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Abstract: Wider applications of climate services within the management of climate risks face
significant challenges. This paper presents a forecasting approach, to assess the development trends
in climate service needs and thereby potential demand in key sectors that are essential to the green
solution and will face a general growth in activity and key climate vulnerabilities towards 2050. These
sectors are renewable energy, international climate finance, and cities. The geographical scope focuses
on Europe, but global trends are included. We here suggest scenarios for growth in future climate
services based on baseline development trends and policy scenarios reflecting future low-emission
and SDG targets. Barriers and specific needs for climate service development within these sectors are
discussed, and alignment of supply and demand within the climate service market is particularly
emphasized. We find that several complexities influence the climate service market, including policy
frameworks aimed at facilitating climate risk management as well as a lack of fit between the supply
and demand sides of the market. Other barriers include uncertainties related to available climate
information and socioeconomic climate risk information. Based on the forecasting, we find that
substantial benefits can be seen with increased climate service development and deployment across
the three sectors.

Keywords: climate services markets; climate service forecasting and scenarios; climate services;
climate service penetration; sustainable development goals; renewable energy Finance; city
adaptation plans

1. Introduction

An important aim of the development and application of climate services (CS) is to facilitate
the implementation of climate change mitigation, and risk management in relation to climate change
impacts [1,2]. In the current paper, we focus on CS in support of climate risk reduction options such as
disaster risk reduction, early warning systems, and climate change adaptation options given business
as usual emission scenarios and climate change mitigation scenarios. The CS could target a wide
range of users and could support decision processes and business management. However, developing
appropriate CS and enabling the penetration of CS at larger scales can be challenging in practice and
there are currently large gaps between supply and demand at the CS markets [1,3-7].

The use of CS is facing several barriers in meeting the needs of the public and the private
sector. Significant barriers are arising from the uncertainties and technical complexities of developing
context-specific CS [8], as well as from the “hypothetical” character of the benefits associated with
applications of CS implying barriers to market development [9].
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Previous studies have reviewed the historical development of CS and provide recommendations for
the future [10], there among through development of CS frameworks [11] and better coordination [12],
albeit without the specific focus on sectors and without scenarios for how the demand for CS could
develop. Additionally, it has been argued that CS are driven mainly by the supply side, whereas
the demand has been largely unexplored [13,14]. The H2020 EU MARCO project included short- and
long-term forecasting of climate services and based on a review of existing forecasting approaches and
the methodologies applied, it was concluded, that there is need for new approaches for developing CS
forecasts, which both reflect the climate risk mitigation potential of CS as well as how CS deployment
in practice can depend on alternative climate policy scenarios [15]. This paper is presenting a novel
approach to overcome these limitations.

The literature on CS forecasting methodologies as well as on actual forecasts is very scarce.
The literature covers two main categories of studies: top down and bottom up approaches. In the top
down approaches, the potential for CS has been assessed by studying climate risk mitigation needs in
different regions and sectors. Bottom up approaches takes its starting point in statistics about current
CS market activities. The top down based approaches are in many cases closely related to modelling
studies and scenario forecasts of climate risks, while CS market studies often project future markets
based on statistics or specific market surveys of commercial transactions.

An example of a top down approach reflecting climate risks includes a review study by [16]. It is
here concluded that further penetration of CS depends on a clearer estimation of the economic value of
using CS. A review of 139 studies was conducted with the main focus on agriculture and the energy
sector, and it was concluded that the majority of reviewed studies include ex-ante predictions of
the value of CS based on models developed using historical climate data [16]. The value of using
CS was then assessed assuming perfect forecasting assumptions and optimal response behaviour.
Very few studies are based on observations of actual changes in management occurring because of
climate forecasts.

Bottom up based CS market forecasts have been based on information about current market
transactions, and market forecasts are regularly supplied as commercial products. Environmental
Business International (EBI) [17] provides regular CS market forecasts based on the environmental
industry and thereby the supply side of the CS market. The methodology includes regular surveys
with panel companies, specific contact to industry leaders, and industry datasets. The kMatrix market
consultancy company is, like EBI, developing CS market forecasts based on commercial transactions
related to climate change risks and adaptation. The approach is parallel to market forecasting by
the company for other markets and is based on a review of various data sources, business accounts,
and other commercial information. CS market forecasts based on the current market overview is
established as a projection of historical growth rates for different market segments [18].

A mixed top down/bottom up approach has been introduced by [19]. Future CS needs are here
addressed by comparing the state of the current commercial CS market by regions and sectors with
the average GDP per country and the climate risk index as provided by Germanwatch [20]. It is
concluded that there is a correlation between the scale of commercial CS transaction and GDP per
capita, but not today between climate vulnerability and CS transactions. In terms of forecasting
methodologies, this suggests that further market development will depend on both economic growth
in the countries [21] and on their capacity to use CS in risk coping strategies.

In the literature, various approaches have been suggested as a basis for estimating the value of
CS and thereby market potentials. In a review paper [22], assess how different sectoral studies have
assessed the value of CS forecasts with an emphasis on seasonal forecasts. However, an examination of
the actual use of CS forecasts concludes that the value of CS first at all depends on how the forecasts
are made usable within the decision-making contexts in which they are applied [22]. This point to
the conclusion that the potential for further development of the CS market strongly depends on a close
relationship between providers and users.
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Several global and regional initiatives have attempted to close the gap between expected
hitherto economic efficiency gains by using CS in relation to management and decision making
on climate-sensitive activities in the public and private sectors. An example of this is the EU’s H2020
programme, which has supported CS development and facilitation initiatives by funding multiple
studies, innovation and demonstration projects. Furthermore, several global CS data and service portals
have been established by the World Meteorological Organization (WMO), Copernicus, the Global
Framework for Climate Services (GFCS) and others [9]. Challenges in the funding of CS development
have been identified by Soares and Buontempo, 2019 [7] in terms of having a user-driven approach,
funding security and practical operationalization. The application and usefulness of CS provided
by platforms and other providers are difficult to assess, but [9,23] have provided some interesting
insights in their presentation of an evaluation framework for assessing the usefulness of CS to society.
The authors emphasize the importance of factors like problem identification, the decision-making
context, governance and socio-economic values to successful applications of CS. They conclude that
a key limitation of CS initiatives has been the weak connection between the providers and users of
these services. Further, technical challenges are found in CS deployment in city adaptation efforts [24].

Acknowledging the challenges in the development and application of CS, we have developed
a forecasting approach in order to assess development trends in the future potential CS demand in
key climate-sensitive sectors. It is here a critical underlying assumption that large future activities in
a sector could also potentially imply a large demand for CS. Furthermore, there could be an economies
of scale if CS is developed with a focus on sectors with a high expected future activity level [15]. In
this context, the forecasting aims at highlighting plausible development pathways for CS within our
focal sectors in order to inspire the development of more user-oriented and tailored CS for potential
high-demand sectors. Furthermore, the idea is that CS forecasting can provide a basis for targeted
stakeholder capacity-building and can help with a stronger articulation of CS demand appropriate for
climate risk management [23], and we employ novel tools to aid the process [25,26]. A key outcome of
our CS potential forecasting is that more purveyors and buyers could see an advantage in entering
specific sectoral markets, thus enabling the development of a stronger CS market with high-quality
products with increased turnover and reduced risks [3].

Our CS forecasting is based on a case-study approach and focuses on the needs and potential
benefits of specific sectors, namely the renewable energy sector, international climate finance and cities.
Our CS forecasting is based on a case-study approach and focuses on the needs and potential benefits
of specific sectors, namely the renewable energy sector, international climate finance and cities. We
have selected these three sectors as they represent good examples of high climate risks, which are key
elements in climate policies for deep decarbonisation, suggesting that there could be high benefits
of developing climate services focussing on these sectors. We have selected these three sectors as
they represent good examples of high climate risks and are key elements in climate policies for deep
decarbonisation, suggesting that the return on the potential investments in CS development could
be high. All three sectors are expected to undergo large-scale structural changes in the future and to
attract investments with long lifetimes, which, in the context of emerging climate change, could make
CS very relevant. The sectors include sub-activities with different climate risks such as for example
biomass, hydropower, solar- and wind in the renewable energy sectors, and we will subsequently
address these diversities in more detail also with regards to the differing requirements of associated CS.
We recognize that CS development for other sectors with high climate risks such as e.g., agriculture,
infrastructure and transportation is similarly important, and the forecasting methodology developed
and applied in this paper could be equally relevant to be applied specifically for other sectors, which
are however outside the scope of this study.

The potentially useful CS information will vary with the scenarios, in the case of high global
warming scenarios, such as the RCP8.5 scenario, the climate risks would be different from scenarios
which are more in line with the aspirations of the Paris agreement [27]. Similarly, the development
trends in renewable energy penetration, climate finance, and city adaptation planning, as addressed in
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this study, will also be different depending on policy cases, as well as on climate policies [28], which
sets very specific framework condition for CS relevant activities. In the study, alternative sectoral
scenarios are developed reflecting a continuation of current policy trends versus scenarios with a higher
emphasis on climate change mitigation and adaptation, as well as more general policies such as those
related to the Sustainable Development Goals (SDGs), where climate actions are included specifically
and where co-benefits are expected between climate risk reduction and SDGs. The scenarios are based
on available quantitative international modelling results and sectoral plans. High emission scenarios
could imply that e.g., the penetration of renewable energy would be relatively low, implying less
importance in applying CS within this sector compared to lower RCP scenarios. Oppositely, there
could be more need for climate change adaptation in cities in the case of the high RCP8.5 scenario.

The aim of the present paper is to initially present and outline a CS forecasting approach
representing alternative climate policy scenarios and the state of currently available technical knowledge
for the development of CS in the three sectors chosen for examination. This analysis is followed
by a presentation of the methodological approach to forecasting CS needs for each of the sectors in
the context of specific scenarios. Finally, the methodology is applied to sectoral studies with a specific
focus on Europe supplemented with more general conclusions in a global setting.

The paper is structured as follows: Methodology including the approach in the sectorial forecasts,
Results for each sector, Discussion and Conclusions.

2. Materials and Methods

2.1. Aims of Climate Service Use

In this paper, climate services are defined in line with the definition of the EU Roadmap as also
proposed by scientific literature [2]. This means that CS includes the transformation of climate-related
data and relevant information into customized products, such as projections, forecasts, trends, economic
analysis, assessments, counselling, and the development and evaluation of solutions [3]. Climate-related
CS data according to the EU definitions include a broad range of data beyond the physical climate
data, aiming to represent the Human Earth System with its various connections between physical,
chemical, biological, social and economic systems. The CS forecasting approach in this paper is based
on the basic assumption that CS support can help to increase adaptation to climate change hazards. CS
is therefore only effective to the extent that it facilitates climate change adaptation and reduces climate
risks. The argument is that the damage risks of climate change are expected to increase over time, for
example, due to enhanced climate change and economic growth leading to increases in the underlying
value of the assets at risk. Assuming that using CS to support adaptation will reduce climate risks,
the potential economic value of CS then becomes the difference between economic losses without
adaptation and the economic losses from adapting society to climate change.

The CS forecasting approach is based on the basic assumption that CS support can help to
improve efficient management of climate change risks, and the value of using climate services could
increase over time [16,29]. The argument is that climate risks are expected to increase over time, for
example, due to enhanced climate change and economic growth leading to increases in the underlying
value of the assets at risk. Our assumptions accordingly are, that using CS to support effective risk
management, disaster risk reduction, and adaptation could help implement cost-effective coping
strategies in the public and private sector [1,30].

Our methodological approach is to base the forecasts on development trends, which are related to
available modelling and official plans within our focal sectors. The technical argument for this is, that
the models used represent scientifically well-documented forecasts and scenarios and that the official
planning included in our scenarios constitutes a key framework condition for CS to penetrate into
the market, and is important in relation to how stakeholders and decision-makers within the sector
will demand to use CS [15].
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2.2. Introduction to the CS Market Forecasting

The sectoral activity forecasts are based on official model-based forecasts for the renewable energy
sector. There are several modelling based scenarios for renewable energy, see for example the overview
of scenarios provided by [31]. The CS forecast in the paper is based on the IEA World Energy Outlook
and Energy Technology Perspectives [32], which in terms of the projections of renewable energy share
of total energy supply are in the low to middle range.

The forecast of future finance and investment trends are based on the plans of so-called multilateral
development banks (MDBs), which are playing a major role in international climate finance [33].
Potential CS activities in cities are projected based on information on the extent and maturity of city
adaptation plans, the plans are used as a basis because the adaptation policies by local governments play
a major role in the actual implementation of projects and policies [23,29]. The forecasting methodology
is used to provide quantitative forecasts of the trends in future climate-sensitive activities in the three
focal sectors addressed here. The forecasts of development trends are developed for a baseline trend
(current policies) and for scenarios, which include climate policies.

Our methodological approach is forecasting future sectoral activity trends based on a continuation
of current trend scenarios and climate policy scenarios. We are providing indexes of future activity
trends rather than economic CS market forecasts for the sectors. An economic market estimate would
suffer from very large uncertainties both in relation to estimating the current market volume, and in
relation to forecasting business perspectives of the commercial parts of the CS market, and the CS
products could be more efficient in the future e.g., due to increased data availability and economics of
scale, which could decrease CS provision costs with increasing market volumes [29]. The uncertainties
in estimating CS market volumes i.e., are also associated with the wide range of CS purveyors including
universities, meteorological offices, consultancies, international CS platforms, and dedicated service
companies, and the mix of commercial services transacted as market products and services delivered
in terms of open access data sources, and as part of other costumer relations [14].

Based on the CS forecast scenarios, we draw conclusions on the potential for CS development in
the chosen sectors to implement climate risk management options. Finally, we discuss the potential
for upscaling the forecasting results to other sectors, as well as the uncertainties involved in
the development of technical climate information and in the facilitation and implementation of
climate risk management options.

A more detailed description of the methods applied to forecasting CS in the three chosen sectors,
the renewable energy sector, the financial sector, and cities, are provided in what follows.

2.3. Method for Forecasting CS in the Renewable Energy Sector

The transformation of the energy sector is a key element in climate change mitigation. Achieving
stabilization of the currently rising global mean temperature around 2 °C and reaching 450 ppm CO,eq
by 2050 [34] would require global GHG emissions to be three to four times lower than today and
would require wide penetration of renewables, nuclear and fossil fuels with CCS (carbon capture and
storage) [31]. The efficiency and potential of renewable energy is critically dependent on weather and
climate events [35,36] in respect of the management of both integrated technical systems and energy
markets, as well as the planning of new renewable energy projects [37]. The use of CS information in
both medium- and long-term planning of renewable energy options is, however, very limited [4,38],
which could imply efficiency losses and management challenges in relation to the security of supply.

A number of studies such as [37,39-41] have assessed the climate vulnerabilities of different
renewable energy technologies and highlight the following climate vulnerabilities of the main renewable
technologies reaching the following overall conclusions. Energy conversion is vulnerable to both
gradual changes in climate, seasonal fluctuations and variability and the projected intensification
of extreme weather events. The efficiency of existing and future plants may decrease with higher
general outdoor air temperatures [42]. Other than the daily demand curves, the seasonality [43]
and variabilities [44] in renewable forcings which may lead to low or high supply levels, the latter
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with storage potential, need to be accounted for in power system capability studies and associated
climate risk studies and hydropower is often mentioned as a counterbalance variabilities from the wind
and solar sides [45]. Biomass is also expected to play a key role in future energy scenarios for
low-temperature targets [31,46] both as a low carbon source and with bio-energy capture and storage
(BECS) to ensure carbon uptake from the atmosphere.

Furthermore, damage from storms and flooding can disrupt energy supplies and critical
infrastructure with large consequences for the economy and for disaster management in the case
of extreme weather events [47]. Frameworks for the assessment of power system resilience are
therefore urged [48] along with further advances within data availability and quality to properly
assess power system and hydro-climatic interlinkages [49]. Due to the general projected increasing
global temperatures, also affecting the cooling water temperature, and changes in water availability,
thermoelectric power plants worldwide are projected to experience a 7-12% reduction in efficiencies
by 2050 affecting 81-86% of all plants [42]. The efficiency of electricity transmission lines is also very
vulnerable to high temperatures [50].

For the CS scenario analysis in light of the risks outlined above, we assess the development trends
in renewable energy supply and thus the potential needs for CS with a focus on the large planned
penetration of renewable energy options according to climate policies both in Europe and globally.

The energy system forecasts used here are based on the IEA Energy Technology Perspectives
2017 [32], which provide the underlying energy forecast in the CS scenarios for the energy sector.
The main focus is on renewable electricity generation and capacity, and two scenarios are included,
n(2DS). In both scenarios, we calculate the expected index growth for the various energy sources
from 2014 to 2030 using the observed generation and capacity in the year 2014 as index 100. Finally,
the geographical distribution of the electricity generation mix and the share of sources are assessed
based on the World Energy Outlook 2018 [32].

2.4. Method for Forecasting CS for International Climate Finance

International public climate finance is currently a significant contributor to adaptation finance and
forecasts are here based on future development plans by international finance institutions, including
the multilateral development banks (MDB), which in 2016 contributed about 40% of the public
adaptation finance [51]. The definition used here follows [52], constituting the amounts committed to
climate mitigation and adaptation, albeit not for developing countries alone. The total annual average
international financial flows by the MDB’s include finance from their own accounts and from other
donors managed through the MDBs. In 2015-2016, this finance was USD 58 bn, the largest contributors
being bilateral and multilateral climate finance [52].

Our forecast of international climate finance is based on the assumption that CS could be an
important component of project preparation for climate finance. The MDBs distinguish between
climate finance for mitigation and adaptation. The mitigation area includes in particular finance of
renewable energy options, and the accounting principle, until now, has been that the full investments
within these projects were accounted as climate finance. Adaptation finance has been only a small
proportion of the available finance and the accounting framework has focused on addressing only
specific incremental cost elements in the project finance. This has in practice complicated the MDB
adaptation finance and limited the investment scales, despite the large need for adaptation finance
identified in studies by UNEP and the World Bank [52]. However, recent political signals from
the World Bank [53] point to the increasing prioritization of adaptation in climate finance, which could
imply a need to develop particular CS to support it.

Recently, a major priority of international financial mechanisms has been to pay special attention
to areas like climate change. Combined with private-sector finance, this can be expected to be a major
driver of the future demand for CS [52]. The MDBs have specific targets for the share of climate-related
activities in their investment portfolios, implying a growing demand for CS information in relation to
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the climate components of finance. The integration of climate components into specific investments
has to follow specific guidelines for projects.

In this paper, we compare alternative scenarios for future climate finance based on goals set by
individual MDBs. The goals include a tripling of climate finance by the African Development Bank
(AfDB) from 2015 to 2020, 40% of the European Bank of Reconstruction and Development annual
business investments in green finance by 2020, 35% of all lending in developing countries by the EIB
by 2020, and 28% of annual commitments by the WBG by 2030 [54]. Based on these 2020 targets by
the MDBs for climate finance, it is clear that CS could potentially play a large role in ensuring efficient
climate finance in the future. CS forecasts can help to identify large-scale application areas and specific
needs, and thereby to close the gap between CS supply and demand. Accordingly, CS deployment
costs can be reduced, and the services could be upscaled.

Below, we present four alternative international climate scenarios and a baseline scenario, used to
identify key development trends in CS markets until 2030 in terms of the scale of finance, the sectoral
focus and the geographical distribution. All scenarios are calculated as index growth in the year 2030
projected from the MDB finance of USD 35,219 million in 2017 [43] (i.e., index 100).

Baseline scenario: This scenario reflects a continuation of the current trends in the climate finance
of the MDBs. It is constructed using a linear extrapolation to 2030, assuming that annual growth in
MDB finance follows the same yearly growth as from 2011 to 2017.

Scenario 1: Increase in all MDB finance as planned for the EU and with a 25% share of all finance
to be climate-related. This reflects an increase of € 114 billion, or 55%, from the 2014-2020 level (€ 206
billion) to the 20212027 level (€ 320 billion). The 55% increase is used to estimate the finance level in
2030. The share of climate change mitigation and adaptation is assumed constant here, as in the past.

Scenario 2, low and high: According to UNEP [46], the annual financial adaptation gap is estimated
to be between USD 148 and 300 bn in 2030 for the low and high scenario respectively. This corresponds
to an increase of 150% for the low and 311% for the high scenario compared to the 2016 level, which is
used linearly to estimate future climate finance.

Scenario 3: It is assumed that climate finance will grow as required to meet the SDGs in developing
countries estimated by the Organisation for Economic Co-operation and Development (OECD) [55].
The OECD concludes that in 2030 the total annual finance required by developing countries to meet
the SDGs will be USD 3.9 tn. Current annual investments are USD 1.4 tn, leaving a gap of USD 2.5 tn
annually, corresponding to an increase of 79% in investments.

Scenario 4, wet and dry: The World Bank [53] estimates the need for annual adaptation finance
under two different climate scenarios: A wet scenario requiring an increase in investments from USD
72.9 to 89.1 bn corresponding to 22%, and a dry scenario requiring an increase from USD 56.5 to 71.3 bn
corresponding to 26%.

2.5. Method for Forecasting CS in Cities

Cities are expected to grow globally, and in the EU more than 80% of the population is projected
to reside in urban areas by 2050 [56]. In addition, climate risks in the form of both heat waves
and flooding events threaten cities globally. To adapt to the future challenges, several international
city networks are jointly working on supporting mitigation and adaptation plans (e.g., the Global
Covenant of Mayors for Climate and Energy [57], the World Mayors Council on Climate Change [58],
ICLEI [59], C40 [60], UNDRR [61], etc.). Today, thousands of local government bodies are members of
the EU’s Covenant of Mayors for Climate and Energy, and many more belong to the other global city
networks, stating a strong city interest in the development of climate policies and risk management
strategies [62]. The majority of cities are only in very initial phases of climate planning and the existing
plans are mostly at the initial stage measured in relation to more advanced planning stage as defined
by the Covenant of Mayors [63-65]. It is expected that CS can play a key role in the development of
climate plans for cities and that both governments and the private sector can be potential CS users [23].
Further, CS information alongside climate policies could be mainstreamed into urban development
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activities including infrastructure, spatial planning, operational management of services, health etc.,
which requires new CS products to be developed and new user needs to be met beyond official
adaptation planning.

The climate adaptation service forecast for cities is based on EU data on the extension of climate
change adaptation plans today [23]. Secondly, we are investigating policy scenarios, thus influencing
the urban development agenda, as well as adaptation planning. The adaptation plans in cities can
include contributions from several different city departments and the actual development of the plans
could also involve a wide range of actors including private consultants, the local government, experts,
and stakeholders, which all in practice could be users of CS. Their needs could be different, and we are
in the current forecast not going into details on the specific elements and actors in the city planning.
The involvement of plenty of actors could require a larger demand for CS, but it could also oppositely
imply that CS is mainstreamed into sectoral activities and, thereby, not stand as a separate activity [23].

In this study, we use information about city climate plans as an indicator of ongoing and future
CS demand based on the comprehensive studies of [63,64]. These authors have provided an overview
of the adaptation plans of 885 European cities, their development stage and their relationship to
international coordination networks. We are using these studies in combination with the Covenant
of Mayors for Energy and Climate database of cities planning progress [57] and [65] as a basis for
assessing the state of the art in European adaptation planning.

The forecasting of local adaptation planning by cities is based on the following two policy scenarios:

Scenario 1: Based on data from the Covenant of Mayors for Energy and Climate’s database of
cities planning progress [57], we estimate the number of cities with climate action- and adaptation
plans in 2030. We assume that the number of signatories to the Covenant of Mayors’ climate plans
will make progress in accordance with a linear interpolation of the recently observed trend from
2009-2017. Furthermore, it is assumed that all cities that currently have climate action plans will also
have adaptation plans in 2030. Since October 2015, all new signatories to the Covenant of Mayors must
prepare and submit a Risk and Vulnerability Assessment along with a Sustainable Energy and Climate
Action Plan, meaning that 1750 of the 6000+ signatories in 2017 include adaptation planning at least at
stage 2. The number of adaptation plans is expected to grow in the scenario at least at the same rate
as the climate action plans since all new signatories are committed to the preparation of the risk and
vulnerability assessment as an initial stage in the development of an adaptation plan. The signatories
to the Covenant of Mayors for Climate and Energy include signatories from local authorities of all
sizes, from small towns to megacities.

Scenario 2: It is assumed that all 1750 cities that have signed up to the Covenant of Mayors and
already have adaptation plans will move up to the most advanced planning stage by 2030 as defined by
the Covenant of Mayors [57]. Assuming that moving up the various steps implies further adaptation
planning activities and thereby climate adaptation services, growth in CS demand is implied.

3. Results

3.1. The Energy Sector

The IEA’s Energy Technology Perspectives for 2017 [32] is used as the underlying energy forecast
in our global scenarios for CS development in the renewable energy sector. The main focus is on
electricity generation and new capacities, and two scenarios are presented, namely the Reference
Technology Scenario (RTS) and the 2 Degree Scenario (2DS). Finally, the geographical distribution of
the electricity generation mix and share of sources is considered based on the World Energy Outlook
for 2018 [32].

Electricity Conversion Scenarios

The global electricity generation forecast from [32] based on recent policy trends (RTS) assumes
that the share of renewable energy such as wind and solar power will increase in the whole period, but
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fossil fuels like coal and gas will continue to have a very large share of electricity production until
2060, including coal with CCS. Major increases are seen in coal with CCS and solar thermal electricity
(STE) after 2030, and in [32]. The 2DS policy scenario assumes that, in order to stabilize the global
temperature increase at 2 °C, wind, solar energy, biofuels and waste-based electricity production
would need to increase over the entire scenario period until 2060 [32] from approximately 22% to 78%.
Moreover, very strong growth in coal and gas with CCS is needed after 2030.

Table 1 shows the growth in gross electricity generation and capacity in Europe in both the RTS and
2DS scenarios. The results clearly demonstrate a large difference between the expected development
trends in electricity generation and in the gross electricity-generating capacity between renewable
options, fossil fuels and nuclear power. The differences in development trends are most evident
in the 2DS scenario. Renewable options like solar, wind, biomass, and ocean energy are expected
to grow very rapidly, while coal, oil and gas are expected to have a decreasing share of electricity
generation in 2030 compared with 2014 in both scenarios. This implies a strong case for Europe
developing CS to support the planning of renewable electricity generation and investments, especially
in the 2DS scenario.

Table 1. Growth in gross electricity generation and capacity in the Reference Technology Scenario (RTS)
and the 2 Degree Scenario (2DS) in 2030 compared to 2014 in index numbers. Index calculations are
based on IEA figures [32].

Gross Electricity Generation Gross Electricity Capacity
Reference Reference
Table Cont. Technology 2 °C Scenario Technology 2 °C Scenario
Scenario (yr. 2014  (yr. 2014 =100)  Scenario (yr. 2014  (yr. 2014 = 100)
=100) =100)
Oil 24 14 46 46
Coal 31 16 53 50
Natural gas 129 81 96 88
Nuclear 84 96 85 96
Biomass and waste 165 176 138 141
Hydro (excl. pumped storage) 107 107 106 106
Geothermal 229 229 217 217
Wind onshore 270 316 244 283
Wind offshore 253 628 236 528
Solar PV 175 175 158 157
Solar CSP 278 278 216 216
Ocean 1462 2050 925 1294
Total 101 102 113 120

Regionally, the IEA World Energy Outlook [66] shows that renewables will increase in all regions
and that nuclear is expected to increase as well, except in Europe, the US, and Africa. There is
a remarkable difference between the scenarios for future shares of renewables and fossil fuels across
the different regions, despite a large increase in renewables in all regions. The shares of fossil fuels
are expected to decrease only in the EU and Japan. Fossil fuels will still be important in emerging
economies and in the US in both the short and longer terms. In general, new investments in renewable
energy versus fossil fuels will depend largely on climate policy scenarios, and very specific CS would
be required for different sources for context-specific locations and applications.

In terms of market scale, very large expansions of new generating capacity may occur in India,
China and the US, and renewables can be expected to play a large part in this market growth, implying
that the development and deployment of context-specific CS would be very important in these regions.

3.2. International Climate Finance

The projected growth in climate finance for the various scenarios is presented in Table 2. Growth
will have to be very large if the mitigation gap estimated by UNEP [67] is going to be closed. According
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to UNEP, the requirement for climate finance would have to be about three times larger in 2030
compared to the baseline scenario.

Table 2. Growth of climate adaptation finance for various scenarios compared to 2011 in index numbers.

World World

Year 2011  Baseline Bank Bank Pohcy POhC.y Pohc_y POhC.y
=100 Scenario Driest Wettest Scenariol Scenario2 Scenario2 Scenario 3
B - . EU UNEP-Low UNEP-High SDG

Scenario Scenario
Index

growth in 123 126 122 155 250 411 179

2030

The World Bank [53] includes an assessment of the geographical distribution of adaptation
finance needs in developing countries under two different climate scenarios (a wet and a dry scenario).
The approach is rather similar to what has been used in the UNEP Adaptation GAP report in that it
assesses the total estimated adaptation costs for all sectors by region and climate scenario from 2010 to
2050. The wettest scenario has the highest total annual cost of about USD 106 bn in 2040-2049, with
the largest costs being in East Asia and the Pacific. Conversely, in the driest scenario, the total annual
cost is about USD 95 bn, the largest cost being in Sub-Saharan Africa.

The conclusions regarding the demand for CS from these forecasts of international climate and
SDG finance are rather obvious. Based on the UNEP adaptation gap estimates, which use very similar
methodologies and data as in the World Bank’s assessment [53], there is a very large projected need
for CS to support adaptation as well as mitigation, as well as large regionally specific needs based on
the climate scenarios. How big a share of the efforts and thus the associated CS needs will actually be
realized depends strongly on policies and the availability of international finance, which, in terms of
the MDBs’ projections, are a long way from the level of need estimated in the UNEP’s Adaptation
Gap Report.

3.3. Cities

The results of the forecasting of Scenario 1 can be seen in Figure 1 in terms of the number of cities
with adaptation and climate action plans.

The assumptions applied to our adaptation plan forecasted to 2030 result in an increase in the cities
with adaptation plans by a factor of almost ten (Figure 1), indicating a large potential growth in CS for
city development.

The forecast in scenario 2 assumes that the 148 signatories to the Covenant of Mayors reach
the most advanced planning step 6 in their adaptation planning in 2050. This results in a tripling of
cities at step 6 in 2030 and a fourfold increase by 2050, indicating a large potential need for CS.

In conclusion, large growth in adaptation plans and associated CS are expected for cities, both
those that do not have adaptation plans at present and those that will move up to more advanced
planning stages over the period, which will also require more advanced CS.
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Figure 1. Forecast of the number of signatories to the Covenant of Mayors [57] of Energy and Climate,
2018-2030. The figure shows the number of Sustainable Energy and Climate Action Plans (red line)
and Adaptation Plans (black line).

4. Discussion

There is a very large potential demand for CS within climate-sensitive sectoral activities addressed
in the forecasts in relation to renewable electricity expansion, climate finance and city adaptation
plans. However, it is important to recognize that, despite the currently large number of activities
within these sectors, based on the limited literature available we will suggest the conclusions, that
the CS deployment today is very limited and benefits in terms of risk mitigation could be missed.
This conclusion relies on the assumption that CS as a specific service and product actually could be
useful. Our sectoral forecasting approach critically relies on, that the underlying models, scenarios,
and policy assumptions are valid, and that they represent the state-of-the-art knowledge within
the sectors. A wider range of scenarios and models could have been used, which would have generated
a wider range of CS forecasts. Based on the literature review, however, it can be concluded that
the scenarios applied in our forecasts in terms of trend are in line with the expected trends by major
studies. Furthermore, major sources for the scenarios are official plans, which in some cases are a part
of mandatory frameworks.

A number of common conclusions, which are important for the generation of efficient CS
development efforts, emerge across the sectors of renewable energy, finance and cities. Decarbonisation
policies, including city and energy-sector plans, are important drivers of climate actions and associated
CS, and policy scenarios reflecting this show a much larger potential CS growth than scenarios
reflecting the continuation of recent trends. Renewable energy is expected to penetrate very rapidly
in Europe and on a very large scale globally, as concluded above, and the efficient management of
these technologies will require detailed and context-specific CS. However, the low deployment of CS
in the sector today impose uncertainties about, to which degree CS actually will be used.

The limited deployment of CS today could be a consequence of the low awareness of
decision-makers and the private sector about what CS could deliver and the potential benefits
of using CS. Furthermore, the deployment of CS suffers from technical complexities in the development
of appropriate context-specific CS [8], as has also been pointed out, for example, for the energy
sector based on intensive stakeholder interviews in the EUPORIAS project [38]. A strong interaction
between end-users and research has also been urged as a key criterion for proper CS development and
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advancement [8,68]. Other barriers for CS, include imprecision, lack of relevance, level of investment
required to employ this CS and traditions/understanding of the potential added value [1,69].

Altogether, these limitations imply a very early stage towards the expected growth of CS
requirements presented in the case studies on renewable energy, international climate finance and cities,
let alone from the actual deployment of CS. Uncertainties in the full “value change” from the provision
of technically based climate risk information to the adoption of CS are discussed below.

Uncertainties

The development of context-specific CS products and their penetration will face large uncertainties,
including those associated with climate and socioeconomic information (appropriate, relevant and
high-quality climate, impact and damage data), as well as the condition that a CS user community
is in place with the capacity and governance to demand CS and to use it to implement adaptation
options [70]. The combination of all these uncertainties amounts to a cascade of uncertainties.

The cascade of uncertainties that emerges when climate risk modelling and CS implementation
are combined is illustrated by the example of climate risks in cities. Climate damages in cities
from, for example, flooding from extreme precipitation, depends on projections of precipitation, with
uncertainties in relation to alternative climate scenarios, as well as those within the climate models
themselves. Projections of future assets and activities in cities are also uncertain and cities have been
shown to diverge and have high levels of local and contextual CS needs [68,71]. Adding together
flood modelling and damage cost assessments with their own uncertainties necessitates a wide range
of alternative scenarios for the avoidance of damage. On top of these uncertainties, using CS in
decision-making introduces further uncertainties in relation to policy-makers’ understanding of the risk
information with the CSitself, the perceptions of climate risks and the appropriate management options,
as well as being related to how well purveyors and users of CS can interact and exchange information.
Other examples of urban climate hazards include heat waves, air pollution, sea-level rise, storms
etc. [72,73]. CS deployment in relation to renewable energy also exhibits a cascade of uncertainties,
when climate modelling and CS implementation are combined [74], but with different key uncertainty
elements than in the case of cities. The penetration of renewable energy will critically depend on
climate policy scenarios, and given stabilization scenario targets insights from international studies
as e.g., those reported by the IPCC provides a range of deployment and differences in efficiencies
between countries exist [75]. There are however large uncertainties related to the climate sensitivity
and availability of renewable sources such as hydropower, wind, solar, and biomass. In this way,
relevant and tailor-made CS products are very complex to develop.

It is to be expected that a wider range of uncertainties within the implementation of CS would
imply a more difficult penetration of CS and thus difficulties in establishing a good basis for capturing
the benefits of climate risk management.

Figure 2 shows how a cascade of uncertainties can emerge when combining technical information
in the forecasting of climate change risks with uncertainties related to the application of CS
in decision-making.

Returning to Figure 2, the interesting question is then how the cascade of uncertainties facing
the penetration of CS can be reduced. First of all, the uncertainties are very context-specific in relation
to climate risks and the time horizon under consideration, which can vary depending on the application
and sector from immediate emergency preparedness to longer-term climate adaptation to ensure proper
cost-benefit ratios in the long run [68]. One such effort in describing investment and reaction responses
of a specific CS implementation to perceived climate risks and their inherent probabilities is seen in [76].
Climate models tend to be particularly uncertain for a short time horizon, while damage modelling
based on economic assumptions tends to be increasingly uncertain with a long-time horizon. This
means that we are facing trade-offs between different kinds of uncertainties in the climate risk-modelling
domain at the top of the figure. However, climate risk management policy perspectives, such as
those featured in the next level of Figure 2 can be used to reduce these uncertainties if policy-makers,
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for example, decide to go for a given climate scenario protection level for their action plans, thus
limiting the relevant range of climate scenarios and impact estimates as in the case of renewable energy.
The next level in Figure 2 addresses the CS market and the fit between supply and demand. Reducing
the uncertainties associated with this component and the last CS penetration components could
require assumptions to be made about how the market development could be supported by regulation,
certification and other measures. In addition, the issue economics of scale comes to play where the CS
demand for an increasing number of cities (e.g.,) is counterbalanced by pooling together demands in
the context of local or national governments. These mechanisms are inherently challenging to predict
due to complex market relationships, competition, consumer behaviour, legislation, the success of
emerging technologies etc. [77], meaning that significant uncertainties remain within these areas.

Uncertainty Cascade

Climate risks

Modelling

Adaptation
Policies

CS Markets

Demand supply match

(low) (high)

Uncertainty range

Figure 2. The cascade of uncertainties facing climate services (CS) penetration.

In summary, the need for specific applications of CS is therefore associated with a wide range
of uncertainties with regard to all three sectors examined here. This calls for further developing CS
forecasting, which in context-specific detail include quantitative estimates of climate risks including
probabilities of events and economic damage measures as a basis for helping stakeholders in climate
risk exposed sectors to adapt efficiently and to see the economic benefits of using CS. However,
despite more work needed to develop more accurate CS products, with a stronger appeal to users,
we estimate, with a certain degree of confidence, a need for the rapid growth of CS for use by cities,
due to the political frameworks for making climate plans that have already been established in this
area. Renewable energy penetration is also expected to require a high demand for CS in the future if
climate policies for stabilization at low temperatures are implemented on a wide international scale.
The implementation of international finance for adaptation and the associated needs for CS also implies
a large demand for CS. However, the actual use of CS will strongly depend on commitment in terms of
climate policies, as well as of MDBs and other international investors prioritizing climate finance.

5. Conclusions

Further penetration of CS could be useful in supporting the implementation of adaptation options,
but CS development is complex. Combining several technical disciplines and adding decision-making
on the top implies the emergence of a wide range of uncertainties hindering the wider implementation
of CS today.
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CS forecasting for high climate-risk sectors has been used to identify specific focal areas having
a potential demand for the development of CS, including the renewable energy sector, international
climate finance and cities. The forecasting of CS and associated adaptation potentials for the three
sectors addressed in this study has identified a large potential for the further development and
penetration of context-specific services but the actual CS deployment faces major uncertainties on
the technical components of CS, the values of using CS, and the climate policies constituting a strong
framing condition.

The large growth in electricity production by renewable energy sources is expected, including
technologies such as solar and wind energy, which require smart management of fluctuating energy
production and context-specific information on resources, requiring tailor-made CS information.
Similarly, investments in new power-generating technologies will include large renewable energy
capacity, where efficient planning will depend critically on CS.

According to the IEA [66], emerging economies like India and China are expected to have a large
growth in renewables, and a large growth in renewables will also be expected particularly in the EU
and the US. This implies that CS, which addresses both fluctuating renewable energy production from
new production capacity and the interactions with existing traditional fossil thermal energy, will be
very relevant for future CS product developments in the energy sector.

International finance is expected to increase, and adaptation will play an increasing role here.
Therefore, it will be critical to develop CS, which can help in assessing the benefits of climate adaptation,
as well as the vulnerabilities of MDB investments. Policy scenarios like, for example, the UNEP
Adaptation Gap Estimate [67] shows that, in order to address the vulnerabilities of developing countries,
investments in climate impact assessments must increase by 200-300% by 2030. If realized, a large
share of this finance would also include CS initiatives in order to plan cost-effective adaptation options.

Cities are developing very quickly both in Europe and globally, with high-value assets in the form
of buildings, infrastructure, historical and cultural heritage, ecosystems and people. City adaptation
plans are underway, but in Europe as well as globally the coverage is limited, and existing planning is
still in its initial stages in most cities. However, initiatives such as the Covenant of Mayors, initiated by
the EU, are major drivers of city adaptation planning [57]. Since the end of 2015, all new signatories to
the Covenant have committed themselves to prepare risk and vulnerability assessments, which more
than a thousand cities have now submitted. With more than seven thousand European cities (and even
more globally) already engaging in mitigation planning, there is a large potential for CS growth as
more cities plan for adaption to climate change.

The future penetration of CS is quite uncertain due to the inherent uncertainties in the underlying
climate risk modelling, policy-making, CS demand and CS market performance. One way to reduce
these uncertainties is to develop extremely focused CS market development in specific sectors including
those addressed in the paper, thus generating more in-depth insights into how the complex CS market
can be accelerated.
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