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1. Introduction
This report was prepared as part of the Water Security Nexus project led by the Center for
Mediterranean Integration (CMI) and financed by the Foreign, Commonwealth & Development Office
(FCDO) in the UK. The goal of this report is to provide Tunisia with the tools required to proactively
manage drought, enabling the country to reduce the effects of climate change and human-induced
hazards (Bergaoui et al. 2015). Both of these negatively affect the availability of water, as well as
livelihoods, sedentariness and employment, in turn creating political and geostrategic challenges. This
intervention includes enhancing the country’s ability to monitor drought, forecast seasonal rainfall and
manage drought, as part of promoting the diffusion of norms from the Integrated Drought
Management Programme (IDMP) in Tunisia, and to also set an example to Algeria, Egypt and Libya.
Unlike Jordan, Lebanon and Morocco, the other Middle East and North Africa (MENA) countries that
are part of the United States Agency for International Development (USAID) MENAdrought1

programme (Sticklor 2020). Tunisians did not benefit from the latest developments in strengthening
drought hazard modelling and forecasting, or from drought action and alert planning.

This FCDO initiative capitalizes on the USAID project by adding Tunisia to the network of drought
management centres. The aim of this initiative is to reduce vulnerability to drought and the related
migration risks, in addition to the impacts that these have. It also seeks to prevent instability in the
MENA region, which poses a direct challenge to security in the Mediterranean Basin. The need to
address these risks through proactive management was initially identified at the Chatham House
meeting in Cairo in July 2018 as an important action to take in the medium term, in addition to
longer-term investment in tailoring education for each of the North African nations to inspire young
people and give them an opportunity for economic growth in their countries of origin.

Under the leadership of the CMI, the International Water Management Institute (IWMI) re-engaged

with the General Directorate of Water Resources (DGRE) at the Ministry of Agriculture, Hydraulic

Resources and Fisheries of Tunisia (MoA), to reactivate the Drought Monitoring Unit (DMU). This unit

was composed of a core, multidisciplinary team of engineers from the DGRE and was tasked with

running the enhanced version of the Composite Drought Index (eCDI), testing the rainfall seasonal

forecasting module and initiating the team with the eCDI data usage for drought management. This

work was shared with the North African countries through the CMI/UNOPS Regional Forum on Water

Security Nexus in North Africa: Catalyzing Regional Coordination Around Climate Change, Resilience

and Migration, held in Marseille on 14 to 15 March 2022. The Forum was designed to be fully

interactive, bringing together ideas about the different work outputs delivered under the projects,

including gaps in the diffusion of the IDMP norm and ways to address these through regional

cooperation. The entry points to embedding drought risk management are reliant on neutral and

continuous data sets to depoliticize decision-making and reduce political challenges. IWMI supported

the DMU at the DGRE in implementing efficient and customized systems for drought monitoring and

management, enabling the government to reduce impacts and the related costs.

1 See https://menadrought.iwmi.org/.
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2. Working sessions with national stakeholders
A series of meetings was conducted as part of the Focal Point project with Ms Hayet Ben Mansour
(Director of Surface Water at DGRE), and training was also provided for the core engineers in the DMU
(Ms Hedia Foudhaili, Ms Yosra Khemira, Ms Najla Khalfoun, Mr Ala Jlassi, Mr Walid Ben Khalifa, Mr
Zouhair Ghribi and Mr Aymen Nefzi) as follows:

● 16 December 2021:
o Discussion with the Focal Point of key needs in terms of technical developments that

will enable Tunisia to catch up as soon as possible (time permitting)
o Assignment of DGRE engineers

● 6 January 2022:
o Discussion with the Focal Point of the inception report and the timeline for

implementation
o Meeting with the DMU team to inform them of the level of effort required to carry out

the project activities
● 25 January 2022:

o Updating of the Focal Point on the work of staff from the IWMI to preprocess the
monitoring and forecasting systems.

● 14 February 2022:
o Presentation of the key results for the Regional Forum to the Focal Point
o Training, part 1: Installing and running a drought monitoring system

- Session 1: Scripts for downloading data, running the Land Information System
(LIS) and conducting the post-processing for soil moisture and skin
temperature

- Session 2: Savitzky-Golay filter for the Normalized Difference Vegetation Index
(NDVI) time series, sliding window method for a percentile ranking, Standard
Precipitation Index (SPI) calculation for the rainfall data, and Harmonic Analysis
of Time Series (HANTS) model and cloud gap-filling for daily Land Surface
Temperature (LST) anomalies

- Session 3: Cumulative Distribution Function (CDF) matching to extend the
NDVI data, ranking of the different CDI components, CDI calibration and
validation, and complete handover by 24 February 2022

o Training, part 2: Managing drought
- Session 1: Enhancing drought management in Tunisia
- Session 2: International practices for drought monitoring and the Tunisian

Drought Monitor
- Session 3: Examples of eCDI validation, a planning application and general

recommendations for Tunisia
● 10 March 2022:

o Training 3: Seasonal forecasting
- Session 1: Installation and running of a prototype
- Session 2: Rainfall validation and completed handover

o Session to bring together ideas on drought typology for Tunisia and principles for
trigger determination. This session was also used to discuss options for upgrading the
National Drought Plan in collaboration with the following entities: ministry entities
(BPEH, DGACTA, DGBGTH, DGPA and DGRE) and other national agencies (CNCT, INM
and SONEDE – see organization acronyms in footnote).2

2 All acronyms are in the original language with the full name translated into English:
● Bureau de Planification et des Équilibres Hydrauliques [Water Planning and Budgeting Bureau – BPEH].
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o Supervision of eCDI software and autonomous and operational running of the LIS by
the DMU team

● 14 March 2022:
Regional workshop, session 2: “Regional experience sharing on drought monitoring” on 14
March (11.30 a.m. to 1.00 p.m.) of the CMI/UNOPS Regional Forum on ‘Water Security Nexus
in North Africa: Catalyzing Regional Coordination Around Climate Change, Resilience and
Migration

o Working with the Tunisian and Moroccan teams on the session content
o Facilitating the sessions for presentations from Tunisia and Morocco
o Presentation of results by IWMI: technical achievements for drought monitoring,

rainfall seasonal forecasting, drought management and regional engagement
o Leading discussions with forum participants

● Centre National de la Cartographie et de la Télédétection [National Centre for Mapping and Remote
Sensing – CNCT].
● Direction Générale de l’Aménagement et de la Conservation des Terres Agricoles [General Directorate of
Agricultural Land Management and Conservation – DGACTA].
● Direction Générale des Barrages et des Grands Travaux Hydrauliques [General Directorate of Dams and
Large Hydraulic Works – DGBGTH].
● Direction Générale de la Production Agricole [General Directorate of Agricultural Production – DGPA].
● Direction Générale des Resources Hydrauliques [General Directorate of Water Resources – DGRE].
● Institut National de Météorologie [National Meteorological Office – INM].
● Société Nationale d'Exploitation et de Distribution des Eaux [National Company of Drinking Water –
SONEDE].
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3. Approach for enhancing drought management

systems in Tunisia

Tunisia is similar to other North African countries in that it is prone to drought. The country’s fragile
ecosystems are being severely and increasingly affected by the recent episodes of drought experienced
there. Not only have these disrupted rural livelihoods, but they also threaten the nation’s food balance
and the availability of water resources.

Crisis management consists of improvised
responses and interventions that target the
visible damage caused by a disaster,
whereas integrated drought management
focuses on implementing predesigned
measures that are suitable for the expected
level of drought (Figure 1). The latter can be
used to manage the drought risk and
improve overall resilience through
dedicated planning, preparedness and early
warning systems (Svoboda and Fuchs 2016). Figure 1. Drought management cycle

Source: Adapted from Wilhite and Svoboda (2000).

The “three-pillar” approach from the IDMP, which aims to improve overall drought management, was
followed. The three pillars include: 1) drought monitoring and early warning; 2) vulnerability and risk
assessments and 3) mitigation and response strategies (Wilhite et al. 2014). Risk management is based
on climatological and hydrological thresholds (from the outputs of the Drought Monitor) that allow
customized interventions to be ranked in order of priority to increase resilience and to minimize
vulnerability and the related social, economic and environmental costs.

3.1. Rationale for Tunisia

Drought is a multifaceted natural hazard that has been identified by MENA leaders, through association
with water crises, as the most significant threat for which they are the least prepared (Ganter 2015).
The impacts of drought in North Africa expand from agricultural to hydrological and social systems
(Bazza, Kay and Knutson 2018). Persistent dry conditions upset rural household welfare (Travis et al.
2009) and disrupt commodities markets at the national level (Wilhite and Glantz 1985; Van Loon et al.
2016).
The severe multi-year droughts of 1999 to 2002 and 2015 to 2018 led to several collaborations in
national and international research and planning. These include the initiation of drought management
at the Ministry of Agriculture based on the Tunisian Drought Handbook (Guide National de la
Sècheresse)3 with a drought threshold based on synoptic rainfall stations measuring a 40 per cent
precipitation deficit in the autumn, winter, spring and summer seasons, and a drought declaration in
the Tunisian Gazette and the end of the season with an a posteriori measure mainly related to
rescheduling farmer credit payments. The MEDROPLAN and United Nations Department of Economic
and Social Affairs projects focused on drought management policy and implementation frameworks.
The Tunisian National Drought Plan (PNS) provides the institutional framework and summarizes the
impacts and vulnerabilities on a national scale. The USAID MENADrought program (2015–2018)

3 Internal publication for the Ministry of Agriculture, Tunisia.
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supported the installation of an initial eCDI version with moderately accurate drought classes and LIS
inputs that were not independently produced by the DMU at DGRE.
The current initiative aims to support the PNS with near real-time and near-continuous drought
monitoring based on an enhanced version of the eCDI (appropriate quantile estimates and cloud
gap-filling), early maps availability (on the tenth day of the following month), in addition to an AI-based
prototype of rainfall seasonal forecasting model. The new eCDI maps can be used to classify drought
events and to further develop drought triggers to provide a response to priority impacts.

3.2. Drought definition for Tunisia

In a given location, when the demand for water for human activities and environmental sustainability is
equal to normal water availability, this is considered to be a “normal” condition. However, in a situation
where there is a deficiency of precipitation in comparison to this “normal” condition, there is
insufficient water to meet demand. This situation corresponds to a “drought” for the location in
question. Drought differs from other hazard types in terms of spatial and temporal patterns. It can
occur anywhere and over very large areas, contrary to earthquakes or floods that generally occur along
well-defined fault lines and river valleys.

Drought can also extend to other locations. It can also occur at different times: at the beginning of a
season, mid-season, or over a season or longer period of time. Furthermore, drought develops slowly,
resulting from a prolonged period of insufficient rainfall, ranging from months to years.

Drought is commonly defined by the scientific community according to its impacts, not necessarily just
rainfall deficits.4 Thus, it has several definitions. Droughts vary in severity according to deviation from
the “normal” condition. According to the severity of the drought, the geographical extent, duration,
environmental conditions and the nature of human activities, it can become increasingly complex and
may have wide-ranging impacts. An impact is an observable loss or change at a specific time because of
drought (Svoboda and Fuchs 2016).

In Tunisia, the series of droughts throughout the twentieth century (1920, 1940, 1960, 1980), in
addition the Millennium drought and the 2015–2018 drought, are indicative of a long-term drying
period in Tunisia (Hénia and Hlaoui 2013). As a result, the need for improved drought management is
clear, with climate projections indicating a warmer and drier future for Tunisia.5

A closer look at the national-level drought maps available from the last 20 years shows that wet
seasons only account for 48 per cent of years (2003–2005, 2007, 2009, 2011–12, 2014, 2019 and 2021.
See Figure 5). The 2001–2002 and 2002–2003 seasons were the worst, with drought severity at the
highest levels across all regions of the country. The remaining dry seasons (52 per cent) were
characterized by moderate to severe droughts, with various patterns including creeping and
interspersed droughts, and dry-, mid- and late-season droughts, respectively. In addition, the four
consecutive dry years from 2015 to 2018 caused an irreversible disturbance of the national water

5 See United Nations Framework Convention on Climate Change, Troisième Communication Nationale de la
Tunisie au titre de la Convention Cadre des Nations Unies sur les Changements Climatiques (in French, n.d.).
Available at
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/36874051_Tunisia-NC3-1-Synth
ese%20TCN%20FR%20VF.pdf.

4 “Meteorological drought” is defined as a temporary period of dryness expressed in terms of atmospheric
characteristics such as precipitation differences from the average or normal period. “Ecological drought” is a
prolonged and widespread deficit in naturally available water supplies that create multiple stresses across
ecosystems. If a drought mostly affects agricultural activities, it is defined as an “agricultural drought” for a given
period or a whole growing season. When drought is prolonged beyond a single season, it can create a lack of
water in the hydrological system (abnormally low streamflow in rivers, and abnormally low lake, reservoir and
groundwater levels) and is then called a “hydrological drought”. If elements of meteorological, hydrological and
agricultural droughts are associated directly with the supply and demand of an economic commodity (such as
water, fodder, food grains, fish, hydropower), the drought is defined as “socioeconomic” (Travis et al. 2009).
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budget. This is because even a moderately dry year such as 2020 was accompanied by water shortages,
which is characteristic of hydrological drought. For the 2021–2022 season, the country remained in a
situation of water scarcity, despite precipitation levels being close to the long-term average in most of
the humid areas of Tunisia.
Tunisia is particularly vulnerable to the impacts of drought because it is highly dependent on
agriculture for food, social and economic security, with the sector employing approximately 20 per cent
of the economically active population and contributing to 15 per cent of gross domestic product (GDP).
Data from the Tunisian cereals office show that imports of cereals vary from $230 to 685 million6 in wet
and dry conditions, respectively. This figure has risen to over $1 billion due to the current inflation of
global prices, as a result of the conflict in Ukraine. Other costs (not estimated here) are related to a
decline in rural livelihoods, health and ecosystem degradation, such as forest fires. From this
perspective, drought jeopardizes the integrity of critical infrastructure, has extensive economic impacts
and increases food and water insecurity. All drought definitions apply to Tunisia. This study focused
mainly on agricultural drought relating to rain-fed cereals. Future developments could focus on
hydrological and socioeconomic drought.

3.3. Drought modelling, monitoring, early warning and forecasting

Drought modelling is based on the use of a series of indicators, either individually or combined.
Multiple indicators allow for drought to be investigated with the option of cross-checking independent
indicators. This is therefore a statistical type of modelling, and results in the generation of a map of a
given region, country or district at a given time with a certain spatial resolution (5 km) depending on
the resolution of the input data available. Drought maps provide spatially distributed information on
drought detection, extent, severity and duration across the season. The frequency of a certain level of
drought (moderate, severe or extreme drought) is represented in the drought map for a given date.
The severity class can be also linked to the observable drought impact on the ground (at the validation
step). Statistics from a 20-year period highlight the regions that are most exposed to drought, meaning
that a drought hazard map can be produced for the whole country.

If the drought modelling procedure is repeated periodically across a given season, then it becomes a
form of drought monitoring. In this case, input data can be accessed as part of an operational model
for the detection of drought onset, persistence and progression of severity and extent in the early
stages. The Drought Monitor can also determine the endpoint and recovery of a drought situation. If
access to the input data is available almost in real-time and at constant time steps, then the Drought
Monitor follows steadily how the drought is evolving, meaning that the investigation can be used to
provide early warnings. An early warning system can be defined as a data-collection system that
provides timely notice of emerging drought conditions to decision makers and the public (Wilhite and
Svoboda 2000).

In the context of drought, and early warning does not necessarily mean a drought forecasting system.
Ideally, an early warning system should have both a monitoring component (including impacts) and a
forecasting component. Given the slow creeping onset of drought, the prediction should go beyond the
monthly scale. Ideally, we need a seasonal forecast of the main climate drivers of rainfall and
temperature. Drought forecasting is a challenging task as it depends on the ability of dynamic models
to predict the future. As a result, artificial intelligence tools should be used to improve forecasting
skills.

6 See https://www.oc.com.tn/fr/importation-2/ (in French).
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3.4. Methods for monitoring drought

Enhancing Tunisia’s capacity for operational drought monitoring included providing the country with a
methodological basis of the eCDI concept and technical knowledge regarding running the system in an
operational mode. The use of a single index, based on rainfall data, is not sufficient to produce a
representative drought map that reflects the complex impacts of drought on the various Tunisian
landscapes and ecosystems. Because of the various soil, vegetation, agricultural and hydrographic
features unique to each area, the impact of drought varies, even if the precipitation deficit is similar.

To better model drought events, we need to consider multiple components of the water cycle,
depending on the data available. This could include climate parameters, vegetation indices and soil
moisture. Drought is characterized by reduced precipitation which in turn influences soil moisture,
vegetation evapotranspiration and biomass. Therefore, interactions among the atmosphere-soil-plant
system should be considered (Hayes et al. 2005). Remotely sensed data products from the last 20
years, combined with data representing almost all aspects of drought propagation, significantly
contributed to improving the understanding of drought. In addition, the assimilation of remote sensing
data into Land Surface Models (LSM) has led to further improvements. All of these factors could be
simultaneously assessed using a Composite Drought Indicator (CDI) that covers the entire territory of a
nation, is standardized in terms of space and time, and is capable of computing drought severity based
on its component’s anomalies (West, Quinn and Horswell 2019).

This methodology was used internationally with regional- and national-level monitors. In North
America, the North American Drought Monitor has provided monthly CDI maps for Canada, Mexico
and the United States of America (USA) since autumn 2002. These maps are produced by the National
Oceanic and Atmospheric Administration (NOAA). The monitor uses the same CDI methodology as the
U.S. Drought Monitor7 (USDM) developed by the National Drought Mitigation Center (NDMC) at the
University of Nebraska. At the European regional level, drought modelling outputs are available on the
European Drought Observatory8 (EDO) platform. The Compendium of good practices for the Integrated
Drought Management Programme in Central and Eastern Europe (IDMP CEE) shows several
national-level applications (Svoboda and Fuchs 2016). In other regions of the world, the IWMI plays a
leading role in promoting combined indicators, including the South Asia Drought Monitoring System
(weekly Integrated Drought Severity Index, SPI and Soil Moisture Index), and the Composite Agriculture
Moisture Index (CAMI) for Africa (Moderate Resolution Imaging Spectroradiometer [MODIS], Climate
Hazards Group InfraRed Precipitation with Station [CHIRPS] and Soil Moisture Active Passive [SMAP]
sensors).

At the national level, the USDM, developed by NDMC, is the most advanced national Drought Monitor
and has provided several nations across the world with inspiration. For example, in North America,
Mexico launched the Programa Nacional Contra la Sequía [National Drought Programme –
PRONACOSE], a drought management and early warning programme, to support their National Water
Programme. Mexico first tested the option of relying on precipitation and air temperature anomalies,
which was not sufficient to detect complex droughts across the nation. They finally adopted the CDI,
which included the aforementioned anomalies, together with the Palmer Drought Severity Index
(PDSI), NDVI, soil moisture anomaly, evaporation percentage and the lakes and reservoirs storage
percentage from ground data. Best national practices, also inspired by the USDM and with technical
assistance from NDMC and IWMI, include the Moroccan drought monitoring system.9,10

10 See http://dms.iwmi.org/app/.

9 See
https://www.google.com/maps/d/viewer?mid=1z0hdz3xuU8e0ogvev3grFsC_jhwHc85L&ll=27.665998892145495
%2C-8.796558108910356&z=5.

8 See https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1112&cty_id=GE.

7 See https://droughtmonitor.unl.edu/.
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Similarly, the Australian CDI11 from the Northern Australia Climate Program (NACP) is a scaled-down
version of the U.S. Drought Monitor, using only four selected drought indicators: rainfall, soil moisture,
evapotranspiration and the NDVI (the latter of which is derived from satellite data) to produce a
drought indicator tailored for Australia. The system was validated in a few parts of the country, such as
in the application by the Department of Primary Industries.12

In Europe, the Czech Republic Drought Monitor produces weekly updates of precipitation, soil
moisture, vegetation and surface water flow anomalies. The Czech team validated the monitor using a
combination of ground data and qualitative validation using a large volunteer network of over 200
observers.13 In Spain, scientists have suggested using a CDI that integrates rainfall, soil moisture and
vegetation dynamics. The main idea behind adopting the CDI is the comprehensive investigation of
agricultural drought for rain-fed cereals, based on the relationship between water deficit and crop
biomass. The test period for this ran from 2003 to 2013. The CDI could replace the current drought
monitoring based on a 1.21 km2 resolution SPI at one-, three- and six-month intervals, and one-, two-
and three-year intervals from 2,269 weather stations (over the last 60 years)14 and the Standardized
Precipitation Evapotranspiration Index (SPEI) at different timescales ranging from 1 to 48 months.15

15 See http://monitordesequia.csic.es (in Spanish).

14 See http://www.aemet.es/es/serviciosclimaticos/vigilancia_clima/vigilancia_sequia (in Spanish).

13 See www.intersucho.cz and https://www.chmi.cz/aktualni-situace/sucho (in Czech).

12 See https://edis.dpi.nsw.gov.au/.

11 See https://www.nacp.org.au/drought_monitor.
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4. The Tunisian Drought Monitor
Composite Drought Index (eCDI) modelling using the first system (USAID RDMS Regional Drought
Management System Project) was affected by the limited percentiles (20 values only), the low accuracy
of the soil moisture proxy used and the absence of the autonomous production of data sets, as well as
missing data for the NDVI. The operating system currently in use is the most advanced version and
solved the issues cited later on in the report for the input parameters and the CDI classification.

CDI components correspond to satellite observations of LST, vegetation indices and precipitation data,
together with root-zone soil moisture from the NASA LIS. Anomalies are generated for 122 values
permitted by the sliding window technique. Combined indicator anomalies are weighted, and the
resulting combination is assigned to a drought category that corresponds to past impacts (Figure 2).

Figure 2. Schematic of the Composite Drought Indicator

Source: International Water Management Institute fact sheet (2020).

Note: CDI = Composite Drought Indicator.

The monthly drought maps in operation provided a crucial early warning to anticipate the severity of
droughts over the season and across sensitive ecosystems. The CDI maps were generated to display a
range of drought conditions from “no drought” (normal, in white), “moderate drought” (in yellow),
“severe drought” (in red) and “exceptional drought” (in dark red). These are drought classes D0, D1, D2
and D3, respectively. Classes for wet periods have also been retained, as requested by the DGRE, and
range from moderate to exceptional wet conditions.

The Drought Monitor shows drought class and location across the country every month. Drought
classes are calculated for individual districts in each province. The normal condition means that there is
no deviation in comparison to the 20-year- history, while D1, D2 and D3 correspond to a probability of
occurrence of every 10, 20 and 50 years. Drought maps have been generated from March 2000 up to
the present date (Figure 2).
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The Drought Monitor observes drought incidence and severity for each
season (agricultural or hydrologic year), running from September to
August. Tunisia is characterized by a diverse climate ranging from
subhumid to semi-arid, as well as by delayed summer rains and
significant precipitation from September to June. As such, the DTC
(Diurnal Temperature Cycle) monitors for drought conditions mainly
during this period.

The enhanced CDI is now able to represent three classes of drought
much better, particularly those with the lowest probabilities, including
the exceptional droughts (below 2 per cent) that are not represented
well in the available data, severe droughts (between 2 per cent and 10
per cent) that have an irreversible impact on crop production with a
consequent gap at harvest, and moderate droughts (between 10 per
cent and 20 per cent) that affect crop production to a lesser extent
(Figure 3).
Improvements and system operationalization were made possible by
new calculation processes. This technical assistance work follows the
three steps described in the next section.

Figure 3. Example of a
monthly Composite Drought
Indicator map (November
2006)

4.1. Land surface model installation: Running and post-processing

Root-zone soil moisture is a valuable indicator of drought-induced water stress. This is because it plays
a significant role in crop growth as soil acts as a reservoir to store moisture, which in turn fulfils a
plant’s needs. Plants show immediate symptoms if water is limited for root uptake. Once the root-zone
soil moisture is re-established, either by rain or irrigation, plants resume growth and progress towards
maturity. If soil moisture is too depleted for too long, plants may not fully mature or may permanently
wilt and eventually die. Earth system models are powerful tools that can be used to generate
continuous soil moisture profiles with full spatiotemporal coverage. In addition, they also provide
information about the distribution of water resources, carbon fluxes and their impact on hydroclimate
over a broad range of scales. Root-zone soil moisture simulations are conducted using the
Noah-MPLSM, Version 4.0.1, implemented within the framework of the NASA LIS (Kumar et al. 2006).

The LSM used is Noah-MP. It is part of the LIS, which is an integrated framework designed for
multi-model LSM simulations and data assimilation (DA) integrations. The system requires a Linux
platform and Fortran Compiler. IWMI supported the DMU in installing the system using external
libraries and the source code 7.2 of the LIS model. Once the downloads had been completed, IWMI
configured the Tunisian domain and produced the physiographic data. The LSM was initialized in
January 2000 (date of the first day of data available from the Global Data Assimilation System [GDAS]
and archived by the NASA server and the National Center for Environment Protection [NCEP]). The
initialization of the model involved spinning up by looping through 20 years repeatedly until a
predefined equilibrium was achieved. This created an LSM covering at least 40 years for Tunisia. LSM
Tunisia was then run twice over the 2000–2021 period to provide a good initial condition. The data
produced for root-zone soil moisture was then used in the CDI system.
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4.2. Development of preprocessing programmes of satellite data

CHIRPS and IMERG for rainfall: The development of preprocessing programs for the satellite data
included the use of CHIRPS and Integrated Multi-satellitE Retrievals for GPM (IMERG) rainfall data. To
process rainfall data, the 0.05° resolution CHIRPS (from the University of California Santa Barbara) is
used and then compared to the open-source IMERG from NASA and the Japan Aerospace and
Exploration Agency. IMERG estimates precipitation over the majority of the Earth’s surface from June
2000 to the present at a 10 km resolution, half-hourly and with a two-day latency. This product was not
selected due to its bias compared to ground-station data. In addition, it has a lower resolution
compared to CHIRPS, which is more accurate spatiotemporally and thus more suitable for near
real-time monitoring (Chen et al. 2004; Beria et al. 2017; Khodadoust Siuki, Saghafian and Moazami
2017; Wang et al. 2019).

CHIRPS data was used to calculate the three-month SPI at a 5-km resolution over Tunisia. A
preprocessing script to automatically download and clip the files on the Tunisian domain, before
calculating the three-month SPI and ranking it on percentiles, was developed and tested.

NDVI data from the eMODIS platform for vegetation anomalies: The land science community has
used MODIS data since its release in 2000 for vegetation monitoring studies. Despite the benefits
offered by MODIS products, real-time applications were immediately challenged with making those
products directly useful, due to difficulties with reprojection, format conversion, mosaicking and
subsetting. The EROS Moderate Resolution Imaging Spectroradiometer (eMODIS) collection was
developed to address these issues with MODIS products and currently produces NDVI over Africa and
Central Asia.

The eMODIS suite of products provides expedited (near real-time) production that runs every five days
for the 10-day products and uses the last interval of input. Each data set delivers acquisition, quality
and NDVI information at a 250-metre spatial resolution. The eMODIS system thus provides enhanced,
expedited and expandable NDVI data suitable for operational use. The NDVI from the eMODIS satellite
observes the NDVI globally and the United States Geological Survey (USGS) (averaged 10 days at
five-day intervals with a spatial resolution of 250 m). eMODIS NDVI products have issues with cloud
masking, even after the quality coefficients have been applied and the values are recorded with one
observation every five days, rather than daily. To reduce the noise in the NDVI time series for each pixel
and reconstruct high-quality NDVI data, the Savitzky-Golay (S-G) filters are used (Savitzky and Golay
1964; Chen et al. 2018). This provides us with a cloud-free, daily interpolated NDVI time series at a 250
m resolution. We also use the Copernicus SPOT-Vegetation-Proba-V data 1998–2017 to gap-fill the year
of 1999 and the missing months from the year 2000.16 The ranking scripts were developed and applied
over the full period. The files were resampled to a 5 km resolution.

Day-night Land Surface Temperature: The temporal evolution of LST in the morning is indicative of soil
moisture conditions and plays a significant role in estimating the partitioning of the available energy
between sensible and latent heat fluxes (Mahfouf 1991). Hain and Anderson (2017) developed and
evaluated a data-mining approach to estimate the mid-morning rise in LST from the MODIS day-night
LST difference. There is a high level of correlation between the day-night LST amplitude and actual
evapotranspiration. In addition, in our study, the monthly anomaly can be considered as a very good
approximation of the actual evapotranspiration anomaly. MODIS/Terra Land Surface
Temperature/Emissivity Daily L3 Global 1 km SIN Grid products (MOD11A1 Collection 6) downloaded
from MODIS website17 were used for Tunisia. The MOD11A1 products provide daily per-pixel LST and

17 See https://e4ftl01.cr.usgs.gov/MOLT.

16 See https://www.ncei.noaa.gov/data/avhrr-land-normalized-difference-vegetation-index/access/.
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emissivity values using the generalized split-window algorithm (Wan and Dozier 1996). To address the
challenges of cloud detection and gap-filling, we applied a new method where we combine a Fast
Fourier transform algorithm for periodic behaviour with the numerical LSM (Noah-MP) This is then
used to predict daily perturbations of land surface skin temperature (harmonic analysis). Day-night LST
(temporal evolution of LST in the morning) is indicative of the partitioning of the available energy
between sensible and latent heat fluxes. The pixel temperature value is derived from
the MOD11L2 swath product. The full 2000–2021 period was downloaded and the Python programs
were developed to reproject the data over Tunisia at a regular lat-long projection at a 1 km resolution.
Since the LST data are affected by cloud presence, we installed the HANTS model and developed
programs to gap-fill the cloudy pixels. We developed the ranking programs into percentiles as a proxy
for actual evapotranspiration.

4.3. Ranking code into percentiles and producing the operational eCDI

Producing the operational CDI maps uses all the programs of the four components of the CDI. The
maps are produced for the full period. The NDVI from eMODIS is only available for the 2002 to 2021
period. We completed the months from 2000 to 2002 using Copernicus SPOT satellite platform data
following the application of a CDF matching technique. However, LST gap-filling was completed using
LIS simulation for the full 2000 to 2021 period, which runs on the DGRE server.

Monthly Composite Drought Index: Each of the four parameters (rainfall, NDVI, LST day-night anomaly
and soil moisture) reflects a certain degree of drought impact. Therefore, the Drought Monitor blends
these indices to provide a better representation of drought episodes (Hayes et al. 2005; Mizzell 2008;
Wardlow, Anderson and Verdin 2012; Park et al. 2016). The four components of the CDI are
normalized. We chose to rank them into percentiles as a means of normalization. The common period
of interest was from February 2000 to March 2021, with 21 values for each month. To rank the
components into percentiles, we required a minimum of 100 monthly values. As we had daily values,
we were able to apply a sliding rolling window to obtain six representations of the monthly value for
each component. After selecting the first month (March 2000), the next month was represented using
six averaged values over a window size that equalled the number of days of the month, starting from
the end of the month (window size of two). We repeated the procedure until February 2021. For the
full period, we thus obtained 122 values for each month. Similarly, we had six CDI values for each
month. We then ranked the final CDI based on the CDI values from across each period. The final CDI is
divided into four categories (Table 1).

Table 1. Categories of the Tunisian Composite Drought Indicator: dry classes

Classes Names CDI percentiles Significance
- Normal Higher than 20 No drought
D1 Moderate drought 10 to 20 Once every 5 to 10 years
D2 Severe drought 2 to 10 Once every 10 to 20 years
D3 Exceptional drought 0 to 2 Once every 50+ years

Note: CDI = Composite Drought Indicator. The drought classes in Table 1 are defined in the USDM
Drought Monitor. The same classification was chosen for Tunisia.

DGRE engineers have been fully trained to run the LIS model for Tunisia and are now running and
independently producing the root-zone soil moisture anomalies. Moreover, the three other
components of the CDI were installed on a Ubuntu platform on the local server, and a training session
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on drought monitoring was given during the CMI Regional Forum in Marseille which covered
capacity-building and gathering participants from Algeria, Egypt Libya, Morocco and Tunisia.

5. Rainfall seasonal forecasting
Early warning of rainfall anomalies in the MENA region is limited by the fact that there are no clear
sources of seasonal predictability. All the operational North American Multi-Model Ensemble
predictions (NMME) models showed poor scores in predicting rainfall at anything in advance of a
zero-month lead time. In our assignment, we undertook the following tasks:

- Four models were used from the NMME Climate
Forecast System (CFS) Canadian Centre for Climate
Modelling and Analysis Coupled Global Climate Model,
version 4 (CanCM4i), Geostationary Operational
Environmental Satellites (GEOS), and Nucleus for
European Modelling of the Ocean (NEMO) as an input for
a Convolutional Neural Network (CNN) Deep Learning
model to predict the rainfall two months in advance. The
loss function of the CNN model was rewritten, using a
regionalization technique to identify the coherent regions
of the rainfall regime in Tunisia.
- Monthly (5 km) CHIRPS data were used as the predictor
and the four dynamical monthly seasonal forecasts (100
km) are the predictors.
- The 1982 to 2015 period was used as a training period.
Our deep learning CNN model was then tested and
validated from 2016 to 2022.
- The seasonal forecast run in Tunisia was improved and
the scripts were developed to rank the predicted SPI into
percentiles comparable to the Tunisia CDI map (Figure 4).

Figure 4. Observed ranked Standard
Precipitation Index for January and
February 2022 in Tunisia (Upper Raw) and
two-month forecast of the ranked
Standard Precipitation Index for the same
two months (lower raw)
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6. Use of eCDI outputs for drought planning
Drought typology: The recent drought history was evaluated using the outputs of the Tunisian eCDI
model every year from 2001 and 2021. The outputs were classified as one of the typologies according
to the incidence (extent) and severity of drought (severity) throughout the country. The typology is
decided upon based on the incidence of D2/D3 classes (severe and extreme/exceptional drought)
throughout the agricultural/hydrological season. The following set of decision rules were used to
classify the seasons according to the five drought typologies as follows:

● Creeping drought: a continuous drought from autumn to spring. It is defined as having a high
incidence of D2/D3 classes (>50 per cent over cereal areas) for the majority of months
throughout the season.

● Late-onset drought: begins in late winter or early spring after a wet or normal autumn and
winter. It is defined as the absence of D2/D3 classes during autumn and winter, with D2/D3
classes occurring only during the spring months (March to May) in more than 50 per cent of
cereal areas.

● Mid-season drought: occurs during the December to April period and is defined by no more
than three consecutive months with the presence of D2/D3 classes in more than 50 per cent of
cereal areas.

● Interspersed drought: defined as an episode where the incidence of D2/D3 typologies varies
greatly from one month to the next during the season.

● Flash drought: defined as the incidence of D2/D3 classes over more than 50 per cent of cereal
areas in any month of the critical winter and spring growth phase (November to April). The
early months are critical for early biomass development, while the later months are crucial for
crop yield, considering the fruiting period. The remaining months are wet or normal across
most of the region.

Using this set of decision rules, we were able to identify dry years – those with one of the previously
mentioned drought typologies – and consecutive dry years. All drought typologies observed in the
MENA region are present in Tunisia. The following provides an illustration of the three main types of
drought in Tunisia (Figure 5):

Figure 5. Examples of the main types of drought in Tunisia
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Drought maps validation: There are two main validation options:, a retrospective evaluation of past
drought events and an evaluation of current conditions.

In this report, the retrospective approach was used to
compare the cereal production anomaly (mainly
rain-fed, Figure 6) to the drought maps and the official
declaration by the Government of Tunisia. For the past
21 years, drought was officially declared 11 times in the
Tunisian Gazette (every other year). In years where the
cereal production anomaly was negative, the highest
anomalies were observed in creeping exceptional
events, severe late- and mid-season droughts, and even
during flash events. The year Y corresponds to the
calendar year Y-A to year Y(for example the year 2001
corresponds to the 2000–2001 season).

Figure 6. Time series of cereals production (in
million tons, green bars), and anomalies of
cereals production (yellow line)

Interspersed droughts were not decisive in terms of declarations and negative anomalies were the
highest for the Millennium drought (Figure 7).

Figure 7. Time series of drought maps from September to August for the 2020–2021 period
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Note: The year Y corresponds to calendar year Y-A to year Y (e.g. 2001 corresponds to the 2000–2001
season).

Determination of triggers for response action: Appropriate responses depend on drought severity,
location, impacts, timing and general preparedness. Triggers are developed for the winter and spring
months and in key agroecological zones/water districts according to the biophysical features. The
Tunisian team was provided with examples of trigger usage to operationalize the Drought
Action/Adaption Plan (with various levels of response), which also includes preparedness actions for
strengthening institutional framework and mitigation actions. The plan is generally embedded in the
most relevant legislative document depending on the country’s political context.

7. General conclusion and prospects
This report describes the technical assistance provided by IWMI to the Tunisian DMU at DGRE in terms
of the installation and running of the eCDI, the rainfall seasonal forecast for operational running and
the initial use of systems outputs for drought typology. The trainees were given various validation
exercises that have been conducted in other countries, including the recent developments in the
calculation of the Drought Severity and Coverage Index and the current feedback system for monitoring
drought in Moroccan rangelands (qualitative validation using the perceptions of regional validators).

The training also included presenting key developments in drought planning in other countries, and
how our work is providing the foundations for supporting local legislation and frameworks in Tunisia,
primarily the National Drought Plan18 (the institutional framework granted by the United Nations
Convention to Combat Desertification [UNCCD]).

In the future, this plan could be upgraded to an action/alert plan based on eCDI outputs for drought
typology and triggers for response actions. This validation work could also be expanded to include
priority drought impacts and real-time drought conditions. In addition, eCDI-based triggers could be
determined for priority impacts and should be operational in near real-time and almost continuously
over the country and key watersheds. Seasonal forecasting of precipitation is an additional asset to
anticipate actions ahead of time and can be used to trigger actions during the season itself.

Furthermore, another important prospect for this work will be sharing experiences on drought
management across the Northern Africa region. This will enable the coordination of transboundary and
regional responses to the issues of water and food insecurity, social instability and human mobility. This
work could include technical developments relating to forecasting the eCDI using the rainfall forecast
as a proxy and combining crop and water models for assessing water and food security trends.

18 See
https://knowledge.unccd.int/sites/default/files/country_profile_documents/Drought_Management_Plan_Tunisia
_Final.pdf (in French).
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