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The Regional Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic Vulnerability 
in the Arab Region (RICCAR) is a joint initiative of the United Nations and the League of Arab States.

RICCAR was launched under the auspices of the Arab Ministerial Water Council in 2010 and derives its mandate from 
resolutions adopted by this council as well as the Council of Arab Ministers Responsible for the Environment, the Arab 
Permanent Committee for Meteorology and the ESCWA Ministerial Session.

RICCAR is implemented through a collaborative partnership involving 11 regional and specialized organizations. The RICCAR 
Regional Knowledge Hub (RKH) is managed by the Economic and Social Commission for Western Asia (ESCWA) and the Arab 
Center for the Studies of Arid Zones and Dry Lands (ACSAD) with the Food and Agriculture Organization of the United Nations 
(FAO) hosting the Arab/Middle East and North Africa (MENA) Domain data portal. ESCWA coordinates the regional initiative 
under the umbrella of its Arab Centre for Climate Change Policies.

The present technical report was prepared through a collaborative partnership between ESCWA and ACSAD in consultation 
with the Lebanese Ministry of Energy and Water and the Ministry of Agriculture of the Syrian Arab Republic. The regional 
climate projections for the Mashreq Domain used to inform the present report were produced by the Swedish Meteorological 
and Hydrological Institute (SMHI).

Funding for the study was provided by the Government of Sweden through the Swedish International Development Cooperation 
Agency (Sida) under a project focused on water and food security under a changing climate context implemented by ESCWA. 
The project component provides science-based assessments and analysis of climate impacts on strategic sectors and in 
transboundary water basins in order to support improved water and food security in the Arab region.
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1 INTRODUCTION

Shared water resources are of particular importance for the Arab region, where two-thirds of freshwater resources are transboundary 
in nature and there are 27 shared surface water basins.1 In the Mashreq region, in particular, sharing of water resources is a necessity 
as all the countries in the region share one or more of the 24 transboundary aquifers.2 The Nahr el Kabir el Janoubi river basin arises 
from the springs of the southern part of the Syrian Arab Republic and the mountains of Northern Lebanon and its water supply is 
shared between the two countries.

The prevalence of shared water resources in the Arab region creates a challenge for ensuring natural resource sustainability and 
water security by obligating States to form binding accords on the usage and preservation of these resources. The necessity of such 
agreements is highlighted in Sustainable Development Goal (SDG) 6, which advocates for clean water and sanitation for all. SDG 6 
specifically calls for transboundary cooperation on the usage and management of freshwater resources and includes an indicator 
(6.5.2) that tracks the percentage of a transboundary basin that is included in an operational agreement for water cooperation. In 
order to be counted towards progress on indicator 6.5.2, transboundary water management agreements need to include a joint body, 
regular communication between riparian countries, coordinated management plans and a regular exchange of data and information.3

As of 2020, 76.4 per cent of transboundary river and lake basins in Lebanon were included in operational agreements for water 
cooperation.4 Similar data was unavailable in the case of the Syrian Arab Republic. With respect to the el Kabir el Janoubi river, in 
2002 the Governments of Lebanon and the Syrian Arab Republic signed an agreement to share the water of Nahr el Kabir el Janoubi 
and to build a joint dam.

The waters of Nahr el Kabir el Janoubi are an important input for agricultural production in both countries. They irrigate the fields of 
the Akkar/Hamidiye plain in Lebanon and the Syrian Arab Republic. On the Syrian side, 68 per cent of the total basin area is dedicated 
to agriculture. In Lebanon, the country’s historical reliance on food imports and the more recent severe economic crisis have posed 
serious threats to agricultural production and have increased vulnerability to food insecurity. In the Syrian Arab Republic, years of 
conflict and displacement have resulted in the decline of agricultural production. Like Lebanon, the Syrian Arab Republic is also 
confronting the impact of climate change in the form of erratic rainfall, drought and rising temperatures. Further, the Regional Initiative 
for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic Vulnerability in the Arab Region (RICCAR) has 
projected temperature increases for the region of 1.2°C to 2.6°C by the middle of the century and up to 4.8°C by 2100. This confluence of 
factors highlights the need to consider agriculture, food and water security within the context of a changing climate.

The study at hand is focused on precisely this nexus between water and food security and climate resilience. It seeks to provide 
Arab government officials from ministries and agencies responsible for agriculture, water, environment, meteorology and planning 
as well as local communities including smallholder farming communities, women, youth and regional organizations, and research 
organizations with knowledge of regional climate challenges to water and food security and recommendations for increasing climate 
resilience. The report will proceed with a description of the Nahr el Kabir el Janoubi basin and the agriculture sector there followed 
by an analysis of climate impacts on the basin, including projections for the near to mid-term up to 2060 for key indicators like 
temperature and precipitation. Localized impacts of climate change on wheat and potato yields are also analysed. The penultimate 
section of the report focuses on the presence of invasive species in the Nahr el Kabir el Janoubi river and their impact on water and 
food security. The report concludes with a summary of results and recommendations for a way forward.
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2 AREA OF STUDY

A. Shared water basin characteristics

The Nahr el Kabir el Janoubi river is a shared coastal river tracing the north-south border between Lebanon and the Syrian Arab 
Republic. It rises from karstic springs and wadis in the northern part of the Lebanon Mountain range, reaches the intra-mountainous 
Bqaiaa plain, then flows westward through a basaltic central plateau where it forms steep gorges. It then meanders through the 
extensive alluvial flatlands of the coastal Akkar/Hamidiye plain and discharges into the Mediterranean Sea near the Lebanese town 
of Arida (figure 1). Several tributaries discharge into the Nahr el Kabir el Janoubi on both sides of its course, including the Wadi al 
Atchane, the Nassiriya and the Arous on the Syrian side. On the Lebanese side, the main tributaries are the Wadi Khaled, Es-Safa and 
Chadra. Qarnat Araba, constitutes the highest point of the catchment with an altitude of 2,215 m asl.

The basin is divided into four geomorphological zones: the mountain region in the upper catchment shared between Lebanon and the 
Syrian Arab Republic, the intra-mountainous cross-border Bqaiaa plain, the central plateau/gorge area running along the border, and 
the coastal cross-border Akkar/Hamidiye plain. The river basin covers 954 km2, of which 26 per cent lie in Lebanon and 74 per cent lie 
in the Syrian Arab Republic and is characterized by Mediterranean winter precipitation with increasing volumes and intensity from the 
coastal plain towards the mountainous areas and dry, hot summers.5

FIGURE 1: Area of study

The river’s annual flow volume is estimated at approximately 377 million cubic metres (mcm) (1969-2011) at the outlet monitoring 
station near Hekr al Dahri. Farther upstream at the monitoring station in the Bqaiaa plain it is 180 mcm (1955-2011). In the Syrian-
Lebanese agreement, the planned storage capacity of the dam is 70 mcm. In the small Chadra tributary, a mean annual flow volume of 
about 9.3 mcm was measured during the period from 1966 to 2011. Groundwater significantly contributes to river runoff of the Nahr 
el Kabir el Janoubi. About 70 perennial springs ensure that the river’s main channel maintains a continuous flow, even during the dry 
summer months. The springs’ discharge depends on groundwater recharge from precipitation and snowmelt in the upper catchment 
zone, which mainly occurs towards the end of the rainy season in winter and spring. 

Source: Authors.
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In Lebanon, water in the basin is mainly used for domestic purposes and for irrigation. To date, there are no dams in the Lebanese 
part of the basin. The Syrian Arab Republic started constructing dams in the Nahr el Kabir el Janoubi basin in the 1980s, and three 
main dams have been built so far, namely the Khalifah, Tal Hosh and Mzeineh dams with a total capacity of 75 mcm. They irrigate the 
Bqaiaa plain and the coastal region through major irrigation schemes.

An important issue of environmental concern in the basin is the severe pollution of the river’s water, as well as the spread of the 
invasive water hyacinth (Eichhornia crassipes), an aquatic weed clogging waterways and irrigation canals throughout the river course. 
This subject was of great importance in the joint technical Syrian-Lebanese committee meetings with continuous discussion on 
finding the solution for controlling and eradicating this harmful weed. Following an official request sent to the Food and Agriculture 
Organization (FAO) by the Lebanese Ministry of Energy and Water in relation to this issue, FAO organised a workshop and training 
on biological control and management of water hyacinth in Tripoli in 2019 with Syrian and Lebanese participants as well as invited 
experts on water hyacinth management to transfer knowledge on the Egyptian experience using biological agents to control the weed. 

Apart from severe pollution, flooding is a recurrent issue in the basin, causing losses to farmers and damage along the Nahr el Kabir 
el Janoubi on both sides of the border. In 1979, floods destroyed the iron bridge in the village of Arida and in 2003 the river flooded 
villages, destroying several houses, damaging crops and causing the loss of livestock. As a result, Lebanon built a two-metre-high 
flood wall over a distance of 4.5 km in the Bqaiaa plain, starting at the Ain Farash spring. Later this wall will be extended to ensure 
more flood protection. In the Syrian Arab Republic, the construction of dams has somewhat reduced flood risks. By contrast, regularly 
occurring flash floods in the Lebanese part of the basin continue to cause significant damage to the agricultural sector, especially in 
the deprived Akkar region.

The Fraternity, Cooperation and Coordination Treaty ratified in 1991 between Lebanon and the Syrian Arab Republic represents the 
basis for cooperation between the two countries in a range of domains including the water sector. The Joint Committee for Shared 
Water was set up under this treaty, with representatives from the Lebanese Ministry of Energy and Water and the Syrian Ministry of 
Irrigation. It also includes a special joint committee for the Nahr el Kabir el Janoubi river, with corresponding sub-committees who 
usually hold regular meetings in Lebanon or the Syrian Arab Republic to discuss issues and exchange data related to the basins. 
Signed in April 2002 after an eight-year negotiation process, the agreement between the two countries to share the water of the Nahr 
el Kabir el Janoubi was ratified by Law No. 458 on 29 August 2002 from the Lebanese side and by Law No. 53 on 2 September 2002 
from the Syrian side. This agreement was based on the United Nations 1997 Convention on the Law of Non-Navigational Uses of 
International Watercourses. The agreement stipulates the joint construction of a multi-purpose dam named Idline Noura Al-Tahta, 
as it is located between Idline region on the Syrian side and Noura Al-Tahta on the Lebanese side, with a planned storage capacity 
of 70 mcm that will provide water mainly for irrigation and domestic use. According to the agreement, water allocation follows 
each riparian’s share of the basin area that drains the planned joint dam of 591 km2, with the Syrian Arab Republic and Lebanon 
respectively receiving 60 and 40 per cent of the river’s total annual yield. Due to the situation in the Syrian Arab Republic at this 
border area, steps towards constructing the dam are currently halted.

B. Agriculture in the study area

The study area includes the Akkar/Hamidiye plain in both the Syrian Arab Republic and Lebanon within the Nahr el Kabir el Janoubi 
basin, which extends over a wide area of land from the south of Tartous in the Syrian Arab Republic to the north of Nahr al-Bared in 
Lebanon. The area of the Akkar/Hamidiye plain in the Syrian Arab Republic measures approximately 27,000 hectares (ha). Most of 
this land is reclaimed and irrigated from the Al-Abrash dam, while special channels have been dug to drain the heavy rainwater in 
winter. The plain is an important agricultural reservoir in the Syrian Arab Republic, providing a large number of agricultural products 
(including potatoes, peppers, eggplants, cucumbers and tomatoes) that feed the Syrian markets.

The area of the Akkar/Hamidiye plain in Lebanon is approximately 18,000 ha. The plain has fertile soil and abundant environmental 
resources and is suitable for growing various types of crops, such as grains, vegetables, tobacco and olives.

Although agricultural areas represent the largest percentage of the basin (68 per cent), other land areas include forests and shrubs. 
Urbanized areas are highly limited (figure 2).
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FIGURE  2: Land use/land cover map

3 CLIMATE IMPACTS ON THE BASIN

A. Shared water basin characteristics

Climate models are a key mechanism used by scientists to understand how the climate has changed in the past and to project the 
future. These global climate models (GCMs) simulate the physical processes on the land surface and in the ocean, atmosphere and 
cryosphere to ascertain the system response to increasing greenhouse gas concentrations. Such models are updated regularly based 
on higher spatial resolution data, improved physical processes and biogeochemical cycles. Modelling institutes coordinate their 
updates around the schedule of the Intergovernmental Panel on Climate Change (IPCC), currently in its sixth cycle. These coordinated 
efforts are part of the Coupled Model Intercomparison Project Phase 6 (CMIP6).

Recently, the IPCC has released part of its Sixth Assessment Report (AR6), including the contribution from working group I, The 
Physical Science Basis.6 The report includes regional fact sheets, summarizing the observed and projected climate in 11 regions and 
their respective subregions. The Southwest Asia subregion has signalled amplified droughts since the 1980s due to anthropogenic 
warming. However, an increase in precipitation in the subregion has also been observed, particularly in mountainous areas. On 
an annual basis, GCMs predict this trend will continue, coupled with increased intensity and frequency of extreme rainfall events. 
Nevertheless, precipitation is expected to exhibit high spatiotemporal variability as most precipitation is forecast during the winter 
months. Conversely, during summer, precipitation is projected to generally decrease.7 While the Nahr el Kabir el Janoubi basin is part 
of the Mediterranean reference region adopted by AR6,8 these observed trends are useful for characterizing the neighbouring areas 
encompassed in the Mashreq Domain.

Source: Prepared by ACSAD, 2021.
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AR6 also introduced updated climate scenarios, collectively known as shared socioeconomic pathways (SSPs). These SSPs build 
upon representative concentration pathways (RCPs), introduced in the IPCC Fifth Assessment Report (AR5), which described 
four potential pathways based on their respective radiative forcing in the year 2100. These original RCPs range from RCP 2.6 to 
RCP 8.5, reflecting a projected radiative forcing of 2.6 to 8.5 watts per square metre (W/m2), respectively, but purposely did not 
consider socioeconomic factors. For AR6, five SSPs have been developed, which consider population, economic growth, education, 
urbanisation and other dynamics. SSPs complement RCPs to better describe both radiative forcing and the differing socioeconomic 
avenues that may be adopted for addressing climate change through climate policy and mitigation targets around the world.

B. Mashreq Domain overview and selected climate models

Although GCMs remarkably assess the past and future climate for the world in general, significant disparities still remain when evaluating 
climate at smaller scales. Regional climate models (RCMs) help close the gap by downscaling GCMs based on regional climate 
conditions. Regional climate modelling was first conducted for the Arab Domain using Coupled Model Intercomparison Project Phase 5 
(CMIP5) models that used a 0.44° (~50 km) spatial resolution.9 More recently, modelling outputs were released for the Mashreq Domain, 
employing a finer spatial resolution of 0.1° (~10 km). Moreover, the Mashreq Domain outputs utilize CMIP6 models.

The Mashreq Domain (27E-64 E, 1N-46N; figure 3), used for this study, was established over the north-eastern part of the Arab 
Domain and includes Mediterranean coastal countries of the Levant and north-eastern Africa, the entire drainage basins of the 
Tigris and Euphrates rivers, and the entire Arabian Peninsula. The fine spatial resolution enabled detailed analyses of coastal and 
mountainous areas to best evaluate changing climate in surface water basins.

FIGURE 3: Mashreq Domain

Source: United Nations Economic and Social Commission for Western Asia, and Swedish Meteorological and Hydrological 
Institute (2021). Climate change projections findings for the Mashreq region. Beirut: United Nations Economic and Social Commission for 
Western Asia. E/ESCWA/CL1.CCS/2021/RICCAR/TECHNICAL REPORT.7.

Note: Showing the active domain (in red) which contains the area where RCM results are considered useable. The full domain (blue) indicates 
the actual area for the RCM to perform properly within the active domain. Between the active and full domains is a buffer zone between the 
GCM driving boundaries and the RCM.
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Six driving GCMs have been evaluated for the Mashreq Domain (table 1). They were selected based on their downscaling timeframe, 
the resources provided, the availability of boundary forcing data, the GCM spatial resolution and a representative spread of climate 
sensitivity. These models were downscaled by the Swedish Meteorological and Hydrological Institute (SMHI) using one RCM, HCLIM-
ALADIN, which was specifically selected because of its fine resolution downscaling capabilities.

TABLE 1: Selected GCMs used to downscale with the HCLIM-ALADIN RCM for the Mashreq Domain

Model Institution

CMCC-CM2-SR5 Euro-Mediterranean Centre on Climate Change

CNRM-ESM2-1 Centre National de Recherches Météorologiques and Centre Européen de Recherche et de Formation Avancée en Calcul Scientifique

EC-Earth3-Veg European Consortium

MPI‐ESM1‐2‐LR Max Planck Institute for Meteorology

MRI‐ESM2‐0 Meteorological Research Institute

NorESM2‐MM Norwegian Climate Centre

Modelling is based solely on the SSP5-8.5 scenario (figure 4), which combines the SSP5 narrative categorised as “fossil-fuelled 
development” and SSP5-8.5 radiative forcing. Although this scenario represents the upper range of greenhouse gas concentrations, it 
is not directly compared to SSP5-8.5.

FIGURE 4: Total radiative forcing for the SSP and RCP scenarios from CMIP6 and CMIP5 GCM projections, respectively

C. Bias-correction

There are typically inherent biases within climate modelling outputs of key hydro-meteorological variables, such as precipitation 
and temperature. These stem from either the driving GCM or the RCM. Because of the sensitivity of these variables in hydrological 
analyses, it is recommended to first adjust the climate modelling outputs using bias correction. Both precipitation and temperature 
were bias-corrected for the Mashreq Domain using the MultI-scale bias AdjuStment (MIdAS)10 method and observed meteorological 
data which separately adjusts differing spatiotemporal scales for a tailored performance and more robust and reliable results.11

Source: Tebaldi and others, 2021.

Note: SSP scenarios are shown with solid lines for the CMIP6 ensemble mean and shaded areas for the spread of CMIP6 results for 2100. RCP 
scenarios are shown with dashed lines for the CMIP5 ensemble mean. Adapted from Tebaldi and others,  2021.

Source: Authors.
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D. Reference and projection periods

When creating future climate projections, the climate models always cover a period of observed historical climate to assess model 
performance. Although historical climate modelling outputs are not expected to directly correlate with observations, they should 
correspond to statistics over an extended historical period (such as 10 or 30 years). CMIP6 models include a historical period through 
2014 and thus it was decided that the same reference baseline period would be adopted as reported for AR6, 1995-2014. Similarly, 
two future periods set forth by IPCC were selected: near-term (2021-2040) and mid-term (2041-2060).

E. Climate projections 

1. Change in temperature

For the reference period (1995-2014), average annual near-surface air temperature (figure 5) within the study area ranged from 
13.1°C in the upper basin to 18.4°C towards the Mediterranean Sea. Projected increases in temperature exhibit little spatial variability, 
averaging 0.9°C by near-term (2021-2040) and 1.9°C by mid-term (2041-2060).

FIGURE 5: Mean change in annual temperature for an ensemble of six SSP5-8.5 projections compared to the reference period, 10 km resolution 
(gapped areas adjacent to the sea were removed during the bias-correction)

2. Change in precipitation

Precipitation revealed a wide gradient from east to west indicative of high average annual precipitation up to 74.5 mm/month in 
the upper reaches of the basin to 45.7 mm/month for the lower basin for the reference period (figure 6). Although precipitation is 
projected to generally decrease near the Mediterranean Coast, for the near-term, RCM outputs detect a slight increase in annual 
precipitation (0.5 mm/month; <1 per cent). This variability is within the range of uncertainty for climate modelling outputs. For the 
mid-term, however, decreasing precipitation is more evident in the basin and surrounding vicinity, signalling an average decrease of 
2.1 mm/month (-3.5 per cent).

Source: Authors.
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Source: Authors.

Source: Authors.

FIGURE 6: Mean change in annual precipitation for an ensemble of six SSP5-8.5 projections compared to the reference period, 10 km resolution 
(gapped areas adjacent to the sea were removed during the bias-correction)

3. Change in evaporation

Evaporation represents a key component of the water balance budget. Evaporation rates tend to be lower near the Mediterranean 
Coast compared to elsewhere within the Mashreq Domain due to comparatively lower temperatures. During the reference period, 
average annual evaporation was approximately 40 mm/month. For the future, evaporation projects a similar trend as precipitation. 
A slight increase in evaporation is expected in the near-term, averaging 0.6 mm/month (1.6 per cent). For the mid-term, however, a 
slight decrease is likely, averaging 0.7 mm/month (-1.9 per cent). This phenomenon occurs despite increasing temperatures; due to 
decreasing precipitation, less water is available to evaporate.12

FIGURE 7: Mean change in annual evaporation for an ensemble of six SSP5-8.5 projections compared to the reference period, 10 km resolution
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4 LOCALIZED IMPACTS OF CLIMATE CHANGE ON AGRICULTURAL 
PRODUCTS

A. Overview of irrigated agricultural areas in the Nahr el Kabir el Janoubi basin

Irrigated areas were defined by the ACSAD team (figure 8) using Sentinel-2 images of the area of interest, four summer seasons 
(2017-2018-2019-2020), where most agricultural areas are irrigated. The normalized difference vegetation index (NDVI) was 
calculated for each year. However, forest, urban and non-vegetated areas were excluded, and all outputs were summed after 
determining the threshold for defining an agricultural area as irrigated.

FIGURE 8: Irrigated areas

Approximately 68 per cent of the total basin area in the Syrian Arab Republic is dedicated to agriculture. The irrigated area lays 
mainly over the Tal Kalakh area and Safita. The main irrigated crops grown in Tal Kalakh are grapes, wheat and barley, in addition 
to protected agriculture. There are 2,747 greenhouses planted with strawberries in Tal Kalakh, scattered in villages in the western 
region of the governorate on an area of land estimated at 817,676 m2. Strawberry cultivation is the most prominent among the 
protected crops in the governorate and is especially widespread in the western region, which has a particularly suitable climate 
for this type of agriculture, specifically in the Tal Kalakh region. There are also olives and citrus trees in the Tal Kalakh area. In 
Safita, the lands of Sadi Khalifa and Tal Hosh are irrigated for the cultivation of pistachios, potatoes and wheat. In Al-Ransiyah in 
Tartous, potato is the most common crop.

Source: Prepared by ACSAD, 2021.
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On the Lebanese side of the Akkar/Hamidiye plain, the land is an important source of agricultural wealth. The main crops grown 
are potatoes and citrus. In Tal Humaira, citrus, potatoes, tobacco, wheat and grains are cultivated, irrigated by the waters of the Al 
Ostuan river through earthen canals. Tal Humaira is famous for its cultivation of olives, vines, figs, grains and vegetables. In Talbira, 
the most common crops are citrus fruits, potatoes, pistachios and vegetables, which are irrigated by the waters of the Ostuan spring, 
the Northern Great River and artesian wells through earthen canals. Darin is a coastal village in the Akkar district where potatoes, 
tobacco, vegetables and grains are grown. Its lands are irrigated by water from local artesian wells. In Wadi Khaled, pistachios, grain 
and wheat crops are irrigated by the waters of Nahr el Kabir el Janoubi.

B. Climate change impacts upon agriculture

To assess climate change impacts upon crops in the Nahr el Kabir el Janoubi basin, the AquaCrop model was selected. AquaCrop 
is a crop simulation model which describes the interactions between the plant and the soil (figure 9). From the root zone, the plant 
extracts water and nutrients. Field management (for example, soil fertility management) and irrigation management are taken into 
account as these elements affect the interaction between the plant and the soil. The described system is linked to the atmosphere 
through the upper boundary which determines the evaporative demand (ET0) and supplies carbon dioxide (CO2) and energy for crop 
growth. Water drains from the system to the subsoil and the ground water table through the lower boundary. If the groundwater table 
is shallow, water can move upward to the system via capillaries.

FIGURE 9: Components of the AquaCrop model

FAO developed the AquaCrop model to assess the effects of the environment and management actions on crop production. When 
designing the model, an optimum balance between simplicity, accuracy and robustness was pursued. In order to be widely applicable, 
AquaCrop uses only a relatively small number of explicit parameters and mostly intuitive input-variables that can be determined by 
simple methods. On the other hand, the calculation procedures are grounded on basic and often complex biophysical processes to 
guarantee an accurate simulation of the crop response in the plant-soil system.

Source: FAO, AquaCrop training handbooks, April 2017.
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AquaCrop can be used as a planning tool or to assist in management decisions for both irrigated and rainfed agriculture. AquaCrop is 
particularly useful:

·	 To understand the crop response to environmental changes.

·	 To compare attainable and actual yields in a field, farm or region.

·	 To identify constraints limiting crop production and water productivity (as a benchmarking tool).

·	 To develop strategies under water deficit conditions to maximize water productivity through irrigation strategies such as deficit 
irrigation.

·	 To determine crop and management practices, such as adjustments to the planting date, cultivate selection, fertilization 
management, use of mulches and rainwater harvesting.

·	 To study the effect of climate change on food production, by running AquaCrop with both historical and future weather conditions.

·	 For planning purposes, by analysing scenarios useful for water administrators and managers, economists, policy analysts and 
scientists.

Rainfed wheat and irrigated potato production within the Akkar/Hamidiye plain (located on the Lebanese side and Syrian side, 
respectively) were assessed. To assess climate change impacts on agriculture, minimum and maximum temperature (Tmin and Tmax, 
respectively) and precipitation were extracted for the two study locations from the Mashreq Domain regional climate modelling (RCM) 
outputs. Similar to the general trends exhibited by the areal maps, both Tmax and Tmin are shown to generally increase with time 
while precipitation shows interannual variability in both locations (figures 10 and 11).
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FIGURE 10: Maximum temperature (a), minimum temperature (b) and precipitation (c) time series evolution based on six driving GCMs for 
rainfed wheat production in the Akkar/Hamidiye plain, SSP5-8.5

Source: Authors.

(a)

(b)

(c)
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FIGURE 11: Maximum temperature (a), minimum temperature (b) and precipitation (c) time series evolution based on six driving GCMs for 
irrigated potato production in the Akkar/Hamidiye plain, SSP5-8.5

Source: Authors.

(a)

(b)

(c)
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Due to their close geographical location within similar climatic zones, RCM outputs for the two locations are similar. Although the 
temperature is projected to generally increase, the mean diurnal range decreases from 9.9°C to 9.5°C between the reference period 
and mid-term at the wheat crop location (table 2). Similarly, the mean diurnal range for the potato location decreases from 9.1°C to 
8.7°C between the same periods (table 3).

Although precipitation exhibits some interannual variability, differences between the three time periods are small. Precipitation 
(shown as P below) remains virtually unchanged for the near-term but shows a minor decrease by mid-term, compared to the 
reference period.

TABLE 2: Summary of Tmax, Tmin and precipitation data from six driving GCMs for rainfed wheat production in the Akkar/Hamidiye plain, SSP5-8.5

Climate parameter Driving GCM
Reference period

(1995-2014)
Near-term

(2021-2040)
Mid-term

(2041-2060)

Tmax (°C)

CMCC-CM2-SR5 22.9 23.4 24.8

CNRM-ESM2-1 23.0 23.8 24.7

EC-Earth3-Veg 22.9 23.7 24.8

MPI-ESM1-2-LR 22.8 23.4 24.1

MRI-ESM2-0 23.1 23.9 24.9

NorESM2-MM 22.9 24.0 24.9

Ensemble mean 23.0 23.7 24.7

Tmin (°C)

CMCC-CM2-SR5 13.1 14.0 15.4

CNRM-ESM2-1 13.1 14.1 15.1

EC-Earth3-Veg 13.2 14.1 15.3

MPI-ESM1-2-LR 13.1 14.0 14.7

MRI-ESM2-0 13.2 14.4 15.4

NorESM2-MM 13.1 14.2 15.2

Ensemble mean 13.1 14.1 15.2

P (mm/month)

CMCC-CM2-SR5 58.5 62.1 58.2

CNRM-ESM2-1 59.4 54.9 56.6

EC-Earth3-Veg 62.4 58.9 55.3

MPI-ESM1-2-LR 60.6 62.0 62.6

MRI-ESM2-0 54.8 62.9 56.4

NorESM2-MM 61.4 59.0 55.7

Ensemble mean 59.5 59.9 57.5

Source: Authors.
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Table 3: Summary of Tmax, Tmin and precipitation data from six driving GCMs for irrigated potato production in the Akkar/Hamidiye plain, SSP5-8.5

Climate parameter Driving GCM
Reference period 

(1995-2014)
Near-term

(2021-2040)
Mid-term

(2041-2060)

Tmax (°C)

CMCC-CM2-SR5 22.8 23.3 24.6

CNRM-ESM2-1 22.8 23.6 24.5

EC-Earth3-Veg 22.8 23.6 24.7

MPI-ESM1-2-LR 22.7 23.3 24.0

MRI-ESM2-0 23.0 23.8 24.8

NorESM2-MM 22.8 23.9 24.8

Ensemble mean 22.8 23.6 24.5

Tmin (°C)

CMCC-CM2-SR5 13.7 14.5 16.0

CNRM-ESM2-1 13.7 14.6 15.7

EC-Earth3-Veg 13.8 14.7 16.0

MPI-ESM1-2-LR 13.7 14.5 15.3

MRI-ESM2-0 13.8 15.1 16.1

NorESM2-MM 13.7 14.8 15.8

Ensemble mean 13.7 14.7 15.8

P (mm/month)

CMCC-CM2-SR5 64.5 68.7 63.1

CNRM-ESM2-1 65.1 59.2 60.5

EC-Earth3-Veg 68.0 64.0 59.8

MPI-ESM1-2-LR 65.8 67.9 68.2

MRI-ESM2-0 60.6 69.3 62.1

NorESM2-MM 67.2 63.7 59.8

Ensemble mean 65.2 65.5 62.3

Source: Authors.
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C. Impact of climatic changes on rainfed wheat production in the Akkar/Hamidiye plain, Lebanon

The impact of climate change on rainfed wheat production was studied using climate files from the output of Mashreq Domain climate 
modelling. Crop, soil management and irrigation files were obtained from an agricultural research centre. The AquaCrop model was run 
for the six climate files from the output of Mashreq Domain climate modelling (six projects) and showed the following results:

In terms of yield, all models predict an increase in rainfed wheat yield. The average of all models for yield increase is 19.9 per cent 
(about 0.7 t/ha).

TABLE 4:  Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the Akkar/Hamidiye 
plain, Lebanon, for 6 models according to scenario SSP5-8

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 3.6 3.7 3.7 3.7 3.5 3.8 3.6

2021-2040 4.2 4.2 4.3 4.2 4.3 4.1 4.2

2041-2060 4.4 4.3 4.5 4.4 4.3 4.4 4.4

Relative change 21.3% 17.9% 23.6% 18.4% 22.3% 16.2% 19.9%

Source: Authors.

FIGURE 12: Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the Akkar/Hamidiye plain, 
Lebanon, for 6 models according to scenario SSP5-8.5: graph.

In terms of the growing cycle, all models predicted a decrease in the growing cycle (due to the rise of maximum and minimum 
temperatures), ranging from 7.3 to 12.5 per cent. The average decrease of all models was 9.6 per cent (about 14 days).

Source: Authors.
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Despite the increase in daily crop water requirements (ET0) due to the rise of daily maximum and minimum temperatures, the seasonal 
ET0 values showed a decreased ranging from 11.2 to 14.4 per cent. The average decrease of all models was 13.2 per cent (about 40 
mm/season) as a result of a decrease in the length of the growing cycle.

Source: Authors.

TABLE 5:  Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
the Akkar/Hamidiye plain, Lebanon (SSP5-8.5)

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 144.2 143.0 141.9 142.5 143.1 142.3 142.8

2021-2040 136.8 137.9 137.2 136.9 135.8 136.0 136.7

2041-2060 126.1 131.8 127.8 132.1 129.0 127.5 129.0

Relative change -12.5% -7.8% -9.9% -7.3% -9.9% -10.4% -9.6%

FIGURE 13: Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
the Akkar/Hamidiye plain, Lebanon (SSP5-8.5): graph

Source: Authors.
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TABLE 6: Changes in seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the 
Akkar/Hamidiye plain, Lebanon, for 6 models according to scenario SSP5-8.5

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 307.8 306.9 302.0 302.3 307.9 306.3 305.5

2021-2040 281.4 294.2 286.4 285.0 284.5 284.5 286.0

2041-2060 255.5 272.4 263.9 268.3 263.7 267.5 265.2

Relative change -17.0% -11.3% -12.6% -11.2% -14.4% -12.7% -13.2%

Source: Authors.

Water productivity values of wheat showed an increase across all models of up to 42.2 per cent, and the average increase of all 
models was 35.6 per cent (about 0.5 kg/m3).

FIGURE 14: Changes in seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the Akkar/Hamidiye 
plain, Lebanon, for 6 models according to scenario SSP5-8.5: graph

Source: Authors.
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Source: Authors.

Source: Authors.

TABLE  7: Changes in water productivity (WP) of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
the Akkar/Hamidiye plain, Lebanon, for 6 models according to scenario SSP5-8.5

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 1.36 1.40 1.44 1.44 1.41 1.37 1.40

2021-2040 1.73 1.62 1.72 1.72 1.68 1.73 1.70

2041-2060 1.94 1.85 1.93 1.93 1.91 1.87 1.90

Relative change 42.2% 32.4% 33.9% 34.4% 35.1% 35.8% 35.6%

FIGURE 15: Changes in water productivity (WP) of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) 
in the Akkar/Hamidiye plain, Lebanon, for 6 models according to scenario SSP5-8.5: graph
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D. Impact of climatic changes on irrigated potato production in the Akkar/Hamidiye plain, the Syrian 
Arab Republic

The impact of climate change on irrigated potato production was studied using climate files from the output of Mashreq Domain climate 
modelling. Crop, soil management and irrigation files were obtained from an agricultural research centre. The AquaCrop model was run 
for the six climate files from the output of Mashreq Domain climate modelling (six projects) and showed the following results: 

In terms of yield, all models predicted an increase in irrigated potato yield. The average of all models for yield increase was 25.6 per cent 
(about 1.07 t/ha).

TABLE  8: Changes in potato yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the Akkar/Hamidiye 
plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 4.16 4.35 4.07 4.20 3.946 4.409 4.189

2021-2040 5.07 5.71 5.06 5.07 4.693 5.177 5.130

2041-2060 5.75 4.84 4.91 5.28 4.733 6.069 5.263

Relative change 38.4% 11.2% 20.4% 25.7% 19.9% 37.7% 25.6%

Source: Authors.

FIGURE 16: Changes in potato yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the Akkar/Hamidiye 
plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5: graph

Source: Authors.
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With respect to the growing cycle, all models predicted a decrease in the growing cycle (due to the rise of maximum and minimum 
temperatures), ranging from 3.9 to 9.2 per cent. The average decrease of all models was 6.4 per cent (about 5 days).

TABLE 9: Changes in the growing cycle of potato for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the 
Akkar/Hamidiye plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 82.2 82.8 82.7 82.7 83.2 83.3 82.8

2021-2040 82.5 80.5 79.4 82.8 80.3 78.9 80.7

2041-2060 77.3 78.2 77.2 79.5 77.2 75.6 77.5

Relative change -5.9% -5.6% -6.6% -3.9% -7.2% -9.2% -6.4%

Source: Authors.

Despite the increase in values of daily ET0, due to the rise of daily maximum and minimum temperatures, all models showed a 
decrease in the seasonal ET0 values ranging from 6.3 to 11 per cent. The average decrease of all models was 8.1 per cent (about 24 
mm/season) because of a decrease in the growing cycle length.

FIGURE 17: Changes in the growing cycle of potato for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the 
Akkar/Hamidiye plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5: graph

Source: Authors.
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Source: Authors.

TABLE 10: Changes in seasonal ET0 of potato for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the 
Akkar/Hamidiye plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 299.3 296.8 294.3 295.7 295.2 294.7 296.0

2021-2040 285.2 286.2 283.0 281.0 277.6 287.8 283.4

2041-2060 266.5 278.1 272.5 274.0 268.2 273.6 272.1

Relative change -11.0% -6.3% -7.4% -7.4% -9.1% -7.1% -8.1%

Water productivity values of potato showed an increase of up to 44.2 per cent, and the average of all models was 31.5 per cent (about 
0.61 kg/m3).

FIGURE 18: Changes in seasonal ET0 of potato for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in the 
Akkar/Hamidiye plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5: graph

Source: Authors.
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TABLE 11: Changes in water productivity (WP) of potato for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) 
in the Akkar/Hamidiye plain, the Syrian Arab Republic, for 6 models according to scenario SSP5-8.5

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

1995-2014 1.89 2.01 1.92 1.95 2.02 1.87 1.94

2021-2040 2.35 2.51 2.30 2.39 2.45 2.22 2.37

2041-2060 2.73 2.38 2.43 2.62 2.84 2.35 2.56

Relative change 44.2% 18.0% 26.8% 34.1% 40.9% 25.4% 31.5%

Source: Authors.

E. Invasive species impacts on the aquatic ecosystems in the Nahr el Kabir el Janoubi basin

While climate change is the biggest threat globally, biological invasions have also become a great concern due to their rapid 
dispersion and tangible impacts. Invasive species have shown significant impacts on ecosystems, biodiversity and available 
natural resources. They are able to negatively alter the environment of native species, causing their extinction in extreme cases, 
by consuming available resources and through displacement, introgression and hybridization.13 Climate change and biological 
invasions, together, are interacting drivers that could impose accumulating changes and would increase threats and challenges to the 
environment and policy-makers.14 Invasive species are usually introduced to the ecosystem by anthropogenic activities, which have 
increased introduction rates,15 and the current challenges imposed by climate change favour their growth. They are considered to 
remarkably affect aquatic ecosystems as biodiversity and water demands become at risk.16 In addition, they could cause disturbances 
in physical and biological processes occurring within the aquatic ecosystem affecting water quantity and quality.17

The negative effect of invasive species on aquatic ecosystems was observed in various ways. Their growth is able to inhibit the 
development of native species, by releasing certain chemicals that could harm neighbouring communities18 or simply by injuring 
them, destroying their habitats or preying on them. In addition, these harmful impacts on neighbouring communities could 
be imposed indirectly, as invasive species may limit access to available water resources or cause water quality to deteriorate. 
Consequently, invasive species can have a negative impact on humans, especially communities which rely on available water 
resources for irrigation, agricultural activities and drinking water. Table 12 classifies four different invasive species, two of which are 
present at a global level, while the other two are present at a regional level. The table details how different species occur in different 
areas and how their negative effects are specific to certain aquatic plant and animal native species.

The threat of these invasive species and their negative effects is exacerbated as they grow in number due to weather extremes, 
changes in precipitation rates and temperature, and carbon dioxide releases, all of which are favoured by climate change.19 In fact, 
climate change can stimulate the spread of invasive species and can result in the introduction of new ones. Climate change and 
extreme weather conditions can cause stress on native species which in return favours the movement of invasive species and limits 
the life cycle and activity of native species.20 In addition, increased greenhouse gas (GHG) emissions will result in higher CO2 uptake in 
plant species that have an increased herbicide resistance.21
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TABLE 12: Invasive species impacts on the aquatic ecosystems and water resources

Invasive species Scale Area of occurrence Impacts on aquatic ecosystems and/or water resources

Chinese mitten 
crab
Eriocheir sinensis

Global
(China)

Juveniles – Lower estuaries and marine 
habitats
Young crabs – Freshwater and brackish 
systems
Adults – Burrows in muddy riverbanks

·	 Affects invertebrate and fish populations
·	 Leads to an increase in erosion, turbidity and 

collapsing of riverbanks

Common carp
Cyprinus carpio

Global
(England)

Middle and lower streams of rivers in 
inundated areas, as well as shallow, 
confined waters

·	 Reduces water quality
·	 Damages aquatic habitats

Prosopis juliflora
Regional
(Jordan)

Arid and semi-arid regions

·	 Limits human and animal mobility
·	 Causes human and animal injury
·	 Possesses an invasive root system, which dries up 

springs and reduces water resources

Ipomoea carnea
Regional
(Egypt)

Littoral zone of water courses (riverbeds, 
embankments, canals, wastelands and 
wetlands)

·	 Blocks water flow into irrigation and drainage 
networks

·	 Increases sedimentation
·	 Possesses allelopathic traits and competitiveness 

for soil nutrients, which results in the loss of 
neighbouring biodiversity

Source: Kernan, 2015; The Fish Site, 2009; Tadros and others, 2020; Shaltout, Al-Sodany and Eid, 2010; Abd El-Aal Lotfy Sadek, 2014.

Moving to the local level, water hyacinth or Eichhornia crassipes, which is known in Arabic as “Zahret el Nil” (figure 19), has been 
spotted and has spread over several areas in the MENA region. Lebanon, the Syrian Arab Republic and Egypt, in particular, are dealing 
with significant invasions.22 Water hyacinth is characterized as one of the most invasive species affecting water quality and ecological 
communities as it is able to double its growth in a short amount of time and can rise to up to one metre above the surface of water.23 
It tends to be more abundant in eutrophic areas (areas with high nutrient content)24 but depends on turbidity in the sense that as 
turbidity decreases the spread of water hyacinth increases.25

FIGURE 19: Water hyacinth invading the basin

Source: Fanack water, 2015.
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One of the areas of concern for decision makers and policymakers is the Nahr el Kabir river. Zahret el Nil was initially discovered 
in 2006 in Nahr el Kabir el Janoubi26 where its spread and survival was stimulated by the discharge of untreated wastewater and 
agricultural runoff, which caused eutrophication.27 In addition, the stimulation of this invasive species is linked to some legislative 
and socioeconomic factors such as the lack of relevant regulations and legislations, insufficient research and lack of technical 
expertise.28 Mechanical control measures were taken over the basin; however, this did not prevent damage to biodiversity in the areas 
of occurrence.29

F. Spatial distribution of Zahret el Nil in the basin

To understand the spatial distribution and the seasonal dynamics of the plan of the basin, we selected four Sentinal-2 multispectral 
images over one area of the basin in February and August in 2017 and February and October 2021 with zero or close to zero (<10 per 
cent) cloud coverage. August and October were selected as representative of the end of the dry season, whereas February is mid-wet 
season (table 13). (Clear imagery was not available for August or September 2021). The selected images were downloaded from the 
Sentinel Scientific Data Hub of the European Space Agency (ESA). Only visible bands, blue (band 2), green (band 3), red (band 4) and 
the near-infrared band (band 8), of the selected Sentinel-2 images were used. Five different land cover types were chosen to create 
high resolution land cover map for selected area in the basin.

TABLE 13: Total precipitation, maximum number of consecutive dry days (CDD) and maximum number of consecutive wet days (CWD) 
observed at the Qoubaiyat, Akkar

Data period Total precipitation (mm) CDD (days/season) CWD (days/season)

December 2016 – February 2017 206.8 18 3

August – October 2017 6.4 89 1

December 2020 – February 2021 560.6 20 8

Source: Data based on Qoubaiyat-Akkar meteorological station (INORTHQO2, located at 34.57 °N, 36.27 °E), https://www.wunderground.com/
dashboard/pws/INORTHQO2.

To conduct a supervised classification for the four selected multispectral images, we collected several training points for each year, 
or representative pixels for each selected land cover type using high-resolution imagery provided in Google Earth. There were 30 
training points for each class. Fewer sites were chosen in more homogeneous classes, while more points were necessary in more 
heterogeneous classes, particularly pixels covered by the invasive plants. The Maximum Likelihood Classification algorithm was 
applied to classify each image. Figures 21 and 22 show the classifications results for the multispectral images over a selected 
section of the basin. This classification was conducted to be able to assess the spatial and temporal distribution of water hyacinth, by 
classifying different land cover types in the wet and dry periods in two different years (2017 and 2021).

Results show that water hyacinth is more abundant in dry periods than in wet periods. In general, and considering current climate 
variability and change effects, heavy rainfall in wet periods will cause the dilution of water quality for surface water,30 and temperature 
rise will favour eutrophication in water bodies during dry periods.31 These previous findings suggest that dilution of the river inhibits 
the growth of water hyacinth in wet periods and increasing temperature favours eutrophication and consequently the growth of 
invasive species in dry periods. To support these hypotheses, the normalized difference vegetation index (NDVI), as an indicator 
of the greenness of the biomes or photosynthetic activity, was calculated for the invasive species areas and the zonal average 
was conducted on a yearly basis, obtaining four NDVI values for the based periods. Figure 20 shows that NDVI values were lower 
in wet periods (0.487 and 0.491) than those in dry periods (0.788 and 0.754). Thus, the invasive plants in the basin show high 
photosynthetic activities in summer compared to winter.

https://www.wunderground.com/dashboard/pws/INORTHQO2
https://www.wunderground.com/dashboard/pws/INORTHQO2
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FIGURE 20: Seasonal changed of NDVI values in the areas covered by the invasive plants in February and August 2017 and February and October 2021

This is in line with the proposed hypothesis as the results show higher NDVI values in dry periods meaning higher occurrence in the 
watershed. In addition, this observed spatial and temporal trend in figures 21 and 22 supports the hypothesis that water hyacinth is 
abundant in eutrophic water areas. However, the satellite Sentinel-2 images used in this case study are of 10 m resolution. Such a 
resolution is considered low for capturing invasive plant communities occurring at the river level. Thus, it is recommended that finer 
satellite images taken on different dates, covering the seasonal changes, are to be used to capture clearly the spread of invasive 
species and understand their spatial distribution and reaction to different climatic conditions.

Source: Authors.
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FIGURE 21: Map (a) shows the Nahr el Kabir el Janoubi basin and the area of the study. Maps (b) and (c) are false colour composite images 
showing the major land cover types in February and August 2017, respectively. Maps (d) and (e) are generated land cover maps of the selected 
area of the river watershed for February and August 2017, respectively

Source: Prepared by ESCWA, 2021.
Note: The legend and the scale bar correspond only to (b), (c), (d) and (e).
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FIGURE 22: Map (a) shows Nahr el Kabir el Janoubi basin and the area of the study. Maps (b) and (c) are false colour composite images 
showing the major land cover types in February and October 2021, respectively. Maps (d) and (e) are generated land cover map of the selected 
area of the river watershed for February and October 2021, respectively 

Source: Prepared by ESCWA, 2021.
Note: The legend and the scale bar correspond only to (b), (c), (d) and (e).
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5 CONCLUSION AND RECOMMENDATIONS

The area surrounding the Nahr al Kabir basin is primarily dedicated to agriculture (68 per cent of the basin). This land generates an 
important quantity of agricultural products for both the Syrian Arab Republic and Lebanon, including grains and vegetables.

Six global climate models (GCMs) were used to generate climate projections for the region, with 1995-2014 serving as a baseline 
period, 2021-2040 as a near-term period and 2041-2060 as a mid-term period. With regards to temperature, projected increases 
in the near-term average 0.9°C and 1.9°C by mid-term (2041-2060) with little spatial variability. Precipitation projections showed 
greater variability. In the mid-term, precipitation is projected to decrease by an average of 2.1 mm/month (-3.5 per cent), while in 
the long term the region may see a slight increase (0.5 mm/month) in inland areas, though this is within the range of uncertainty for 
GCMs. For evaporation rates, a slight increase is predicted in the near term (0.6 mm/month) and a slight decrease in the mid-term 
(0.7 mm/month). This decrease is due to the fact that with lower amounts of precipitation, there is a lower water supply to evaporate.

To assess the climate change impact on agriculture, an AquaCrop model was selected. Rainfed wheat and irrigated potato production 
within the Akkar/Hamidiye plain (located on the Lebanese side and Syrian side, respectively) were assessed. Climate change impacts 
on agriculture, minimum and maximum temperature (Tmax and Tmin, respectively) and precipitation were extracted for the two study 
locations from the Mashreq Domain regional climate modelling (RCM) outputs. Similar to the general trends exhibited by the areal 
maps, both Tmax and Tmin are generally increasing with time while precipitation shows interannual variability in both locations.

RCM outputs for the two locations are similar. Although temperature is generally increasing, the mean diurnal range shows a decrease 
from 9.9°C to 9.5°C between the reference period and mid-term at the wheat crop location. There is a similar decrease from 9.1°C 
to 8.7°C between the same periods at the potato location. Although precipitation exhibits some interannual variability, differences 
between the three time periods are virtually unchanged for the near-term but with a minor decrease by mid-term, compared to the 
reference period.

For wheat in the Akkar/Hamidiye plain in Lebanon, an increase in yield of 19.9 per cent in the mid-term is predicted, with shortened 
growing cycles (-9.6 per cent in the mid-term). Daily water requirements are expected to increase due to the aforementioned rise in 
temperature. However, shorter crop cycles lead to a decrease in seasonal ET0 requirements (-13.2 per cent in the mid-term). Water 
productivity values are projected to increase by an average of 35.6 per cent during the projected period. For potatoes in the Akkar 
plain in the Syrian Arab Republic, yields are projected to increase by an average of 25.6 per cent over the projected period. Similar to 
wheat, growing cycles are projected to shorten by an average of 6.4 per cent (about 5 days). Again, while daily water requirements 
rise, seasonal ET0 drops by an average of 8.1 per cent by the mid-term due to the shortened growing cycle. Water productivity values 
showed an average increase of 31.5 per cent across all models during the projected period.

Based on the results of the invasive species analysis, it was observed that water hyacinth, the major invasive species occurring at 
Nahr el Kabir el Janoubi basin, is more prevalent during the dry season. This could be attributed to the fact that heavy rainfall in wet 
periods may cause dilution of the water, which inhibits the growth of invasive species. Projected increasing temperature, decreasing 
precipitation and increasing consecutive dry days will favour eutrophication and thus will increase the growth of invasive species.

In terms of recommendations, there is a need to:

1. Encourage deficit irrigation, which will allow for more efficient use of scarce water supplies and lead to greater increases in water 
productivity.

2. Adopt more drought and heat-resistant species.

3. Change planting dates and cropping patterns.

4. Reduce the eutrophication potential. To reduce invasive species, it is necessary to limit the amount of pesticides and fertilizers 
used to recommended amounts and to reduce agricultural discharge into the river.

5. For a better understanding of the spatial and temporal variation of water hyacinth, it is recommended that higher resolution 
satellite images taken at different periods throughout the year are used to clearly capture the extent of these communities and how 
they react to seasonal changes.
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The Arab region is highly dependent on shared water resources, given that two thirds of its freshwater 
resources are transboundary in nature and there are 27 shared surface water basins. In the Mashreq 
in particular, sharing of water resources is a necessity as all Mashreq countries share one or more 
of the 24 transboundary aquifers. The Nahr el Kabir el Janoubi river basin arises from the springs of 
the southern part of the Syrian Arab Republic and the mountains of Northern Lebanon, and its water 
supply is shared between the two countries.

The present technical report provides a detailed case study on the assessment of climate change 
impacts on shared water resource use and availability in the Nahr el Kabir el Janoubi basin in 
Lebanon and the Syrian Arab Republic. It includes an analysis of localized impacts of climate change 
on wheat and potato yields, and a discussion on the impact of invasive species in the basin. The 
regional climate projections for the Mashreq Domain used to inform this report were produced by 
the Swedish Meteorological and Hydrological Institute (SMHI). The study was carried out as part of 
a project focused on water and food security under a changing climate context, led by the Swedish 
International Development Cooperation Agency (Sida).
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