones.

AGROCLIMATIC ZONES

Lebanon is a small country on the eastern shore of the Mediterranean Sea. Its average north-
south and west-east distances are about 200 kilometers × 50 kilometers (Figure 2.1). Because of its 
size and placement, Lebanon is affected by both maritime and continental winds. Mount-Lebanon 
and Anti-Lebanon are two parallel mountain ranges that run southwest to northeast, and are sepa-
rated by the Bekaa Valley. This rugged, mountainous topography generates many microclimates. More 
than have ever been formally defined. The general climatological setting of the region is characterized 
by a steep climatological gradient between the Mediterranean and the interior of the sub-continent;  
from a “warm Mediterranean climate” to a “warm desert climate.” Explained slightly differently, 
the coast has a typically Mediterranean climate, while inland is characterized by a pre-steppe- 
Mediterranean climate (Table 2.1). Lebanon, together with its extension into Mesopotamia, forms a 
climate conducive with agriculture. This area, known as “the fertile crescent,” was the first agricultural 
region in the world.

Before describing Lebanon’s agroclimatic zones, we should define some terms.

✦✦ Agroclimatic zones refer to areas that share similar soil types, temperatures, rainfall patterns, 
and water availability that influence vegetation types.

✦✦ Bioclimatic zones are vegetation zones that correspond to mean annual temperatures at  
different latitudes and altitudes.

✦✦ Agro-ecological zones (AEZs) are geographical areas exhibiting similar climatic conditions that 
determine their ability to support rained agriculture. At a regional scale, AEZs are influenced by 

LEBANON’S AGROCLIMATIC ZONES 
AND AGRICULTURAL SECTOR
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	� latitude, elevation, temperature, and seasonality, and rainfall 
amounts and distribution during the growing season.

✦✦ �Hardiness zones are geographically-defined areas where 
certain plants are capable of growing because of tempera-
ture hardiness or the ability to withstand minimum tem-
peratures. The United States established USDA hardiness 
zones to delimit various crop types suitable for those areas. 
The American Horticulture Society has developed the 
Plant Heat Zone, which is an expansion on traditional  
hardiness zones to include the number of days per year 
when temperatures exceed 30°C.

✦✦ �Agroecology is the study of ecological processes applied  
to agricultural production systems. The prefix agro- refers 
to agriculture. Bringing ecological principles to bear on  
agroecosystems can suggest novel management approaches 
that would not otherwise be considered.

✦✦ �An agroecosystem is the basic unit of study in agroecology. 
It is somewhat arbitrarily defined as a spatially and func-
tionally coherent unit of agricultural activity. It includes 
the living and nonliving components of that unit and their 
interactions.

FIGURE 2.1 Lebanon’s Geography

TABLE 2.1 Vegetation and Bioclimatic Zones of Lebanon and Forest Types

Floristic 
Ensemble

Forest Types
Q  

Calliprinos*
Ceratonia 

Siliqua
Pinus 
Pinea

Pinus 
Brutia

Cedrus 
Libani

Juniperus 
Excelsa

Abies 
Cilicica

Cupressus 
Sempervirens

Mediterranean

Thermo  
(0–500 m a.s.l)

Eu (500–1,000 m)

Supra  
(1,000–1,500 m)

Mountainous 
(1500–2000 m)

Oro (>2,000 m)

Mediterranean 
presteppe

Medit. presteppe 
(1,000–1,500 m)

Supra  
(1,500–2,000 m)

Mountainous 
(2,000–2,500 m)

Oro (>2,500 m)

*Quercus infectoria could be found more dominant in oak forests at Supra and mountainous at both floristic ensembles.
Sources: Modified from Abi Saleh 1978, and Abi Saleh et al. 1996.
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✦✦ �Agriculture homogeneous zones are areas that share socioeconomic conditions conducive with 
producing similar crop systems behavior. Lebanon uses this to define its agroclimatic zones.

Lebanon includes several bioclimatic zones (Figure 2.2). First, is the thermo-Mediterranean zone 
that starts at the shoreline and climbs to an elevation of 500 meters. Mainly, sub-tropical Mediterranean 
trees inhabit this zone. Second, is the EuMediterranean zone that lies between 500 and 1,000 meters 
above sea level. Here are oaks and other hardwoods. Third, is the Supra-Mediterranean bioclimatic zone 
between 1,000 and 1,500 meters in altitude. This is where pines and Cyprus trees (Pinus brutia and 
Cupressus sempervirens) grow. As the land climbs into the mountains these species start to disappear, 

Tripoli

BEIRUT

Saida

Tyre Vegetation Levels

Typical Mediterranean Presteppic Mediterranean

Thermomediterranean
Eumediterranean
Supramediterranean
Montane mediterranean
Oromediterranean

Mediterranean
Groupings of Hammada eigii

Supramediterranean
Montane mediterranean
Oromediterranean

Source: Abi-Saleh B. & Safi S., 1988 - Carte de la végétation
du Liban (1/500 000) + Notice explicative

Ecologia Mediterranea, XIV (1/2): 123–141.

N
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Km

FIGURE 2.2 Lebanon’s Bioclimatic Zones

Source: Abi-Saleh and Safi 1988.
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giving way to Cedars and Junipers (Cedrus libani and Juniperus excelsa). Fourth, is the Oro-Mediterranean 
and pre-steppe zones above 2,000 meters. These zones are dominated by juniper forests (Table 2.1).

Lebanon’s vegetative distribution is highly varied. The many different microclimates have made 
standardized definitions challenging. Many ecologists have tried to understand the geographic distribu-
tion of the natural vegetation and the country’s climatic, ecological, and geographical subdivisions (Abi 
Saleh 1982; Abi-Saleh and Safi 1988; Beals 1965; Chouchani, Khouzami, and Quezal 1974; Mouterde 
1966; Pabot 1959; Zohary 1973). They did this first by dividing and delimitating the country into zones 
based on climatological characteristics (Figure 2.2). But later, natural vegetation was found to be influ-
enced more by soil types and rock substrata than climate (Abi Saleh 1978).

The various bioclimatic zones of Lebanon mean there are also various agroclimatic zones. 
While these two zone types are not the same, they often overlap. Agroclimatic zones are determined by 
rainfall, soil type, and temperature characteristics, but it is also these characteristics that usually deter-
mine the vegetation of bioclimatic zones. Whatever the case, there is a high level of spatial form synergy. 
But, from year-to-year the detailed outline of these zones shift because of climate variability.

Climate and soil characteristics are used to define agriculture zoning (Padbury et al. 2002). Agri-
culture zoning—the process of formally defining the different agricultural regions within a country—is 
meant to manage yields, recommend crops, and study climate change impacts on agriculture (Fakhry 
2004; Fischer et al. 2005; Williams et al. 2008). Generally, agriculture zoning is created for strategic 
management at local, national, and international levels. There are different costs and benefits associated 
with using different zoning methods.

Lebanon delineates agricultural zones according to the Agriculture Homogeneous Zoning 
(AHZ) method (Figure 2.3). This has some benefits over using the agroclimatic zoning method. The 
biggest disadvantage of agroclimatic zoning is it depends on climatic data averages. This means that 
zone boundaries will shift depending on a year’s climate variability (Parry, Carter, and Konijn 1988). 
The AHZ method, by contrast, changes less frequently, which becomes a convenience for admin-
istrative purposes. Therefore, the AHZ method, also used in the United States, was selected by the 
Ministry of Agriculture for rural land use planning. In 2000, the UN’s Food and Agriculture Organi-
zation (FAO) and the International Institute for Applied Systems Analysis (IIASA) developed global 
Agro-Ecological Zones (AEZ). This method is standardized and highly accurate because it considers 
cropping systems, administrative boundaries, and the area’s historical classification. These AEZs are 
updated every few years but requires more resources and more comprehensive databases than what 
Lebanon has at its disposal.
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FIGURE 2.3 Agro-homogeneous Zones of Lebanon

Source: FAO 2006.
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CHAPTER 
THREE

This chapter provides background to Lebanon’s agricultural sector. It then looks at  
Lebanon’s key crops and the climate requirements of each. It also describes the country’s 

seed production system. We find that agriculture is a significant sector in Lebanon that possesses 
many fruits, legumes, cereals, and vegetables. Each of these is vulnerable to drought and climate 
change, though some more than others. Several new crops could be promoted to better adapt to the 
changing climate.

AGRICULTURAL CONTEXT

Agriculture is a significant sector in Lebanon. In 2011, agriculture accounted for 4 percent of 
Lebanon’s Gross Domestic Product (GDP) and employed 6 percent of the labor force (FAO 2009) 
with wide regional variations (up to 25 percent). In 2012, agriculture accounted for 15 percent of 
total national exports and imports. In areas where most crops are produced, agriculture contributes 
up to eighty percent of local GDP. There are an estimated 360,000 hectares of agricultural arable 
lands in Lebanon. This comprises 35 percent of the country’s surface area. Currently, Lebanon has 
232,200 hectares of cropland, including 102,471 hectares of temporary crops, 125,928 hectares of per-
manent crops, and 3,801 hectares of greenhouses (MOA, 2010). The greatest concentration of agricul-
tural lands is in the Bekaa Valley (43 percent of the total cultivated area), followed by northern Lebanon 
(26 percent), Southern Lebanon including Nabatiye (22 percent), and Mount Lebanon (9 percent) 
(Figure 3.1). The Bekaa Valley has mainly shallow soils that are cultivated with rainfed crops and, where 
water is available, with irrigated fruits and field crops. The entire valley is suitable for mechanization. 
The northern and southern Lebanon coastal plains are characterized by shallow or deep soils. About 
90 percent of the region’s cultivated land is irrigated. The Mount Lebanon Range has diverse soils—
both deep and shallow—and lands—both wide and narrow valleys. The area is cultivated with rainfed 
and irrigated wheat, fruit trees, tobacco, and vegetables. According to the last census in 2010, there were 
169,512 farm holdings in Lebanon (MOA and FAO 2010) (Table 3.1). On average, each holding was 
only 1.4 hectares of land.

LEBANON’S AGRICULTURAL SECTOR

✦
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Lebanon hosts a rich variety of plants and wildlife. The 
country has among the highest densities of floral diversity in the 
Mediterranean basin and is one of the most biologically-diverse 
regions in the world. It is home to 1.11 percent of the world’s 
plant species, a relatively high proportion given the country’s 
small land mass (Tohme and Tohme 2007). Lebanese flora 
counts 2,600 species of vascular plants, 8.5 percent of which are 
endemic to Lebanon, Syria, and Palestine. Another 3.5 percent, 
or 92 species, are strictly endemic to Lebanon (MOA,UNEP, 
and GEF 1996).

The agricultural sector produces many plant and animal 
products. Thirty-one percent of total plant production are fruit 
trees, 23 percent are olives, 20 percent are cereals, 17 percent 
are vegetables, and the remaining 9 percent are industrial crops, 
tobacco, grape vineyards, and others (MOA and FAO 2010). 
Each crop within these systems has different water and climatic 
requirements. These are examined in detail below. Over eighty 
crops are cultivated in Lebanon, which does not include forage, 
forest, medicinal, or ornamental plants. Moreover, many wild 
harvested plants are used for food. This includes leafy vegeta-
bles and aromatic plants. These plants are important for their 
cultural and nutritional value. Livestock—like goats, sheep, and 
cattle—are also raised, while poultry is the country’s most pro-
ductive agricultural commodity (in dollar terms) (Table 3.2). 
Tomatoes, potatoes, almonds, and milk are the next most pro-
ductive (in order). Table 3.3 shows the top commodity exports 
from Lebanon by total value. The illicit production of cannabis 
is described in Box 3.1.

FIGURE 3.1 Lebanon’s Agricultural Land Types

TABLE 3.1 Number of Holdings and Area of Cultivated and Irrigated Cultivated Land

Mohafazat

Number of 
Holdings Cultivated Land

Irrigated  
Cultivated Land

Total % Area (ha) % Area (ha) %

Bekaa (w/ Baalbeck-Hermel)   34,085   20   99,274   43   61,569   55

North Lebanon (w/ Akkar)   55,756   33   59,417   26   24,849   22

Mount Lebanon   31,178   18   20,588     9     9,396     8

Nabatiye   26,382   16   26,095   11     4,939     4

South Lebanon   22,111   13   25,621   11   12,203   11

Total 169,512 100 230,995 100 112,956 100

Source: MAO and FAO 2010.
Note: ha = hectares.

Source: Modified from MOA/MoE 2002. Landcover map of Lebanon for the 
year 1998 (MOS: Mode d’Occupation  du Sol). Prepared by the Lebanese 
National Council for ScientificResearch (CNRS) Remote Sensing Center with the 
collaboration of IAURIF (Institutd’Aménagement et d’Urbanisme de la Région 
d’Ile de France). LEDO program,UNDP. Ministry of Agriculture and Ministry of 
Environment (Lebanon).
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CLIMATE IMPACTS AND REQUIREMENTS OF KEY CROPS

Crops in Lebanon are diverse, each with its own unique climate requirements and potential climate 
impacts from El Niño Southern Oscillation (ENSO) and climate change. Details of all major production 
crops are described below.

Fruit Trees

Fruit trees represent the plurality of agricultural production in Lebanon. Thirty-six percent 
of this cultivation is concentrated in the Bekaa Valley, 25 percent in Northern Lebanon, 22 percent in 
Southern Lebanon, including Nabatiyeh, and 17 percent in Mount Lebanon (MOA 2010). The most 
important fruit species grown in Lebanon are citrus, apricots, peaches, plums, cherries, grapes, almonds, 
apples, and pears (Table 3.4). Each is described in turn.

Apples

Apple blossoms are sensitive to high temperatures (>40°C). Apples require from 400 to over  
900 hours of chilling temperatures per season depending on cultivar (Steffens and Stutte 1989). If chill-
ing hours are not ensured, apples’ production potential is reduced (Austin and Hall 2001). High tempera-
tures are also associated with drought and less cloud cover, both of which cause damage to apple harvests; 
apples require sufficient water resources and are vulnerable to sunburn (Trillot et al. 2002). But, climate 

TABLE 3.2 Major Agricultural Production Sectors in Lebanon, 2010

Rank Commodity Production (US$1,000) Production (MT)

1 Indigenous chicken meat 198,091 139,069

2 Tomatoes 102,739 278,000

3 Potatoes   92,880 574,100

4 Almonds, in shell   84,103   28,500

5 Cow milk, whole, fresh   78,171 250,500

Source: MoE 2010.
Note: MT = metric tons.

TABLE 3.3 Top Five Agricultural Commodity Exports from Lebanon, by Value, 2010

Commodity Quantity (tons) Value (US$1,000) Unit value (US$/ton)

1 Food prep, nes 16,159 30,217 1,870

2 Sugar confectionery 4,544 24,374 5,364

3 Vegetables preserved, nes 13,509 22,658 1,677

4 Beverage, non-alcoholic 27,194 22,375 823

5 Prepared nuts (excluding 
groundnuts) 

5,657 21,677 3,832

Source: FAO,2010.
Note: nes = not elsewhere specified.
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BOX 3.1 Lebanon’s Cannabis Production

Cannabis production in Lebanon has risen dramatically since the outbreak of war in Syria. It is estimated that 
production has climbed more than thirty percent since 2012 (UNODC 2011). According to Al-Monitor (2017), General  
Ghassan Chamseddine, head of Lebanon’s drug enforcement unit, says 3,600 hectares of Lebanon are cultivated with  
marijuana. These are more cultivated hectares than each of the country’s major vegetable crops except tomatoes and  
potatoes. In fact, Lebanon is the third largest hashish producer in the world (UN 2011). The industry is valued at $4 billion  
(BBC 2016).

Eradication efforts faltered. Cannabis production initially boomed during Lebanon’s 15-year civil war from 1975 to 1990. 
In the 1990s, there were some efforts to eradicate the illicit crop, and for some time, production declined. But, with the  
Lebanese military’s efforts to control spillover from the Syrian war, efforts to control cannabis growth lost momentum.  
Authorities—including local governments, the federal government, and even Hezbollah—are too understaffed, underfunded, 
and preoccupied with Syria to confront powerful hashish producers or crackdown on cannabis farmers (Al-Monitor 2017). As a 
result, production again increased. Much of the marijuana growth is concentrated in the Bekaa Valley. Once it is harvested, it is 
taken to one of dozens of processing stations, where it is converted to hashish.

There has been some support for legalizing Cannabis production, but this includes many challenges. Economist 
Marwan Iskander said legalizing cannabis would contribute $400 million to the public budget and $2 billion to the national  
economy (Al-Monitor 2017). Walid Jumblatt, the Lebanese Druze leader, called for legalization in 2014—the first prominent 
national figure to do so (BBC 2016). Also, according to Time Magazine (2015), the powerful hashish producers that once  
fought the government’s efforts to eradicate cannabis plants, are now fighting extremists trying to cross into Lebanon from Syria. 
This has created an uneasy alliance between drug producers and government forces.

TABLE 3.4 Fruit Tree Cultivation Areas by Governorate

Fruit 
Trees

Mount 
Lebanon

(ha)

Akkar
(ha)

North
(ha)

Baalbeck- 
Hermel

(ha)

Bekaa
(ha)

South
(ha)

Nabatiyeh
(ha)

Total
(ha)

Apples 3,237 1,627 2,895 2,758 1,455 177 274 12,425

Grapes 1,070 892 479 3,629 3,945 279 315 10,609

Citrus 286 1,378 1,225 12 2 6,362 728 9,994

Cherries 267 73 186 4,073 1,590 20   83 6,291

Almonds 152 1,256 331 2,708 754 68 160 5,427

Apricots 61 48 301 3,947 96 10   52 4,516

Peaches 613 146 646 938 831 78 309 3,560

Plums 413 106 752 242 294 12 102 1,921

Pears 223 157 930 111 300 20   68 1,809

Source: MOA 2010.
Note: ha = hectares
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vulnerability is not the only factor. Demographic pressures in Akkar, Bekaa Valley, and other areas are 
reducing water supplies for irrigation. Thus, large areas of production will suffer from the lack of water, 
and other areas in lower altitudes will have a diminishing yield due to the decrease in chilling hours. Main 
apple varieties grown in Lebanon include Gala, Soukari, Red Delicious, Golden Delicious, and others 
with lower chilling requirements.

Grapes

Both temperature and precipitation changes affect grape production and the quality. These 
changes will eventually decrease yields and wine quality. The main wine varieties in Lebanon include 
Syrah, Cinsault, Grenache, Chardonnay, Alicante Bouchet, and Cabernet-Sauvignon. Temperature will 
be the major limiting factor for grapes in the Bekaa Valley and, to a limited extent, in Akkar. Higher tem-
peratures lead to early budding. This increases the eventual risk from spring frosts (Quirk 2007). This will 
also expose grapes to sunburn and early ripening. Water demand will rise from excessive evapotrans
piration. Growers need to implement adaptive strategies to continue the production of high-quality 
wines in a warmer and dryer climate. Among various options, the use of adapted plant material is one 
of the better tools, because it has the advantage of being cost effective and environmentally friendly.

Citrus

Increased water scarcity will have negative effects on citrus production. Citrus’ water needs 
could also degrade local ground water quality ( Jensen et al. 1990). In Lebanon’s coastal areas, the 
over-exploitation of groundwater is causing salt water intrusion into aquifers (Bosch et al. 1992). The 
resulting soil salinity limits citrus production. Although data is limited on the extent of salinity damage 
to fruit yields, what does exist indicates oranges are among the most sensitive of all agricultural crops. 
Fruit yields decrease by about 13 percent for each 1.0 deciSiemens per meter (dS/m) increase in the 
soil’s electrical conductivity. But, this problem can be minimized by using certain rootstocks (Maas 
1993). Moreover, higher temperatures will accelerate fruit development, leading to earlier maturity, 
lower acidity levels, and less sugar content in the fruit. About 60 percent of citrus production is locally 
consumed. The rest is exported to other Arab countries.

Cherries

Cherries are also sensitive to higher temperatures (over 21°C). Chilling requirements are rel-
atively high for cherries. Most local cultivars need more than 700 chilling hours, which is equivalent 
to about seventy days. If harvests do not reach minimum chilling hours, production declines. As such, 
vulnerability is impacted by higher winter temperatures that limit frost days. Winter highs also increase 
the risk of wood insects.

Almonds

Almond cultivation is at risk from many climatic factors, but especially spring frosts (Rodrigo 
2000). Although almond is resistant to low winter temperatures, low temperatures in spring during 
blooming is lethal to almonds’ reproductive organs. Higher temperatures, which lead to early bud bursts, 
increase vulnerability to spring frosts. Traditional almond varieties—like Awja—are especially vulner-
able to frost since they tend to bloom early. In response, new late-blooming varieties—such as Tuono, 
Texas, Ferragnes, and Super Nova—have been introduced to Lebanon.
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Apricots

Increased temperatures during apricot budding induce early flowering and have clear nega-
tive effects on the subsequent fruit. Warm conditions accelerate anthesis, but not pistil development, 
leaving flowers with reduced pistils and shorter styles (Rodrigo and Herrero 2002). Short styles and 
unswelled ovaries are associates with smaller fruits. These flower abnormalities can lead to female steril-
ity, which has been reported in many varieties (Meyer 1966). Traditional varieties, such as Ajami, Biadi, 
Dahabi, are more tolerant to high temperatures.

Peaches

Increased temperatures during flowering reduces peach flower size and germination. It also 
stunts the embryo sac’s development. High temperatures also significantly reduce a peach tree’s fruit set 
(Kozai et al. 2004). Lebanon has both improved varieties and traditional varieties adapted to climate 
change (Chalak et al. 2006).

Plums

Heat can damage plums in different ways. The most obvious of which is discoloration caused by 
too much direct sunlight. Though the most severe damage is caused by as low as a 1°C rise in average air 
temperature between February and April. This causes the plum tree to blossom early (Chmielewski et al. 
2003). This leads to a shorter lifespan and lower production (Cosmulescu et al. 2010).

Pears

Pears are sensitive to rainfall and temperature extremes. Lebanon is already a bit warmer than 
ideal for pear production so temperature rises are troublesome. These rises lead to drought stress, reduced 
chilling hours, disrupted reproductive processes, and increased incidence of sunburn (Wand, Steyn, and 
Theron 2008). This will impact both yields and fruit quality, including poor color development.

Figs

Fig trees can be grown in arid or semi-arid regions. They prefer abundant sunshine and moderate 
water supplies. At the maturity and development stages, fig trees prefer dry climates. Another advantage 
is these trees can survive summer temperature highs of 45°C. The fig’s tolerance to drought and high 
temperatures, combined with growing market demand beyond just sustenance, means fig tree planting 
should be considered an adaptation strategy in Lebanon.

Mulberries

Mulberry trees are also well-adapted to warmer, drier climates and have an important cul-
tural role in Lebanon. At the turn of the 20th century, Lebanon was known for its high-quality silk 
industry. Besides bearing delicious fruit, mulberries are also an ideal food source for silkworms. The 
silk tradition in Lebanon goes back 2,000 years. The Phoenicians of Tyre and Sidon produced imperial 
purple silk, a Mulberry silk considered among the best in the world. But after 1945, the sericulture 
industry declined sharply and mulberry cultivation was marginalized. Yet, Lebanon’s climate is ideal 
for Mulberry trees. They can survive late spring frosts and withstand severe temperature swings. This, 
plus the trees’ general tolerance to drought and high temperatures make it a useful crop as the climate 
continues to change.
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Bananas

Banana is a tropical fruit tree that requires heat and humidity, and cannot withstand frost. 
Increased water scarcity from climate change, demographic pressures, sea intrusion into the water table, 
and increased soil salinization hinders banana growth. This is especially true on the coastal plains. As 
such, bananas require irrigation to ensure its water needs are met during the arid season. To meet these 
challenges, greenhouse banana plantations have been introduced in Lebanon. But, these are relatively 
expensive and require irrigation and infrastructure.

Olive Trees

Olives hold cultural and culinary value in Lebanon. Olive trees are largely non-irrigated and rep-
resent 23 percent of total cultivated land. Production increased from 48,000 trees in 1990 to 85,200 trees 
in 2009 (MOA 2010). Figure 3.2 shows the number of hectares over which olives are cultivated in each 
governorate.

Olive trees are generally resistant to climate swings, but are still vulnerable to changes. The 
olive tree can withstand long droughts and high temperatures (above 40°C), but warmer or colder 
weather and wetter or drier conditions can have negative impacts too. Olives are sensitive to prolonged 
cold weather and freezing winter temperatures. Spring frosts and warm winters can jeopardize produc-
tion (Loussert and Brousse 1978; MOA and LARI 2008). A study by Chehade and others (2015) reveals 
that temperature increases can negatively impact olive oil quality. Decreased rainfall can also lead to slight 
yield reductions especially when combined with reduced chilling.

Cereals

Cereals are the third most-widely grown crop type in Lebanon. They occupy nearly 45,000 hect-
ares, almost half of which are irrigated (47 percent). The Bekaa Valley makes up 65 percent of this area, 
followed by 20 percent in Akkar, nine percent in Nabatiyeh, four percent in South Lebanon, and two 
percent in North Lebanon. Wheat and barley are the most important cereals in Lebanon (Table 3.5). 

FIGURE 3.2 Cultivation of Olive Trees by Governorate

Source: MOA 2010.
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Wheat occupies almost 30,000 hectares of land, almost half of which is irrigated. Barley occupies just 
over 10,000 hectares, about a third of which is irrigated (MOA 2010).

Wheat

Wheat yields in the Mediterranean region are mostly correlated to rainfall levels, but tem-
perature is also a factor. Spring rainfall declines are the most damaging to wheat production. The most 
vulnerable areas are in the Bekaa Valley where reduced spring precipitation is common. For tempera-
ture, a 1°C rise leads to a 13 percent loss in wheat yields (Tsutsaka and Otsuka 2013). Though, higher 
autumn temperatures also reduce frost risk.

Barley

Barley has some of the same vulnerabilities as wheat but tolerates poorer soils and lower tem-
peratures. Barley genotypes had a higher tolerance to post-anthesis heat stress than wheat genotypes. 
Average grain yield reduction in barley and wheat genotypes exposed to heat stress after anthesis, was 
only 17 percent for barley and 24 percent for wheat (Modhej, Farhoudi, and Afrous 2015). Moreover, 
certain barley varieties are even tolerant to low rainfall and high temperatures.

Food Legumes

Increased heat and more frequent droughts will detrimentally impact food legumes, which 
are a major component of the Lebanese culinary tradition. The most important legumes are green 
pulses like fava beans (1,845 hectares), common beans (1,420 hectares), chickpeas (1,800 hectares), 
lentils (762 hectares), and dry beans (342 hectares) (MOA 2010). Predicted temperature increases over 
the next 60 years will expose legumes at every growth stage. Higher temperatures during the flowering 
and seed development stages are particularly damaging. Heat sensitive cultivars may be rendered sterile 
if exposed to temperatures above 35°C during flowering (Yadav et al. 2010). The combined effect of 
drought and heat on grain legumes causes between 18 and 28 percent yield losses. Variety breeding can 
increase the heat tolerance of food legumes.

TABLE 3.5 Rainfed and Irrigated Cultivation Areas of Wheat and Barley by Governorate, in Hectares

Governorates Rainfed Wheat Irrigated Wheat Rainfed Barley Irrigated Barley

Mount Lebanon 32 8 25 0

Akkar 5,359 1,117 574 78

North 428 57 136 1

Baalbeck-Hermel 2,123 2,161 5,708 2,889

Bekaa 2,603 10,645 335 414

South 1,606 36 139 4

Nabatiyeh 3,552 114 371 10

Total 15,702 14,138 7,289 3,396

Source: MOA 2010.
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Vegetables

Lebanon grows both leafy vegetables and fruit-bearing vegetables. Leafy vegetables include cauli
flower (1,950 hectares), lettuce (1,413 hectares), cabbage (1,244 hectares), and artichoke (64 hectares). 
Fruit-bearing vegetables include tomatoes (4,060 hectares), cucumbers (3,100 hectares), watermelons 
(2,384 hectares), eggplants (1,700 hectares), melons (1,000 hectares), and peppers (800 hectares). All 
are grown in irrigated areas except for cucumber, which grows well in hot, dry climates. Lebanon also cul-
tivates 20,100 hectares of potatoes. Potatoes and tomatoes are the most important vegetables in Lebanon 
in terms of cultivated area, so will be discussed in turn.

Potato

Being a tuber, potatoes are highly efficient in water use. Potato constitutes almost half of the 
total vegetable cultivation in Lebanon. Potatoes cultivated area doubled from 1999 to 2007. It is an 
essential crop for food security and trade, as Lebanon is a net exporter. All potato is irrigated in the 
Bekaa Valley and supplementally irrigated in Akkar (MOA and LARI 2008). Besides water needs, 
tubers also require mean day temperatures below 20°C, and mean night temperatures below 15°C 
(Stäubli et al. 2008). Production is affected when temperatures rise or fall out of the range of 10–30°C. 
As such, higher winter temperatures make potatoes vulnerable, with higher humidity and milder tem-
peratures leading to a higher frequency of disease. In the spring and autumn, potatoes are mostly 
affected by water availability and temperature extremes. In the summer, potatoes are vulnerable to 
drought if there is insufficient irrigation water.

Tomato

Tomato is a warm weather crop, with extreme temperatures affecting production. It is the sec-
ond most-widely grown vegetable crop, equaling 8.8 percent of total vegetable cultivation. Whereas most 
vegetable seeds are imported from private seed companies, tomato seeds are collected within Lebanon. 
Tomato is grown in both fields and greenhouses, mostly as an irrigated crop. The tomato plant cannot 
withstand frost or high humidity. Temperatures below 10°C and above 38°C damage the plant’s tissues. 
Although tomatoes are not particularly water demanding, water stress and long dry periods crack fruits 
and reduce productivity (Pervez et al. 2009). Tomato production will be affected by predicted tempera-
ture rises by the 2050s, but yields could decrease significantly by the end of the century at current warm-
ing rates. Under this scenario, the growing period would be shorter, producing less fruit set in summer 
from water shortages and temperature extremes. Medium altitudes like in the Bekaa Valley and Marjay-
oun plains will make production vulnerable. But, coastal areas could be the most severely impacted with 
predicted water shortages and soil salinization.

MINOR AND UNDERUSED CROPS

In addition to the predominant crops listed above, there are several minor and underused 
crops in Lebanon. Minor crops are those high in value but not widely grown. Underused crops are 
those that have been used for centuries, but have less importance in Lebanon. Some examples of minor 
and underused crops are corn, sunflower, sugar beet, blackberry, and quinoa among others.
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✦✦ Corn was introduced in Lebanon for human consumption and to feed livestock. Its growth is 
limited to the Bekaa Valley, as profitable corn production requires mechanization and robust 
irrigation requirements.

✦✦ Sunflower was also introduced, but those efforts failed when no sunflower oil industry  
developed in Lebanon.

✦✦ Sugar beet was subsidized by the Government and widely cultivated for several years. 
When the subsidies stopped in the late nineties, its cultivation area almost disappeared 
from 7,000 hectares in 1999 to 55 hectares in 2011.

✦✦ Blackberries have been promoted more recently as a potential market crop. No significant 
blackberry plantations exist in Lebanon except for a few individual projects in southern 
Lebanon and the Bekaa region. But, more projects are being planned, for example, by the 
Lebanese Agricultural Research Institute (LARI). Blackberries require moist soil but can 
tolerate some drought and areas of extreme aridity (Weber 1995). They can withstand strong 
winds but not maritime exposure (Bean and Clarke,1991; Huxley, Griffiths, and Levy 1992).

✦✦ Quinoa is an Andean plant which originated in Peru and Bolivia. Quinoa is a highly nutritious 
food that contains protein, vitamins, minerals, dietary fiber, and polyunsaturated fat. Quinoa 
is adaptable to different agro-environmental conditions from subtropical sea-level conditions to 
cold, highland conditions at 4,000 meters above sea-level. It can grow during droughts and high 
temperatures. Low temperatures (2°C) can delay quinoa germination without impeding it totally. 
An FAO project, “Technical assistance for the introduction of Quinoa and appropriation/ 
institutionalization of its production in Algeria, Egypt, Iraq, Iran, Lebanon, Mauritania, Sudan 
and Yemen” is being locally implemented by LARI.

✦✦ Many other crops could be considered minor or underused. These include pine, walnut, carob, 
loquat, prickly pear, pistachio, and pomegranate. Other newly introduced subtropical crops, 
like Annona and avocado, are expected to increase in importance in the coastal plains.

Aromatic, Medicinal, and Wild Edible Plants

Lebanon possesses several aromatic, medicinal, and wild edible plants. The main group of wild 
edibles comprise of chicory, eryngo, gundelia, and black salsify. These are used in salads and for cook-
ing. Aromatic plants include species of the Lamiaceae family, such as mint. These are used for mainly 
flavoring. Medicinal plants include species belonging mainly to the grass and legume families. These are 
obviously used for medicinal purposes. Because these plants lack clear profitability, they are neglected 
and even threatened. For this reason, the domestication of several species has begun. Two examples of 
this domestication are Lebanese oregano and capers.

Lebanese oregano is a native aromatic plant that has been threatened but is now being 
domesticated. Lebanese oregano grows well under direct sunlight and in a wide range of soils. It can 
endure hot, dry conditions. The leaves are used for food, flavor, and seasoning in Lebanon. The sus-
tainability of this plant is threatened by climate change, habitat loss, and overharvesting. To protect it, 
harvesting methods are being controlled and domestication has begun.

Capers are also being domesticated. Capers grow all over Lebanon, even in arid and degraded soils. 
It is a xerophyte plant, able to survive in areas with salinity, calcareous soils, low annual precipitation, and 
high temperatures (Barbera 1991; Kenny 1995). They have efficient root systems that fix nitrogen and 
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can help replenish lands. Caper pickles are used in preparing many foods and sauces in Lebanon. Caper 
buds and leaves are used as spices in many foods. The domestication of caper is being conducted by LARI 
in Kfardan, Tal Amara and Jabbouleh.

SEED SYSTEMS

Lebanon imports most of its seeds. It is estimated that local seed production does not exceed 
three percent of the country’s seed market. Legumes, cereals, and tomatoes comprise the limited local 
seed production. Most seed and seedlings are provided by: a) the public sector, LARI produces legume 
and cereal seeds; b) the private sector, which imports most forage and vegetables seeds from agricultural 
companies and fruit seedlings from local nurseries; and, c) the informal sector, which includes on-farm 
seed production and distribution through rural farms.

In 2010, the Ministry of Agriculture adopted a seed multiplication program to procure certified 
seeds of improved varieties for farmers at subsidized prices. The International Center for Agricultural 
Research in the Dry Areas (ICARDA) provides technical support for this program by certifying seed 
health. Still, there is no national seed law in Lebanon. As such, there is no registration of varieties 
nor controlled distribution system. Recently, however, the MOA, with support from FAO, drafted a 
seed law which has not yet been considered by lawmakers. Box 3.2 describes Lebanon’s “doomsday” 
seed bank.

BOX 3.2 Lebanon’s Doomsday Seed Bank

Lebanon is participating in a global effort to store and develop seeds that can withstand natural or human disasters. This includes 
war, pests, widespread drought, and climate change tipping points, among others. As part of this effort, Lebanon’s International  
Center for Agricultural Research in the Dry Areas (ICARDA) created a “doomsday seed vault,” in the Bekaa Valley. They 
received seed samples from the Millennium Seed Bank at Kew, Sussex, the largest wild plant seed bank in the world, and the 
Svalbard Global Seed Vault, which is located on Norway’s Svalbard Island, near the North Pole and currently houses nearly a 
million doomsday seed varieties. ICARDA has contributed a number of domestic varieties to this international seed vault  
(Clark 2017).

Lebanon’s doomsday seedbank has grown in response to Syria’s civil war. Syria’s own doomsday vault is unreachable, behind 
battle lines in Allepo, as such the Millenium Seed Bank has donated an additional 70,000 resistant seed varieties to Lebanon’s 
vault. ICARDA hopes to store thousands of disaster resistant varieties of wheat, barley, fava, and lentils. In fact, the new delivery 
includes wild wheat, grass pea, fava bean, and wild lentil. ICARDA is also carrying out research on these seed varieties in an 
effort to develop new doomsday-resistant seed varieties (Pettit 2017).
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✦
CHAPTER 
FOUR

Lebanon’s climate is changing. The country has experienced an annual mean temperature 
increase of ∼0.3°C per decade since about 1970. This increase is well above the global mean 

trend of ∼0.15°C over the same period. Recent years have been especially warm and several tempera-
ture highs have been broken. There have also been several very dry seasons. These low precipitation 
levels have led to droughts and severe water scarcity. Though drought has been especially damaging 
to agriculture in Lebanon, there have been other extreme weather events that impacted the sector. 
These include frosts, wild fires, and flash floods. The temperature extremes, increased water scarcity, 
and extreme weather events have damaged crops, lands, and agricultural infrastructure. This chapter 
describes the specifics of Lebanon’s climate.

CONTEXT

Lebanon is characterized by hot, dry summers and cool, moist winters. Humidity can reach 
90 percent and temperatures are commonly over 30°C in July and August, sometimes 40°C. Most 
rainfall, which comes in dramatic bursts, occurs from October to May. Precipitation is irregular and 
varies considerably from the narrow (only 6.5 kilometers at its widest point) and relatively moist 
coastal plain to the almost desert-like conditions in the Anti-Lebanon mountain chain. Rainfall pat-
terns result from extratropical weather systems from Europe and the Atlantic Ocean that bring clouds 
and cold air. The typical rainfall distribution from these systems results in a south-to-north gradient. 
This leads to the northern, mountainous parts of the country receiving the most precipitation (see 
Figure 4.4). Throughout the year, some convective clouds develop occasionally, even during the dry 
season, when subtropical maritime air masses converge in the region. In rare cases, these develop into 
heavy thunderstorms.

There are two main difficulties when trying to assess Lebanon’s climate. First, there is a need 
for high-resolution data since the country has a complex topography and various microclimates. Sec-
ond, there is a lack of, or disruption to, meteorological records, because of the 1975–1990 civil war 
and other political strains. Therefore, to conduct climatological studies in Lebanon, it is necessary to 
use various external data sources. This is because local data over an extended timeframe is not readily 
available. The main data sources are from the Climate Explorer stations, which are hosted by the Royal 

LEBANON’S CLIMATE
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Dutch Meteorological Institute, or KNMI (Koninklijk Nederlands Meteorologisch Instituut). Five stations 
have significant data for Lebanon: Beirut (1888–2003), the Cedars (1961–80), Ksara Obsy (1921–90), 
Rayack (1951–86) and Tripoli (1931–2003) (Figure 4.1b). As we will see in Chapter 8, the Lebanese 
Agriculture Research Institute (LARI) has built many more, but they lack the long-term data needed to 
spot anomalies.

The World Bank Group maintains two databases related to Lebanon’s climate. First is the Climate 
Change Knowledge Portal.2 The Portal provides data on climate change, impacts from these changes 
on water and agriculture, and specific country-level climate change vulnerabilities. Second, is The 
Global Forecasting Drought Tool.3 This tool measures both drought risk and drought severity, but 
it lacks sufficient data to provide these measurements at the local level. A number of other indepen-
dent tools could also be exploited, such as Zhao and others (2017) satellite observations of regional 
drought severity.

2 The World Bank Group’s Climate Change Knowledge Portal for Lebanon: http://sdwebx.worldbank.org/climateportal/
index.cfm?page=country_future_climate&ThisRegion=Asia&ThisCcode=LBN.
3 The World Bank Group’s Global Forecasting Drought Tool: http://iridl.ldeo.columbia.edu/maproom/Global/World_Bank/
Drought_Monitor/index3.html?gmap=%5B5%2C10%2C2%5D.

FIGURE 4.1 (a) Digital Elevation Model of Lebanon (left), (b) Meteorological Stations with Available Data (right)

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline Agriculture.
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TEMPERATURES

Temperatures are rising. The Intergovernmental Panel on Climate Change (IPCC’s) Fifth Assess-
ment Report (AR5) established that average global surface air temperature increased by approximately 
0.85°C from 1880 to 2012. Figure 12 shows that this long-term warming trend is unequivocal. But, over 
the shorter-term, the warming is much more variable. For example, from 1998 to 2012, there was no 
perceived warming, but from 2012 to 2016 the warming picked up again. 2016 was the hottest year on 
record. Even so, a decade is a short period when it comes to climate. The important thing to remember is 
that the magnitude of global warming varies from year to year, but is unambiguous over time.

Different climate centers report different air temperatures from year to year, but again the 
warming trend remains constant over the long-term. Air temperature data are maintained by sev-
eral research groups, or climate centers, and based on peer-reviewed scientific methods. These centers 
use slightly different datasets and apply different averaging methods. As a result, they calculate different 
annual temperatures. Figure 4.2 shows the averages from the different climate centers. Since 1979, the 
European Centre for Medium Range Forecasts (ECMWF) also started to track surface temperatures. 

FIGURE 4.2 �Mean Average Global Monthly Temperature Anomalies (thin lines) and the 10-Year Running Mean (heavy lines) 
Since 1850

Source: DMI (2017). Global Mean Temperature. Danish Meteorological Institute (DMI). Updated by Martin Stendel, DMI.
Note: The red lines (Hadley Center and Climatic Research Unit [CRU]) are since 1850, the green (NASA/GISS) and blue (NOAA) lines are since 1880. GISS = Goddard 
Institute for Space Studies; NASA = National Aeronautics and Space Administration; NOAA = National Oceanic and Atmospheric Administration.



DROUGHTS AND AGRICULTURE IN LEBANON: CAUSES, CONSEQUENCES, AND RISK MANAGEMENT32

Their data is based on an advanced data assimilation technique and only started in 1979 when satellite 
technology became available.

At the time when IPCC AR5 was issued, temperatures were rising but not as quickly as most 
models predicted. In IPCC AR5, projections of 21st century temperature changes were based on 
simulations from 42 global climate models (Flato et al. 2013), using the 20-year mean temperature 
for 1986–2005 as a baseline. Figure 4.3 shows that from 2006 to 2012, the observed global mean 
temperature rise was lower than the models’ average simulated projection. But, the observed change 
was still well within the model results’ variation. Since 2013—the first post-AR5 year—global mean 
temperatures have been surging (depicted by the blue and red triangles shown in Figure 4.3b).

Of course, the global mean temperature is not expected to rise steadily from one year to the 
next because of natural climate variability. Part of this natural variability is caused by solar variations 

FIGURE 4.3 Mean Global Surface Air Temperatures by Climate Models

Source: IPCC, AR5 with updates.
Note: (a) Projections of mean global surface air temperatures from 1986–2050 (relative to 1986–2005) under all RCPs from CMIP5 
models (grey and colored lines), with four observational estimates: HadCRUT4, ECMWF ERA-Interim, GISTEMP, and NOAA for the 
period 1986–2012 (black lines). (b) Showing the 5 to 95% range of annual mean CMIP5 projections for all RCPs using a reference period of 
1986–2005 (light grey shade) and all RCPs using a reference period of 2006–12, together with the observed anomaly for (2006–12) minus 
(1986–2005) of 0.16°C (dark grey shade). Grey lines show the maximum and minimum values from CMIP5 using all ensemble members 
and the 1986–2005 reference period. Black lines show annual mean observational estimates. The red-shaded region shows the likely range 
for mean global surface air temperatures during 2016–35. On the right-hand side, the temperature scale relative to 1850–1900 assumes 
mean global surface air temperatures will warm prior to 1986–2005 by the 0.61°C estimated by HadCRUT4. The blue and red triangles 
show the observed mean annual temperatures from 2013 to 2016 based on the same data providers. The size of the symbols represents a 
measure of uncertainty in estimating the mean annual temperature. CMIP5 = Coupled Model Intercomparison Project Phase 5; ECMWF =  
European Centre for Medium-Range Weather Forecasts; ERA-Interim = interim re-analysis of global atmosphere and surface conditions; 
GISTEMP = Goddard Institute for Space Studies Surface Temperature Analysis; HadCRUT4 = Hadley Centre/Climatic Research Unit gridded 
surface temperature data set 4; NOAA = National Oceanic and Atmospheric Administration; RCP = representative concentration pathway.
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and volcanic eruptions. For example, cooling in 1991 was attributed to low solar activity and the erup-
tion of Mt. Pinatubo in the Philippines (Lockwood 2010). Significant natural variability is also gener-
ated by internal fluctuations within the climate system, particularly the oceans. 1998 had exceptionally 
strong El Niño warming in the tropical Pacific and, as a result, had the highest global mean temperature  
increases, whereas the relative coolness of 2008 coincided with a La Niña—the opposite of an El Niño.

PRECIPITATION

Precipitation in Lebanon varies from region-to-region. Lebanon is a relatively small country 
(10,452 square kilometers) that can be divided by precipitation into three contrasting regions. These 
include: (1) the semi-arid Bekaa Valley (200 to 450 millimeters of annual rainfall), (2) the coastal 
Mediterranean (900 to 1,000 millimeters); and (3) the humid coastal Mount-Lebanon (more than 
1,000 millimeters) (Figure 4.4).

Figure 4.5 portrays Lebanon’s seasonal precipitation patterns. This data comes from the only 
three observational stations with sufficiently long and complete data records (Tripoli, Beirut and 
Bsharri). The fertile areas near the Mediterranean coastline are hydrated by their proximity to the sea. 
Mount Lebanon forms a high barrier that virtually wrings water from the clouds as moist air rises, cools, and 
is released as precipitation. This rain and snow create rivers and streams that run through the mountain 
villages and water the valley farms.

CLIMATE CHANGE

Mediterranean climates are among the most vulnerable 
to climate change (Christensen et al. 2007, 2013). This is dem
onstrated by increasing temperatures in the region. Figure 4.6 
shows annual mean temperature trends for Beirut and Tripoli. 
Beirut has the most complete data series, which spans nearly 
150  years of data. The most recent data are from 2004, more 
recent data has not yet been made publically available. Lebanon 
has experienced ∼0.3°C per decade since about 1970, which  
is well above the global mean of ∼0.15°C per decade for the 
same period.

Long-term precipitation changes are much less clear. 
Precipitation changes are often a complex consequence of large-
scale drivers, like radiative forcing from enhanced greenhouse 
effects, and local and regional feedbacks that may work in oppos-
ing directions. Hartman et al. (2013) reports most of the Medi-
terranean region experienced a drying trend between 1950 and 
2010. But, station data from Beirut and Tripoli are inconclusive 
in confirming an overall trend (Figure 4.7). That data indicates 
large decadal and interannual variations that cannot be linked 
directly to the global or regional warming trends. Future climate 
change projections will be examined in Chapter 5.

FIGURE 4.4 �Mean Annual Precipitation and Temperature 
over Lebanon

Sources: Abi-Saleh and Safi 1988; Develle et al. 2010.



DROUGHTS AND AGRICULTURE IN LEBANON: CAUSES, CONSEQUENCES, AND RISK MANAGEMENT34

FIGURE 4.5 Mean Monthly Precipitation in Millimeters from 1961 to 1990 for Three Lebanese Climate Data Series

Source: KNMI Climate Explorer, https://climexp.knmi.nl/start.cgi.
Note: Also shown is Damascus, in Syria, depicting the strong trans-mountain east-west precipitation gradient.
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FIGURE 4.6 Annual Mean Temperature Series for Beirut and Tripoli

Source: KNMI Climate Explorer, https://climexp.knmi.nl/start.cgi.
Note: The series is incomplete and terminates in 2004.

FIGURE 4.7 Annual Mean Precipitation Series for Beirut and Tripoli

Source: KNMI Climate Explorer; https://climexp.knmi.nl/start.cgi.
Note: The series is incomplete and terminates in 2004.
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✦
CHAPTER 
FIVE

This Chapter examines the occurrence of drought globally, in the Middle East and North 
Africa (MENA) region, and in Lebanon. In all cases, droughts are becoming more frequent 

and more severe. But, Lebanon is not typical to the rest of MENA. It is generally smaller, less arid, and 
more climatically diverse, while the population is more affluent and less rural than most of the countries 
in the region. This presents unique challenges and opportunities. To facilitate this discussion, we begin 
by defining drought.

DEFINITIONS

Drought is defined as “a phenomenon related to precipitation reduction over an extended 
period, such as a year or season” (Dai 2011; Mishra and Singh 2010). Drylands are particularly prone 
to drought (Sun et al. 2006). These regions show strong spatial and temporal variability in rainfall and 
have fewer stored water sources to offset resource deficits. Drought is also compounded by other issues 
like reduced winter rainfall and increased evapotranspiration (Hoerling et al. 2012; Mathbout and Skaf 
2010; Romanou et al. 2010;). A drought, which lasts months or years and has impacts that increase over 
time, is distinct from a heat wave, which lasts days or a week and has impacts which remain constant 
(Chang and Wallace 1987). Though, drought is not necessarily related to an increase in temperature. 
Droughts are also less predictable than other climate extremes, like floods. Several recent research papers 
show climate change contributes to drought frequency and intensity in the Mediterranean region.

There is no universal definition of “drought.” This has led to confusion in predicting and respond-
ing to them. Mishra and Singh (2009) argue there are two main types of drought definitions:

1.	 Conceptual definitions are stated in relative terms, for example drought is a long dry period. 
But, defining “a long dry period” will differ depending on where you are.

2.	 Operational definitions attempt to identify the onset, ending, and severity of droughts. But, 
this will also take account of frequency.

For our purposes, we define drought using FAO’s definition: “drought is an extended period of 
deficient precipitation compared to the statistical average for a particular region which results in water 

DROUGHT
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shortages for some activity, group, or environmental sector” (FAO and NDMC, 2008). FAO goes on to 
define four types of drought. These include:

✦✦ Meteorological—when precipitation departs from the long-term normal.
✦✦ Agricultural—when there is insufficient soil moisture to meet the needs of a particular crop  

at a particular time, which typically occurs after a meteorological drought but before a hydro-
logical one.

✦✦ Hydrological—when deficiencies occur in surface and subsurface water supplies.
✦✦ Socio-economic—when human activities are affected by reduced precipitation and related 

water availability. This definition associates human activities with elements of agricultural, 
hydrological, and meteorological drought (FAO, n.d.).

WORLDWIDE

Over the past few decades, droughts have become more frequent and intense worldwide, 
affecting both developed and developing countries. Projections by the Intergovernmental Panel on 
Climate Change (IPCC) indicate droughts are likely to become even more frequent and intense in the 
future because of global climate change. The IPCC says that, “while regional droughts have occurred in 
the past, the widespread spatial extent of current drought is broadly consistent with the expected changes 
in the hydrological cycle under [global] warming.” Though it is not certain if El Niño Southern Oscilla-
tion (ENSO) causes drought, droughts have been more severe in ENSO years, such as 2016. This will be 
discussed more in Chapter 6.

FAO has described drought as “the slow, creeping natural disaster,” that has social, economic, 
and environmental impacts (Hanlon and Christie 2016). They affect agriculture and related sectors, 
such as livestock, forestry, and inland fisheries, because of these sectors’ strong reliance on surface and 
subsurface water supplies. Direct impacts of drought include: (i) reduced crop, forest, and rangeland 
productivity; (ii) reduced river, lake, and reservoir water levels; (iii) increased fire hazards; (iv) damage 
to fish and wildlife habitat; (iv) higher livestock and wildlife mortality rates; (v) insect infestations; 
(vi) increased plant disease; and (vii) greater wind and soil erosion. Increased erosion often leads to 
increasing desertification, which is defined as “the degradation of land in arid, semi-arid, and other areas 
with a dry season caused primarily by over-exploitation and inappropriate [land] use interacting with 
climate variance” (FAO and NDMC 2008). Potential indirect impacts include: (i) reduced income  
for farmers and agro-businesses; (ii) increased prices for food and other primary products; (iii) rural 
unemployment; (iv) lower tax revenues; (v) increased crime and insecurity; and (vi) increased migra-
tion to urban areas and elsewhere.

Developing countries are more vulnerable than higher income ones to droughts’ adverse 
effects. Among the reasons for this is that dryland populations tend to live in developing countries and 
employed in the agricultural sector. This is the case for many low- and lower-middle-income countries 
in South Asia, Sub-Saharan Africa, and the MENA region. In these regions, agriculture has a high share 
of total freshwater extraction that also varies by country income level (Table 5.1). Drought-related eco-
nomic losses tend to be higher as a proportion of Gross National Income (GNI) in the developing world 
(FAO, n.d.). In general, developing nations and their poor, rural populations are comparatively less well 
prepared to confront droughts.
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MENA

The countries in the MENA region are also experiencing more frequent and intense droughts. 
MENA is the most arid region in the world and this is expected to be compounded by climate change 
(Verner 2012). Most of the MENA region relies on rainfed agriculture, so any increase or intensification 
of drought only makes the water scarcity challenges for untenable. Eighty-five percent of water with-
drawals in MENA are dedicated to agriculture (Table 5.2). This is the highest rate in the world behind 
only South Asia.

MENA is a volatile region. Growing populations, political unrest, economic dislocation, ineffective 
water management, and the lack of international agreements over shared water resources all pose threats 
to the MENA region. These threats are multiplied against a background of predicted meteorological and 
climatological changes in the region (Gleick 2014). Table 5.3 shows how natural conditions, like aridity 

TABLE 5.1 �Per Capita Gross National Income, Share of Rural Population, and the Share of Water 
Withdrawal for Agriculture in Select Countries, Regions, and Income Groups

Country/Region
Per Capita GNI  

(US$) (World Bank  
Atlas Method)

Rural Population  
Share (%)

Agriculture as a Share  
of Total Freshwater  

Withdrawal (%)

United States 55,230 18.6 40

Spain 29,390 20.6 64

Australia 64,600 10.7 66

India 1,570 67.6 90

Mexico 9,870 21.0 77

Brazil 11,790 14.6 60

Iran 7,120 27.1 92

Lebanon 10,030 12.3 60

Morocco 3,070 40.3 88

Tunisia 4,230 33.4 80

North America 54,879 18.5 38

Europe & Central Asia 26,424 29.3 36

Latin America & Caribbean 9,912 20.4 72

East Asia & Pacific 9,731 44.3 72

Middle East & North Africa 8,722 36.3 85

Sub-Saharan Africa 1,646 62.8 81

South Asia 1,496 67.4 91

Low Income 628 70.2 90

Lower Middle Income 2,018 61.5 88

Upper Middle Income 7,926 38.2 49

High Income 38,301 19.3 43

Source: World Bank 2016.
Note: FNI = gross national income.
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and drought, and social factors, like poor decision-making and management practices, cause increased 
water scarcity and desertification in the region.

LEBANON

Like the rest of the region and much of the world, Leba-
non faces increased drought risk. Various sources affirm this. 
The Lebanese Agricultural Research Institute (LARI) reports 
a 40 to 50 percent decrease in rainfall in the country compared 
with an average year. The head of the Land, Water, and Envi-
ronment Department, said 2013–14 was the driest winter on 
record (Farajalla, n.d.). In May 2014, Lebanon’s meteorological 
service reported there were just 431 millimeters of rainfall since 
September 2013. This was less than half the previous year’s 
total of 905.8 millimeters and well below the yearly average of 
812 millimeters. One source said the observed precipitation 
level in late 2013–early 2014 was the lowest since 1932, but 
“the increase in the country’s population since then makes this 

TABLE 5.2 �Selected Characteristics of Lower and Upper Middle Income Countries in MENA

Country/Item
Area  

(1,000 km2)
Population 
(millions)

GNI per 
Capita US$

Urbanization 
(%)

Agriculture 
Share of Water 

Withdrawals 
(%)

Average Annual 
Precipitation 

(mm/year) and 
(rank out of 176)

Algeria 2,382 38.9 5,490 70.1 59 89 (170)

Djibouti 23 0.876 NA 77.3 16 220 (160)

Egypt 995 89.6 3,210 43.1 86 51 (176)

Iran 1,629 78.1 7,120 72.9 92 228 (158)

Iraq 434 34.8 6,530 69.4 79 216 (161)

Jordan 89 6.6 5,160 83.4 65 111 (168)

Lebanon 10 4.5 10,030 87.7 60 661 (114)

Libya 1,760 6.3 7,820 78.4 83 56 (175)

Morocco 446 33.9 3,070 59.7 88 346 (149)

Syria 184 22.2 NA 57.3 88 252 (155)

Tunisia 155 11.0 4,230 66.6 80 207 (162)

West Bank/Gaza 6 4.3 3,060 75.0 45 402 (147)

Yemen 528 26.2 1,300 34.0 91 NA

MENA 11,236 417.5 8,722 63.7 85 NA

Source: World Bank 2016.
Note: The high-income MENA countries also have among the very lowest average annual rainfall levels in the world. In 2011, Oman, Kuwait, Bahrain, the United Arab 
Emirates, Qatar, and Saudi Arabia ranked 166, 167, 171, 172, 173, and 174 out of 176 countries. GNI = gross national income; km2 = square kilometers; MENA = Middle 
East and North Africa; mm/year = millimeters per year; NA = not available.

Short-Mid Time
Scale or Temporary

Long Time Scale or
Quasi-Permanent

Natural Drought Aridity

Human-
made Water Scarcity Desertification

TABLE 5.3 �Type of Dry Conditions Caused by Short-,  
Medium-, and Long-term Social and 
Natural Conditions

Source: Pereira, Oweis, and Zairi 2002; Van Loon and Van Lanen 2013.
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year’s drought far more serious” (Middle East Eye 2014). The impact was particularly strong on agri-
culture. In normal years, Lebanese farmers irrigate their fields by digging channels that divert water 
from wells or local rivers. However, in dry years “the rain and snow that usually fill the rivers and wells 
never arrived,” and, as a result, farmers were forced to pump groundwater, a rapidly diminishing supply 
(Middle East Eye 2014).

One source explained the challenge in more detail. It said, “the severe drought in (. . .) Lebanon 
during the winter of 2013–14 resulted from rains less than 35 percent of the long-term average values . . . 
Dams held less than 50 percent of their usual volumes going into the summer dry season and rain-fed agri-
culture was already affected with slow growth or dieback. The lack of rainfall exacerbated the already highly 
stressed water and food supply resulting from political, economic, and social stressors” (USAID, n.d.).

Climate change exacerbates drought risk in Lebanon. The Dubai-based International Center for 
Biosaline Agriculture (ICBA) and Oxford University claimed 2014 was “the most extreme” drought on 
record for this sub-region, and that “it was made about 45 percent more likely due to climate change” 
(USAID, n.d.). In 2011, the Lebanese Government’s Second National Communication to the UNFCCC, 
made a similar argument. They said, if trends continue, climate change will decrease precipitation by 10 
to 20 percent by 2040 and 25 to 45 percent by 2090. Farajalla (n.d.) described this situation as “common 
to the entire Middle East.” Verner (2012) says, “despite sparse observational data, the projections are that 
most of the Arab region is becoming hotter and drier.”

But, Lebanon also faces challenges unique to the rest of the MENA region. First, its land mass is 
much smaller than most other countries in the region. This is especially true about arid zones. Whereas 
large areas of the Middle East and North Africa are arid, only a sliver of Lebanon could be described the 
same. This is relevant because natural water availability is affected by aridity and droughts in humid and 
semi-arid areas. In most of these areas, agriculture relies on rainfall, not irrigation, for its water needs. 
This can be a challenge, because the small arid region means fewer people identify drought as a risk.

Second, Lebanon’s population is smaller, but wealthier and more urban than most other 
MENA countries (Table 5.2). This growing urbanization presents different challenges from other 
MENA countries, putting pressure on urban water supplies and relatively less on agricultural water 
supplies (Table 5.1). Over the last decade, population growth has increased water pressures. These pop-
ulation changes—both natural migration and the forced migration of refugees—create water demand 
challenges associated with urbanization, agricultural expansion, and energy and industrial activities. 
Challenges are compounded by the contamination of urban water supplies and limited investment in 
water infrastructure.

RECENT OBSERVED EVENTS

Lebanon and surrounding areas have experienced several damaging weather events over the 
past decade. Since weather events do not follow political boundaries, we will look at events not only 
in Lebanon, but also nearby countries. We refer to the Eastern Mediterranean as Israel, Cyprus, Syria, 
Palestine, and Lebanon. The Middle East refers to the entire region. Information is extracted from the 
Bulletin of the American Meteorological Society (BAMS 2008, 2009, 2010, 2011, 2012, 2013, 2014, 
2015, 2016), the most comprehensively peer reviewed updates on annual climates. Table 5.4 provides a 
list of how these various events impacted Lebanese agriculture, specifically.
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TABLE 5.4 �Climatic Events in Lebanon that Impacted Agriculture

Date Location Region Climate Event Damage Description

March 31, 2014 Central and Northern 
Bekaa Valley

Inlands Frost 77 Fruit trees affected during budding and 
flowering

77 Greenhouse agriculture was damaged
77 Wheat was burned for the first  

time ever
77 Irrigation networks were damaged
77 Domestic water networks were 

damaged

March 31, 2014 North Lebanon Akkar, coastal area Frost 77 Potato season was ruined in Akkar

Rainy season, 
2013–2014

Lebanon Country level High temperatures 77 Crops and fruit trees were damaged
77 Fruit trees flowered early

Rainy season, 
2013–2014

Lebanon Country level Dry year, low rainfall 77 Rainfed agriculture affected
77 Groundwater sources did not 

replenish
77 Surface water sources dried up
77 Bekaa potato farmers lost crops or did 

not cultivate potatoes

September 26, 2010 Over the Bekaa Valley Inlands Heatwave 77 Entire grape production season was 
lost

77 Greenhouse tunnels were damaged

January 16, 2015 South Lebanon Coastal area, 
south Lebanon

Wind storm and frost 
damage

77 Wind storm damaged citrus and 
banana trees; ripened fruits fell  
and rotted

77 Bananas broke open
77 Protected agriculture was damaged; 

plastic covers tore away
77 Low temperature affected protected 

agriculture

March 27, 2016 North Lebanon, 
Akkar area

Northern coast Hail storm 77 Potato crops were damaged

March 7, 2015 Mount-Lebanon Aley, Metin area in 
Mount Lebanon

Snow, wind and frost 77 Protected agriculture was damaged

February 22, 2015 Akkar area North Lebanon Flood of Nahr El Kabir 77 Damaged crops near the river

September 30, 2014 Mount-Lebanon Aley, Metin area in 
Mount Lebanon

Heat, water shortages 77 Dried leaves and loss of olives on olive 
trees

77 Fruit dropped before ripening

September 30, 2011 77 North Lebanon
77 South Lebanon

Akkar and Danieh-
Hasbni area

Flood damage 77 Flood damaged most field crops

November 16, 2013 North Bekaa, East 
Lebanon

Eastern inlands Flash floods 77 High erosion; broken terraces
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2007: Severe heat waves hit Cyprus, Syria, and Lebanon. Temperatures in each country exceeded 
the 90th percentile during the summer months. Heat waves reached temperatures above 40°C for 
five days in June and seven days in July. This led to large local forest fires. Rainfall was also 50 percent 
lower that summer.

2008: During the winter, the Middle East experienced well-below-average temperatures and 
drier-than-average conditions. For Cyprus, it was its second-driest year since 1901.

2009: Warmer-than-average temperatures prevailed throughout the region. At the same time, rain-
fall levels returned to normal in Cyprus, which ended a three-year drought. Severe rainfall was recorded 
in northern Israel in February. This caused flooding and extensive damage to agriculture. Cyprus also 
experienced flooding.

In Syria, severe drought conditions, which began in 2006, affected eastern Syria during the summer of 
2009. Because of the two years of drought and failed crops, thousands of Syrians were forced to move to 
cities. Some have argued that this precipitated the conditions that would lead to the civil war (Al Jazeera 
2015). In September, high rainfall finally ended the drought.

2010: Warm temperatures affected much of the Middle East. The average air temperature ranged 
from 2°C to 4°C higher than normal. In Israel, it was the warmest and driest year on record since the 
middle of the 20th century. November was again very dry for the entire Middle East. Lebanon received 
less than 40 percent of normal precipitation levels.

In December, an extratropical cyclone brought heavy rainfall and strong winds to the eastern 
Mediterranean. Along the coast of Lebanon, waves reached ten meters tall.

2011: Temperatures and rainfall levels were normal.
2012: Middle East temperatures were 1°C to 2°C above normal. Summer was significantly warmer 

than normal throughout the area with anomalies between <1°C and +3°C, reaching +4°C on the eastern 
border of the Mediterranean.

Despite some extreme precipitation events, 2012 was slightly drier than normal, especially during 
the warm season. Recurrent troughs of low pressure led to a very wet January in the eastern Mediterra-
nean. The precipitation surplus resulted in a wetter-than-normal winter with rainfall reaching 125 per-
cent to 140 percent of long-term mean precipitation. Spring was dominated by mostly dry conditions. 
Lebanon received 50 millimeters less precipitation than normal, or 40 percent of the long-term mean.

2013: The Middle East was +1° to +2°C warmer than normal. Cyprus was +2.3°C warmer than the 
long-term mean. Winter 2012–13 was +1° to +2°C warmer than normal across the eastern Mediterra-
nean. In the wider Middle East, persistently high pressure led to a warmer-than-normal summer. The 
summer saw heatwaves exceeding 40°C. The highest daytime temperatures were measured in the eastern 
Mediterranean region.

Precipitation in 2013 was mostly lower than normal in the Middle East—60 to 80 percent of 
the average. In March, the eastern Mediterranean received only 20 percent of normal precipitation 
levels. In May, conditions changed dramatically with the region receiving 250 percent of normal 
precipitation levels.

In the first days of January, snow, frost, and thunderstorms affected parts of Lebanon and surrounding 
areas. In March, a heatwave hit Lebanon; with maximum temperatures reaching nearly 40°C.

2014: Middle Eastern temperatures were 1°C to 2°C above the long-term mean. Israel and the 
Palestinian territories experienced its second warmest year (cooler than 2010 but slightly warmer than 
2008, 2009, and 2012) over the last 60 years.
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Annual precipitation in the Middle East was below normal. The 2013–14 winter was drier than 
the long-term mean. Most of Syria received only 40 percent of normal precipitation levels. Israel and 
Palestine had a record dry winter, receiving only 25 percent of normal rainfall totals. Spring was drier 
than normal in most areas.

During May, the eastern Mediterranean countries (except northern Syria) experienced wetter- 
than-normal conditions—over 250 percent of normal. Cyprus measured precipitation totals of 320 per-
cent of normal and Israel and Palestine reported its wettest May since records began in the 1920s. This 
was followed by a dry summer. Precipitation totals in eastern areas were well below average—about 
40 percent of normal levels.

Israel experienced flooding associated with heavy rainfalls in May. This led to road closures and 
agricultural damage. In many parts of Israel, there was 20 to 50 millimeters of rain daily, some areas 
received 40 to 80 millimeters per day. In August, heavy rainfall led to landslides in Cyprus. Several roads 
were closed.

2015: In the Middle East, temperatures were +1°C to +2°C warmer than the long-term mean. Except 
for Cyprus, where near-normal conditions prevailed. During summer and fall, prevailing anticyclonic 
conditions induced positive temperature anomalies across the entire region. The eastern Mediterranean 
experienced temperatures +3°C warmer than average.

The region saw near-normal precipitation totals. But, the 2014/15 winter was drier than normal, 
reaching only 60 percent of normal precipitation levels. During the summer dry season, the eastern 
Mediterranean received surplus rainfall, exceeding 500 percent of the average in some areas.

DROUGHT IMPACTS ON CROPPING SYSTEMS

The 2014 drought led to more people realizing drought was a danger in Lebanon. During 2016 
interviews with Lebanese stakeholders, they described drought impacts as a relatively recent phenom-
enon. War and political conflict, both in Lebanon and in surrounding countries, dominated the con-
science of people over last several decades. As a result, droughts seemed relatively inconsequential. 
The perception that Lebanon is water-rich and does not experience drought is widespread among 
farmers, civil society and government stakeholders. In 2016, stakeholders compared drought impacts 
to any other weather event, but less severe than agricultural export challenges caused by Syria’s  
border closing.

Droughts disproportionately impact the poorest communities in Lebanon. When taking 
account of the entire agricultural value chain, agriculture is an important livelihood. This is especially 
true in the poorest governorates of Akkar and Baalbek-Hermel, where agriculture is a primary source 
of income and employment. Drought impacts these areas, first, because of the limited capacity of the 
communities to manage drought risk, second because of these areas’ dependence on agriculture, and 
third because Syrian refugees are relatively more concentrated in these areas, placing greater demand 
on local water and natural resources.

Drought’s impacts on agricultural finance were described as wide-reaching. Smallholders pre-
dominantly receive loans from local agricultural input shops. So, when drought occurs, input prices 
become higher as retailers absorb the risk of fewer loan repayments. As such, when drought impacts 
production, prices can increase even for unrelated agricultural equipment.
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Drought’s impacts on groundwater usage are considerable. Drought has direct repercussions on 
groundwater recharge in Lebanon. This is especially true when it is caused by less snowfall or a changing 
period of snow cover, which feed the springs and streams that meet agricultural water demands in sum-
mer months. Most crops in Lebanon require supplemental irrigation, and droughts increase irrigation 
demand, which is met almost entirely by groundwater abstraction. Also, utilities and organizations that 
provide water for refugee settlements face water shortages during drought periods, which is also met 
with groundwater utilization. Increased groundwater pumping, the need to deepen or drill new wells, 
and water purchases for refugee relief are major cost burdens for all stakeholders. Moreover, blackouts 
are frequent in Lebanon, meaning pumps can fail for hours at a time.

Drought has important impacts on water quality. Numerous stakeholders mentioned this as an 
issue, especially in the Bekaa and South Lebanon areas of the Litani River Basin. The concentration 
of chemical and biological pollutants in groundwater and surface-water increases during drought. 
Stakeholders described this as a major challenge for human health, irrigation, and municipal water 
supplies.

Drought can lead to conflict or illegal behavior. Large agricultural areas in Lebanon depend on 
spring systems. The discharge of these springs fluctuates in response to changing snow cover and pre-
cipitation. According to stakeholder consultations, spring failures lead to conflicts within and between 
villages as reduced water supply must meet competing demands. Likewise, in densely populated areas 
with more piped water and wastewater infrastructure, farmers frequently tap these water lines illegally. 
This leads to leakages, water pressure drops, and, in the case of tapped sewage lines, major health risks.
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Large scale atmospheric dynamics, like teleconnections, impact drought. The El Niño 
Southern Oscillation (ENSO) assuredly impacts drought in certain parts of the world, but it 

is unclear how much it impacts droughts in Lebanon. In the years of a strong El Niño or La Niña there 
also tends to be drought in the Middle East, however the causal link has not been confirmed. The North 
Atlantic Oscillation (NAO), on the other hand, seems to be the most relevant teleconnection for 
winter precipitation in Lebanon.

ENSO

It is unclear if ENSO contributes to droughts and other extreme weather events in Lebanon. 
The winter of 2015–16 saw the co-occurrence of a strong ENSO and drought conditions in Lebanon. 
A monthly breakdown over several years shows that during strong El Niño or La Niña years, there is 
also irregular precipitation patterns (see Figure 6.3). Hence, it was hypothesized that ENSO is an early 
warning mechanism for drought. But, after examining long-term climate records, this linkage cannot be 
confirmed.

El Niño is a natural climatic phenomenon of unusually warm water along South America’s 
west coast and in the tropical parts of the Pacific Ocean. It is a natural process that affects marine 
currents and atmospheric circulation every two to seven years. In Spanish, El Niño means boy or, in cer-
tain contexts, baby Jesus. It got its name because it typically occurs along the Peruvian and Ecuadorean 
coast around Christmas time. The phenomenon has been known for centuries among local fishermen. 
But, only in recent decades has it been attributed with unusual weather occurrences all over the planet. 
Its official name is El Niño Southern Oscillation, or ENSO, where “Southern Oscillation” refers to the 
atmospheric changes associated with El Niño.

La Niña is the opposite process of El Niño. After an El Niño, the sea in the eastern Pacific cools 
again. Often, but not always, the water temperature drops below its normal levels. When this occurs, it is 
called La Niña, or “the girl.” The Oceanic Niño Index (ONI) was created to determine when conditions 
merit an El Niño or La Niña classification. An El Niño is defined by an ONI greater than +0.5°C, that 
is, a 3-month mean temperature at least 0.5°C above the 30-year mean. Similarly, a La Niña is defined 

ENSO, TELECONNECTIONS,  
AND OTHER DRIVERS OF DROUGHT
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by an ONI lower than—0.5°C. Temperatures between plus or minus 0.5°C are considered normal, 
and not El Niño or La Niña. A moderate El Niño has an ONI above 1°C and a powerful El Niño has 
an ONI greater than 1.5°C. The same range applies to La Niña only in negative ONI values. Figure 6.1 
shows ONI ranges since the 1950s. As can be seen, ocean temperature fluctuations are normal and only 
in some years do they classify as El Niño or La Niña.

ENSO affects weather patterns in the Central Pacific, but its farther-reaching impacts are 
uncertain. ENSO-related weather impacts are strongest in countries bordering the tropical Pacific. On 
the west coast of South America, it leads to heavier-than-usual rainfall, while in Australia, Indonesia, 
and the Philippines, it leads to drier conditions. But, it may also impact weather in countries outside 
of the central Pacific. Droughts and floods are often linked with stronger ENSO events, though it is 
difficult to attribute remote weather events with the phenomenon’s influence. Remote weather events 
are impacted by a combination of climate phenomena. Climate change, for example, adds an additional 
layer of uncertainty. The far-reaching impact of ENSO is, therefore, a longstanding research topic in 
the scientific climate community. For example, the World Climate Research Programme’s Climate and 
Ocean—Variability, Predictability, and Change (CLIVAR) mission studies the dynamics, interactions, 
and predictability of these various ocean-atmosphere systems.

Having said this, there are simple ways to measure if ENSO influences far-reaching countries. 
This is done by looking at long-time observed variations and correlating them with ENSO phases. Fig-
ure 6.2 and Figure 6.3 do this. Figure 6.2 displays the geographical correlation of temperature anomalies 
with the ONI. When the correlation is positive (shown in red), temperatures tend to be warmer than 
normal during El Niño and cooler than normal during la Niña. Negative correlations (in blue) means 
the opposite.

From these maps, it is evident that the Middle East and North Africa (MENA) regions are 
only marginally influenced by ENSO. Possible exceptions to this rule are a weak-to-moderate positive 
correlation in Northwest Africa from December to May and a weak positive correlation in Northern  
Africa from June to August. For precipitation, there is a weak (possibly even moderate) negative 
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FIGURE 6.1 Values of ONI from 1955 to the Present

Source: NOAA, https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/cb-mei.cfm.
Note: Red bars indicate warm conditions in the equatorial Pacific and blue bars indicate cool conditions in equatorial waters. Large and 
prolonged El Niño events are indicated by large, positive index values: note the > +2 value associated with 1972, 1983, 1998, and the recent 
strong event in 2015–2016. Recent cool anomalies (La Niña) occurred in 1999–2002, 2007–2009, and 2010–2012.
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correlation in North and Northwest Africa from December to May and a weak positive correlation in 
North Africa and, possibly, in parts of the Middle East from September to November. But in all cases, 
it is speculative to solely attribute temperature or precipitation anomalies to ENSO. Only weak correla-
tions appear at the country level. Christensen et al. (2012 and 2013) argue the most dominant climate 
phenomena in the Mediterranean region is the North Atlantic Oscillation (NAO), during northern 
hemisphere winters.

Other researchers maintain that ENSO plays a much stronger role in global weather  
events. Barlow et al. (2016) reviewed drought occurrence in the Middle East and southwest Asia 
and showed that large-scale climate variability, particularly La Niña, appears to play an important 
role in region-wide droughts. This includes the two most severe droughts of the last 50 years, the first 
from 1999 to 2001 and the second in 2007 and 2008. They also predict that significant temperature 

FIGURE 6.2 Temperature Correlation Maps

Source: KNMI Climate Explorer, https://climexp.knmi.nl/start.cgi.
Note: Red denotes locations that are warmer on average during El Niño and cooler during La Niña. Blue denotes locations that are colder during El Niño and warmer during 
La Niña. In North America, the effects are often non-linear, or La Niña is not always the opposite of El Niño.
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increases and drying of the eastern Mediterranean will continue. But, researchers identified other 
influences besides ENSO that contribute to these trends. These influences include orography, storm-
track changes, moisture transport, vertical motion thermodynamics, and feedback mechanisms from 
reduced vegetative growth.

Even with the demonstrated relationship between strong La Niña events and widespread 
drought, the predictive capacity of this model remains low. The statistical basis for claiming a direct 
link between La Niña and Middle East precipitation remains speculative. Models would have to con-
sider many more factors that can influence drought. These factors include drought’s regional coherence, 
data uncertainty, the role of temperature, regional storm track dynamics, a range of dynamic drought 
mechanisms, the stability of remote influences, the predictability of crop yields and vegetation, and the 
relationship between drought and synoptic-scale mechanisms.

FIGURE 6.3 Precipitation Correlation Maps

Source: KNMI Climate Explorer, https://climexp.knmi.nl/start.cgi.
Note: Blue indicates that during El Niño there was, on average, more rain than normal. Red indicates drought during El Niño. La Niña has the opposite effect in almost  
all locations.
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It is possible to establish a link between drought and ENSO teleconnections. Many research 
centers are working on seasonal-to-decadal scale prediction systems. This involves large computations 
with data assimilation elements from the entire climate system, which includes oceans, the atmo-
sphere, the cryosphere, and land surfaces. These efforts produce large databases with synthetic climate 
records that span many centuries and even millennia. Using models, it is therefore possible to establish 
a statistically sound correlation between ENSO and drought.

DROUGHT AND TELECONNECTIONS IN MENA

Understanding teleconnections is an important step for being able to predict drought. Tele
connections are causal connections among meteorological or environmental phenomena that occur 
long distance apart. Large-scale high pressure systems that prevent low pressure rain-bearing frontal 
systems from moving into an area or allow convectional uplift conditions cause drought. The atmo-
spheric dynamics that cause these conditions are poorly understood, but known as teleconnections 
(from the Greek word “faraway,” and the English word “connection”). Teleconnections are recurring 
and persistently large-scale patterns of pressure and atmospheric circulation anomalies over vast geo-
graphical areas. In simple terms, they are atmospheric interactions between widely separated regions 
of Earth (Glantz 1994).

Teleconnections are diverse. They can occur over time periods of weeks to months at a time. They 
can also appear for consecutive years and play in inter-annual and inter-decadal atmospheric variability. 
Teleconnections can affect storm tracks, temperature, precipitation, jet stream location and intensity, 
and abnormal weather patterns that simultaneously affect distant areas (Barnston and Livezey 1987; 
Barnston and Livezey 1991; Mo and Livezey 1986). The different teleconnections are defined by dif-
ferent teleconnection indices.

ENSO is the most well-known teleconnection. It causes global climate variability on seasonal to 
inter-annual time scales (Wolter and Timlin 2011). ENSO clearly influences areas in Asia, Africa, and 
North and South America, but its influence in Europe, North Africa, and the Middle East is weak. Simu-
lations that use a fully coupled climate model (Merkel and Latif 2002), suggest that El Niño could weaken 
the North Atlantic mean meridional pressure gradient, causing a southward shift of the North Atlan-
tic storm-track. In turn, this weakens the NAO and leads to wetter conditions over central Europe and 
the western Mediterranean (Hurrell and van Loon 1997). Research has shown possible links between 
El Niño and drought in Morocco and a possible negative correlation between ENSO and precipitation 
in northeastern Tunisia (Mariotti, Zeng, and Lau 2002). Other research shows possible links between 
ENSO and European and Mediterranean climates (Lloyd-Hughes and Saunders 2002; Shaman 2014). 
Still, evidence remains sparse on ENSO’s effects on Lebanon and ENSO’s relationship with other tele-
connections impacting the region.

The NAO is a prominent teleconnection in the MENA region (Barnston and Livezey 1987). 
The NAO consists of a north-south dipole of air pressure anomalies, with one center located south of 
Iceland and the other located over the Azores Islands (between 35°N and 40°N). The positive phase 
of NAO is below-normal pressure across the high latitudes of the North Atlantic and above-normal 
pressure over Western Europe, the eastern United States, and the central North Atlantic. The negative 
phase indicates the opposite pattern of pressure anomalies over these regions.
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Long-term observations suggest NAO is a dominant influence on weather in the Middle and 
Near East. Most notably, it impacts river flows, surface temperatures, and winter precipitation. NAO 
also drives western and southern Mediterranean precipitation. For example, winter rainfall over south-
ern Europe and North Africa has declined since the 1970s because of a positively phased NAO.

The North Atlantic Oscillation Index (NAOI) is calculated by the Rotated Principal Compo-
nent Analysis (RPCA) (Barnston and Livezey 1987). This applies to monthly, mean, standardized, 
500-millibar height anomalies obtained from the Climate Data Assimilation System (CDAS) between 
1950 and 2000. Each month, teleconnection indices, which include NAO and other relevant modes, are 
calculated to explain the spatial variance of height anomaly fields.4

The Mediterranean Oscillation (MO), another teleconnection, shows the presence of syn-
chronized, but opposing, atmospheric behavior in the eastern and western sub-basins (Conte 
et al., 1989). The MO’s low-frequency pattern produces opposed anomalies, which affects pressure, 
temperature, and precipitation regimes. The influence of the MO on Mediterranean climate variability 
has been studied by many researchers (Baldi et al. 2004; Corte-Real, Zhang, and Wang 1995; Kutiel 
and Paz 1998; Maheras, Xoplaki, and Kutiel 1999; Palmieri et al. 2001; Palutikof et al. 1996; Piervitali,  
Colacino, and Conte 1997; Xoplaki et al. 2003). Research shows the MO is the most important low- 
frequency driver of precipitation (Douguedroit 1998; Dünkeloh and Jacobeit 2003; Kutiel, Maheras, 
and Guika 1996; Maheras, Xoplaki, and Kutiel 1999). Several methods are used to measure the MO. 
The Mediterranean Oscillation Index (MOI) (Conte, Giuffrida, and Tedesco 1989; and Palutikof 
et al. 1996) measures the normalized pressure difference between Algiers (36.4°N, 3.1°E) and Cairo 
(30.1°N, 31.4°E). MOI data is calculated using the Bessel interpolation of pressure data provided by 
the Climate Research Unit (CRU).

The Western Mediterranean Oscillation (WeMO) is a regional teleconnection pattern (first 
proposed by Martin-Vide and Lopez-Bustins (2006)). The WeMo was initially used to explain the poor 
relationship between the NAO and eastern Iberian Peninsula weather patterns. It is defined as the pres-
sure difference between the north Italian peninsula and the southwest Iberian Peninsula. The WeMO 
index is used to explain convective rainfall (López-Bustins and Azorín-Molina 2004), winter rainfall 
trends (Lopez-Bustins et al. 2008; Oliva et al. 2006), urban heat islands (Lopez-Bustins et al. 2006), sea- 
breeze occurrences (Azorin-Molina and Lopez-Bustins, 2008), heavy rainfall events (Martin-Vide and 
Lopez-Bustins 2006; Martin-Vide et al. 2008), and sunshine variability (Lopez-Bustins and Sanchez- 
Lorenzo 2006).

ANALYZING DROUGHT AND TELECONNECTION LINKS

Droughts result from abnormal atmospheric conditions that lead to high-pressure systems 
remaining over an area. These systems suppress rainfall because of the descending, warming air asso-
ciated with these pressure types. Oscillations in large-scale atmospheric systems can change wind, 
pressure, temperature, and precipitation patterns. The causes of these natural variations are not always 
known, but they are often attributed to abnormal land or ocean warming and cooling.

4 For more information on the RPCA technique, see: www.cpc.ncep.noaa.gov/data/teledoc/teleindcalc.shtml.
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We analyze correlations between droughts and tele-
connections in Lebanon. We do this since there are no 
in-depth analyses on drought climatology in Lebanon and its 
connections to atmospheric variations. We focus on Lebanese 
droughts from 1990 to 2014. This period was selected because 
meteorological station data was available. We analyze this data 
for correlations with ENSO,5 NAO,6 MO,7 and WeMO.8 This 
data set goes back long enough to include several El Niño and 
La Niña events, but only a few of these events could be con-
sidered major (for example see Figure 6.1).

There are two main difficulties in assessing links 
between teleconnections and droughts in Lebanon. The 
first is the need for high resolution data. There are only a few 
operable stations that provide data on the country’s complex 
topography and various microclimates. The second is the lack, 
or disruption, of meteorological records. These disruptions 
were mainly a consequence of the civil war from 1975 to 1990. 
For these reasons, we use regular, gridded satellite data rather 
than the sparse and disrupted station data. Preliminary tests 
show Tropical Rainfall Measuring Mission (TRMM) data are 
the most reliable in the region. Specifically, we use monthly 
TRMM data at 25-kilometer resolution for the period from 
1998 to 2014.w

We used a seasonal Pearson correlation to assess the 
relationship between teleconnections and precipitation. 
We calculated the Pearson correlation of each teleconnection 
index with each gridpoint’s standard precipitation index (SPI). 
Although a monthly correlation would provide better temporal 
resolutions, the limited history of TRMM records (less than 20 
years) and the high-resolution geographical focus area, compelled us to use seasonal data. We achieved a 
0.2 confidence level, which means there is 80 percent confidence that the numerical correlation reflects 
a relationship between observed phenomena.

Table 6.1, Table 6.2, and Table 6.3 show the results from twelve representative Lebanese 
districts. Table 6.1 shows that ONI is an important influence on precipitation in the summer months. 
The monthly breakdown shows that the strongest correlation, and most of the precipitation, is in 
August. This suggests ENSO plays a role since a positive El Niño phase can influence heavy August 
showers. This can replenish water resources but also have a negative, disruptive impact on soils. Hence, by 
this measure, it seems that all of Lebanon is influenced by ENSO, regardless of geographical area. In 

5 The Oceanic Nino Index (ONI) was used to capture the variations and phases in ENSO.
6 NAO Index (NAOI) was used to capture the variations and phases in NAO.
7 MO Index (MOI) was used to capture variations and phases in MO.
8 WMEO Index (WMEOI) used to capture variations and phases in WEMO.

TABLE 6.1 �Correlation Values Between the ENSO 
ONI Index and Lebanon’s SPI Values, 
with at Least an 80 Percent Confidence 
Interval and 0.4 Correlation

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management 
in Lebanon,” International Center for Biosaline Agriculture.
Note: Correlation values for ENSO ONI, NAOI and MOI with Lebanon SPI 
values, with at least 80% of confidence interval and 0.3 correlation. Positive 
correlation, resulting in increased positive precipitation anomaly, is indicated in 
blue; negative correlation in red. The size of the squares indicates the correlation 
value (see Legend). 
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Baalbek and Zahle, certain effects occur in the spring months 
when a positive ENSO phase limits precipitation.

The NAO is the most relevant teleconnection for 
winter precipitation, while the MO’s relevance is incon-
clusive (Table 5.4 and Table 6.1). Like ENSO, NAO’s cor-
relation with rainfall is significant and its effects are felt all 
over Lebanon. For the Mediterranean Oscillation, the main 
difficulty was establishing significant correlation values. Most 
Lebanese grid points show only a 0.4–0.5 correlation, with 
significant correlations found in only two areas during the 
winter months: Zahle and Bent Jbail. This was not included in 
the table because of the low significance. More long-term data 
is needed to establish the statistical significance of the MOI.

The SPI shows high precipitation variability in Lebanon. 
An SPI, used by the World Meteorological Office to establish 
moisture availability for agriculture, was generated for Lebanon. 
Figure 6.4 plots the results. The figure shows clear variability 
in Lebanon’s rainfall patterns (with zero representing average 
rainfall). The figure shows that during drought years—such 
as 1972–73, 1994–95, and 1999–2000—not all stations show 
low precipitation levels. This implies that seasonality and land 
surface moisture are also relevant for determining if a drought 
occurs. The SPI for the Ksara Obsy station, located in the Bekaa  
Valley, has the highest negative values for known drought 
events. This is likely a result of topography and associated rain 
shadows during these low rainfall periods. In later years, when 
data is only available for Beirut and Tripoli, the figure shows 
more wet years than dry, reflecting decadal scale variability. 
The drought years in 1994–95 and 1999–2000 are not appar-

ent in the SPI values. This suggests precipitation variations were less in coastal areas and that the 
droughts may not have been as wide spread as perceived.

To gain greater insight into precipitation variability we used regular, gridded satellite data. As 
mentioned above, station data from Beirut and Tripoli was missing or unreliable. Several gridded sources 
are available. These include: CHIRPS9 data from 1981 to 2015; TRMM data from 1998 to 2013;10 and 
E-OBS11 data from 1901 to 2015 (Funk et al. 2015). The TRMM and E-OBS data was compared to data  
from 28 stations across the Levant (because of spatial and temporal limitations with Lebanese stations).12  

9 Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) generated at the University of California Santa 
Barbara.
10 Tropical Rainfall Mapping Mission (TRMM) from National Aeronautic and Space Administration.
11 ENSEMBLES daily gridded observational dataset for precipitation, temperature and sea level pressure in Europe called 
E-OBS.
12 This data was available through KNMI’s Climate Explorer website.

TABLE 6.2 �Correlation Values Between the NAO 
Index and Lebanon’s SPI Values, with at 
Least an 80 Percent Confidence Interval 
and 0.3 Correlation

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management 
in Lebanon,” International Center for Biosaline Agriculture.
Note: Positive correlation, resulting in an increased positive precipitation anomaly 
for positive NAO phase (and vice versa for the negative phase) is indicated in 
blue. The size of the squares indicates the correlation value and ranges from 
0.3 to 0.42. DJF = December, January, February; JJA = June, July, August; MAM = 
March, April, May; NAOI = North Atlantic Oscillation Index; SON = September, 
October, November.
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This helped determine which dataset best captured recent 
drought events. The data varied among the three datasets.

The three datasets also gave some comparable results. 
The datasets showed comparable correlations and root mean 
square errors (RMSE) when tested against station data for 
accumulated precipitation during the 9-month growing season 
in Lebanon. The analysis was further refined by removing sta-
tions where mean annual precipitation was below 300 millime-
ters per year. These areas are arid or semi-arid and, therefore, 
not typical of Lebanon’s climate. This brought the testing down 
to 23 stations (from 28).

Testing correlations and RMSE showed that the 
CHIRPS and TRMM datasets were similar and compara-
ble, but not as much when testing SPI data (Figure 6.5). SPI 
data is more relevant to drought monitoring than accumulated 
precipitation value. But, testing 3-month SPI data expanded the 
study from 23 to 159 stations over the same timeframe.

In general, CHIRPS showed smoother data. This suggests 
precipitation extremes were not captured well in CHIRPS. But, 
CHIRPS data, available at a 5-kilometer resolution, is more use-
ful for a small country like Lebanon, than is TRMM and E-OBS  
data, which are available only at a 25-kilometer resolutions. 
This is much too coarse a resolution for drought monitoring. 
To generate data that best represents the conditions in Lebanon, 
the TRMM’s temporal variability was combined with CHIRPS’ 
spatial variability. By doing this, we could downscale TRMM to 
a 5-kilometer resolution. Thus, TRMM’s 25-kilometer resolu-
tion provided average values for a 5 by 5 grid of 5-kilometer 
grid points. This downscaled precipitation data is shown as 
CHIRPS-TRMM in Figure 6.5. The CHIRPS-TRMM down-
scaling has an error of 0.79 compared to CHIRPS’ 0.87. These results were encouraging enough for us 
to use only downscaled data in Figure 6.6 and Figure 6.7, though more validation of the downscaling 
method could still be undertaken. For these figures, precipitation anomalies were calculated as percent-
ages of normal values for three time-periods. These periods include: spring (March 1st to May 31st); 
autumn (September 1st to November 30th); and the 9-month growing season (September 1st to May 
31st). This allowed us to analyze timing and precipitation anomalies within those timeframes.

Figure 6.5 captures variability both within and between years. It shows there have been seven 
autumns with below average precipitation since 1998. There have also been four seasons with drought, 
where the negative anomaly is more than 30 percent. The most severe autumn droughts were in 2011 and 
2014. The 2016 drought had the highest negative anomaly for the entire agricultural season. There were 
wet seasons during the early 2000s and in 2012–13 that recharged reservoirs and groundwater systems. 
Figure 6.5 also shows that recent droughts are more severe than older droughts. But, drawing this con-
clusion is difficult because it is based on historical data spanning less than 20 years.

TABLE 6.3 �Correlation Values Between the MOI  
and Lebanon’s SPI Values, with at Least  
an 80 Percent Confidence Interval and 
0.3 Correlation

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management 
in Lebanon,” International Center for Biosaline Agriculture.
Note: Positive correlation, resulting in an increased positive precipitation anomaly 
during positive MOI phase (and vice versa during a negative MOI) is indicated 
in blue. The size of the squares indicates the correlation value and ranges  
from 0.3 to 0.52. DJF = December, January, February; JJA = June, July, August; 
MAM = March, April, May; MOI = Mediterranean Oscillation Index; SON = 
September, October, November.
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Figure 6.7 shows the variability between spring precipitation and precipitation during the 
entire agricultural season. It shows that a dry spring does not always mean there will be a drought 
that year. In some years, spring sowing in wet conditions can make up for losses from autumn droughts. 
During the period analyzed, there were four wet springs where the precipitation was 100 percent more 
than average conditions. There were seven years when spring was more than 50 percent drier than 
average. Droughts in 1999, 2014, and 2016 were the most severe for entire seasons. Over the short 
timeframe, the data does not show droughts becoming more frequent, but show lower precipitation in 
spring and autumn.

This analysis shows the timing of dry periods determines longer-term impacts on crops. 
For example, droughts occurring later in the year—and following a wet, normal, or slightly-less-than-
normal autumn—affect cereal production values less. Some of the impacts of dry periods are offset by 
irrigation expansions, especially for fruit trees, potatoes, and vegetables. Stakeholders in Bekaa and 
the Akkar plains said potatoes require adequate fall precipitation for planting and then substantial 
spring rains; whereas fruit trees are more reliant on fall rains. Therefore, the use of supplementary 
irrigation during dry periods helps reduce negative consequences on crops.

91 92 93 94 95 96 97 98 99 0081 82 83 84 85 86 87 88 89 9071 72 73 74 75 76 77 78 79 80
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FIGURE 6.4 SPI Values for Beirut, Tripoli, Ksara Obsy, Rayack, and Cedars

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline 
Agriculture.
Note: Agricultural drought years are highlighted in yellow. SPI = standard precipitation index.
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FIGURE 6.5 �Comparison of Observed Precipitation for the 9-Month Agricultural Season  
(September to May), with RMSE and Correlation

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline Agriculture.
Note: Data are from 23 Lebanese weather stations (black line), CHIRPS (red line), CHIRPS/TRMM (cyan line) and E-OBS (blue line).  
CHIRPS = Climate Hazards Group InfraRed Precipitation with Station; E-OBS = ENSEMBLES daily gridded observational dataset for 
precipitation, temperature and sea level pressure in Europe; RMSE = root mean square error; TRMM = Tropical Rainfall Mapping Mission.
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Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline Agriculture.
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✦
CHAPTER 
SEVEN

Climate projections indicate Lebanon is warming and will experience more frequent 
droughts in the future. Estimations show that warming will be well above the global mean 

warming rate. It is predicted that winter precipitation will also decrease. But, even if precipitation levels 
do not change, soil moisture will continue to decrease because of evaporation from higher tempera-
tures. This will decrease water availability for human or agricultural needs as reservoirs and mountain 
streams become more depleted. Taken together, chances are high that drought conditions will spread 
and occur more frequently. Lebanon will also face increased risk of other extreme events, like heavy 
rains and flash floods.

Below we look at drought and climate projections through two approaches. The first is to look at 
the Intergovernmental Panel on Climate Change (IPCC) data and apply it to Lebanon. The second is 
to look at the European Coordinated Regional Climate Downscaling Experiment (CORDEX-Europe) 
data and apply those models to Lebanon.

IPCC PROJECTIONS

IPCC projections are expressed as differences between future scenarios and the reference 
period of 1986 to 2005. Therefore, predicted changes are relative to the climate changes that have 
already occurred since the pre-industrial period. IPCC models are made available through the Coupled 
Model Intercomparison Project Phase 5 (CMIP5) (Taylor 2012) database. KNMI Climate Explorer 
(https://climexp.knmi.nl) developed an online data store to produce maps on a country-by-country 
basis. We used same procedures as the IPCC to access data for this report. As such, these maps are 
meant for global climate models so do not contain much detail for individual countries. Despite this, 
the maps can be indicative of future scenarios for specific countries.

The IPCC (2013a) maps four different future scenarios. These include: RCP2.6, RCP4.5, RCP6.0, 
and RCP8.5. RCPs, or Representative Concentration Pathways are four greenhouse gas concentration 
(not emissions) trajectories adopted by the IPCC for its fifth Assessment Report (AR5) in 2013. The 
four RCPs are named after a possible range of radiative forcing values in the year 2100 relative to pre- 
industrial values (+2.6, +4.5, +6.0, and +8.5 W/m2, respectively). RCP2.6 is a strongly mitigated scenario 
that keeps projected temperature increases below 2.0°C. RCP8.5 is a non-mitigated scenario where 
temperature rise projections are in line with the current (high) emission levels.

PREDICTING FUTURE WEATHER PATTERNS
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According to IPCC data, temperatures are projected to increase for all seasons. Figure 7.1 and 
Figure 7.2 show the CMIP5 subsets for temperature and precipitation.13 Specifically, Figure 7.1 shows the 
annual mean, end-of-century temperature changes for Lebanon under the RCP8.5 scenario. Figure 7.2 
shows the mean annual relative precipitation change. In both cases, the values represent the model’s 
median values based on all available simulations. In summary, the CMIP5 models indicates that for the 
RCP8.5 scenario by the end of the 21st century, country-scale temperatures could increase by 3–6°C 
during winter, 3–6°C during spring, 4–7°C during summer, and 3.5–6°C during fall. Precipitation 
amounts may be reduced by 10 to 30 percent in the wet season (October–April), 10 to 40 percent in the 
dry season (May–September), and 10 to 40 percent annually.

13 For each modelled grid point, the 25th, 50th, and 75th percentiles of the CMIP5 distribution were shown. Here only the 
50th percentile is shown and results compare the timeframes of 2081–2100 to those of 1986–2005. This includes both inter-
model spread and natural variability. Hatching denotes areas where the mean 20-year differences in percentiles are less than the 
standard deviation of model-estimated present-day natural variability of the mean 20-year differences. This provides a measure 
of robustness to the results. Hatching indicates that the change is not statistically significant, yet the sign and magnitude may 
still be relevant given the geographical pattern of the overall changes. For other scenarios or other time slices, projected changes 
are scaled back and the information can be extracted from IPCC (2013). To summarize all these different scenarios is beyond 
the scope of this document.

–2 –1.5 –1 –0.5 0 0.5 1 1.5 2 3 4 5 7 9
[Celsius]

11

mean rcp85 temperature 2081–2100 minus 1986–2005 Jan–Dec AR5 CMIP5 subset

FIGURE 7.1 �Mean Annual Temperature Change for 2081–2100 versus 1986–2005, as Projected  
by the CMIP5 Models for the RCP8.5 Scenario

Source: KNMI Climate Explorer; https://climexp.knmi.nl/start.cgi.
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The Hydrological Cycle

IPCC projections all point to significantly drier future conditions in Lebanon. Figure 7.3 
displays projected changes for the end of the century. Or, 2081–2100 versus 1986–2005 for winter 
months under the RCP8.5 scenario for precipitation, net water flux (precipitation minus evaporation), 
near surface soil moisture, and near surface relative humidity. It shows that precipitation will decline 
by about a half millimeter per day, and that if you include evaporation, the water flux will decline by 
between a millimeter and a half millimeter. Figure 7.3 shows that soil moisture and relative humidity 
will also decrease.

CORDEX-EUROPE PROJECTIONS

The CORDEX-Europe database shows much of the same as the IPCC database. Namely, that 
Lebanon will get warmer and drier. This data is available at a 0.11 × 0.11-degree resolution. Table 7.1 
lists the models used to build the projections.

mean rcp85 relative precipitation 2081–2100 minus 1986–2005 Jan–Dec AR5 CMIP5 subset

–50 –40 –30 –20 –10 0 10 20 30 40 50

[%]

FIGURE 7.2 �Mean Annual Relative Precipitation Change During 2081–2100 versus 1986–2005,  
as Projected by the CMIP5 Models for the RCP8.5 Scenario

Source: KNMI Climate Explorer; https://climexp.knmi.nl/start.cgi.
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FIGURE 7.3 Mean Projected Changes for Winter (October–April)

Source: KNMI Climate Explorer; https://climexp.knmi.nl/start.cgi.
Note: Upper left: precipitation (mm/day); upper right: net water flux (precipitation minus evaporation) (mm/day); lower left: near surface soil moisture (kg/m2); 
lower right: relative humidity (%). (2081–2100) vs. (1986–2005) as projected by the CMIP5 models for the RCP8.5 scenario. kg/m2 = kilograms per square meter; 
mm/day = millimeters per day.
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The next three figures all show rainfall in Lebanon will 
decrease. These are projected changes under different RPC sce-
narios (see Box 7.1 below on the difference between predictions 
and projections). Figure 7.4 shows the spatial distribution of 
precipitation anomalies in Lebanon for the RCP4.5 and RCP8.5 
scenarios. It shows there will likely be a 20 percent decline in 
rainfall in the Bekaa valley and southern Lebanon. These are 
important agricultural areas that are already feeling water stress 
from urbanization and limited infrastructure. Figure 7.5 shows 
the increasing precipitation anomalies going forward for both 
the RCP4.5 and 8.5 scenarios. The downward spikes in the graph 
shows that droughts will likely be more intense and more fre-
quent. Figure 7.6 shows that the number of consecutive dry days 
will increase. This is especially the case in the Bekaa Valley and 
northern-most and southern-most parts of the country.

These projections indicate that Lebanon will experience 
substantially drier conditions with enhanced drought risk. 
This is the case for both strongly-mitigated and unmitigated sce-
narios. With a reduced hydrological cycle, water reserves and 
runoff from the mountains will also be influenced making the 
dry season even more difficult to manage. Water for irrigation 
will be considerably less abundant. And, taking year-to-year 
variability into account, suggests that drought conditions will occur regularly. Taken together, the 
general trend over the next 20 years will be towards higher exposure to drought conditions. This is not 
only true for Lebanon, but for the wider region. This suggests wide-spread drought conditions will be 
more severe and occur more frequently. This will challenge local agriculture.

Other Extreme Events

Lebanon also faces the risk of more flash floods. We have already seen that Lebanon has experi-
enced a high number of severe rainfalls over the past decade. And, it is totally possible, even likely, that an 
area subject to drying conditions would also experience more flooding. When a heavy rainfall happens 
during dry conditions, the land is not equipped to absorb the excess moisture, and as a result, flooding 
occurs. For this reason, drought risk management and flood risk management reinforce one another; 
protecting against one protects against the other.

Figure 7.7 summarizes this on a global scale. It shows that as the planet warms, the intensity of 
rainfall is also likely to increase over short periods. Based on a multi-model analysis, the figure simulates 
5-day rainfall intensity increases between now and the end of the 21st century (upper panel). The lower 
panel shows a snapshot of the pattern of change towards the end of the century (2081–2100 versus 
1986–2005). For Lebanon, the statistical signal is weak but indicates there will be both increased rainfall 
intensity and more frequent droughts or dry spells.

Collins et al. (2013) states that it is also very likely that heat waves will occur more frequently 
and for longer because of seasonal mean temperature increases. Changes in the absolute value 
of temperature extremes are very likely in Lebanon. They are expected to exceed global temperature 

TABLE 7.1 �List of the CORDEX-Europe Regional 
Models Used

Modeling Center 
Name

Global Model Regional Model

CNRM-CERFACS CNRM-CM5 CCLM4-8-17

CNRM-CERFACS CNRM-CM5 ALADIN53

ICHEC EC-EARTH CCLM4-8-17

ICHEC EC-EARTH RACMO22E

ICHEC EC-EARTH HIRHAM5

IPSL IPSL-CM5A-MR WRF331F

MOHC HadGEM2-ES CCLM4-8-17

MOHC HadGEM2-ES RACMO22E

MPI-M MPI-ESM-LR CCLM4-8-17

MPI-M MPI-ESM-LR REMO2009

Source: http://www.euro-cordex.net/index.php.en.
Note: CERFCAS = European Centre for Research and Advanced Training in 
Scientific Computation; CNRM = National Centre for Meteorological Research; 
ICHEC = Irish Centre for High-End Computing; IPSL = Institut Pierre Simon 
Laplace; MOHC = Met Office Hadley Centre; MPI-M = Max Planck Institute 
for Meteorology.



BOX 7.1 Predictions versus Projections

There are large data variations for future climate trends. And, even with the Paris agreement, future greenhouse gas 
emission scenarios are uncertain. At large spatial scales, the data is more reliable, but for small countries, like Lebanon, the data 
is indicative at best and not predictive. As such, the IPCC (2013a) distinguish between climate predictions and projections:

Predictions: A climate prediction or climate forecast is an estimate of the climate’s evolution in the future, for example,  
at seasonal, interannual, or decadal time-scales. The climate system’s evolution is highly sensitive to initial conditions;  
therefore, predictions are usually probabilistic in nature.

Projection: A climate projection is the simulated response of the climate system to a scenario of future emissions of greenhouse 
gases or aerosol concentrations, generally derived using climate models. Climate projections are distinguished from climate  
predictions in that they depend on emission, concentration, or radiative forcing scenarios. These, in turn, are based on assump-
tions of future socioeconomic conditions, technological developments, or other scenarios that may or may not be realized.

The line distinguishing these two terms is often blurred and there is an interest to make predictions over 
projections. It is much simpler for policy makers to work in certainties not probabilities. Predictions allow them to do that. For 
this reason, studies on ENSO and other largescale drivers intensified in recent years. There is a hope that droughts or flashfloods 
can be predicted with acceptable credibility. This explains why large international funding programs, like the EU’s Horizon 2020, 
are directed towards predictive research needs.

But, to be able to make predictions, one requires a large amount of easily accessible, quality controlled, obser-
vational records that represent the local climate accurately. For most countries, and certainly for Lebanon, this data does 
not exist. Lebanon has reasonable climate data for Beirut and Tripoli, but the country’s large variance in microclimates makes future 
climate predictions that cover the entire country nearly impossible. As such, large-scale projections will continue to be relied upon.

FIGURE 7.4 �Annual Total Rainfall Change Calculated as a Percentage Difference Between 2031–2050 and 1976–2005

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline Agriculture.
Note: The left panel is the RCP4.5 scenario and the right panel is the RCP8.5 scenario.
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FIGURE 7.5 �Annual Rainfall Anomaly in Lebanon Compared to the Mean Annual Total Rainfall for the Period of 1976 to 2005

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline Agriculture.
Note: The blue line is the models’ average for the oldest period, the yellow line is the models’ average for the RCP4.5 scenario, and the red line is the models’ average for 
the RCP8.5 scenario.

FIGURE 7.6 Spatial Distribution of Annual Consecutive Dry Days in Lebanon

Source: ICBA (2017). “Drought, atmospheric systems, impacts and management in Lebanon,” International Center for Biosaline Agriculture.
Note: The left panel is for the period of 1976 to 2005, the middle panel is for the period of 2031 to 2050 under RCP4.5, and the right panel is for the period of 2031  
to 2050 under RCP8.5.
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a)

RCP8.5: 2081–2100b) max. 5 day precip
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 Wettest consecutive five days (RX5day)

FIGURE 7.7 �Projected Percentage Change in 5-Day Extreme Rainfall (relative to the 1981–2000 
reference period) from the CMIP5 Models on the Maximum Annual 5-Day  
Precipitation Accumulation

Source: Collins et al. 2013.
Note: (a) Average global percentage change for the RCP2.6, RCP4.5, and RCP8.5 scenarios. Shading in the time series represents the 
interquartile ensemble spread (25th and 75th quantiles). The box-and-whisker plots show the interquartile ensemble spread (box) and 
outliers (whiskers) for 11 CMIP3 model simulations of the SRES scenarios A2 (orange), A1B (blue), and B1 (purple) globally averaged over 
future time periods (2046–65 and 2081–2100) as anomalies from the 1981–2000 reference period. (b) Percentage change from 2081 to 
2100 under the RCP8.5 scenario.
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increases by far, with substantial changes in hot extremes even for moderate or average warming levels—
less than 2.5°C above present day levels.

Lebanon is also likely to see an increase in warm temperature extremes and a decrease in 
cold temperature extremes. AR5 says, “it is virtually certain that there will be more hot extremes and 
fewer cold extremes as global temperature increases” (Collins et al. 2013). Figure 7.8 shows changes in 
the absolute temperature indices of the coldest and the hottest day of the year and the threshold-based 
indices of frost days and tropical nights. This data comes from the CMIP5 ensemble. It shows a robust 
increase in warm temperature extremes and a decrease in cold temperature extremes by 2100. The 
magnitude of these changes will increase as anthropogenic forcing also increases. The coldest night 
of the year undergoes larger increases than the hottest day in the globally averaged time series (Fig-
ure 7.8a and d). This tendency is consistent with older (CMIP3) models. Similarly, the frequency of 
warm nights increases more than the frequency of warm days. Regionally, the largest increases in the 
coldest night of the year are projected under the RCP8.5 scenario (Figure 7.8a). The subtropics and 
mid-latitudes exhibit the greatest projected changes in the hottest day of the year. Whereas changes in 
the frequency of warm days and warm nights are largest in the tropics. Frost days increase significantly 
in the Mediterranean and central Asia, and therefore, likely in Lebanon too.
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(continues on next page)

FIGURE 7.8 �CMIP5 Multi-model Mean Geographical Changes (relative to a 1981–2000 reference 
period in common with CMIP3) under RCP8.5 and a 20-Year Smoothed Time Series 
for RCP2.6, RCP4.5, and RCP8.5
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FIGURE 7.8 �(Continued)

Source: Collins et al. 2013.
Note: (a, b) the annual minimum of daily minimum temperatures, (c, d) annual maximum of daily maximum temperatures, (e, f) frost days 
(number of days below 0°C), and (g, h) tropical nights (number of days above 20°C). White areas are regions where the index is not valid. 
Shading in the time series represents the interquartile ensemble spread (25th and 75th quantiles). The box-and-whisker plots show the 
interquartile ensemble spread (box) and outliers (whiskers) for 11 CMIP3 model simulations of the SRES scenarios: A2 (orange), A1B (cyan), 
and B1 (purple) averaged over future time periods (2046–65 and 2081–2100) as anomalies from the 1981–2000 reference period.
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✦
CHAPTER 
EIGHT

Lebanon has not been successful in drought risk management, but some important 
efforts should be acknowledged. Generally, the public and private spheres lack a coherent 

and coordinated drought strategy. There is no central drought authority or coordinating body. Often 
drought management efforts take place at the subnational level, with some notable achievements at the 
municipal level, but nothing sustained. When interventions occur on a wider scale, they are to build 
resilience, an important contribution, but they do not specifically target droughts or manage drought 
risk. Other challenges include a lack of drought monitoring, poor knowledge exchange, weak exten­
sion services, unstable land and water rights, and more generally a dysfunctional government drought 
management framework. This chapter describes these challenges and some of the efforts that are being  
made to rectify them. It also will examine two new technologies—a drought Early Warning System 
(EWS) and hydroponic farming—that demonstrate the potential for Lebanon to improve drought risk 
management efforts. This Chapter looks at the many challenges to drought management in Lebanon and 
some innovated responses to the problem, like EWSs and hydroponics.

CHALLENGES

There are several challenges related to drought risk management in Lebanon. Through stake­
holder consultations and a literature review we classified these challenges into four main types. These 
include: weak institutional frameworks, a lack of scope and focus on drought, the poor collection and 
exchange of information, and poor subnational capacity.

Weak Institutional Framework

In Lebanon, drought management is not centralized. Drought is managed by individual institu­
tions through their own frameworks. There is not a guiding national strategy for drought management 
and efforts are not coordinated. The Ministry of Environment (Farajalla, n.d.) characterized the country’s 
drought response as “weak” because of “the lack of legislation that would have enabled the Government 
to declare a water emergency but also due to the fact that there is no drought emergency plan.” Govern­
ment stakeholders said institutional roles in drought management are not clear. For example, in response 

DROUGHT MANAGEMENT CHALLENGES 
AND POTENTIAL INTERVENTIONS
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to the 2014 drought, according to stakeholder interviews, the central government’s ability to develop 
an action plan was hampered by each agency not knowing its role. As a result, institutional focus was 
lost after the drought abated in 2015. In another example, local Departments of Agriculture cannot act 
independently but must take directives from the central government. This created blockages down the 
drought management line.

To improve drought coordination, an inter-ministerial committee was established to deal with 
the increasing water shortages from the 2013–14 drought. The Parliamentary Committee of Public 
Works and Energy and Water proposed this committee, which comprised various ministerial stake­
holders. It proposed that the Council of Ministers manage water shortages. It created a Water Scarcity 
Task Team within the MoE to help respond to the water crisis.

Another effort was made to coordinate through the Disaster Risk Management (DRM) unit in 
the Prime Minister’s Office (PMO). In theory, the DRM unit could coordinate activities among each 
ministry, but currently this system is not operational for droughts. Moreover, some government and civil 
society stakeholders are skeptical of the long-term sustainability of the DRM units since they operate 
under the aegis of the United Nations. Once the UN ceases these efforts there is a strong likelihood 
that these units will fall away.

Overall, the country lacks regulatory enforcement for water management. For example, water 
utilities are often unable to collect tariffs, with local elites pressuring them not to cut services as a result. 
Likewise, illegal pipe connections cause leakages, decrease water pressure in pipes, and are costly to 
repair. Moreover, the various water utilities do not have sufficient resources or security capabilities to 
protect infrastructure and enforce legal and regulatory codes.

At a broader level, government dysfunction was another challenge, according to stakeholders.  
One source said, “corruption, bureaucracy, and the country’s perennial political paralysis make the 
prospects for (drought management) changes uncertain” (Middle East Eye 2014). A decade passed 
without an elected government or an approved budget, causing instability. While institutions continue 
to function according to their historical roles, progress is stalled because of a lack of a cohesion, clear 
mandates, coordination, and a strong central authority. Connected to this, local leaders commonly have 
major influence over local development strategies and legal and regulatory regimes. Compounding  
these problems, security concerns limit government agencies’ access to some areas of the country. 
Regional stakeholders mentioned some villages had not had visits from extension agents in over two 
years. In the semi-arid Northeastern areas of Lebanon, rangeland degradation and the livestock impacts 
from drought have not been tracked because of security concerns.

Lack of Scope and Focus

Lebanon drought management efforts lack a concerted effort. In stakeholder consultations, 
only one nationally-coordinated relief effort was mentioned. This effort, called the Higher Relief 
Fund and is used to mitigate the financial impacts from war and natural disasters. The army leads this 
fund because they have the personnel and equipment to access remote and insecure areas and are the 
only institution trusted to distribute relief funds. They survey impacted areas and manage payouts 
if necessary. Unfortunately, staff who undertake surveys are not sufficiently trained in the technical 
components of drought impact assessments. This can contribute to inefficiencies. For example, in the 
only instance when payouts were made after a drought, funds did not arrive for two years, much too late to 
mitigate negative impacts. These delays were caused by inefficiencies and slow allocation from the Cabinet.
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The country does not focus on drought risk management. While Lebanon possesses a National 
Water Sector Strategy (NWSS), issued by the Ministry of Environment (MOE), this strategy does 
not specifically address drought management. In the example of the Higher Relief Fund, it was not 
created to provide support for droughts, but to relieve war and natural disasters more generally. In 
consultations, stakeholders often described resiliency building measures when asked to describe how 
they managed drought. Building resilience to disasters and other potential disruptions is very import­
ant. These efforts include increasing water storage and improving irrigation efficiency. For example, 
the Ministry of Energy and Water is building dams to capture seasonal runoff and the Green Plan  
(a semi-autonomous agency of the Ministry of Agriculture) is implementing a comprehensive program 
to construct hill lakes and water reservoirs to expand rainwater harvesting. But, these measures do not 
target drought specifically, only the consequences of drought.

Poor Information

One of the limits to the current drought management system is there is no drought monitor-
ing mechanism. Monitoring systems act as information sources to trigger action. Lebanon’s relatively 
advanced meteorological network was severely disrupted and degraded during the civil war. This 
network was never fully rebuilt so there is limited data available. Moreover, there is a financial charge 
associated with accessing data from these stations. Recent efforts spearheaded by the Lebanese Agri­
cultural Research Institute (LARI) have improved coverage and the sharing of climatological infor­
mation (See section below on EWS). But, the dearth of climatological data and the non-centralized 
nature of water resource data management are major stumbling blocks for monitoring drought since 
there are no commonly-accessible data repositories. Efforts by the Ministry of Energy and Water to 
establish a Water Information Center to collect data and make it available have not yet materialized.

Stakeholders described other challenges to drought-related information-sharing. These include:

A.	 The need for personal relationships: Stakeholders described the necessity of personally 
knowing someone in the institution to receive data. Government stakeholders receive  
regular weather reports from LARI or directly from the Meteorological Department.  
But, requests for additional analyses or information are often met with delays if the  
information comes at all.

B.	 Low demand for data: Stakeholders expressed relatively little demand for more meteorological 
and climatological information. Hydrological information, which is spread between multiple 
institutions, is in higher demand because it more directly links irrigation to municipal water 
supply management. One problem is many individuals who would benefit from this infor­
mation lack the capacity and technical know-how to utilize it.

C.	 A lack of metering: Government stakeholders emphasized there is a lack water metering 
information, making water management challenging. Even water utilities do not meter all 
wellfields. The absence of farm-level metering, for both surface and groundwater, makes it 
difficult to develop irrigation guidelines for droughts or produce estimates of water demand 
fluctuations caused by drought.

D.	 Poor flow of information: Even when data is available, the flow of information is problematic. 
Information sharing from government agencies to farmers and civil society stakeholders is 
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limited except for LARI’s EWS. If it happens at all, it often arrives too late to be useful. 
Acquiring information on surface water irrigation or water levels remaining for irrigation, 
for example, were described as useful but hard to attain.

To help overcome some of these data constraints, USAID funded a three-year regional techni-
cal assistance project called, “the MENA Regional Drought Management System.” The project was 
implemented by the International Center for Biosaline Agriculture (ICBA) and the National Drought 
Mitigation Center (NDMC) at the University of Nebraska in partnership with FAO. The objective was 
“to empower decision-makers to manage drought impacts on food and water security under current and 
future climate conditions” (USAID, n.d.). But, part of this work entails validating drought indicators for 
Lebanon. These indicators could be used to create maps and Composite Drought Indices and support 
decision-making by organizations tasked with mitigating drought impacts. This data would also improve 
predictive capabilities.

Weak Subnational Capacity

Weak subnational land and water rights are major issues during droughts. Progress has been 
made in Lebanon to codify, unify, and rationalize land and water regimes over the past decade. This 
includes the October 2017 ratification by parliament of a new Water Law, which provides a legal frame­
work for Water User Associations, but there is still lots to do. Many laws date back to the Ottoman era and 
simply evolved into current laws. Government and civil society stakeholders described this as a barrier 
to developing coordinated management plans. There are also legal difficulties to creating local water user 
associations, which are typically a part of effective water management. Most agree that providing some 
degree of local user management over water resources would be effective, especially during droughts. In 
stakeholder consultations only one example was given of a water user association being formed. This was 
in Southern Lebanon.

There are few efforts to empower the subnational level to manage drought risk. In cases where 
local municipalities control water resources for irrigation, there have been notable successes in drought 
management. Civil society stakeholders said responses to drought are effective when municipalities 
are well-organized, have respected leaders, and control water resources. As such they can plan for local 
needs and take necessary steps to regulate annual crop plantings and irrigation timings.

Weak extension services were another subnational problem for drought management.  
Governmental extension services are under-staffed with personnel responsible for a range of duties 
under the regional departments of agriculture, not just extension activities. In the areas without  
public-sector extension services, agricultural input suppliers become the primary “extension” agents 
in Lebanon. But, suppliers have vested interests in the advice they provide. For example, stakeholders  
said suppliers frequently promote products regardless of their effectiveness.

INNOVATIVE INTERVENTIONS

This section looks at two innovative interventions currently taking place in Lebanon. These 
include the development of drought EWSs and hydroponic farming. Both interventions are in their early 
stages but both also appear promising. Both systems are described in detail below.
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Early Warning Systems

LARI has created weather forecasting facilities and developed a nationwide drought EWS 
for Lebanese growers. These services necessitate daily monitoring, recording and forecasting. LARI’s 
experts analyze the gathered weather data and develop information services before dissemination to 
farmers and to the public.

The unit within LARI that manages the EWS is the Irrigation and Agrometeorology depart-
ment. LARI was established in 1957 and this unit shortly thereafter. Agrometeorology is the study of 
weather and climate information to enhance agricultural crops and increase production. Understanding 
crop water requirements, soil water retention traits, crop coefficient parameters, and evapotranspira­
tion computations are priorities of the department. These agrometeorlogical services were upgraded 
through the EU-funded Agriculture Development Project (EU Agriculture Development Project, 
MED/2003/57/ADP). This included the initial expansion of the automated weather stations from 
four to 25 (described below) and helped develop pest and disease models for several crops. These crops 
include grapes, apples, cherries, tomatoes, and potatoes. Using agrometeorology, two pilot projects were 
established in the Bekaa Valley to create water harvesting reservoirs and pressurized irrigation systems.

In 2008, LARI established a Short Message Service (SMS), or text messaging, which sent 
farmers weather forecasts, extreme event warnings, and important agricultural updates. By 2015, 
the number of registered beneficiaries reached more than 5,000 farmers. Despite many operational 
challenges and rising costs, LARI has sustained the system continuously since its establishment. In 
early 2015, LARI developed a smart phone application called “LARI-LEB” that runs on both Android 
and Apple systems.14 The “LARI-LEB” application replaced the costlier SMS system and increased the  
pool of farmers registered in the system. The “LARI-LEB” application now has between 15,000 and 
50,000 beneficiaries. It also expanded the types of information it shared to include, sowing dates, 
irrigation efficiency information, and pest and disease management. It has a tab that provides 10-day 
weather and rainfall rates for specific regions and compares this data to the previous year and to long-
term averages. Figure 8.1 provides screenshots of the application.

The application serves as an EWS for farmers. This developed out of necessity after a series  
of extreme weather events in Lebanon led to production losses. A functional EWS has several  
important benefits. These include: helping farmers cope and prepare for extreme weather events and 
climate change; improved food security and fewer production losses by protecting crops and informing 
about ideal planting conditions; informing about proper chemical and pesticide use; and informing 
farmers about available water levels and irrigation strategies.

Rainfed agriculture has benefited from LARI’s EWS. Lebanese farmers typically cultivate rainfed 
crops in the fall without planning for the coming rainy events. The EWS advises farmers on the ideal 
time to cultivate. The timing is determined by forecasting rainfall rates and calculating crops’ water needs 
to withstand twenty consecutive dry days. This leads to better water management and maximized pro­
duction. The total area of cultivated rainfed wheat land ranges from 25,000 to 40,000 hectares. Early crop 
growth requires about five to ten millimeters of irrigated water for the first watering. To irrigate a hectare 
of wheat requires between 100 to 500 cubic meters of water depending on many factors. As such, 
managing irrigation through the EWS can save millions of cubic meters of fresh water in Lebanon. 

14 https://play.google.com/store/apps/details?id=com.moussawi7.lari&hl=en
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EWS also informs farmers on frost and heat wave warnings and pruning, spraying, and harvesting times. 
The EWS also minimizes pesticide application.

But, implementing a functional EWS in Lebanon has proven difficult. First, Lebanon’s rugged 
topography and multiple agro-climatic zones makes it difficult to target farmers. Second, to achieve 
that level of accuracy, Lebanon would need many more long-term weather stations. As shown in  
Figure 4.1b, there are five meteorological stations in Lebanon, three of which have sufficiently long 
recording histories to properly identify weather anomalies. These stations include Beirut (1888–2003), 
Ksara Obsy (1921–90), and Tripoli (1931–2003). But, this information is less helpful for the rest of 
the country and building and maintaining new weather stations is expensive. And third, Lebanon’s 
homogenous agricultural zoning does not properly delineate different agricultural areas. So, EWS 
information in certain zones may not be relevant for many farmers.

Recognizing these challenges, LARI created an Automated Weather Station Network 
(AWSN). The AWSN generates climate data on most of the country’s micro-climates for agro- 
meteorological services. The AWSN serves agricultural industries, researchers, and other public and 
private organizations. The AWSN covers much of Lebanon, and expands greatly on the five existing 
Koninklijk Nederlands Meteorologisch Instituut (KNMI) stations. Moreover, data is available for  
free to anyone. The AWSN started in 2009 with 25 stations and gradually expanded to sixty stations 
by 2016 (see Figure 8.3). Observational climate data is transferred through GPRS technology to  
centrally-located computer servers. Automated Weather Stations (AWSs) are inspected monthly and 
repaired when needed. Climate sensors are replaced as specified by manufacturer recommendations. 

FIGURE 8.1 The LARI-LEB Smartphone Application
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The climatic data is checked for accuracy by comparing it  
to trough graphical illustrations. The AWSN is not ideal for 
monitoring climate changes because, as we discussed, a longer 
historical record would be needed. But, over time, these stations 
will be essential. These processes are shown in Figure 8.2.

The AWSN measures several climatic elements. These 
include rainfall rates, atmospheric pressure, total radiation, 
wind speed and direction, relative humidity, and maximum and 
minimum temperatures. This information informs forecasting, 
EWSs, crop water requirements, irrigation scheduling, pest and 
diseases monitoring, and potential evapotranspiration. The 
network was designed to cover most of the national territory 
(Figure 8.3). The AWSN covers many altitudes from sea-level to 
1,900 meters above sea-level at Ehden.

Despite this progress, several areas are still not covered. 
Lebanon’s many microclimates make it difficult to assess all of 
them. This is especially true for the Anti-Lebanon mountains, 
which border Syria. Eastern Lebanon, which is often affected 
by torrential rainfall, is the closest to Syria and not covered by 
the AWSN because of persistent insecurity in the region.

LARI estimates that about 200 AWS would be needed to cover the country. These 200 AWS 
could report observations from almost every Lebanese micro-climate. The current cost for 60 sta­
tions is about US$60,000 per year and the estimated cost for 200 stations is between US$150,000 and 
US$200,000 per year. Currently, LARI covers these costs from its own budget, while the service it pro­
vides is free. New technologies could help stem some of these costs. For example, the World Bank Group’s 
Agriculture Observatory and its private sector partner (aWhere) produce high-resolution (9 kilometer × 
9 kilometer), near-real-time weather data based on about 300 virtual meteorological stations. This data is 
created using a combination of existing ground stations and artificial intelligence algorithms. This could 
be applied in Lebanon to supplement existing stations.

A rapid appraisal was carried out in Spring 2016 by ClimaSouth,15 an EU-funded project, to 
gain farmers’ perspectives on the app. Sixty percent of users were satisfied with the app and found 
it useful. Farmers specifically reported the app helped decrease production risks and improve climate 
change resilience, but farmers still expressed some concerns. For example, some farmers expressed their 
wish that the application would be expanded to include more agricultural practices.

There are several ways the EWS and LARI-LEB can be improved. This includes: building more 
AWSs to better capture subregional micro-agroclimates, expanding the amount of agriculture practices 
it covers, evolving with newer technologies, modifying the structure of the application for improved 
user-friendliness, and linking the EWS to political advocacy, socioeconomic conditions, and agri­
cultural institutions and their corresponding organizational structures (Pelling 2010). To make the app 
more user-friendly, several things could be improved upon. First, it could include maps where farmers 
can easily register their crops and exact field location. Second, each EWS message would be specific to 

FIGURE 8.2 Automated Weather Station Network Process
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15http://www.climasouth.eu/.
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FIGURE 8.3 Distribution of LARI’s Automated Weather Stations

Source: LARI 2016.
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the farmer’s exact microclimate. And third, farmers could enter cultivation specifics and the app would 
generate an agricultural program specific to his or her locality.

Hydroponics

Hydroponic agriculture is a fledgling industry that presents many opportunities in Lebanon, 
particularly in improving water productivity and drought management. This is especially true in 
urban areas, small or fragmented lands, and among refugee communities that lack land, livelihoods, and 
food security. Hydroponics is the method of growing plants in a nutrient-rich water solvent, without 
using soil (Cooper 1979). Not all soil-less growing methods, like aeroponics, are hydroponics, but for  
the purposes of this report we use the term hydroponics as an umbrella term for all soil-less techniques 
(FAO 1990). Hydroponic systems range from small home setups to large enterprises. As such, the pro­
cess can be relatively cheap or very expensive. It also requires a high level of technical skills to operate.

Hydroponic agriculture requires professional experience to implement. Though hydroponic 
technologies have been known for many years, those technical skills are not widely understood or 
utilized. In 1937, the principles of hydroponics were published in Science Magazine by W.F. Gericke 
(Gericke 1940; Hoagland and Arnon 1950; Jones 2005). Despite this long history, according to the US 
Environmental Protection Agency, total US crop production is worth US$143 billion, but US hydro­
ponic revenue is worth only US$607 million (Pilloni 2014). In Lebanon, the hydroponic industry is 
even smaller and more nascent. An important reason that hydroponics has not become more widely used 
is that it requires advanced technical capacities to monitor the process and carry out detailed analyses.

Hydroponics are also expensive. According to farmer estimates ( Jomaa and Massad 2017), hydro­
ponics cost about US$175 per square meter in Lebanon. The cost for medium- to large-size hydroponic 
farms ranges from US$100 to US$200 per square meter. Most of these costs are dedicated to up-front 
expenses, making short-term profits difficult to achieve. This high capital investment in hydroponic 
systems largely goes towards purchasing equipment.

Hydroponic systems require a minimum level of equipment. This includes (1) a growing cham­
ber, (2) a water reservoir, (3) a submersible pump, (4) a delivery system of pipe networks (5) timers, 
regulator, and sensors, (6) an air pump, (7) growing lights, (8) inert or organic substrates, and (9) a 
drainage and water recycling system. Precise salt and nutrient concentrations are determined according 
to plan requirements. The main hydroponic systems are (1) water-only solutions, (2) mixed air and water 
solutions, and (3) substrates. With water solutions, nutrients can be moved to the plant using pumps in 
an “active hydroponic system” or by gravity in a “passive hydroponic system.”

Hydroponic systems can be either open or closed. Open systems do not reuse solutions, but 
allow these solutions to flow through the system only once. Closed systems recycle the solutions, 
reusing unabsorbed nutrients ( Jensen 1997; Nederhoff and Stanghellini 2010). Open systems have the 
advantage of: (1) eliminating water solution maintenance, and (2) reducing the risk of plant infection. 
But, open systems are also more wasteful. Closed systems, by contrast, have the advantage of conserving 
water and nutrients. By some estimates, it conserves resources by 20 to 40 percent over open systems 
(Nederhoff and Stanghellini 2010). Closed system solutions are monitored for nutrient compositions 
(Spensley, Winsor, and Cooper 1978) and discarded after a fixed amount of time, usually a week or 
two. The discarded solutions can then be applied to traditional agriculture as a supplemental fertilizer 
(Lykas et al. 2006; Nederhoff and Stanghellini 2010).
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There are six common types of hydroponic systems. These include: Drip, Wick, Ebb and Flow, 
Aeroponics, Water Culture, and Nutrient Film Technique (NFT). Systems are chosen depending on 
the plant type, plantation size, connecting water network, and water availability. These systems are 
summarized in Table 8.1.

Despite these high equipment and maintenance costs, there are ways to save or recover 
costs in the longer-term. For example, small-scale hydroponic systems for individual households 
could have lower investment costs. Also, a more experienced grower might find ways to limit costs 
by building the system alone and not hiring a specialized company or by maintaining the system 
with cheap, manual, simple tools. If the initial investment is minimized, the system’s rapid plant 

TABLE 8.1 Hydroponic System Summary

Hydroponic Group Hydroponic System Year Technical Specifics Advantages Disadvantages

Water solution only, 
water based systems

Gerike’s system 1929 Litter suspended, 
concrete tank, aerated 
solution

Floating systems Plants supported on 
rafts, aerated solution

Deep re-circulating water 
culture system

Kyowa semi-deep  
system: storage tank, 
pump, aerated solution

M-system: pump,  
air mixer

Ein Gedi system: aerated 
solution

Water solution/air

Nutrient Film  
Technique (NFT)  
(mainly closed system)

1966 Shallow film of water  
(1 cm to 2 inches),  
slow flow of 1 to 2-liters 
per minute

Save water and 
nutrients

77 High level of technical 
skills

77 High risk of disease
77 Continuous solution 

monitoring
77 Water flow blocked  

by roots
77 High initial and  

operational costs

Root misting, aeroponic High initial and operational 
costs

Substrate, media 
systems

Intermittent subirrigation

Ebb-and-flow or flood 
and drain

1940s Rooting bed with  
inert substrate, pump, 
reservoir or sump, closed

Disease infection risk,  
periodic rooting 
replacement

Drip/pass through  
inorganic medium systems

Perlite or rockwool slabs, 
open

Could be vertical 
cultivation system

Wick system Vermiculite, pro-mix, 
perlite, coconut fiber

Passive: water 
moves through 
wicks

Large plants absorb most  
of the solution

Natural organic substrate

Sources: Brooke 1990; Donnan 1998; Eastwood 1947; FAO 1990; Graves 1980; James 1993; Jones 2005; Morgan 2003.



DROUGHTS AND AGRICULTURE IN LEBANON: CAUSES, CONSEQUENCES, AND RISK MANAGEMENT 77

production can recover costs relatively quickly. For example, a hydroponics project in the Adloon 
area of southern Lebanon, established by the Debbane group, is producing 30 to 35 kilograms of 
tomatoes per square meter. By contrast, greenhouse cultivation produces a maximum of 16 kilograms 
of tomatoes per square meter. Rainfed areas produce even less. For other crops, hydroponic pro­
duction is also high. It is 20 kilograms per square meter for strawberries, 20 for eggplant, and 30 for 
cucumbers. These yields are much higher than traditional farms, making investment recoupment 
relatively quick. LARI (2017) estimates that initial costs can be recovered within the first year.

There are many advantages to implementing hydroponic agriculture. These include the follow­
ing: hydroponics can be applied anywhere. It does not require large swaths of land or nutrient rich land 
to produce crops like traditional agriculture; crop rotation and other soil conservation techniques are not 
required; the equipment and solvents used to grow crops can be re-used and recycled, limiting waste; 
hydroponics can produce all year long, there are no growing seasons; hydroponic plants are grown in a 
controlled environment and, therefore, have high pest and disease resistance; plants grow more quickly 
with higher yields; pesticides are not necessary; and growers can control for a plant’s nutrient uptake, 
eliminating unwanted elements, like nitrates, and making crops more nutritious.

In terms of drought, the greatest benefit of hydroponics is its water-saving capability. 
Despommier (2010) estimates that hydroponics use between 70 and 95 percent less water than open 
field cultivation (Despommier 2010). It minimizes loss from water runoff and evaporation. This makes 
it an agricultural system ideally suited for dry or drying regions. Population growth, agricultural inten­
sification, industrial expansion into agricultural areas, and other factors are putting pressure on land 
and water resources. Hydroponics is applicable in these and other types of marginalized lands that are 
no longer suitable for traditional agriculture (Nelkin and Caplow 2007).

There are other specific characteristics about Lebanon that make hydroponics a useful option. 
These characteristics include:

1.	 The diverse topography of Lebanon causes dramatically changing climatic conditions.  
For example, abrupt temperature changes over the course of a single day. Hydroponics  
controls the growing environment, neutralizing challenges from microclimate variability.

2.	 Lebanon’s sloping terrain makes soil erosion a frequent challenge to agriculture. Hydoponics,  
a soil-less technology, is unaffected by soil erosion or the general nutrient depletion of soils.

3.	 As mentioned earlier, several regions of Lebanon are arid. Others are becoming arid.  
Moreover, it is predicted that the country is drying and water resources are becoming scarcer. 
Hydroponics, especially closed systems, very efficiently uses water resources.

4.	 Lebanon is a small country with limited lands available for agriculture. Hydroponic plots can 
be created in small areas. They can even be built vertically to further save space.

5.	 Lebanese farms also tend to be small or fragmented (see Figure 8.4). Making small land plots 
more productive can benefit small-scale farmers. Hydroponic growers interviewed by LARI 
say hydroponics can increase output by a factor of 15.

6.	 Lebanon is more urban than most countries in the region. Hydroponics can be implemented on 
small urban plots. This can provide livelihoods and food security for poor urban populations.

7.	 For similar reasons, hydroponics can benefit refugee communities in Lebanon. Large numbers 
of refugees have fled the war in neighboring Syria and temporarily settled in Lebanon.  
Many came from rural areas in Syria and many possess agricultural skills. LARI (2017) 
estimates the agricultural labor force doubled in Lebanon because of the Syrian conflict. 
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When refugees arrive to Lebanon they often live in crowded conditions in informal, tented 
settlements or cities. In both cases, they have limited access to lands. Moreover, they are often 
unemployed and rely on humanitarian assistance. Implementing hydroponics in refugee  
communities would put people to work, increase food security, and utilize the agricultural 
skills that many refugees possess. It would also make overcrowded areas with little or no 
available land productive.

Currently, hydroponic cultivation in Lebanon is limited. Recently, 400 square meters of land 
was set aside in northern Lebanon for hydroponics crop farming (The Daily Star 2017). This was com­
missioned by the Hyundai Startup Company in 2015. Still, there are only four larger-sized hydroponic 
producers in the country. Two of these are located on the southern coast, and two along the northern 
coast. Previously there was one in the Bekaa Valley, but it was forced to shut down after a fungal outbreak, 
brought on by unseasonably warm temperatures, destroyed the crop. Also, since hydroponics require 
freshwater to maintain nutrient solutions, saltwater infiltration on the coast makes many of those areas 
unsuitable for hydroponics.

FIGURE 8.4 Bekaa Valley’s Land Availability

Baalbeck

Area of limited lands
fragmented
Large open lands

0 5 10 20 km

N

S

EW

Legend

Zahle

Source: LARI 2016.



79

✦
CHAPTER 
NINE

Drought will continue to negatively affect agriculture and water resource systems in 
Lebanon. Future climate scenarios show that aridity will continue to increase as will the 

severity and frequency of droughts, particularly in central Lebanon. These changes are important for 
Lebanon’s agricultural sector and the populations that depend on it. Droughts can have social, economic, 
and environmental impacts on the agricultural sector. Table 9.1 shows many of the ways this occurs. This 
Chapter outlines immediate and longer-term steps to improve Lebanon’s drought management system.

Traditionally, Lebanon has relied on short-term emergency relief measures to manage droughts. 
These ad hoc responses are a result of drought not historically being viewed by policymakers and the 
wider public as a major threat to Lebanon. But, ad hoc emergency assistance measures are “seriously 
flawed from the perspective of vulnerability reduction since the recipients of assistance are not expected 
to change behaviors or resource management practices as a condition of the assistance.” A researcher at 
American University of Beirut (AUB) concurred ( Jabar 2014, 1), saying, “most of the Arab countries’ 
approach to drought management is reactive.” Thus, there is a need to “push to proactive approaches 
where actions are planned in advance . . . [because] preparing for drought is less costly than managing a 
crisis when it actually hits.”

Long-term drought risk management can be difficult to advance when current droughts 
heighten the focus on immediate crisis response. However, it is often a severe drought crisis that pro-
vides the best opportunity and impetus to implement longer-term drought risk management measures. 
Because drought risk management involves a long-term commitment, it is acceptable and not uncom-
mon for initial efforts to be comparatively simple. The expectation is this commitment will become more 
sophisticated and continue to evolve. A prime illustration of this is the United States Drought Monitor 
(USDM), which was a much simpler process when it started in 1999. There are similar expectations for 
the recently established Drought Monitor for Northeast Brazil.

As we have seen in previous chapters, the severe drought in 2014 raised awareness about the 
severity of drought in Lebanon and began to move the country towards more proactive drought 
programs. These efforts include: creating synergies among public institutions and civil society organi-
zations, investing in climate data collecting stations, developing Early Warning Systems (EWSs), and 
exploring new technologies, like hydroponics. But, much more needs to be done to reduce drought risk. 
Fortunately for Lebanon, other countries have struggled with drought challenges for many years, so it is 
understood what steps could be taken to reduce drought risk.

MANAGING DROUGHT IN LEBANON—
TODAY AND TOMORROW
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Successful drought risk management requires both short-term emergency assistance and 
longer-term policy, structural, and institutional interventions. Drought risk management requires 
longer-term interventions because the complex nature of droughts and their social vulnerabilities 
change over-time. These longer-term projects often focus on water resource management, agricultural 
technology improvements, and water-related infrastructure developments. These use scarce water 
supplies more efficiently and productively. Short-term projects, by contrast, often meet with limited 
success. This should be understood as different from short-term emergency assistance, which mini-
mizes drought’s worst impacts by helping protect people’s livelihoods and protect drought-impacted 
families and communities. The World Bank (Redwood, 2017) recommended this dual, short-and-
long-term approach for both Northeast Brazil and Sub-Saharan Africa, two areas long affected by 
drought, but is also applicable to other drought-prone parts of the world.

Effective drought risk management would also benefit from recognizing overlapping challenges 
and integrating management efforts for each complementary challenge. For example, proactively 
managing both surface and sub-surface water stocks and flows is essential to build drought resilience. 
Well-stocked sub-surface water stocks, or aquifers, are important for mitigating drought, especially 
for future drought, but so are sufficient surface water resources. As such, Lebanon could develop 
landscape-scale specifications for both surface and sub-surface storage and water capture. Also, 
depleted aquifers are vulnerable to seawater intrusion because of expected seal level rise. Other areas 
that could be better integrated are climate change adaptation with drought risk management and 
flood risk management with drought risk management. One approach is to use a Managed Aquifer 
Recharge (MAR) system ( Jordan 2016). Such a system integrates many of these themes. For exam-
ple, it replenishes aquifers, which mitigates the risk of both drought and surface flooding.

IMMEDIATE STEPS

To help build long-term drought risk management, two first steps could be taken. First, set 
up a national drought monitoring system and, second, develop national drought plans. These steps will 
establish clear and practical actions, like water allocation prioritization, that can be implemented quickly 
once droughts are identified.

TABLE 9.1 Drought Impacts on Agriculture

Social Economic Environmental

77 Reductions in nutrition, 
stress-related dietary 
deficiencies

77 Increased conflicts, such as 
water disputes

77 Inequity in drought impacts
77 Reduced quality of life, 

changes in lifestyle in rural 
areas

77 Population migration from 
rural areas

77 Losses from crop production
77 Losses from dairy and livestock 

production
77 Losses from forest products 
77 Income losses for farmers
77 Employment from production declines
77 Decline in food production and  

disrupted food supply
77 Increased groundwater depletion, land 

subsidence
77 Decreased land prices

77 Damage to plant species
77 Increased number and  

severity of forest fires
77 Wind and water erosion of 

soils
77 Lake and reservoir drawdown
77 Water quality effects, such 

as high salt concentration, 
increased water temperature, 
and others

Source: WMO and GWP 2014.



DROUGHTS AND AGRICULTURE IN LEBANON: CAUSES, CONSEQUENCES, AND RISK MANAGEMENT 81

Improving drought monitoring capacity and the timely communication of monitoring 
data are important steps in initiating any drought response. For this purpose, the experience 
with “Drought Monitors” in the United States and, more recently, in Northeast Brazil, is of direct 
relevance. One output from these experiences is the production and widespread dissemination of 
weekly or monthly drought maps. These could be disseminated to affected areas and communities 
but also to local and national policymakers. This dissemination can occur through the Internet or 
by other means, such as smart phone technologies. Drought maps were very useful tools in the US 
and Brazil for increasing awareness and speeding up government responses to evolving drought 
conditions. In robust systems, better drought monitoring leads to better planning as improved infor-
mation enters the decision-making process at both the national and subnational levels. This was 
recognized by the US, Brazil, and other countries surveyed, although achievements to date have 
been mixed (Redwood 2017).

To help supplement a shortage of hydrometeorological ground stations in Lebanon, the 
country could harness state-of-the-art agricultural meteorology services. The World Bank 
Group’s Agriculture Observatory in partnership with aWhere has created such a service. This service 
produces high-resolution (9 kilometers × 9 kilometers), near-real-time weather data based on about 
300 virtual meteorological stations. The data is generated using a combination of existing ground sta-
tions and artificial intelligence algorithms. For a fee, Lebanon could use this service to buttress data 
shortages stemming from limited ground stations. Some capacity building would need to take place 
to properly implement this service and integrate the data into monitoring systems. Alternatively, 
Lebanon could consider investing in historical data collection to make better use of the Lebanese 
Agricultural Research Institute’s (LARI) Automated Weather Station Network, but an analysis of the 
costs and benefits of such research should be carried out first.

The other immediate step that can be taken to build long-term drought resilience is to 
develop a drought management plan. In fact, this was the main recommendation coming out of 
the discussion on Drought Policy, Governance, and Management Systems in the MENA Region ( Jabar 
2014). In some countries, such as Iran, Mexico, and Morocco, developing a National Drought Policy 
helped break inertial attitudes in the government. This illustrates the importance of having strong 
“top-down” support for any drought management plan.

These plans could focus on risk reduction. They could include organizational frameworks 
and operational arrangements and be “developed in advance of drought and maintained between 
drought episodes by governments or other entities.” They should carry with them the comple-
mentary objectives of “improved coordination and collaboration within and between levels of 
government, stakeholders in the primary impact sectors, and the plethora of private organizations 
with a vested interest in drought management (i.e., communities, natural resource or irrigation 
districts or managers, utilities, agribusinesses, farmers’ organizations, and others)” (WMO and  
GWP 2014).

Drought management programs can build off previous work. The World Meteorological 
Organization (WMO), the Global Water Partnership (GWP), and the National Drought Mitigation 
Center (NDMC) at the University of Nebraska, established an Integrated Drought Management 
Program (IDMP). This program soon published guidelines for developing National Drought Policy 
(NDP). This document lays out a ten-step plan for countries to follow to prepare a NDP. This is 
summarized in Table 9.2.
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LONGER-TERM ACTIONS

Besides these immediate steps, other longer-term steps could be initiated. The first of which is 
acknowledging that drought is a challenge in Lebanon. Despite the 2014 drought and the level of aware-
ness this raised on drought risk, most Lebanese still do not view drought as a major national challenge. 
During stakeholder consultations, they urged a shift in discourse on drought and water management. 
They said drought and water scarcity had hardly entered the public lexicon, despite Lebanon reaching 
extreme water scarcity in some areas. There is a hope among stakeholders that the Regional Drought 
Monitoring System (MENA-RDMS), funded by USAID, will provide the base of evidence to shift per-
ceptions of drought and water resource availability.

To codify this shift in thinking, drought risk management could be embedded within Lebanon’s 
National Adaptation Plan (NAP). NAPs are national strategies by countries to adapt to climate change 
and are submitted periodically to the United Nations Framework Convention on Climate Change 
(UNFCCC). In Lebanon’s most recent NAP (UNFCCC 2015), drought was not acknowledging as 
an important challenge. Rather, the focus was to improve water availability and decrease water usage. 
By only focusing on water use and availability, Lebanon is not taking steps to identify and classify 
drought, and as a result, are will not be prepared for drought. Also, climate change adaptation and 
drought risk management require many of the same actions, so plans should be fully consistent and 
integrated (Engle 2013).

The local level also requires embedding drought. This would come in the form of vulnera-
bility assessments. The diverse bioclimatic and agrometeorological zones in Lebanon requires local 
assessments of drought risk. This will help national and international efforts to properly target inter
ventions and give communities the support they require. Assessments can lead to more efficient ways 
of approaching cropping, food storage systems, water resource management, or infrastructure devel-
opment. Understanding local vulnerabilities can help build systems that directly respond to condi-
tions, not impacts, so decisions can be made before impacts occur.

TABLE 9.2  Proposed Steps in the National Drought Policy and Preparedness Plan

  1.  Appoint a national drought management policy committee.
  2.  Define the goals and objectives of a risk-based national drought management policy.
  3. � Seek stakeholder participation; define and resolve conflicts between key water use sectors, considering also 

transboundary implications.
  4.  Inventory data and financial resources available and identify groups at risk.
  5. � Write out the key tenets of the national drought management policy and preparedness plans, including the 

following elements: monitoring; early warning and prediction; risk and impact assessment; and mitigation 
and response.

  6.  Identify research needs and fill institutional gaps.
  7.  Integrate science and policy aspects of drought management.
  8. � Publicize the national drought management policy and preparedness plans and build public awareness and 

consensus.
  9.  Develop education programs for all age and stakeholder groups.
10.  Evaluate and revise national drought management policy and supporting preparedness plans.

Source: WMO and GWP 2014.
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Lebanon could continue to engage with international organizations for technical coopera-
tion. In other drought-prone countries, continuous engagement with international experience has been 
beneficial both for the development of more dynamic risk management approaches and the infusion 
of updated knowledge and research findings into these approaches (Redwood 2017). Current tech-
nical cooperation activities in MENA are capitalizing on such exchanges at the regional level and are 
likely to have positive results. Ongoing technical assistance by the International Center for Biosaline 
Agriculture (ICBA), United Nations Department of Economic and Social Affairs (UNDESA), and 
other international organizations supports drought risk management. Other institutions, including 
the World Bank, UN agencies, and bilateral donors can help strengthen agricultural policy, drought 
risk management, disaster risk management, and integrated water resource management (IWRM). 
These institutions stand ready to help finance the ensuing interventions.

✦✦ Develop proactive drought planning, prevention, and mitigation projects. These can include 
elements of modern science, risk and resource management, innovation and new technologies, 
among many other possible components.

✦✦ Promote greater collaboration to enhance the quality of local, national, regional, and inter
national delivery systems and observation networks.

✦✦ Improve public awareness about drought risk management.
✦✦ Consider economic instruments and financial strategies, including risk reduction, risk sharing, 

and risk transfer tools in drought management plans.
✦✦ Establish emergency response plans based on sound management of natural resources.
✦✦ Integrate drought management plans with local and national development policies 

(HMNDP 2013).
✦✦ Provide tax and other financial incentives on the purchase and import of water saving technol-

ogies. These include dual flush toilets, automatic water dispensers, low flow shower heads, low 
water use washing machines and dishwashers, and equipment to establish hydroponic farms.

✦✦ Enact laws that require water saving accessories in new buildings and those undergoing 
renovation.

✦✦ Adopt green building codes that require rainwater harvesting for new buildings and encourage 
the same for older buildings.

✦✦ Encourage green infrastructure so storm water runoff is captured, treated, and reused.
✦✦ Require that modern irrigation technologies and management practices are implemented 

(Farajalla, n.d.).

The principal responsibility for the eventual achievement of these changes lies with Lebanon. 
They must successful develop and implement these policies, strategies, instruments, and institutional 
capacity building measures. For this purpose, strong government commitment and civil society partici-
pation at all levels, especially in the drought-prone areas themselves, are necessary.

In Lebanon, there is a strong need for an integrated, cross-ministerial, multi-stakeholder 
approach to drought management that reflects the new realities of politics and government. 
Generally, this will require establishing an empowered central authority on drought risk management 
and institutional coordination. This coordination must first take place within the government, but also 
eventually with the private sector and civil society. Combining this improved communication and 
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collaboration among governmental agencies and non-governmental organizations with active participa-
tory decision-making is effective in reducing drought risk (Redwood 2017).

Greater coordination can also lead to a more open exchange of knowledge and information. 
As previously discussed, Lebanon lacks sufficient data to forecast and prevent droughts. Efforts have 
been made in recent years to expand on this data. For example, LARI’s establishment of a network of 
automated weather stations, and leveraging this data to create an EWS is a good start. But, to fully under-
stand and respond to both the underlying causes and the social, economic, and environmental impacts 
of droughts, more could be done. This includes understanding the relationship among short-term atmo-
spheric dynamics and phenomena, like El Niño Southern Oscillation (ENSO), and longer-term, more 
gradual but progressive dynamics, like climate change and climate variability. Generally, the adequacy 
of drought responses depends on the quantity and quality of available data and the ability to feed this 
information into local communities and decision-making processes.

Another important tool for managing drought risk, is establishing innovative financial mech-
anisms. Financial incentives and mechanisms like crop insurance and national drought contingency 
funds—or natural disaster funds more generally—could be considered. Effective drought management 
requires both supply side—like expanding water availability—and demand side measures—like price 
controls or water use restrictions. These measures conserve and allocate water during periods of water 
shortages according to pre-defined priorities. These mechanisms are being applied in places as different 
as Australia, California, and Morocco (Redwood 2017). Incentives for farmers to participate in these 
financial mechanisms should avoid moral risks and added fiscal costs.

Finally, there is an opportunity to expand hydroponics. The previous chapter shows the many 
ways that Lebanon is ideally suited for an expansion of hydroponics, including increasing water pres-
sures, large urban populations, small land holdings, and large refugee communities. But, it also has 
logistical conditions that are helpful. Lebanon has been engaged in protected cultivation, like green-
house cultivations for decades. These started along the coast in the late 1980s and early 1990s, and 
have lately become popular inland as well. Protected crops are gateways for growers to enter hydro-
ponic schemes. After all, hydroponics is simply an advanced, more productive form of protected culti-
vation, so a transition is not such a giant leap. This is not to say a transition is simple. It will still require 
investment, albeit less, and still requires high technical capacity. Even small-scale hydroponics require 
demonstrations, awareness raising, technical training, and field investigations.
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