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Abstract

Climate change and its effects pose substantial challenges for the countries of the Eastern
Mediterranean and Middle East (EMME). Those challenges require well-designed adapta-
tion and mitigation plans supported by enabling technologies such as Earth observation,
geographic information systems, artificial intelligence, machine learning, visualisation, dig-
itilisation, the Internet of Things and data-sharing systems. A system of advisory climate
services conceived by and for the countries of the region will facilitate the design, imple-
mentation and monitoring of planned interventions for adaptation and mitigation.

Developments in enabling technologies are described, and their applicability examined
through examples at the regional, national and municipal levels. Special attention is given
to the preconditions for scalable deployment and adoption of enabling technologies in the
region. The affordability of and access to enabling technologies are also explored.

Secondly, the report examines the potential of integrated systems known as climate ser-
vices. Based on enabling technologies, climate services are designed to support 1) assess-
ments of the spatial impacts of climate change now and in the future; 2) tailored products
to address the links betweem climate change and sectors such as energy, agriculture and
the urban environment; and 3) policies to mitigate and adapt to climate change. Climate
services are ideally provided through a proposed Climate Services Hub consisting of sev-
eral interconnected modules.
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Executive summary

This report examines the potential of enabling technologies such as Earth observation,
geographic information systems, artificial intelligence (Al), machine learning, visualisation,
digitilisation, and data-sharing systems to support the assessment and mitigation of cli-
mate change, as well as adaptations to its effects, in the Eastern Mediterranean and Middle
East (EMME) region. The wide-ranging applications of these technologies include moni-
toring extreme weather events possibly linked to climate change, measuring thermal envi-
ronments in urban areas, deploying climate and geospatial data to depict climate risks and
assess vulnerability to those risks, predicting climate change’s temporal and spatial effects,
and assessing the links between climate change and energy production and consumption.

Developments in enabling technologies are described, and their applicability is examined
through examples at the regional, national and municipal levels. Special attention is given
to the preconditions for scalable deployment and adoption of enabling technologies in the
region. The affordability of and access to enabling technologies are also explored.

The report recommends the development of a system of climate services in support
of smart decisions that will enable the risks and opportunities of climate variability and
change to be better managed in climate-sensitive productive sectors - including agri-
culture, energy, tourism and food security — as well as in the society as a whole. Such a
system of climate services depends on the following tasks:

e Collection of knowledge about the past, present and future state of the climate
system

 |dentification of the necessary data - climate-related, environmental, geospatial and

socioeconomic
* ldentification of the climate risks facing the region

* Alignment of those risks with the circumstances of specific sectors, especially
those most sensitive to climate variability and change

* Development and provision of a range of tools and products to support decisions
about adaptation to and mitigation of climate change

° Identification of the enabling technologies needed to carry out the aforementioned
tasks.
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Based on its analysis of the characteristics of the EMME region and the needs of end users
and stakeholders in the region, the task force proposes that the climate services system
take the form of a Climate Services Hub having the capacity to:

* Organise data in a robust repository

*  Deploy multi-scale climate modelling, including statistical and dynamic downscaling
* Develop a system of indicators for the early recognition of trends

* Support visualisation of the temporal and spatial effects of climate change

* Provide climate services in a multitude of sectors important for the EMME region

e Facilitate the development of adaptation and mitigation policies and plans using
specially designed tools and indicators

*  Promote the Hub's potential to support the needs of the public and private sectors
in the EMME region

* Build a strong educational pillar

* Transfer knowledge and build capacity to achieve the desired outcomes.

The main findings of the task force concerning the use of enabling technologies to assess,

mitigate and adapt to climate change in the EMME region are described below.

Several countries in the region already make advanced use of enabling technologies, espe-
cially Earth observation and artificial intelligence. However, substantial gaps exist in coun-
tries” knowledge and awareness of enabling technologies, resulting in the limited use of
Earth observation data in public policy or Al in climate applications, as well as in drafting
sectoral mitigation and adaptation plans. Poorer nations, in particular, may have difficulty
accessing enabling technologies. Disparities can be traced to varying levels of economic
development and degrees of integration of information technology.

But these essential technologies can be leveraged for the benefit of all through interna-
tional cooperation for the exchange of technologies and innovation; for demonstrations of
the potential of Earth observation, Al and other technologies to meet public sector needs;
and for the establishment of open-access climate data repositories.

Moving from awareness of enabling technologies to understanding their practical applica-
tions is a priority issue to be addressed through capacity building and knowledge transfer,
facilitated by regional and international cooperation. A policy environment that promotes
open data and a culture of data integration and use is needed. The potential of enabling
technologies’ must be continually assessed so as to recognise developments that may be
beneficial to assess, mitigate and adapt to climate change.
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Ensuring the affordable and wide-scale deployment of enabling technologies will spur
further advances and support their wider adoption in the broad field of climate change.
Use by governments is critical to ensuring the progression of enabling technologies for
combating climate change. Scalable deployment of enabling technologies is a critical part
of resilience strategies at all levels.

Decision-support systems based on enabling technologies are needed to support 1)assess-
ments of the spatial impacts of climate change now and in the future; 2)tailored products
to address the links between climate change and sectors such as energy, agriculture and
the urban environment; and 3) policies to mitigate and adapt to climate change.

The technologies covered by this report offer innovative solutions to meet the climate-re-
lated needs of the EMME region. Leveraging enabling technologies to provide climate ser-
vices represents a significant opportunity to accelerate efforts to combat climate change
and its impacts. The proposed Climate Services Hub would go far to meet the needs of
the public and private sectors of the countries of the region to assess, mitigate and adapt
to climate change.

Executive summary | ix






1. Scope and purpose

This report focuses on the region of the Eastern Mediterranean and the Middle East
(EMME), as illustrated by Figure 1. The socio-economic, cultural and political context varies
considerably across the countries considered: Bahrain, Cyprus, Egypt, Greece, Iran, Irag,
Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, SaudiArabia, Syria, Turkey and the
United Arab Emirates (UAE).

A diversity of climates and cultures characterise the densely populated region, whose pop-
ulation of 419 million is growing at an annual growth rate of 1.67%. The GDP of the EMME
region is USD 3.6 trillion, with an average annual growth rate of 1.45%.

he objectives of the EMME Climate Change Initiative (EMME-CCI) are to develop a regional

action plan to address the impacts of climate change in the region and to propose adap-
tation and mitigation options consistent with the Climate Convention and the 2015 Paris
Agreement on Climate Change reached under the auspices of the United Nations Frame-
work Convention for Climate Change (UNFCCC). That agreement set a goal of keeping the
rise in global temperatures to no more than 2°C above the pre-industrial levels.

FIGURE 1. Countries included in the EMME Climate Change Initiative
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To meet those objectives, EMME-CCI will develop solid projections of the processes and
impacts of climate change in the region, identifying gaps in knowledge and proposing ways
to address them. It will identify pathways for the most effective, rapid and economical
ways to implement the Paris Agreement targets at the national level. It will assemble a
policy “toolkit” for the alleviation of climate change's effects on various sectors. Finally,
to enhance regional cooperation and capacity building in the most sustainable way, it
will promote international mobility, joint educational programmes, advanced research and
innovation, the sharing of good practices, and joint ventures and other projects likely to
achieve the aforementioned goals.

Thirteen thematic task forces, including the one that produced this report, are pursuing the
objectives of the Initiative. Each task force, consisting of ten to fifteen experts, will assess
global knowledge in its area, identify policy needs and gaps in research, and provide a set
of possible actions to address the region's climate challenges within its ambit. Each task
force has been charged with producing a white paper. The thirteen white papers will form
the basis of an overarching scientific report that will present technologically mature and
economically affordable solutions to the climate change problem in various socioeconomic
sectors.

The imperative behind EMME-CCI is this: The region is today one of the world regions most
vulnerable to climate change. The 2013 report of the Intergovernmental Panel on Climate
Change (IPCC) showed that most of the Mediterranean region faces significant climate risks,
including heat waves, droughts, wildfires, coastal erosion, flooding and biodiversity loss. The
effects of climate change are expected to be most intense in the eastern part of the Medi-
terranean, and particularly in the Middle East countries of the EMME region (MedEC, 2020).

The main drivers of change are climate (temperature, precipitation, atmospheric circu-
lation, extreme events, sea-level rise, seawater temperature, salinity and acidification),
population increase, air pollution, urbanisation and unsustainable land-use practices.

Impacts are expected to intensify in the coming decades, especially if global warming
exceeds 1.5-2°C above the pre-industrial level. Annual mean temperatures across the
Mediterranean Basin are already 1.5°C higher than during pre-industrial era. They are
projected to rise until 2100 by an additional 3.8-6.5°C under a scenario of high greenhouse
gas concentrations (RCP 8.5) and by 0.5-2.0°C under a scenario compatible with the long-
term goal of the Paris Agreement (RCP 2.6)!

1. RCPs, or “representative concentration pathways”, are greenhouse gas concentration trajectories defined by the IPCC
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Heat waves will intensify in their peaks and duration and summer precipitation will likely
be 10-30% less in some regions, thus aggravating existing water shortages, advancing
desertification and decreasing agricultural productivity. It is virtually certain that sea sur-
face warming will continue during the 21st century by 1-4°C depending on the scenario
(low or high greenhouse gas emissions), altering marine ecosystems and even altering
circulation patterns over the long term. The Mediterranean mean sea level has risen by
6 centimetres (cm) over the past 20 years, approximately 3.6 millimetres (mm)/year for
the Arabian Gulf (Siddig et al., 2019) and 2.8 mm/year for the Red Sea and Gulf of Aden
(Alawad et al., 2019). These trends are likely to accelerate (with regional differences)
toward the global rate of 43-84 cm until 2100 (MedEC, 2020), with severe implications for
low-lying coastal areas.

FIGURE 2. Deadliest and most costly weather, water and climate-related hazards,
by country

Circles refer to hazards likely to cause the greatest number of deaths; squares,

to those likely to cause the greatest economic damage

Source: WMO analysis of 1970-2019 data from the Emergency Events Database of the Centre for Research on the Epidemiology of Disasters. From
the 2020 State of Climate Services - Risk information and Early Warning Systems, WMO 1252.

Note: Not all of the countries shown here are part of the EMME region. See Figure 1 for the countries of the EMME region.
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Significantly enhanced efforts are needed to adapt to inevitable changes, to mitigate the
drivers of change and to increase resilience. Effective policies must be adopted to coun-
teract climate and environmental changes, reinforce mitigation of the drivers of environ-
mental change (such as greenhouse gas emissions), and enhance adaptation to impacts.
Ways must also be found to address emergency events and climate-related hazards (such
as floods) in the region (Figure 2). Current and evolving technologies will be key parts of
the necessary policies.
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2. Enabling technologies and policies
to mitigate climate change

This section opens with a discussion of a set of technologies useful in slowing, mitigating,
and adapting to climate change, with a focus on artificial intelligence (Al) and machine
learning. Six examples from the EMME region are offered. The section then moves to a
short review of national and regional policies in the EMME region in the overall area of
climate change and preparation for the risks imposed by disasters.

2.1. Technologies

The enabling technologies needed to master the climate crisis are cutting-edge, innova-
tive, and often disruptive. They include Al, machine learning, the Internet of Things, Earth
observation and geographic information systems (GIS), cloud computing, augmented and
virtual reality, digitalisation and Big Data.

These and other technologies offer significant potential to address the drivers and impacts
of climate change. Many are inter-related, notably the Internet of Things, Al and Big Data.
Even in instances where existing enabling technologies may not yet offer solutions to the
complex challenges associated with climate change, the rapid advance of overall tech-
nology trajectories will likely result in new or more effective solutions in the future. In
particular, the continuous increase in Internet speed (e.g. through 5G networks) and com-
putational developments that will allow faster transmission and analysis of data.

TABLE 1. Use of enabling technologies in the EMME region

Enabling technology Average degree of use for climate research and applications
Artificial intelligence and machine learning Limited

Internet of Things Limited

Earth observation Satisfactory; strong potential is recognised

Geospatial information visualisation and GIS-based | Extensive
climate change strategy tools

Digitalisation and big data Very limited

Note: GIS = geographic information systems.
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Several countries in the EMME region show an advanced use of enabling technologies to
address climate change (Table 1). But substantial gaps exist in countries’” knowledge and
awareness of enabling technologies, resulting in the limited use of Earth observation data
in public policy or Al in climate applications, as well as in drafting sectoral mitigation and
adaptation plans.? Poorer nations, in particular, may have difficulty accessing enabling
technologies.

Disparities in rates of use can be traced to varying levels of economic development and
degrees of integration of information technology. Poorer nations, in particular, may have
difficulty accessing enabling technologies. However, those technologies can be leveraged
for the benefit of all through international cooperation for the exchange of technologies and
innovation; for demonstrations of the potential of Earth observation, Al and other technol-
ogies to meet public sector needs; and for the establishment of open-access climate data
repositories.

Moving from awareness of enabling technologies to understanding the full potential of
their practical applications is a priority issue to be addressed through capacity building and
knowledge transfer, facilitated by regional and international cooperation and by demon-
stration projects aimed specifically at the public sector. A policy environment that pro-
motes open data and a culture of data integration and use is needed. The potential of
enabling technologies’ must be continually assessed so as to recognise developments that
may be beneficial to assess, mitigate and adapt to climate change.

Ensuring the affordable and wide-scale deployment of enabling technologies will spur
further advances and support their wider adoption in the broad field of climate change.
Use by governments is critical to ensuring the progression of enabling technologies for
combating climate change. Scalable deployment of enabling technologies is a critical part
of resilience strategies at all levels.

Artificial intelligence (Al algorithms will increasingly help to mitigate and manage climate
change-related risk in the future, including extreme weather events, by improving the
accuracy of regional climate models and climate forecasts. Some of the applications of Al
are detailed in Table 2.

Machine learning, as a broad subfield of Al, is concerned with algorithms and techniques
that allow computers to “learn by example”. The major focus of machine learning is to
extract information from data automatically using computational and statistical methods.

2. Mitigation refers to measures and activities aimed at reducing emissions of greenhouse gases or enhancing sinks for such gases. Adaptation
refers to system adjustments in response to actual or projected climate change, including changes in socio-environmental processes and
practices to reduce potential risks and damages.
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TABLE 2. Areas of application of various types of artificial intelligence

Artificial intelligence Areas of application

Automated detection and monitoring Emissions, renewable energy potential, climate-related
hazards (including extreme weather events)

Predictive analytics, forecasting and decision support Solar energy potential, clouds, temperature, agriculture,
water and air quality

Risk assessment and impact modelling Hazards, migration, energy consumption, building
emissions, ecosystem distribution, insurance

Optimisation of energy and materials use Smart cities, smart electric grids, carbon intensity and
footprint

New fields Precision agriculture, small scale

Note: GIS = geographic information systems.

Over the last decade considerable progress has been made in developing machine learn-
ing for a variety of applications related to earth science and climate.

Al and machine learning are already used to resolve smaller-scale atmospheric processes
and to reduce the uncertainties inherent in current climate models. Nevertheless, a reliable
representation of climate processes driven by Al and machine learning is still lacking, in
the EMME region.

The Internet of Things enables advanced services by interconnecting physical and vir-
tual things based on existing and evolving interoperable information and communication
technologies. It is essentially about measuring and remotely controlling previously uncon-
nected “things”.

Satellite technology has, over the decades, provided unequivocal evidence of the changes
taking place on Earth as a result of climate change. Satellite measurements of the Earth’s
changing temperature, sea levels, atmospheric gases, and declining ice and forest cover
are some of the key ways of obtaining the data needed to understand Earth as a geological
system and predict its climatological future. The benefits of Earth observation include the
provision of synoptic views of the Earth's surface in a multitude of spectral regions, reg-
ular and repeatable observations, multi-annual time series of observations, and cost-ef-
fective means for monitoring remote and inaccessible areas. At the same time, data from
next-generation satellites will help improve uncertain forecasts for sea-level rise, as well
as improving our understanding of climate patterns. Between 2016 and 2019, 419 sat-
ellites (>50 kilogrammes) were placed in orbit, a massive increase over the 163 sent up
between 2006 and 2015. As a result, data volumes are increasing, exceeding 22 petabytes
by 2020 for the European Space Agency’s archives alone. CubeSats, the new generation
of miniature satellites, will provide more petabytes of Earth observation data each year.
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Geospatial information visualisation and GIS-based climate change strategy tools make
it possible to analyse climate indices at regional scale. In general, in climate or systems
modelling, the value of geographic analysis and spatial visualisation is well recognised, as
it enables users to improve on the interpretation of modelling outcomes across an area or
region. This spatial analysis enhances the limited applicability of single-site simulation. For
these reasons, the use of geographic information system (GIS) software is widespread.
The development of stand-alone GIS functionality involves four major steps: map projec-
tion, boundary allocation, data interpolation, and graphical display of the spatial data.

Digitalisation refers to enabling or improving processes by leveraging digital technologies
and digitised data. But the challenge is not just to make existing data digital. Digitalisation
also embraces the ability of digital technology to collect data, establish trends and make
better decisions. This represents a clear shift from the traditional discovery of computa-
tional patterns inherent in data mining to data-driven modelling and inference.

With this shift, Big Data is opening new ground for scientific and statistical analyses. Big
Data based on satellite imagery relies on the processing, analysis and fusion of multiple
images and other data sources to create intelligence not previously available.

Digitalisation and Big Data already enable policymakers to build strategies to address cli-
mate change. The digitalisation of climate data, for example, preserves historical observa-
tions and provides the basis for understanding and assessing climate variability, predicting
extreme climate events and designing adaptation and mitigation plans. In particular, small-
scale, cost-effective digitalisation projects can help inform local climate adaptation policies
and yield significant benefits for local communities. Information from observations with
geographic, oceanographic and scientific data and making data available to multiple play-
ers across the public and private sectors will support new services and provide space for
innovations based on Big Data. At the same time, non-technical users and decision makers
will have to move from awareness of Big Data to understanding its practical applications.

2.2. Six examples

2.2.1. Three new Al-powered tools

The Ministry of Climate Change and Environment of the UAE has developed three Al-pow-
ered prototype tools in collaboration with Khalifa University and the International Renew-
able Energy Agency (MOCCAE, 2018)

* The solar energy tool is used to identify areas of concentrated solar energy highly
suitable for the installation of solar panels.
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* Using satellite data and Al-based algorithms, the air quality tool monitors and pre-
dicts air quality across the country.

* The water tool uses data generated by NASA and ESA satellites to produce a daily
assessment of water quality in the UAE. The system also tracks ocean currents and
marine pollution, including oil leaks, and provides information to optimise tanker
routes in the region.

2.2.2. Innovative machine-learning applications

Specific applications of climate system models driven by Machine Learning (ML) include 1)
cloud physics simulation, where deep neural networks can be combined with thermody-
namics to reduce uncertainty related to clouds, with climate model components replaced
with ML models; 2) prediction of changes in the extent of sea ice using Earth observation
imagery and data; 3) forecasting of extreme events at sub-seasonal scale; 4) identifica-
tion of extreme events using ML models such as deep learning approaches (e.g., to track

storms); and 5) localised forecasts, such as flood risk estimates.

2.2.3. Adapting to urban climate change

ML models can be useful in adapting to urban climate change - for example, to model
building energy based on a building’s physical structure. Intelligent control systems in
smart buildings can shrink their carbon footprint. ML models can be used in urban plan-
ning to forecast energy consumption based on features (e.g. location, geometries, building
footprint, usage, material, roof type, immediate surroundings) and to assess buildings’
retrofit potential. For purposes of gathering infrastructure data, remote sensing can be
used to cluster buildings by type. High-resolution satellite images can generate building
footprints and 3D reconstruction of cities.

2.2.4. CoastalDEM

CoastalDEM is a digital terrain model that uses machine learning techniques to improve
estimates of coastal flood risks (Kulp and Strauss, 2018). The product focuses on improv-
ing land topography and elevation, as represented by satellite-based Digital Elevetion Mod-
els (DEM) such as the Shuttle Radar Topography Mission (SRTM). A neural network is
used to perform a nonlinear, nonparametric regression analysis of SRTM error in which
a multi-layer perceptron is used to predict the vertical error present in any SRTM pixel
sample. The results are extended to assess population exposure.

2.3.5. GEO-CRADLE
The GEO-CRADLE project promotes the use of Earth observation services to coordinate
and integrate state-of-the-art Earth observation activities in North Africa, the Middle East
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and the Balkans. A solar atlas of Egypt based on a 15-year compilation of direct normal
and global horizontal irradiances was produced; data were downloaded from EUMET-
SAT's Surface Solar Radiation Data Set. Solar surface irradiance and normalised surface
direct irradiance were derived from satellite observations of the MVIRI and SEVIRI instru-
ments on Meteosat (Kosmopoulos et al., 2018)..

2.3.6. Exploitation of geospatial information visualisation

Quantitative assessments of climate change - its impact, the vulnerabilities it creates, and
ways to adapt to it — can use geospatial information visualisation drawn from national
reports on climate change submitted to UNFCCC. Results are based on past, present and
future climate scenarios and their impacts on key human and natural systems such as the
water, agriculture, biodiversity, coastal areas, urban areas and health. A representative
case study dealing with biodiversity and ecosystems is related to Jordan's third national
communication on climate change (Figure 3). Another on water resources and deserti-
fication relies on Saudi Arabia’s third national communication report on climate change
impacts (Figure 4).

2.3. Policies

For this report, the task force examined national and regional policies in the EMME region
pertaining to climate change and disaster risks. The list of policies begins with the Paris
Agreement and the National Determined Contributions (NDCs) of the countries in the
EMME region, as well as related national climate change action plans. It continues with
the Arab Framework Action Plan on Climate Change, RICCAR (Regional Initiative for the
Assessment of Climate Change Impacts on Water Resources and Socio-Economic Vul-
nerability in the Arab Region), the Arab Strategy for Disaster Risk Reduction, and the Arab
Climate Resilience Initiative of the United Nations Development Programme, along with
other Arab strategies for sustainable development and water security. The task force also
scrutinised the SDG Climate Nexus Facility; the World Bank's action plan for the Middle
East and North Africa region; and the climate change profiles on Egypt, Iran, Jordan,
Lebanon, Palestinian Territories produced by the Netherlands Ministry of Foreign Affairs.

Almost all EMME countries have submitted their NDCs to UNFCCC, as detailed in the NDC
registry. Early warning systems are a top adaptation priority in most of the NDCs, but
gaps in data collection and archiving are recognised. To close those gaps, countries must
create a policy environment that promotes open data and a culture of data integration, use,
innovation and governance to deliver tangible benefits to their citizens.
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FIGURE 3. Vulnerability of Jordan's biodiversity and ecosystems in the year 2100
under two representative concentration pathways as defined by IPCC

RCP 4.5 (global warming at a global RCP 8.5 (global warming at a global
average of 4.5 Watts per square metre) average of 8.5 Watts per square metre)

Source: UNFCCC, 2014.

FIGURE 4. Change in Saudi Arabia’s evapotranspiration
and aridity index from 2030 to 2080

Source: UNFCCC, 2016.
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Environmental organisations should adopt common data strategies, assigning specific
leadership roles to different actors and agreeing on the core global data sets that are
needed to monitor the health of the planet and progress under global agreements. There
is a need to build on and leverage existing partnerships and practitioner communities to
ensure that the environment's digital ecosystem is inclusive and does not overlap with or

duplicate existing activities.

It is equally imperative to curate and release global data analytics on environmental
risks that have the power to influence global markets and investments in sustainable
resource-management solutions. Public-private partnerships are needed to leverage pri-
vate sector expertise and infrastructure in data science, cloud computing and Al, to share
data and to promote the use of technology for global public goods.

Finally, integrated systems based on enabling technologies are needed to support 1) stud-
ies on the assessment of the spatial impacts of climate change, now and into the future;
2)tailored products addressing the links between climate change and energy, agriculture,
the urban environment, and other sectors; and 3) policies to mitigate and adapt to climate
change. These systems can be rolled out as climate services, as discussed in the next
section.
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3. Climate services and the proposed
EMME Climate Services Hub

A climate service is a decision aid derived from climate information that help individuals
and organisations make better decisions. A climate service requires appropriate and iter-
ative engagement to produce timely advice that is comprehensibe to end users and can
support decision-making, early action and preparedness. Climate services work by inte-
grating high-quality meteorological and climate data (temperature, rainfall, wind, soil mois-
ture and marine conditions) as well as maps, risk and vulnerability analyses, assessments,
and long-term projections and scenarios that respond directly to users’ needs.

3.1. Typology and examples of providers of climate services

Various climate services have been developed with public or private funding to provide
data, data products, reports and guidelines. Table 3 offers a typology of providers of cli-
mate services, with their strengths and weaknesses.

3.1.1. Global Framework for Climate Services

At the 2009 World Climate Conference, 155 nations endorsed the Global Framework for
Climate Services “to strengthen the production, availability, delivery and application of
science-based climate prediction and services” (WMQO, 2018).

The Global Framework aims to bridge the gap between the climate information being
developed by scientists and service providers and the practical needs of end users and to
enable “better management of the risks of climate variability and change and adaptation
to climate change, through the development and incorporation of science-based climate
information and prediction into planning, policy and practice on the global, regional and
national scale” (WMO, 2011).

Its implementation plan targets gaps in the climate services supporting four climate-sen-
sitive sectors: - agriculture, health, disaster reduction and water — with a focus on the
most vulnerable. This is achieved by developing and incorporating science-based climate
information and predictions into planning, policy and practical decision-making.

Effective climate services facilitate climate-smart decisions that will, for example, mit-
igate the impacts of climate-related disasters, improve food security and health out-
comes, enhance water resources management, and bring better outcomes in disaster risk
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reduction. As climate services continue to rise in prominence on national, regional and
global agendas, it is important to re-examine the opportunities and challenges they pose.
These are apparent from the following profiles of three providers of climate services

3.1.2. The Copernicus Climate Change Service

The Copernicus Climate Change Service (C3S) provides authoritative information about
past, present and future climate in Europe and the rest of the world. It is one of six the-
matic information services provided by the European Union's Copernicus Earth Observa-
tion Programme (https://climate.copernicus.eu/). Its mission is to support the adaptation
and mitigation policies of the European Union by providing consistent, reliable information
about climate change. Relying on climate research conducted under the auspieces of the
World Climate Research Programme, C3S responds to the needs of scientists, consultants,
planners and policy makers, and other users, as defined by the Global Climate Observing

TABLE 3. Types of climate services providers, including a qualitative analysis on
strengths and weaknesses

Weaknesses

Type of climate services providers

Strengths

Extension of meteorological services

Strong infrastructure; solid
experience; supportive of disaster
risk management

Main focus on physical data;
limited field of climate services and
products

Services offered by the European
Commission or other international
organisations

Strong infrastructure and support;
wide mix of services; extended
networking; good knowledge

of users’ needs; link to other
operational programmes (e.g.
Copernicus)

Few tailored products at local scale

Services offered by a university or a
research centree (or groups)

Research orientation; use of state of
the art methodologies

Limited knowledge of users’ needs
and limited mix of climate services

Private firms

Business orientation, good
knowledge of users’ needs

Little climate knowledge

System. It also supplies information to the media and the public. Its user model is illus-
trated in Figure 5.

C3S is implemented by the European Centre for Medium-Range Weather Forecasts on
behalf of the European Commission. The centre is an independent intergovernmental
organisation serving its EU member states and the broader community. C3S service com-
ponents are used by about 200 companies and organisations across Europe. C3S pro-
vides climate data and information on impacts through the Climate Data Store, which is
designed to enable users to tailor services to their particular needs.
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FIGURE 5. The user model of the Copernicus Climate Change Service

Source: Copernicus Climate Change Service.

3.1.3. The Euro-Mediterranean Centre (CLARA project)

The aim of the EU's CLARA project (https://www.clara-project.eu/) is to develop a set of
leading-edge climate services building on near-term forecasts and sectoral information
from C3S -and to sustain their marketability and value. The main objectives of the project
are:

* To facilitate the development of new climate services and enhance existing services
by drawing on seasonal projections, including those of C3S.

* To analyse and demonstrate the economic and social value unleashed by fore-
cast-enabled climate services - for example, by corroborating the direct and indi-
rect benefits that various end users and customers gained from climate services
(reduced risk, more efficient resource management, improved resilience to climate
variability and change).
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3.1.4. The Climate and Atmosphere Research Centre of Excellence

Capitalising on a research division with ten years of experience, the Cyprus Institute
launched the EMME Climate and Atmosphere Research Centre (CARE-C) in January
2020 in cooperation with the Max Planck Institute for Chemistry in Germany, the Alterna-
tive Energies and Atomic Energy Commission in France, and the University of Helsinki in
Finland. CARE-C is a centre of excellence within the framewark of the European Commis-

sion’s Horizon-2020 project.

The Centre focuses on environmental and climate change research and the development
of sustainable solutions to address societal challenges in the EMME region, which has
been identified as a climate change “hotspot”.

Its sustainability- and user-driven research has been embedded at the policy-making level
through strong collaboration with Cyprus government units responsible for agriculture
and rural development; the environment; labour, welfare and social insurance; and health
- as well as with the national funding agency in Cyprus for the research and innovation.
CARE-C also works in close collaboration with high-level partners, institutions and organ-

isations in Cyprus and the region.

CARE-C operates four research departments: Environmental Observations; Environmental
Predictions; Impact and Policy; and Innovation. It has also upgraded several cutting-edge
environmental monitoring facilities within its research units. Emphases include air pollu-
tion and climate services oriented to the needs of end users, such as: mitigation and adap-
tation strategies to downscale climate effects; the development of high-spatial-resolution
climate projections and forecasting; observation, monitoring, and surveillance solutions
using customised sensors and platforms; environmental chemical analyses; and assess-
ments of risk and impacts on human health, ecosystems, water availability, agriculture, and
vector-borne diseases spreading; energy generation; and tourism.

CARE-C is making a special effort in three specific areas:

e Science and research on climate change and air pollution in the EMME region

* Innovation in early warning systems for dust storms and extreme weather events;
new cost-effective atmospheric sensors; and unmanned aerial vehicles for use in
meteorology for measuring and forecasting air quality; and for gauging the region’s
carbon footprint

e Education and training (MSc, PhD, hands-on training) in atmospheric science and
climate change.
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3.2. Planning the Hub

Only if users and their needs are recognised and the scientific community becomes
involved in the development, distribution and use of climate-informed services can a cli-

mate-resilient society be built.

A principal goal of EMME-CCI is to propose scientifically sound policies and initiatives to
alleviate the effects of climate change in the region and accelerate mitigation efforts and
adherence to the Paris Agreement. Concerned by the adverse impacts of climate vari-
ability and change, decision makers are demanding better climate services. The EMME
Climate Services Hub will meet that demand, thereby advancing the goals of EMME-CCI.

To this end, the Task Force on Enabling Technologies has proposed the development of
an EMME Climate Services Hub. The proposal, which has been endorsed by EMME-CCI,
engages all task forces of the initiative. Input from each will be solicited using the ques-
tionnaire in the Appendix. The purpose of the questionnaire is to solicit suggestions on the
climate services to be provided through the Hub.

The Hub will be developed over several years. Following an initial assessment by EMME-
CCl, the task force will draft a timeline for its development, a recommended legal structure
and an operating budget.

Once established, the EMME Climate Services Hub will provide climate data, informa-
tion, products and services to help public and private entities make climate-smart deci-
sions and define essential policies and plans. The data and information collected will be
transformed into customised products such as projections, trends, economic analyses
and services. The demands for such services are wide-ranging. Examples include water
management, disaster risk reduction and response, energy production, and the protection
of cultural heritage. Appropriate services must be developed for a wide range of spatial
and time scales and conditions.

The Hub will demonstrate the importance of strong links between climate monitoring,
analysis, application and use in various climate-sensitive sectors. It will provide compre-
hensive climate information covering a wide range of components of the EMME system
(atmosphere, land, ocean, carbon), maximising the use of past, current and future Earth
observations in conjunction with modelling, the generation of essential climate variables,
and the establishment of key indicators for relevant economic sectors, such as energy,
water, agriculture, biodiversity and disaster risk. Indicators include CO2 and temperature
trends, energy consumption, changes in land cover, wind statistics, drought conditions, and

growing seasons.
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The steps in the development of the EMME Climate Service Hub are described below.

3.2.1. Step 1. Understand the trends in climate services

Manifold trends are shaping the design and provision of climate services. Users and their
demands are becoming more diverse. The boundaries between research and operations
projects are blurring. These trends point to the imperative of co-producing climate ser-
vices with the end user and keying publicly funded science to societal needs.

Adapting to climate change and building resilience will require seasonal to decadal climate
predictions; early warning systems; better spatial resolution for climate modelling; and
statistical and dynamic downscaling of regional climate models.

Data must be treated as a service, sourced, managed and delivered in an immediately
consumable format. Data must be open: Government policies must ensure that this clear
demand of users is met and that users gain wider access to data and tools.

Research in data analytics and information retrieval, information visualisation, data min-
ing, and the fusion of in situ data with geospatial information offer opportunities to create
value that must not be ignored. Earth observation must be increasingly conducted in the
Big Data context.

3.2.2. Step 2. Recognise the end users

The end user’s perspective is the key to tailoring climate services. End users are a hetero-
geneous mix of stakeholders at the national, subnational and community levels. End users
do not need climate data, but rather a finished service or product they can feed into their
decision-making.

An additional category of end users are intermediaries. These recipients of climate infor-
mation (such as trend projections and predictions of climate parameters) analyse and
process that information to produce a useable, tailored and integrated climate service that
can be sold or given to end users. For example, urban experts may receive climate pre-
dictions (climate information) for a time period in the future; to those predictions they link
information on the urban form and functions of a city (sector-specific knowledge) in order
to produce tailored urban advisories (climate services).

Bessembinder et al. (2012) recognises users in research and education; politics, poli-
cy-making and non-governmental action; consulting services and expertise; the media;
and the public.
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Researchers who work on impacts, adaptation and mitigation plans can be further subdi-
vided by where they are housed (e.g. an academic institution or a private institution) and
by their discipline. Educators develop educational curricula and materials.

Policy makers are a diverse group (consultancy companies may also have many of the
roles of policy makers). NGOs and other stakeholder groups communicate information
about climate and climate change. NGOs often apply that information to solve problems
within their remit.

Consulting firms perform impact and adaptation studies; develop adaptation and mitigation
plans; provide information on climate change; support the implementation of adaptation
and mitigation plans. Some of these firms can be considered providers of climate services
or even as policy makers (when they are hired to draft policies).

Experts, too, are a diverse group. They include spatial and urban planners, energy engi-
neers, and investment portfolio managers in local government, industry, and business and
finance.

3.2.3. Step 3. Understand the demand side

Communicating with end users on what they need is often either underestimated or over-
looked in the design phase of projects that aim to deliver climate services in support of
local, national or regional plans. However, end-user participation in the assessment of
their needs for climate services is a prerequisite to the success of any programme aiming
to build resilience to climate change. A critical requirement is the continuous involvement
of end users in production, delivery and evaluation. This requirement is satisfied through
specially designed interfaces facilitating the end user’s interaction with the climate service
provided.

3.2.4. Step 4. Foster systems thinking

Gaining a better understanding of the context of hazard, exposure and vulnerability is the
goal of this step. It involves probabilistic modelling, expert opinion, bow-tie analysis, sto-
chastic simulation, among other techniques, as well as ways to incorporate them into the
Hub's operations.

In the course of this step, the Hub is aligned to the Paris Agreement of UNFCCC, the Sen-
dai Framework for Disaster Risk Reduction 2015-2030 of UNDRR, the European Green
Deal and the Strategy for transforming the EU into a competitive, low-carbon economy by
2050. The social, ecological, financial and political drivers of risk are identified, in parallel
with opportunities for systemic innovation and positive impact (e.g. through interdiscipli-
nary applications).
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3.2.5. Step 5. Define the fundamental pillars of the Hub

A climate-resilient society stands or falls on whether its policies and actions are based on
the latest internationally recognised knowledge and the most encompassing and accurate
data available.

Because the scientific community must be involved in the development, distribution and
use of climate-informed services, it is necessary to promote scientific networking, estab-
lish links between the scientific world and policy makers, and eliminate the barriers to
access and analysis of good climate data.

An operational structure to embed data in analytical and modelling schemes is needed
to ensure that the resulting climate services will be of sufficiently high quality. Tools and
models visualise data, model climate change impacts, and provide knowledge and experi-
ence for the development of customised products are essential. Knowledge transfer and
capacity building are needed to sustain the structure.

3.2.6. Step 6. Recognise the links

The Hub will rely on the strong links between climate monitoring, analysis, application and
use in various climate-sensitive sectors. Those links must encompass a wide range of
components of the EMME system (atmosphere, land, ocean, and carbon), and maximise
the use of past, current and future Earth observations.

Vertical links among players should lead to the creation of integrated value chains, starting
with the climate service supplier and proceeding through the developer and end user,
which may reside within the Hub itself. These interactions allow hubs to bring together
experts from different fields and disciplines, and to facilitate public-private partnerships.

Horizontal links within the Hub will help actors in the same thematic area but from differ-
ent sectors to interact in a complementary way - for example, to ensure compatibility of
methodologies and products.

3.2.7. Step 7. From climate data to climate services

The EMME Climate Services Hub will provide services by integrating high-quality meteor-
ological and climate data (temperature, rainfall, wind, soil moisture and marine conditions)
as well as maps, risk and vulnerability analyses, assessments, and long-term projections
and scenarios. The data and information collected will be transformed into customised
thematic products such as projections, trends, economic analyses and services. As noted
in the introduction to this section, the demands for such services are wide-ranging - for
water management, for disaster risk reduction and response, for energy production, for
the protection of cultural heritage, and so on.
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FIGURE 6. The architecture of the EMME Climate Services Hub

The aim is to support decision makers, as well as public and privates entities in the cli-
mate-sensitive EMME region, with high-quality information to advance climate-related
decision-making and planning.

3.2.8. Step 8. Define the architecture of the Hub
The EMME Climate Services Hub has four main elements (Figure 6).

The user interface platform is a structure that allows users, scientists, climate research-
ers, climate information providers, stakeholders and end users to interact at all levels.
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The climate services information system is a mechanism through which information
about the climate is collected, organised, stored and processed to generate products and
services.

A system for observation and monitoring ensures that climate observations (including
Earth observation) and other data (including metadata) are collected, managed and dis-
seminated to meet the needs of end users.

Research, modelling and prediction functions promote research in the field of climate
modelling, embracing statistical and dynamic downscaling and including decadal to sea-
sonal predictions.

3.3. Deploying the Hub

The Hub will be organised as six interconnected modules (Figure 7). Each is described
in turn.

FIGURE 7. The modules of the proposed EMME Climate Services Hub
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Source: Modified from WMO, 2018.
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3.3.1. Module 1: The EMME Climate Data and Knowledge Repository

The EMME Climate Data and Knowledge Repository (EMME-CDKR) will provide easy
access to a wide range of climate data sets relevant to the region via a searchable cata-
logue distributed in the cloud. An online toolbox will enable users to build workflows and
applications suited to their needs. Access to curated and validated data will be, in most
cases, open, free and unrestricted.

Data sets include observations, historical climate data records, estimates of essential cli-
mate variables derived from Earth observations, global and regional climate reanalyses of
past observations, seasonal forecasts and climate projections, and geospatial data, among
others. Open access will be provided to collections of scientific papers, reports, case stud-
ies and policies.

EMME-CDKR will support a wide range of users with different needs by facilitating the
processing of large volumes of data and through visualisations based on multiple data
sources.

Through a governance unit, EMME-CDKR will perform four data-related actions: analysis,
management, presentation and delivery (Figure 8).

FIGURE 8. Data functions of the EMME-CDKR
(modified from WMO, 2020)
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The system will have linked modules referring to data, publications, codes, visualisation
tools and big data analytics and impact analysis, as described below.

CDKR DATA is an open access scientific data repository (including geospatial data), offer-
ing data in various formats (asci, raster and vector data, netCDF, HDF, geoTIFF, GRIB,
shapefile).

CDKR METADATA contains metadata on observations (time-series data describing how,
when and where climate observations were made and the conditions under which they
were made) and provenance (information relevant to climate data that permits data man-
agers, scientists and the general public to develop trust in the integrity of the climate data).

CDKR PUBL offers collections of scientific papers, reports, and policies, while CDKR LAB
makes it possible to create and share live interactive code and visualisations of scientific
data.

CDKR VISUALISE and CDKR ANALYTICS focus on data visualisation and Big Data analyt-
ics and impacts analysis, respectively.

Some of the questions asked in the course of establishing EMME-CDKR appear in Box 1.

EMME-CDKR will be supported by a catalogue of software tools classified as 1) tools that
perform basic operations on data, such as computation of statistics, sub-setting, smooth-
ing, and value at points; 2)workflows that combine the output of tools and feed it into other
tools to produce derived results; and 3) interactive web pages that allow users to exploit
the repository through parameterisation and make use of the workflows and selected data
and products it contains.

EMME-CDKR will benefit from the expanding volume of Earth observation data sent back
by orbiting satellites and from improvements in sensor technology and spatial, temporal
and spectral resolutions. To be considered are a common Earth observation data pool
from all missions covering the EMME region and the possibilities of sharing resources and
cloud services for processing Interlinked Earth observation data catalogues.

Finally, EMME-CDKR will provide a web portal allowing users to browse and search for
data and products, retrieve data and publications, access the toolbox, and visualise or
download results. The web portal will also provide a help desk facility, FAQs, and a user
forum.
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Box 1. Questions asked in planning EMME-CDKR
* What kinds of data (images, numeric, textual, series) will be collected?
* In what formats (jpeg, csv, open data cubes, compressed, encrypted)?

*  How will the data be represented (data structures, data types, field-based vs. object-based
modelling, interpolation)?

* What sorts of data transformation are needed (rectification, resampling, registration,
resampling)?

*  What will be the volume of data and how will that volume evolve?

*  Where will the data be stored (central repository and/or distributed data repositories) and
in what storage format (database such as PostgreSQL or more-flexible forms such as
HDFS, Data Lake)?

*  What are the requirements with respect to spatial and temporal scales, quality analysis and
validation, and preprocessing?

*  What formats and standards are need to ensure precision and accuracy in data transfers?
* Are there restrictions on the open use of data?

*  Which models and structures will be used for the data (machine learning, neural networks,
statistical models, big data analytics, Python, R, Matlab)?

*  What will be the framework for the execution of the programmes used (Jupiter Notebook,
Spark, SQL, Unix scripts)?

* What are the current and anticipated computer needs and requirements (multi-node clus-
ters, HPC, central processing unit, memory, disk)?

3.3.2. Module 2. EMME Multi-scale Climate Modelling

EMME Multi-scale Climate Modelling (EMME-MCM) has three parts: 1) inputs of meteoro-
logical, Earth observation and surface information; 2)a modelling system (consisting of an
independent model or an ensemble of models) to assess climate change and its impacts
based on the IPCC scenarios; and 3) tools to analyse and downscale outputs to suit indi-
vidual cases, including error analysis and indicators of uncertainty.

In particular, EMME-MCM will allow users to integrate atmospheric, Earth observation and
surface data from multiple sources; employ reanalysis to validate climate modelling esti-
mates; assemble multiple-model seasonal forecasts and climate projections at the global
and regional levels; and compare and visualise results and scenarios for different climate

indicators of interest.
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3.3.3. Module 3. EMME Climate Change Indicators
The EMME Climate Change Indicators module will suggest customised and thematic indi-

cators for monitoring climate change and for assessing the performance of climate adap-

tation and mitigation tools. Table 4 provides an example of climate change indicators for

urban areas.

TABLE 4. Indicative climate indicators for urban areas

Tropical nights

Number of days when temperature exceeds
20°C

Days when minimum
temperature exceeds
20°C

Monthly/annual

Number of hot
days

Fraction of days when temperature is in 90th
percentile

Fraction of days with hot
daytime temperatures

Percent

Consecutive dry
days

Maximum number of consecutive dry days
(when precipitation is less than 1.0 mm)

Longest dry spell

Monthly/annual

Heat wave
number

Three or more days when temperature is in
90th percentile

Number of individual
heatwaves

Monthly/annual

Source IPCC, 2013.

3.3.4. Module 4. EMME Climate Services
The architecture of this module takes advantage of the previously described elements of

the EMME-Climate Services Hub to support governments and policy makers, the scientific

community, industry and the public (Figure 9).

FIGURE 9. Conceptual structure of the EMME Climate Services Hub
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Submodule 4.1. EMME thematic climate services

This submodule aims to provide climate services in each of the following sectors: agri-
culture, biodiversity, coastal zones, cultural heritage, disaster risk, energy, tourism, urban
areas and water management. Climate services may address spatial or temporal changes
in biodiversity in the occurrence of heatwaves (especially in urban and tourist areas), or in
the erosion occurring in cultural heritage sites, among others.

These services will be based on a compilation of reliable analytical models, tools, methods
and procedures. They will inform options for sectoral, multi-sectoral and multi-stakeholder
planning.

Submodule 4.2 Climate change mitigation and adaptation

The EMME Climate Mitigation Tool (EMME-CMT) will support the development of climate
change mitigation plans to reduce emissions of greenhouse gases. To do so, inventories of
greenhouse emissions will be compiled on the basis of energy use, transport modes, and
urban form and functions, among others. The EMME Climate Adaptation Tool (EMME-CAT)
will support the development of thematic adaptation plans on the basis of the recognition
of climate risks and vulnerabilities. The steps in both processes appear in Table 5.

TABLE 5. Steps in the development of the EMME climate mitigation
and climate adaptation tools

EMME Climate Mitigation Tool EMME Climate Adaptation Tool

Step 1. Recognise sources of emissions of greenhouse Step 1. Assessing exposure, sensitivity and adaptive
gases capacity

Step 2. Develop emission inventories Step 2. Assessing climate risks and vulnerabilities
Step 3. Identify mitigation options Step 3. Identify adaptation options

Step 4. Communicate with stakeholders and local Step 4. Communicate with stakeholders and the local
population population

Step 5. Develop the mitigation plan Step 5. Develop the adaptation plan

Step 6. Monitor and evaluate the plan Step 6. Monitor and evaluate the plan

Step 7. Promote rectification measures Step 7. Promote rectification measures

3.3.5. Module 5. EMME Knowledge Transfer and Capacity Platform

The EMME Knowledge Transfer and Capacity Platform (EMME-KTCP) will offer access
to technical support in the form of technical courses, e-learning programmes, help-desk
applications, multimedia training platforms, and other training material. Ideally, it will be
linked to specialised graduate programmes offered by universities and research centres
in the region.
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A key objective of EMME-KTCP is to build capacity within the EMME countries to use the
Hub's tools without external assistance - or at most limited assistance. In this way, it will
help integrate climate-resilient and adaptive planning into national, regional and municipal
decision making. To this end, the principal pillar of Module 5 is to demonstrate the potential
of climate services to the entities of the EMME region through selected case studies, and
to provide training to officials in state, regional and city administrations in the use of the
Climate Services Hub.

EMME-KTCP will also promote cooperation among the countries of the region by 1) sup-
porting higher education programmes in the broad field of climate services as related to
adaptation and mitigation; and 2) fostering cooperation across world regions through joint
educational initiatives.

To this end, one of the chief objectives of EMME-KTCP is to design and produce an
e-learning master’s programme on climate services related to adaptation and mitigation.
The programme should be interactive, collaborative, and peer-to-peer; it should feature
online material of the highest quality, such as lectures and other educational material, web
tools, interactive maps with data overlays, tutorials with executable algorithms, and so on.
In particular, the master’s programme will:

e QOffer courses on Al and machine learning, the Internet of Things, Big Data, Earth
observation, data analysis, and other enabling technologies with a view to their
utility in the development of climate services

* Assemble case studies on a wide range of climate services, with particular empha-
sis on their operational character

* Exploit the use of climate models and state-of-the-art software, with priority
accorded to open-source software. Examples include WRF for hydrometearological
modelling, SNAP for satellite image processing, QGIS for organising information in
a GIS environment, and IMAGE 3.0 for assessing the impacts of climate change on

water resources

* Enable active learning, providing users with the ability to immediately implement
what they have learned through exercises, tests and interactivity over various plat-
forms (Web, mobile devices), with instant feedback through a help desk

* Use gamification to enable users to get hands-on experience with new concepts
through interactive software and collaborative exercises.
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The master’s programme will be directly related to the environmental and climatic pri-
orities of the EMME region, will be consistent international conventions and initiatives
related to climate change (e.g. IPCC, UNFCCC, UNEP, EU) and will be aligned with the UN
Sustainable Development Goals.

3.3.6. Module 6. Impact evaluation
The impact of the EMME Climate Services Hub will be evaluated against a set of criteria
as described in Table 6.

TABLE 6. Criteria for evaluation of the impact of the EMME-Climate Services Hub

Impact evaluation criterion Scope

Capabilities matching Define Hub's capacity to address climate change risks and the balance
between centralisation and decentralisation of data access

Cost of the options Assess development and operation costs

Option implementation process Assess complexity of implementation

Estimate administrative burden

Advantages derived Inventory partnerships achieved between EMME countries

Assess revenues from commercial activities and/or financial gains for
the public sector from mitigation and adaptation plans

Address social impacts

Competitiveness Define richness of climate data

Assess user-friendliness

Catalogue the variety of tools

Valorisation Examine use of online access

Assess number of derived products

Assess visibility of climate change

Knowledge transfer and capacity building | Assess potential for knowledge transfer and capacity building

The following graphical representation summarizes the elements and functions of the
Climate Services Hub.
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4, Conclusions

Use of the enabling technologies examined in this report can support the assessment of
climate change and its impacts, as well as the development of climate services sorely
needed by the countries of the EMME region. For the foreseeable future, effective opera-
tional services will depend on sustained efforts in research and innovation. To move from

climate information to climate services, there is a clear need to:

e Co-design and co-produce services with the users

e Compile climate intelligence from multiple data sources

* Exploit present and future climate modelling capabilities

* Establish appropriate data infrastructure

* Adhere to standards in data collection and categorisation

* Develop a quality assurance system for data

e QOrganise a thematically oriented system for the provision of data and services.
The report recommends the development of a Climate Services Hub for the EMME region
and defines the architecture, characteristics and functions of the Hub. It links the Hub with

education and training in order to develop a critical mass of users and providers in the

region.

If the proposed Climate Services Hub is to succeed, a framework for regional cooperation
will be needed. Coordination actions - regional and subregional assessments; network-
ing; data sharing; training programmes; capacity building - are essential elements in the
deployment of the Hub and in its wider adoption in the EMME region.
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