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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 United Nations 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 note was prepared by ESCWA. 

Funding for the note was provided by the Government of Sweden through the Swedish International Development Cooperation 
Agency (Sida) under a project focused on water and food security in a changing climate context and is implemented by ESCWA. 
The project component provides enhanced policy coherence across the water and agricultural sectors through institutional 
mechanisms and the provision of informed policy guidance and risk analysis, expanding the local knowledge base though 
science-based assessments and analysis of climate impacts on strategic sectors. It also empowers diverse communities 
through applied capacity building initiatives. 

PREFACE
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Summary

Agriculture is considered to be among the sectors most related to and affected by climatic conditions, as weather conditions play a 
key role in agricultural production at local and global levels. The present document aims to guide climate data users and agriculture 
stakeholders (such as farmers, intermediaries and agricultural workers, among others) in the Arab region on the applicability of 
climate data of different timescales in the agriculture sector.

It provides an overview of the importance and impact of the climate on the agriculture sector, and the extent to which climate data 
can be used to reduce the negative impacts associated with climatic conditions (such as plant disease, crop damage and yield 
reduction). Furthermore, it addresses key considerations for making climate services more effective.

The document also provides practical examples that can assist and prepare countries to withstand weather and climate-related 
hazards; it documents various natural disasters and proposed solutions to reduce their negative impacts. It also highlights the 
importance of future forecasting data and the role of such data in developing appropriate climate change adaptation plans. It 
discusses many ways in which the efficiency of agricultural production could be increased with knowledge of climate services, the 
role of such services in the agriculture sector, the consequences of the shortage of climate data and how these services can play a 
key role in providing the agriculture sector and decision makers with valuable information to support appropriate actions in order to 
reduce the adverse impacts of climate change. 

This guide also addresses the importance of enhancing historical, current and future climate data (including for short-term, 
seasonal or long-term forecasting periods) under climate change conditions, as well as the availability of such data and their 
dissemination to stakeholders in the agriculture sector in order to support all vital sectors to improve productivity, limit the adverse 
impacts of climate change and draw up future plans for appropriate adaptation policies. 

Chapter 1 aims to introduce data users in the agriculture sector to some of the applications that can be used to improve agricultural 
productivity, for example, by predicting plant diseases, estimating irrigation amounts, calculating chill units for deciduous fruit 
trees and predicting the productivity of strategic crops under climate change conditions using simulation programs and various 
other applications. It explores the tools that can be used for agricultural applications, presenting and discussing studies that 
explain how to apply and benefit from the results.

Chapter 2 discusses how to improve climate services in order to maximize their use in agriculture to support all users of climate 
data, from citizens or smallholder farmers to researchers, decision makers and stakeholders. It also contains a number of 
proposals for raising awareness about the importance of climate services, the data they provide, and information to help improve 
agricultural productivity and limit the losses caused by unsuitable climatic conditions. The guide also focuses on the importance of 
training courses and workshops to bridge the gap between these services, scientific research, agricultural extension services and 
farmers. This is in order to maximize the benefits and ensure access of the agriculture sector to effective science-based climate 
services and to achieve the best results in a timely and cost-effective manner.

Chapter 3 of the guide provides guidelines for climate change adaptation measures and on how such measures can help prepare 
countries to withstand climate change risks by identifying and assessing climate risks that can harm communities, identifying 
vulnerabilities, preparing to adapt through initiatives that can help reduce climate risks, identifying and implementing possible 
adaptation methods to climate change, and monitoring and evaluating these methods. 

Chapter 4 reviews two case studies (from Egypt and Lebanon) that show the extent to which climate change affects agriculture 
and the adaptation methods used to overcome the adverse impacts of climate change. In chapter 5, a series of key messages and 
recommendations on the most important points and lessons learned from them are presented.

1
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1 THE ROLE OF CLIMATE SERVICES IN THE AGRICULTURE SECTOR

The agriculture sector is strongly vulnerable to climate change. According to the Food and Agriculture Organization of the United 
Nations (FAO), 20-80 per cent of the crop yield’s inter-annual variability is associated with weather changes and 26 per cent 
of agricultural production losses in developing countries are associated with climate-related disasters.1 It is also reported that 
improved climate monitoring and forecasting could increase global production by up to $30 billion per year and reduce asset losses 
reaching up to $2 billion per year.2 According to FAO, the Arab region is expected to face significant Gross Domestic Product (GDP) 
losses of 6-14 per cent by 2050 due to climate change and induced water scarcity.3

Agricultural policies in the Arab region rarely mention or rely on climate services information. However, this kind of information 
can play a key role in the advancement of the agriculture sector and provides decision makers with valuable information to support 
proper actions. Climate services are crucial for sustainable development and climate change adaptation as they support proactive 
and climate-informed decision-making that in turn supports the transformation towards more productive, resilient and anticipatory 
agricultural systems (box 1).

Along with the climate data that can be provided by climate services, the regional climate outlook form (RCOF)4 plays a key role in 
providing regional-scale climate information products for users. These products aim to produce regional-scale climate information 
that is essential for societal decision-making.5 Therefore, RCOFs present a valuable opportunity to provide broader insights for 
different vital sectors, including agriculture.

Box 1: The scope and aim of climate services

What is a climate service?

A climate service (CS) is a service developed to provide expert and non-expert users with climate information in order to 
support individuals and organizations in making “climate-smart” decisions. This information is not only limited to data 
collection but also includes analysis, interpretation and dissemination of information related to climate such as temperature, 
humidity, wind, rainfall and other variables. Interpreting this data along with other non-climate data, allows users to assess 
and project current and future climate risks.

What is the aim of a climate service?

A CS aims mainly to bridge the climate data gap and help answering crucial questions across a range of vital sectors, 
including agriculture, in order to assess weather and climate-related risks. Climate services are considered a key resource for 
decision-making and planning within the agriculture sector.

Figure extracted from Global Framework for Climate Services (GFCS)

Who are the target users?

The service aims to serve both experts (such as researchers and scientists) and non-expert users, including stakeholders 
from the national, sub-national and community levels, to allow them to easily deal with climate data and extract relevant 
information for their needs (for example, climate trends, indicators and applications).

Do i need to
plant drought

resistant seeds
next season

How much
solar energy can
we expect to get

in this area

Will we need to
evacuate the city
due to forecasted

heavy rains?

Will we need to
start restricting

the use of water?

Source: FAO, 2020.
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·	 Air temperature.

·	 Ground temperature.

·	 Soil temperature (at different depths).

·	 Wind speed and direction.

·	 Relative humidity.

·	 Total precipitation.

·	 Surface pressure.

·	 Cloud coverage.

·	 Evaporation from bare soil.

·	 Evapotranspiration.

·	 Evaporation from the top of canopy.

·	 Leaf area index.

·	 Surface and sub-surface run-off.

·	 Surface solar radiation.

·	 Soil moisture (at different depths).

·	 Albedo.

Box 2: What agroclimatic variables can be obtained from climate services? 

Source: FAO, 2020.

Smallholder farmers, especially women and youth, are considerably affected by climate variability, and they may even suffer more 
if appropriate adaptation or mitigation measures are not put in place or at a suitable time.6 With policies that mainstream climate 
services into sectoral policy formulation and implementation, farmers can make informed agricultural decisions.7 Climate services 
can play a crucial role in adaptation planning process, including in the development of National Adaptation Plans (NAPs), and their 
integration into planning and budgeting processes can guide decision-making and capacity building activities within NAPs.8 The 
following subsections address climate data availability across different timescales and its relation to the agriculture sector.

A. Enhancing data availability

Climate data dissemination presents a good opportunity for all users in the agriculture sector to access the information and to use 
the data to adapt to the changes in climate.9 Different timescales can be obtained from climate services that can support agricultural 
users and help them improve their agricultural productivity, reduce the adverse impact of climate change and draw suitable future 
plans. The subsections below provide examples on the use of different climate data timescales for identifying best management 
practices and decision-making. 

1. Historical and current climate data

There is an evident gap in the meteorological observational data available within Arab countries, particularly in terms of 
agrometeorological data. This is compounded by the lack of connection between the meteorological and agrometeorological stations.10 
Climate services currently offer several sources for gridded climate data (where there is a record for each grid point) for observational-
based and reanalysis datasets at both regional and global scales with long temporal coverage of historical periods (box 3). Climate 
services offer historical and real-time climate data and are also directed to provide quality assessments of their products. These 
assessments are important for the user to understand the data quality and uncertainty, enabling them to identify the best suited 
dataset. For example, the Copernicus Climate Change Service (C3S)11 presents an independent evaluation and assessment for the 
climate data available on the Climate Data Store (CDS) in order to support users in identifying the best forecasting tool (in other words, 
dataset) for their use.
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Gridded observational and climate reanalysis datasets are dependent on observational measurements (including in-situ, 
satellite, aircraft and balloon measurements, among others), and model(s) which use available observations every 6-12 hours 
over the period being analysed to produce gridded output data with a temporal resolution range from monthly to hourly 
data. These models use the available data and solve very complex dynamical and physical equations in the atmosphere 
to estimate the climate state at each time step in the atmosphere layers. These data usually ensure global complete 
coverage, and long and continuous temporal coverage with no gap in space and/or time. In general, gridded datasets are an 
extremely useful tool for the agriculture sector not only in terms of compensating for data gaps but also in that they provide 
information about the whole domain (agricultural and non-agricultural lands) which can support future planning and more 
certain decision-making in areas such as land reclamation. Concerning future planning, gridded products can also provide 
information about the projected weather and climate conditions in the short-, medium- and long-term through weather 
forecasts, seasonal forecasts, and climate predictions. 

Source: Parker, Wendy, 2016.

Table 1 shows a few examples of the most recent and updated gridded products that assimilate a large amount of observational data 
in their systems with spatial and temporal characteristics. A variation in both spatial and temporal resolutions, level of certainty, 
and performance quality is observed among the products and it is always recommended to perform quality checks and uncertainty 
analysis before deciding on which application to use. Also, several inter-comparison results are publicly available and accessible either 
from a data provider or via literature. Such comparisons assess product quality, the type and amount of collected data and the models 
used, among other things.12

Box 3: Gridded datasets (observational and reanalysis) 

Table 1: Examples of gridded datasets and their main characteristics and source (1 degree ≈ 111 km)

Dataset Product type Resolution Coverage Common uses/application Source

Climatic Research Unit Time 
Series (CRU)

Observational 
gridded based

Spatial: 0.5° x 0.5°
Temporal: monthly

Spatial: global 
land temporal: 

1901–2016

Agricultural applications 
that need long historical 

time series of observational-
based input data

CRU 4.0117

Global Precipitation 
Climatology Project (GPCP)

Observational 
gridded based

Spatial:2.5° x 2.5°
Temporal: monthly

Spatial: global
temporal: 1979 

-present

Global precipitation 
pattern and trends based 
on observational-based 

input for +4 decades

GPCP dataa

European Centre for Medium-
Range Weather Forecasts 

(ECMWF): ERA5

Atmospheric 
reanalysis

Spatial: 0.25° x 0.25°
Temporal: hourly

Spatial: global
temporal:1950 

– present

Agricultural applications, 
especially that interest 

ocean-atmosphere- and 
land coupling (e.g., 

drought assessment)

ERA-5b

ERA5-Land Land reanalysis Spatial: 0.1° x 0.1°
Temporal: hourly

Spatial: global 
land

temporal: 1981 
- present

Agricultural applications, 
input to simulation 

models to studies need 
high spatial and temporal 

resolution

ERA5-landc

WATCH forcing data 
methodology applied to 

ERA5 (WFDE5)
Land reanalysis Spatial:0.5° x 0.5°

Temporal: hourly

Spatial: global 
land

temporal: 1979 
– 2019

Agricultural applications, 
input to simulation 

models
WFDE5d

ESA-CCI soil moisture Satellite Spatial: 0.25° x 0.25°
Temporal: daily

Spatial: global 
land

temporal: Nov 
1978 - present

Soil moisture analysis ESA-CCI satellite-
soil-moisturee

Note:
a  Adler, Robert, and others, 2003.
b  Hersbach, Hans, and others, 2020
c  Muñoz Sabater, Joaquín, 2019.
d  Cucchi, Marco, and others, 2020.
e  Gruber, Alexander, and others, 2019.

https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_4.01/
https://psl.noaa.gov/data/gridded/data.gpcp.html
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2. Weather forecast data

The weather forecast is an expression for describing weather predictions for the next few hours or days (2-10 days). It currently 
depends on computerized models that use numerical weather prediction science to generate expectations for the weather in the next 
few days. This method uses a set of mathematical models that aim to simulate the laws of physics within the atmosphere on a global 
scale in order to predict the future evolution of the atmosphere.13

Figure 1 summarizes the steps of the weather forecasting process, which include assimilated data collection (steps 1-2), pre-
processing (steps 3-4), running the model and post-processing the output (steps 5-8), and interpreting the results to provide the 
forecast to the target users (steps 9-10).

The accuracy of the weather forecast has largely improved in recent years. However, validation and quality control should be 
continually improved and upgraded in climate services.

Figure 1: Flow chart summarizing the weather forecast sequence

Globally measured data and 
observations over a particular 

time period (e.g. 6h) Collect and 
process data

Statistical 
interpretation 

Analysis and
assimilation

Mathematical-physical models of 
numerical weather forecast

DMO ( direct 
model 
output)

Statistical 
post-processing 

(e.g. using KALMAN 
filters) 

Weather forecast
for users

Subjective interpretation by
meteorologist

Geophysical environment
of ground, air, and water

1 2 3 4

7

8910

5

6

The weather forecast has a wide range of applications in agriculture that can prevent the loss of crops due to bad weather conditions 
and can also improve productivity. It can also be used for “operational decisions” such as providing extreme event alarms on specific 
days, defining the optimum planting date, deciding on when and how much to irrigate, and predicting the timing of the harvest, all of 
which play role in improving the crops’ yield.

Accurate weather forecasts can also be used to improve decision-making, for example, by ensuring that fertilizer is applied in the 
right conditions—when it’s dry enough so that it doesn’t wash away (which would create a waste of resources and money), but moist 
enough so that it gets worked into the soil. Weather forecast information therefore enhances crop productivity, given that misapplied 
fertilizer may result in the loss of the entire field’s produce.14 Further examples of the usefulness of weather forecast applications 
and their usability in controlling plant diseases, managing crop water needs and other day-to-day decision-making are presented in 
section 2.2.

Source: Authors’ contribution using Conceptdraw - Workflow diagram for Weather forecast.

http://conceptdraw.com/
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3. Seasonal climate forecast

Seasonal forecasts provide a medium-range outlook of changes in the Earth system over periods of a few weeks or months, due to 
predictable changes in some of the slow-varying components of the system. For example, the temperature of the ocean changes 
slowly (within a range of weeks or months), which can alter the atmospheric conditions on both regional and global scales where the 
ocean has a direct effect on the overlying atmosphere and the variability of its properties (such as temperature). Consequently, the 
change will have impacts on different sectors, including agriculture.

Seasonal forecast is usually described in “Tercile probabilities”, which refer to the probability of expecting conditions to be above, in 
range, or below normal.15 It is an attempt to predict the probability distribution for weather elements (rainfall, temperature) several 
months in advance. This is different from a weather forecast, which allows more certain records about the evolution of atmospheric 
state within the range of a few certain days. Data availability of three to six months in advance would help shape appropriate 
decision-making, reduce impacts and take advantage of the favourable conditions forecasted.

To minimize seasonal forecast uncertainties, the use of ensembles from different sources (in other words, using the average of several 
runs of datasets) is strongly recommended by climate scientists.

Seasonal forecast information can be employed for crop planning for the next season and making strategic decisions, such as 
defining suitable crops for the next season and those to be avoided, crop variety, planting dates and potential irrigation needs, among 
other things.

Figure 2: Evolution of monthly-average temperature in a given region, between May and December

28.5

28.0

27.5

27.0

26.5

26.0

25.5

25.0

24.5

24
May Jun Jul Aug Sep Oct Nov Dec

Observed climate
Model climate
Forecast

Source: Penabad, 2021.

Note: The blue line represents the average conditions observed over a period in the past (in this case, 1993–2014), the red line is the equivalent 
model climate average over the same reference period, and an ensemble of forecasts for a particular year is shown as green lines.

Therefore, this can directly benefit smallholder farmers and other stakeholders, including researchers and decision makers, by 
allowing them to make more informed decisions about their farming practices, such as identifying optimum planting, sowing, and 
harvesting dates.

An example about the sensitivity of maize crop to the changes in the mean local temperature is shown in Figure 3. The graph shows 
the expected impact on productivity as temperature change increases, both in the absence of adaptation action (shown in red) and 
with the use of adaptation action (shown in green), as consolidated from several studies.16 The negative yield trend with increasing 
temperature change is evident in the figure. Nonetheless, where adaptation options – such as changing varieties and planting times 
– have been used, they have clearly alleviated this impact. This example highlights how information can be extracted from seasonal 
forecasts and the role it plays in improving productivity.
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Figure 3: Sensitivity of maize to temperature change in mid- to high-latitude regions in terms of yield change
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4. Climate projection data

Climate projections or multi-decadal climate projections for the future are obtained by running numerical models of the Earth’s 
climate to predict future atmospheric evolution.

The data generation basis is different from that used in the previously mentioned types of forecasting. General circulation climate 
models include the most recent scientific understanding of the physical processes of the atmosphere, oceans and the Earth’s surface. 
Scenarios for the evolution of key drivers for the future, such as, greenhouse gases, demography, economic processes, technological 
innovation, governance, lifestyles and the interrelationship among these driving forces are also considered.17 The future scenarios 
also explore geophysical driving forces, such as emissions or abundances of greenhouse gases, aerosols, and aerosol precursors 
or land use patterns. All this information is incorporated in the models together with the climate information to analyse their 
interconnection. The output represents projections for the main climate elements, such as precipitation, temperature, humidity, cloud 
cover, pressure and a host of other climate variables for a day, a month, or a year.

Having knowledge about expected climatic conditions and their impact allows for the preparation of suitable strategies for dealing 
with it and the modification of agricultural practices in order to improve production and mitigate the impacts of climate change.18

B. Guidelines for the effective use of weather-climate data in the agriculture sector

The previous section discussed the various timescales of climate data that could be obtained from climate services. Just as data 
timescales vary, so too do the timescales of possible agroclimatic applications. In addition, trends for agroclimatic projects need to 
be addressed. However, climate projections can be used to understand the expected direction for the future, in other words, the trend 
(increase/decrease) and the level of confidence, and consequently the impacts on crop production, water availability, etc.

As the flowchart in Figure 4 summarizes, agroclimatic applications can be divided into three categories (short-, medium- and long-
term) based on the dataset time scale. More details are provided in the following subsections.

Source: Gornall, Jemma, and others, 2010.

Note: Compiled from the results of 69 studies. Results with (green) and without (red) adaptation action are shown.
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Figure 4: Flowchart for climate data timescales and the suitability of agroclimatic applications

Historical data
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Source: Figure created by the authors.
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1. Climate data usability for short- and medium-term applications

Weather and seasonal climate forecast tools have benefits across short- and medium- timescales in terms of agroclimatic 
applications. Historical and climate projection data can be used for impact assessments that allow for the preparation of potential 
adaptation and mitigation plans. They may be used for establishing an early warning system (EWS)19 that issues alerts (with various 
lead times ranging from a few days to those that are season-based) on upcoming weather conditions and/or expected seasonal 
variability. In fact, early warning is a key element for disaster risk reduction. It can save lives and reduce the economic and material 
loss of hazardous events including climate disasters. To achieve this, an EWS needs to actively involve the communities and other 
stakeholders at risk, through disseminating messages and warnings efficiently, and ensuring that there is a constant state of 
preparedness and that early action is enabled.

The following subsections present examples of the use of short- and medium-term applications that help limit adverse weather 
impacts on crops and improve the productivity of the agriculture sector.

a. Agrometeorological forecasting and extreme weather alerts

Instances of a sudden strong change in weather conditions, that is to say, extreme events, are one of the main factors that are beyond 
human control and can cause crop damage and loss in productivity. However, it is possible to adapt to or mitigate the effects of these 
events if a forecast of the expected weather is obtained at the proper time.20

No general specific action can be provided, but each event will have its recommended actions based on several factors such as 
the type of event (for example, heat, cold, flood, or drought), its strength, timing, and duration. An effective connection between 
the agricultural advisors, the agrometeorological forecast systems and the farmers is strongly recommended to disseminate the 
information and provide suitable action within a proper timeframe.

The agrometeorological forecast system is based on the use of the regular weather forecast technique. It estimates missing 
agrometeorological elements (such as evapotranspiration) to formulate the meteorological and agrometeorological data in simple 
language and recommendations that are understandable at the farmer-level.

It is worth mentioning that in addition to explicit weather records, other helpful indices can also be provided, such as planting and 
sowing dates, frost days, chilling hours and crops’ growing degree days, among others.

Figure 5: Example of the weather forecast output that can be presented

Source: Figure created by the authors.
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b. Irrigation and water needs for crops

Optimizing water use in agricultural practices is a key objective in the Arab region and worldwide. In most Arab countries, agriculture 
represents a major share of water use due to the high dependence on irrigation. As reported by the World Bank,21 irrigated agriculture 
is, on average, at least twice as productive per unit of land as rainfed agriculture. As such. approaches for maximizing the usability of 
the available water will allow for more production intensification and crop diversification.

Short- and medium- forecasting applications can play a vital role in estimating crop water requirements based on the weather 
and climate information. Figure 6 illustrates the sequential steps for estimating the irrigation water needs for any crop.22 Potential 
evapotranspiration is a key variable that is determined based on forecasted weather conditions. Once this information is available 
(as measurements or as estimates based on climate data), it is multiplied by the crop coefficient value (Kc). Each crop has its own 
Kc value which also varies with the crop growth.23 If the crop planting date is known, the crop growth period can be determined, 
and consequently the Kc value can be identified for each period. If an effective precipitation24 amount is expected to fall, it must be 
discounted from the estimated amount; as while irrigation shortage can destroy the plants, excess irrigation amounts can also cause 
crop damage.

Figure 6: Sequential steps of the estimation of the water needs for crops
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Additionally, multiple decision support tools, such as CropWAT and AquaCrop models, have been developed to estimate the crop water 
requirements and irrigation requirements based on soil, climate and crop data. These tools are able to simulate the yield response 
of herbaceous crops to water and are particularly well suited to conditions in which water is a key limiting factor in crop production. 
Such models can also incorporate forecasted climate data.

c. Pest and plant disease

The pest and plant disease-warning system is a decision-support approach that is recommended in order to control crop diseases.25 

Environmental conditions have a major influence on the occurrence, propagation and dispersal of plant pathogens.26 The change in 
elements such as temperature, moisture conditions and water availability (in both air and soil) are important factors for pathogen 
occurrence and development.27

In the spring-summer seasons of 2021 in Egypt, the weather was characterized by frequent severe heatwaves. The temperature 
irregularity and instability during this season, with high relative humidity, caused significant damages in seasonal mango production, 
leading to economic loss for the farmers. These climatic conditions, along with a deadly crop disease that thrives in warm conditions, 
reduced mango production by 50-80 per cent.28

Source: Figure created by the authors.

Note: Terms have been abbreviated as follows: Reference evapotranspiration (Eto), Crop coefficient (Kc), Crop evapotranspiration (ET crop), 
Effective precipitation (Pe), Irrigation water need (IN).
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Proper knowledge about favourable or optimum conditions of each disease and upcoming weather and climate conditions can 
play a role in reducing and controlling the infection probability of crops in both the short- and long-term. Weather forecasts can 
be integrated into disease forecast systems to provide alerts when favourable conditions for crop diseases are present. Pathology 
experts can then provide suitable recommendations for farmers to apply, thus controlling infections and reducing crop damage. An 
effective communication system should be established with farmers to ensure that messages are effectively conveyed.

Seasonal climate forecasts can also play a significant role in generating a map for the climate conditions in the upcoming seasons. 
This is of particular interest to stakeholders, especially researchers and national decision makers as it provides high-risk crop 
information and allows for the preparation of adaptation plans.

2. Climate data usability for long-term applications

Historical climate data along with long-term climate projections can guide major long-term investment decision-making, especially in 
relation to agriculture management in areas such as modifying crop varieties, changing plantation dates and identifying locations. It 
is also essential to assess the availability of historical climate data and analyse existing meteorological data (including temperature, 
precipitation and wind measurements, among other data) and other climate-related measurements. Examples for long-term 
applications are highlighted in the following subsections.

a. Coupled modelling for decision-making

Crop prediction models (such as CLM-Crop, DASSAT, AquaCrop and CropWat) are the tools developed to simulate crop growth and 
yield under different climate change scenarios once coupled with climatic models. Using historical data for understanding past and 
current situations is a mandatory part of assessment studies in order to better predict future climate and crop conditions and to 
analyse changes with respect to the current state. Figure 7 summarizes the conceptual approach of climate-crop coupling models. In 
“Track 1” of the figure, the crop model(s) uses historical climate data and the output allows for calibrating the models and identifying 
the level of uncertainty of results. “Track 2” of the figure shows the climate change simulation approach, where the crop model(s) 
uses climate change data to simulate the potential impact of the changing climate on the crops. Consequently, analysis of the results 
and adaptation options can be addressed.

The coupled modelling approach provides an indication of the projected trend for the production of different crops under climate 
change conditions. It can also be used to estimate several key crop characteristics, such as the timing of flowering and physiological 
maturity, by correctly defining phenological responses to temperature and daytime.29 Such information is supposed to guide 
stakeholders as to whether an adaptation action needs to be considered.

Figure 7: Two-track approach to simulating the impact on agricultural crops under different climate conditions

Source: Rosenzweig, Cynthia, and others, 2013.

Note: Track 1 (blue boxes) represents the model based on historical data. Track 2 (red boxes) represents the model fed by future climate scenarios.
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Figure 8 highlights how climate change might affect agricultural productivity as expected from the crop model output based on future 
climate data. The figure shows the expected change in maize yield production at both global and regional scales based on different 
climatic scenarios known as representative concentration pathways (RCPs) 2.6, 4.5 and 8.5.30 The results indicate lower crop loss in 
higher latitude regions, while a significant impact is expected in the Middle East and North Africa region on this strategic crop under 
all future scenarios.31

Figure 8: Impact of climate change on maize productivity worldwide and across regions by 2050
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Source: FAO, 2016.

Climate models do not only help in providing information about the impacts of climate conditions on crops but can also support the 
use of different simulations which allow the user to change the physical elements and/or the controlled practices to assess crop 
productivity under different conditions in order to develop the most suitable adaptation plan.

Within the ESCWA initiative on “Promoting Food and Water Security through Cooperation and Capacity Development in the Arab 
Region”, the impacts of changing water availability due to climate change on agricultural production in nine selected Arab countries 
were assessed.32 A technical country team was established and trained by ESCWA, the FAO and the Arab Center for the Studies of 
Arid Zones and Dry Lands (ACSAD) to assess the impact of projected climate change on selected crops and locations. The AquaCrop 
simulation program and the climate-variables projections of the Regional Initiative for the Assessment of the Impact of Climate 
Change on Water Resources and Socio-Economic Vulnerability in the Arab Region (RICCAR) were used following the methodology 
presented in Figure 9. Table 2 provides more in-depth information about types of data needed for the AquaCrop simulation. The 
assessment results were further translated into country specific policy options to enhance resilience of agriculture sector to climate 
change.33 This is central to shaping agricultural strategies that are adaptable to future changes.
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• Seasonal precipitation,
   temperature changes and
   evapotranspiration
• Changes in crop yield, crop water
   productivity, length of growth
   cycle
• Irrigation scheduling and deficit
   irrigation
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change
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Figure 9: Methodology for AquaCrop simulations using RICCAR projections

Source: ESCWA, “Impacts of Climate Change on Water Resources, Agriculture and Food Security in the Arab region”, Presentation at the 
Koronivia Joint Work on Agriculture Virtual Regional Workshop July 27, 2020. The diagram was synthesized by authors based on the nine case 
studies completed as part of the ESCWA policy brief series titled Climate Resilient Agriculture: Translating Data to Policy Actions.

Table 2: Data required for AquaCrop simulation for irrigated wheat crop

Climate data Crop data Soil data Field management

·	 Maximum temperature

·	 Minimum temperature

·	 Maximum humidity

·	 Minimum humidity

·	 Average wind speed

·	 Total solar radiation

·	 Average evapotranspiration

·	 Precipitation 

·	 Planting method

·	 Planting density 

·	 Maximum vegetation cover

·	 Time to reach 90  
per cent of germination

·	 Time to reach maximum 
vegetation cover

·	 Time for plants to begin 
shedding leaves

·	 Length of the crop cycle

·	 Flowering start time

·	 Flowering period

·	 Harvest reference guide

·	 Reference 
evapotranspiration

·	 Actual evapotranspiration 

·	 Water productivity 

·	 Maximum effective root 
depth

·	 Time to reach maximum 
effective root depth

·	 Soil water content at 
saturation (at depths 
0-25cm, and 25-120cm)

·	 Soil water content at field 
capacity

·	 Soil water content at 
permanent wilting

·	 Percentage sand

·	 Percentage silt

·	 Percentage clay

·	 Saturated hydraulic 
conductivity 

·	 Soil layers and depth of 
each layer

·	 Irrigation date

·	 Irrigation time

·	 Depth or irrigation 

·	 Water salinity

·	 Percentage fertilization

Based on the analysis of each country assessment, specific recommendations were generated at the country level.34 For instance, in 

Source: Compiled from ESCWA, 2019a.
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some countries, such as Jordan and Yemen, adopting and scaling up conservation-agriculture practices in rainfed agriculture was 
suggested as a top priority. In others, such as Egypt, promoting investments to modernize irrigation systems were of high priority. In all 
cases, promoting research on the use of crop varieties suited to new climate conditions, producing interactive maps, improving data 
collection and reporting, and ensuring cross-sectoral coordination between different ministries were also essential recommendations. 
Based on the crop types and responses, technical recommendations regarding adjusting sowing dates according to temperature and 
rainfall patterns as well as modifying irrigation depths and times were also suggested as adaptation strategies.

b. Carbon dioxide concentration and crop productivity simulation

Recent studies35 have pointed out the role of carbon dioxide (CO2) fertilization in crop productivity. Table 3 shows the potential range 
of impact on the strategic productivity of different crops with and without the effect of CO2 fertilization as shown using the output 
of six crop models (CLM-Ag, CLM-Crop, JULES-Crop, LPJmL, LPJ-GUESS and ORCHIDEE) and using five global climate models 
(HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, GFDL-ESM2M and NorESM1-M) under the RCP 8.5 scenario. The results imply 
that the simulation of CO2 fertilization inclusion shows a significant decrease in yield losses for all examined crops under these 
climate change scenarios. In some cases, even a potential increase in wheat yield is observed.

Table 3: Crop yield simulation under RCP 8.5 scenario by the year 2100

Crop Simulation does not include CO2 fertilization 
effect (percentage)

Simulation full effectiveness of CO2 fertilization 
(percentage)

Maize -20 to -45 -10 to -35

Wheat -5 to -50 +5 to -15

Rice -20 to -30 -5 to -20

Soybean -30 to -60 0 to -30
In that regard, ESCWA prepared reports on the impact of projected climate change, expressed in terms of water availability, 

Source: Data consolidated from Rosenzweig, Cynthia, and others, 2013; and, Müller, Cristoph, and Joshua Elliott, 2015.

temperature and CO2 changes, on selected crops and locations in nine Arab countries.36 RICCAR climate change projections were 
used that correspond to RCP 4.5 and RCP 8.5 scenarios. To analyse the effect of elevated CO2 on crop yield, two sets of projected 
CO2 concentration changes for each of the RCP scenarios were simulated: one which considered the effects of increasing CO2 
concentrations and another which kept CO2 concentrations at the baseline level (table 4). For example, in Egypt (Sakha area) rising 
temperatures had limited impact on the productivity of irrigated wheat in the case of a fixed CO2 concentration, whereas the increase 
in CO2 concentration increased productivity for both crop yields.37 Similarly, in Iraq, in case of fixed CO2, rising temperatures reduced 
irrigated wheat yields whereas the yields increased for all scenarios in case of rising CO2 concentration.38 The increase in CO2 
concentration increased productivity as it enhances the photosynthetic rate of plants while reducing transpiration. Nevertheless, 
this does not give cause to be overly optimistic as studies refer to the low nutritional value of crops produced under conditions of 
increased CO2, especially when combined with rising temperatures. A loss in nutritional value may result from the increase in CO2 
concentration and this can partially counteract the possible advantage in increasing quantity.

Table 4: Change in wheat yields for RCP 4.5 and 8.5 scenarios for the period 2040-2050 under fixed and changing CO2 concentrations

Country
RCP 4.5 RCP 8.5

Fixed CO2
a

(percentage)
Changing CO2
(percentage)

Fixed CO2
(percentage)

Changing CO2
(percentage)

Egypt -3.9 +13.2 -5.7 +12.5

Lebanon +13.4 +35.8 +10.2 +42.2

Tunisia -2.8 +17.4 +0.2 +13.9

The Sudan -11 +6.0 -13 +3

State of Palestine +30 +56.2 +24 +54.7

Iraq -2.5 +9.2 -3.7 +15.1

Yemen -6.1 +12.7 -7.6 +10.3

Source: Data consolidated multiple case studies. ESCWA, 2019b.
Note: a “Fixed CO2” refers to keeping CO2 concentrations at the baseline level.
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Differences between the results obtained from the global/regional study39 and country-level study40 are likely due to the substantial 
changes in simulation characteristics, for example, the climate data used and their uncertainties as well as the climate change 
scenarios, crop model(s) and required environmental inputs, simulated crops, reference and simulated periods, and the target 
domains used. However, it is worth noting that the effect of CO2 concentration in both studies was evident in terms of wheat 
productivity. Such information can support researchers and policymakers to understand the potential expected profile for the future 
and the role of trace gases and emissions in crop productivity. Raising and disseminating such information can have an important 
role in guiding policies for climate change adaptation plans that may reduce expected loss in yields.

c. Deficit and supplementary irrigation as an adaptation strategy

ESCWA assessed the impacts of changing water availability due to climate change on agricultural production in selected Arab 
countries.41 Further, the trained technical country team applied deficit irrigation as an adaptation strategy for reduced water 
availability due to climate change (to assess the possibility of maintaining yield with deficit irrigation). Such analysis can be used to 
implement irrigation strategies that are adaptable to climate change and at same time limit losses in yield. Table 5 shows the change 
in crop yield under different deficit irrigation scenarios in Egypt, Iraq, the State of Palestine and Jordan. For example, in Egypt, where 
the agriculture sector consumes 80 per cent of the country’s water resources, applying deficit irrigation on a large scale for wheat and 
maize could help ease water pressures as scenarios suggest limited to no adverse effects on both crops.

Table 5: Change in crop yield under deficit irrigation scenarios

Country Change in crop yield

Egypt 20% deficit irrigation 40% deficit irrigation

Wheat <1% <1%

Maize No change No change

Tomato -22% -45%

Iraq 20% deficit irrigation 40% deficit irrigation

Wheat -2 to -4 % -8 to -10 %

Tomato -7 to -14% -34%

State of Palestine 20% deficit irrigation 25% deficit irrigation

Potato -8.5 to -20% -24 to -28 %

Jordan 17% deficit irrigation

Tomato -6 to -9%

As part of the ESCWA project on “Enhancing resilience and sustainability of agriculture in the Arab region”, training was 
organized to enhance the skills of officials in Lebanon, the State of Palestine and Jordan in using the AquaCrop model for 
irrigation water management as an adaptation measure. For example, in Jordan (Naour area), the impact of applying two 
different fertilization levels (near optimal and nonlimiting) on yield and water productivity were compared to the reference 
moderate fertility levels used by farmers in the area. The application of supplementary irrigation of 50 mm when the soil 
moisture in the root zone approaches 10 mm above the wilting point was also assessed to identify its impact on both yield 
and water productivity. It was found that applying supplemental irrigation without increasing fertility or increasing the level of 
fertility without applying supplementary irrigation does not increase productivity beyond 29 per cent. Further, although applying 
supplementary irrigation scenario to the wheat crop during the growing season was found to increase crop productivity, 
the major problem faced is the ability to supply water for irrigation which is not economically feasible. As such it was 
recommended to maintain rainfed irrigation while increasing soil fertility which may be the best solution in that area allowing 
an increase in productivity by 29 per cent.

d. Drought assessment and monitoring

Drought is one of the most frequent hazards that impact Arab countries. This subsection discusses the methodology for using 
climate data and provides an assessment of expected future drought profiles. Long-term prediction of droughts can play a key role in 
identifying and putting in place case specific drought management policies under climate change, which in turn enhances resilience 
to drought events.

Source: Data aggregated from ESCWA, 2019b.
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Several climate dependent indices and approaches are developed to assess droughts. One of the most widely used indices is the 
standardized precipitation index (SPI).42 Although the SPI effectively detects different types of drought (meteorological, agricultural, 
or hydrological), its use is limited in regions characterized by warm and arid/semi-arid climates (as is the case in most Arab 
countries). The SPI is dependent on the precipitation variable which limits its ability to capture the effect of increased temperatures 
on moisture demand and availability. Therefore, the use of the standardized precipitation evapotranspiration index (SPEI)43 instead is 
suggested in such areas. The SPEI follows the same methodology as SPI but also takes into consideration evapotranspiration. Many 
other indices are available such as the Standardized Evapotranspiration Deficit Index (SEDI), Palmer Drought Severity Index (PDSI), 
effective drought index (EDI). Other studies also recommended composite drought indicators approach.44 Selection of the most 
appropriate indicator and approach should be on a case-by-case basis to ensure reliable results.

Establishing an operational monitoring system using the climate data for drought indicators estimation is strongly recommended. 
This suggested system would allow for an operational map to be prepared and for updates on the current drought profile and the 
expected situation to be provided.

Figure 10 shows a simplified flowchart of the operational chain of the drought monitoring and predicting system. The chart divides 
the system into three parts. The monitoring part depends on historical data to calculate multi-scalar drought indicators SPEI and EDI, 
and satellite data to calculate the vegetation health index (VHI).45

The predicting part uses the climate projection data to calculate the drought indicators for the future. The forecasting tool 
dissemination part aims to publish the results in a user-friendly format (such as interactive maps) to ensure the forecasting tool is 
easily understandable and appropriate for the end-users’ final needs.

Figure 10: Flow chart of the operational chain of the drought monitoring and predicting system
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2 GUIDELINES FOR IMPROVING CLIMATE SERVICES FOR THE         
AGRICULTURE SECTOR

In principle, climate services aim to help stakeholders to set up the best adaptation practices and to improve the management 
of climate-related agricultural risks. However, smallholder farmers are facing many challenges on how to use climate-related 
information. Understanding agricultural user needs is an essential factor for better serving the target users. Climate services work 
effectively on enhancing data availability, monitoring and analysis. This information allows for the management of risks relating 
to climate variability and change, while contributing to food security information and emergency response. However, it is also 
essential that the information effectively reaches the end users.

For expert users, such as researchers, the situation could be less problematic as relevant workshops and training sessions could 
increase their awareness of the usefulness and usability of these services and guide the meteorologists on ways to use climate data 
in the agriculture sector. However, for non-expert users (such as farmers), the situation is more challenging as access to scientific 
information and weather records are still limited. Farmers usually depend on their personal experience, or in the best cases, on 
extension services or media in receiving the relevant information. Therefore, the following steps are suggested for information 
providers and extension agents to ensure the information they are conveying is received to the best extent possible:

a. Build farmer capacities, focusing on utilizing smart tools and mechanisms that enhance close interactions with users.

b. Engage communities and work on bridging communication gaps through disseminating the information in a simplified language 
to non-expert users.

c. Integrate climate information with agricultural elements (such as yield forecasting and crop production) to maximize the 
usefulness of the available information.

d. Better understand users’ needs through feedback mechanisms that enhance close interactions with users.

e. Consciously strive to support smallholder farmers, policymakers and decision makers with impact outlooks and potential 
management through sectoral applications/services;

f. Highlight the economic benefits of the meteorological information provided to provide evidence to stakeholders on the 
importance of using such information.

Agricultural policymakers need to consider the spatio-temporal dimensions of climate impacts, apply emergency plans that 
incorporate new technologies, and encourage better monitoring and analysis.
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3 GUIDELINES FOR CLIMATE CHANGE ADAPTATION MEASURES

Climate change is already taking place and will continue, there is no doubt that anthropogenic climate change is a reality. Many 
of the changes observed in the climate are unprecedented in thousands, if not hundreds of thousands of years, and some of the 
changes are already set in motion.46

Recent studies have shown that temperature increase is unavoidable, and as a result, over the past few years, the importance of 
focusing on adaptation to the inevitable consequences of climate change has increasingly come under discussion.

The following guidelines can assist and prepare countries to withstand weather and climate-related hazards (figure 11) by 
documenting the climate hazards that could harm the societies and developing workable solutions to reduce climate risks.

Figure 11: Flowchart for the guidelines that can assist and prepare countries for climate change adaptation
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A. Exploring hazards

As a starting step, there is a need to determine the kind of event(s) that expose the communities/sectors to disaster or harm from 
weather and climate-related hazards (figure 12). Then, a finite list of climate hazards that could damage the community needs to be 
identified.47 Producing this finite list could be through mapping previous events and using forecasting tools to predict future events 
is essential at this stage.

Source: Figure created by the authors.
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Figure 12: Common weather and climate-related hazards
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B. Assessing climate change risks and vulnerabilities

This step aims to provide a comprehensive picture of current and future climate risks as well as related opportunities and 
vulnerabilities as a basis for adaptation strategies and plans.48 Typically, climate change vulnerability and risk assessments are 
built upon:

·	 Information on current climate conditions and future climate scenarios, including extreme events.
·	 Vulnerability assessment studies.
·	 An assessment of potential impacts of climate extremes and climate change on potentially vulnerable sectors.
·	 Analysis of other underlying factors and trends (ecosystem-related, physical, technical, or socioeconomic factors) that are 

influencing climate risks in respective sectors.

Checklists for each climate hazard can be used to assess vulnerability in the different sectors (figure 13).

Based on this information and analysis, climate change vulnerability and risk assessments will summarize the most relevant climate 
risks and vulnerabilities for single sectors or even across sectors.

Figure 13: Checklists for each climate hazard

Source: US Climate Resilience Toolkit, “Explore Hazards”, n.d. Available at: https://toolkit.climate.gov/steps-to-resilience/explore-hazards. 
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C. Preparing the ground for adaptation

The adaptation support tool, Climate-ADAPT,49 is a key element used to build the basis for a successful adaptation process. 
These include the need to obtain and assure high-level political support set up a structured process with adequate coordination 
mechanisms and clarify roles and responsibilities, estimate human and financial resources needed, identify and collect available 
information and communicate and raise awareness.50 The following steps summarize the functions of the tool:

·	 Obtaining political support for adaptation.
·	 Collecting initial information.
·	 Setting up adaptation processes within and beyond the municipalities.
·	 Identifying and obtaining human and technical resources.
·	 Identifying and obtaining financing resources and potential additional support.
·	 Identifying and engaging of stakeholders.
·	 Communicating adaptation to different target audiences.

D. Designing climate change adaptation initiatives

This stage will help in understanding ways to differentiate between a climate change “adaptation” and a traditional development 
initiative, and what key elements must be considered when developing and designing an adaptation initiative. It sets out 
the fundamental components of the design process, the approach to building stakeholder consensus, and key tools and 
methodologies.

E. Identifying adaptation options

A detailed plan of actions should set out how, when and by whom specific adaptation measures should be implemented, which is 
crucial to achieving adaptation on the ground. To develop this plan of action, it is important to identify potential adaptation options 
(in this step) and narrow them down. This step assists local authorities to identify potential adaptation options and collect relevant 
information for these options in a portfolio which will facilitate further prioritization of the options.51

F. Assessing and selecting adaptation options

Once potential adaptation options have been identified, the next steps are to assess and prioritize the options based on detailed 
information and criteria. Thereby suggested options must be assessed to determine their suitability to the local context, their 
effectiveness in reducing vulnerability or enhancing resilience and their wider impact on sustainability.52 The objective is to avoid 
decisions that lead to choosing unsuitable actions or to maladaptation. The selection of preferred adaptation options should be 
done in close interaction with all actors involved and stakeholders impacted in the adaptation process.

G. Adaptation implementation

Implementation of adaptation actions is usually guided by a dedicated adaptation strategy and accompanying action plan. This 
step supports planners in designing their adaptation strategy and action plan, taking into consideration the linkages with other 
sectorial policies and the interconnection between mitigation and adaptation efforts.

H. Monitoring and evaluating adaptation options

To ensure that an area’s adaptation process is effective and sustainable over time, it is important to regularly evaluate the 
progress of planned actions and check the actual outcomes against the objectives that were set out when developing the strategy. 
Furthermore, it is important to consider if it is necessary to adjust, add or drop certain actions in view of the monitoring results.53 
Monitoring can also help practitioners determine if adaptation measures have incurred any unanticipated side effects. In general, 
important elements of the monitoring and evaluation process are the approach or framework implemented, the selection of suitable 
indicators and the use of the evaluation results to improve local agricultural practices in the future.

https://climate-adapt.eea.europa.eu/knowledge/tools/adaptation-support-tool/step-1-0
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4 CLIMATE CHANGE ADAPTATION CASE STUDIES

The next subsections provide different examples of case studies on climate change adaptation. They discuss adaptation strategies 
and vulnerabilities to climate change in Lebanon and Egypt.

A. Adaptation to climate change: Lebanon case studies

As part of the Regional Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic 
Vulnerability in the Arab Region, an assessment study for the vulnerability of the agriculture sector to climate change was carried 
in Lebanon.54 Projected changes in temperature, precipitation and run-off for Lebanon showing mid-century and end-century 
projections under RCP 4.5 and 8.5 are presented in table 6.

Table 6: Projected changes at mid-century and end-century under RCP 4.5 and 8.5

Temperature
(°C)

Precipitation
(percentage)

Run-off
(mm/year)

EURO-CORDEXa RICCAR EURO-
CORDEX RICCAR EURO-

CORDEX RICCAR:HYPEb RICCAR:VICc

Mid century 
RCP 4.5 +2.7 1.2 -5 +1 -29 -8.7 +4.6

Mid century 
RCP 8.5 +3.9 1.7 -9 -7 -45 -59.9 -41.3

End century 
RCP 4.5 +3.6 1.5 -6 -4 -49 -24.2 -10.7

End century 
RCP 8.5 +6.6 3.2 -11 -11 -70 -81.5 -57.2

Source: Aggregated from ACSAD, MoAg, CNRS and ESCWA, 2019.

Note:

a. A domain of the Coordinated Regional Climate Downscaling Experiment initiative is the European. Domain (EURO-CORDEX), which includes     
    Europe and North Africa and the Eastern Mediterranean and provides data at 0.44° grid (~50km) as well as 0.11° (12.5 km).

b. Hydrological Predictions for the Environment.

c. Variable Infiltration Capacity.

The integrated vulnerability assessment methodology used indicators based on exposure, sensitivity and adaptive capacity 
to evaluate vulnerability to climate change. An impact chain was used to describe the cause-and-effect relationships between 
indicators and climate change vulnerability as shown in Figure 14. Sensitivity indicators were selected based on societal, 
environmental, ecological and anthropogenic factors which pressure the Lebanese agriculture sector. In the absence of available 
adaptation measures, the potential impact (aggregation of exposure and sensitivity) is projected to increase from the middle of 
the century to the end of the century under both RCP scenarios (4.8 and 8.5). Adaptive capacity is generally low to moderate but 
has the potential to change based on evolving coping mechanisms. In regard to vulnerability, it exhibits a strong correlation with 
adaptive capacity and a modest correlation with sensitivity. The study area was projected to exhibit moderate vulnerability at 
mid-century. Affected crops include field crops, such as vegetables, olives and deciduous fruit trees. Enhancing adaptive capacity 
measures are thus expected to have the greatest potential to reduce projected vulnerability.
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Figure 14: Impact chain for agriculture
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Another study performed a comprehensive face to face survey55 targeting small, medium and large Lebanese apple growers to 
compare the local adaptive capacity of agriculture in four zone across Lebanon mountain areas (map below). The questionnaire 
consisted of 80 questions divided into five categories: (1) agricultural, (2) climate change, (3) water resources, (4) agroclimatic 
adaptations and (5) socioeconomic data. The study sample gender ratio was 93 per cent men and 7 per cent women with most 
respondents between 41 and 80 years old and with different educational levels. It was also apparent that more than half of the 
apple growers in Mount Lebanon work in other professions. The local adaptive capacity analysis was done based on five criteria 
(indicators): local perceptions of climate change, socio-economy and biophysics, institutional and technological criteria. Each 
criterion was divided into sub-criteria. Depending on the grade of importance, different weights were assigned to the criteria and 
sub-criteria.

Source: ACSAD, MoAg, CNRS and ESCWA, 2019.
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The extent of the study areas comprising the four study zones (B, A, M and J)

Results indicated that climate change is one of the most challenging problems that have impacted agricultural practices and 
productivity. Pests and fungal diseases (mainly scab) were the most cited problems for apple growers. These entomological and 
microbiological explosions are directly linked to changes in climate patterns and mainly the rise of temperature. A large number of 
respondents (92 per cent) declared that climate conditions play a key role in the proliferation of insects, fungi and viruses on apple 
trees. As a result, the use of pesticides has increased to ensure marketable products.

Respondents indicated that their main source of climate information was mostly television followed by agricultural engineers, fellow 
farmers, family, friends and social media. Nonetheless, 52 per cent of the sample complained of insufficient information regarding 
climate conditions and the exclusion of apple growers from any early warning service.

The survey also showed that organized climate adaptation awareness programmes are missing; and in some zones, such as Zone 
J and M (map above), the level of climate change literacy and knowledge among apple growers was not robust; around half of the 
sample did not hear about climate change. A large number of respondents provided answers that were scientifically incorrect while 
others did not relate observed impacts of climate change. As such it was recommended to provide soft adaptation measures (such as 
climate change awareness among apple growers) in parallel to hard adaptation measures, which can be costly but help re-enforce the 
former.

As part of the survey, a list of 16 adaptation practices or indicators were presented to the apple growers. The percentage of the 
smallholder farmers’ acceptability and potential usability for these practices is summarized in table 7.

Source: Mahfoud, Charbel and Jocelyne Adjizian-Gerard, 2021.
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Table 7: Climate adaptation indicator, mainly in apple growers in the four zones of the study

Climate adaptation indicator Respondents (percentage)

Diversification of crops 19

Water efficient irrigation system 18

Rainwater harvesting 12

Reducing planting size 12

I don’t adapt 8

Selecting suitable varieties and rootstocks 7

Changing planting dates 6

Integrated pest control 4

Conservation agriculture 4

Composting 3

Alternative crops 3

Early warning system 2

Agriculture insurance against extreme weather events 1

Natural wind barrier 1

Soil-less agriculture 0

Use of treated wastewater in irrigation 0

Irrigation modernization was a key adaptation indicator that many apple growers were aware of especially due to its practicality and 
economic efficiency. Nevertheless, awareness should target replacing flood irrigation (used by 18 per cent of the respondents) with 
the drip system, while addressing some concerns from farmers that productivity may decrease.

Storing water for irrigation is practiced by 70 per cent of the respondents and in different forms, especially in the form of hill lakes, 
where 58 per cent of those surveyed indicated that they take advantage of at least one hill lake. Throughout the last 10 years, 
the number of hill lakes has increased in the four zones by 53, 40, 28 and 18 in zones A, B, M and J, respectively. When farmers 
were asked about what they would do if the climatic and water conditions further deteriorated, most answered that they have no 
alternative. A portion opted for the reduction of agricultural land to a more economically manageable area or using other types of 
crops, mainly rainfed crops. Some respondents indicated that they are willing to buy water in case of shortages as they consider 
irrigation with larger quantities of water on very hot days to be the best means of adaptation to extreme weather and combating 
drought.

A list of difficulties or limiting factors to adaptation to climate change was also presented to the respondents to choose the most 
relevant. Among these limiting factors, the main three difficulties which had the highest percentage were the unpredictability of the 
weather from one year to the next, the high cost of agricultural inputs and limited access to the market.

On the necessity of agricultural adaptation to climate change in their zone, 79 per cent of the respondents declared that the 
agricultural practices are in urgent need of adaptation plans. Among the respondents, 42 per cent felt they were already practicing 
part of the suggested adaptation options.

B.  Adaptation to climate change: Egypt case studies

A simulation was conducted to assess the impact of climate change on water needs for wheat crop in Giza governorate, Egypt.56 
Different adaptation strategies to address the impact of climate change on wheat water requirement were investigated. Over 30 
years of monthly weather data were collected and analysed and climate change data was obtained from the MAGICC/SCENGEN57 
model. The CropWat 8.0 modelling software was used to calculate the irrigation water requirement (IWR) of wheat crops under 
current conditions and future climatic changes (methodology in box 4).

Source: Aggregated from Mahfoud, Charbel and Jocelyne Adjizian-Gerard, 2021.
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Box 4: Calculating irrigation water requirement (IWR)

Three steps are carried out to determine IWR as follows:

1. Calculate the reference crop evapotranspiration (ETo)

ETo is calculated using the FAO Penman-Monteith method.

2. Calculate the crop water use (crop evapotranspiration, ETc)

The formula to calculate ETc is: ETc = Kc*ETo 

where ETc is the crop evapotranspiration (mm per day–1), Kc is the crop coefficient and ETo is the reference crop evapotranspiration (mm per day–1).

3. Calculate the IWR

IWR = ETc/IE 

where IE is the irrigation efficiency. 

The irrigation efficiency values used in this study were 60 per cent for the surface irrigation system (Jensen 1980) and 75 per cent for the sprinkler 
irrigation system.

The average IWR over 30 years was calculated at 6,738, 7,155 and 7,535 m3/ha, for 2021, 2050 and 2100, respectively. The 
percentage change in IWR under climate change conditions of 2050 and 2100 compared to current conditions amounted to +6.2 
and +11.8 per cent, respectively. Such changes in IWR should be considered while designing new irrigation projects and throughout 
rehabilitation of existing irrigation canal systems.

Average values of crop water productivity (CWP) over 30 years were calculated at 1.54, 1.36 and 1.25 kg/m3 during 2021, 2050 and 
2100, respectively. The percentage change in CWP under climate change conditions compared to current conditions registered -11.6 
per cent in 2050 and -19.1 per cent in 2100.

Three different adaptation options were investigated: changing sowing dates, increasing amount of irrigation water and the use of 
modern irrigation systems.

Results showed that applying an early sowing date reduced the negative impact of climate change on wheat productivity. Changing 
sowing dates to 1 November, 15 November and 1 December reduced the average cumulative yield reduction in 2050 by 3.1, 8.6 and 
17.9 per cent, respectively. In 2100, the average cumulative yield reduction for the same sowing dates were reduced by 5.5, 11.1 and 
22.2 per cent respectively. Accordingly, the optimum sowing date for wheat crops in Middle Egypt under climate change conditions in 
2050 and in 2100 is 1 November.

Results also indicated that increasing the amount of irrigation water applied reduced the cumulative yield reduction for wheat crops 
under climate change conditions as it compensated plants with an additional amount of water to overcome high temperatures. In 
2050, a 10 per cent, and 20 per cent increase in the amount of irrigation water applied is expected to reduce the wheat productivity 
reduction from 8.6 per cent (based on the base irrigation water amount) to 5.4 per cent and 3.2 per cent, respectively. In 2100, 
increasing the amount of irrigation water by 10 per cent and 20 per cent is expected to reduce wheat productivity reduction from 11.1 
per cent (based on the base amount) to 8.1 per cent and 4.8 per cent, respectively. Accordingly, it is suggested to increase irrigation 
water by 10 per cent in 2050 and 20 per cent in 2100 to improve wheat productivity.

Results show that the average IWR when applying the flood irrigation system and the sprinkler irrigation system was 6,738 and 5,390 cubic 
metres per hectare (m3/ha) respectively under current weather conditions; 7,155 and 5,724 m3/ha in 2050; and 7,535 and 6,028 m3/ha in 
2100. Overall, the results showed that the application of the sprinkler irrigation system instead of the flood irrigation system would save the 
amount of irrigation water by around 1,348 m3/ha under current weather conditions, 1,431 m3/ha in 2050, and 1,507 m3/ha in 2100.

Another study conducted in selected areas of Egypt evaluated the impacts of climate change on agriculture productivity using the 
AquaCrop simulation program and the climate-variables projections of the RICCAR Initiative on Climate Change in the Arab Region, 
led by ESCWA, to assist in shaping evidence-based agricultural strategies.58 Overall, the results of the simulation model under the 
RCP 4.5 scenario showed that the productivity of wheat decreases by 1.7 and 3.9 per cent for the 2020–2030 and 2040–2050 
periods, respectively, and the crop water productivity increases by 11 and 10 per cent for the 2020–2030 and 2040–2050 periods, 
respectively. The results of the simulation model under the RCP 8.5 scenario showed that the productivity of wheat decreases by 
around 2.9 and 5.7 per cent for the 2020-2030 and 2040-2050 periods, respectively, and the crop water productivity of wheat 
increases by 18 per cent for both periods.

Source: Mostafa, Soha, and others, 2021.

Note: The Kc values were obtained from Allen, Richard, and others, 1998 and adjusted according to the results of actual experiments in Egypt.
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5 MESSAGES AND RECOMMENDATIONS

A. Key messages

·	 It is evident that climate change has negative impacts on the agriculture sector in the Arab region.

·	 The climate is a challenging factor in agricultural production because it is out of human control, unlike other factors that can be 
controlled, such as planting/sowing dates, irrigation and fertilizing, among others.

·	 Climate services can play a key role in supporting the agriculture sector and policymakers in preparing adaptation plans to 
address the impacts of climate change.

·	 Ensuring good quality climate observation with high-density coverage over Arab countries will support a bridging process for 
the existing climate data gap and enhance the accuracy of forecast services.

·	 Long-term forecast and climate projections are crucial tools to anticipate planning and for setting up country specific 
adaptation strategies within the agriculture sector.

·	 Early agenda for planting/seeding dates is an important tool for farmers to use in order to increase their productivity.

·	 Smart irrigation for agriculture is an optimal solution to overcome water scarcity.

·	 Agrometeorological sections in met offices need to be supported and empowered.

·	 Active partnership and intense cooperation between agrometeorology and agriculture sectors are crucial and should be 
supported for improving climate-related and meteorological services.

·	 Climate change is projected to affect imported agricultural products, so taking scientific assessment studies into 
considerations in the food security plans is crucial.

·	 Sub-seasonal forecast tools are important, especially when equal probabilities result from seasonal forecast tools.

B. Recommendations

·	 Enhance monitoring networks for agrometeorological measurements to bridge the current data gap and improve both data 
quality and forecast services.

·	 Increase coverage of the climate observation systems in Arab countries, particularly for agrometeorological measurements.

·	 Enhance the connection and interaction between the meteorology and agriculture sectors through regular meetings, and the 
sharing of weather data/forecast descriptions with agricultural experts so that they can identify actions required and provide 
advice at a suitable time.

·	 Activate early warning services for agriculture through smart and easy tools for smallholder farmers (such as mobile 
applications) to reduce the negative impacts due to climatic conditions, including extreme events, on the crops.

·	 Deliver the early warning information and recommendations to the stakeholders (such as smallholder farmers, planners and 
decision makers) in a suitable time, in other words, easily enough for them to take required actions.

·	 Apply climate (seasonal) prediction information and share it with policymakers to enhance the setting of long- and short-term 
national adaptation plans based on scientific results.

·	 Increase the dependence of policymakers on climate services for risk assessment.

·	 Bridge the gap between scientific research, extension services and smallholder farmers by establishing more efficient 
extension services with experts relying on scientific results, new and smart technologies, and disseminating information to 
users (farmers) in a simple easy-to-use language.

·	 Anticipate estimation for the water requirements for the agriculture sector using climate tools (such as the weather forecast) 
and consider smart systems for water-saving (such as drip irrigation and drought-tolerant crop varieties).

·	 Increase the awareness of smallholder farmers about the agroclimatic services and their importance for agricultural practices 
to improve agricultural productivity and ensure that the benefit of these services is maximized.

·	 Provide practical training courses and workshops for agroclimatic data users to enhance data usability and maximize its 
benefit.
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·	 Raise awareness among the local population about the impact of climate change on agriculture and disseminate potential 
adaptation options through simple materials and the media to maximize the number of recipients and ensure effective delivery 
to the public.

·	 Utilize Arab forums on climate outlook  for the delivery of consensus-based real-time climate outlook tools that are relevant to 
users, including extension services, key economic sectors of each region and policymakers in order to reduce climate risks and 
support sustainable development.

·	 Develop an effective hub for water and agriculture information that is supported by the meteorological services provided by 
national meteorological offices.

·	 Establish an early warning centre for Arab countries to fulfil the needs of the agriculture sector in terms of providing 
anticipatory information and advice on the required actions for improving agricultural productivity.

·	 Ensure appropriate funding sources for climate services to the agriculture sector in Arab countries.
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The present document aims to guide climate data users and agriculture stakeholders (such as 
farmers, intermediaries and agricultural workers, among others) in the Arab region on the applicability 
of climate data in the agriculture sector.

It provides an overview of the importance and impact of the climate on the agricultural sector, and 
the extent to which climate data can be used to reduce the negative impacts associated with climatic 
conditions (such as plant disease, crop damage and yield reduction). Furthermore, it addresses key 
considerations for making climate services more effective.

The document also provides practical examples that can assist and prepare countries to withstand 
weather and climate-related hazards; it documents various natural disasters and proposed solutions 
to reduce their negative impacts. It also highlights the importance of future forecasting data and 
the role of such data in developing appropriate climate change adaptation plans. It discusses many 
ways in which the efficiency of agricultural production could be increased with knowledge of climate 
services, the role of such services in the agricultural sector, the consequences of the shortage of 
climate data and how these services can play a key role in providing the agricultural sector and 
decision makers with valuable information to support appropriate actions in order to reduce the 
adverse impacts of climate change.
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