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1 Introduction 

The aim of this paper is to provide a brief overview of the forecasting approaches applied in the short and 

long term to forecast the climate adaptation service market in the MARCO-project and to draw cross 

cutting conclusions on the results and uncertainties. 

When developing a forecast, it is important to consider the purpose of the forecasts and to identify the 

potential users. The role of the forecasts should be seen in a broader planning perspective, e.g. in relation 

to how policies implemented globally, regionally in the EU, and nationally can support the adoption of 

climate services and thereby drive down climate damage costs. 

The MARCO approaches applied to climate adaptation services in the short- and medium term are different 

in scope and methodology. The short-term approach covering the timeframe up to 2020 takes the starting 

point in what in the past has been identified in terms of commercial market transactions undertaken by the 

private sector. A traditional market survey approach is here followed (see MARCO Deliverable 6.3). The 

expected users of this forecast are climate service purveyors. The long-term forecast to 2030 has a different 

scope. Inspired by economics, the starting point is that climate adaptation service can help to bring down 

damage costs of climate change, and the aim is then to facilitate that purveyors, the private sector, and 

decision makers can exchange information, which can be commercial products as well as other services. 

Long-term forecasts can here help to identify new needs of climate adaptation services, and to identify 

where purveyors, users, and other actors involved in framing climate service uptake could be involved. 

Following that, the aim of the long term forecasting is to help policy makers as well as the private sector to 

frame the climate service exchange, to develop new products and spur demand for climate services. 

The paper is initially highlighting a number of complexities in making climate adaptation service forecasts, 

and key market obstacles are identified. The major results of the MACO short- and long term quantitative 

forecasting are presented jointly with qualitative case study results, and the approaches are compared in 

terms of scope and major uncertainties of specific forecasts. A final section considers the robustness of 

forecasting, and suggest how the uncertainties of climate adaptation service forecasts can be reduced in 

specific contexts. 

 

1.1 Climate adaptation service forecasting challenges and limitations   

The short- and long term forecasting of climate adaptation services share some methodological and data 

challenges: 

 Climate services are not well defined as a concept. Based on the EU roadmap for climate services 
(EC, 2015) the concept is quite broad and the services include a wide range of climate and 
socioeconomic information, which can help users to integrate climate in their business strategy and 
decision-making. 

 Climate change will probably be mainstreamed into general planning and management of activities 
to an increasing extent over time (see the discussion in Deliverable 6.2 on forecasting 
methodologies). This implies the difficulty in distinguishing climate services as a unique product, 
and that a decrease in scale over time will be seen despite successful uptake by sectors. 

 We do not know the full scale of climate adaptation service exchange today, since the available 
data only cover a small fragment of the exchange. 
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 It is difficult for users to understand what they could need, and it is therefore difficult to assess 
market gaps and uncovered demand.  

 Present and future climate services are very dependent on policies’ framing of climate adaptation 
decisions. 

 Business models of climate adaptation service purveyors varies widely from smaller dedicated 
companies, large consultancies with larger service portfolio, to research etc. -Therefore, to 
distinguish their specific climate service related activities can be challenging. In addition, the 
business models would probably change over time, and the private sector and decision makers may 
develop their own in house capacity. 

 Climate adaptation services are not a homogenous product, and qualities of the products are 
difficult to measure and control. 

 

Following, it is difficult to find a statistical basis for climate adaptation service forecasting in line with 

traditional extrapolation of past trends. However, the transactional data used in the short term MARCO 

forecast covers some parts of the market. In addition, trends analysis for a few years forward can tell how 

the transactions services could develop in the next few years for the market segments included in the 

transactional data. 

 

Recognizing these limitations a key question then is whether climate adaptation service forecasting is still 

useful and for which purposes. A number of conclusions arrive from the MARCO activities and results: 

 Results from both WP3 on climate service providers, WP4 on potential & actual demand, along with 

the gap analysis presented in D2.5, and the vulnerability analyses presented in D 4.1 and D6.1 have 

all appointed towards an existing climate service market gap. This implies that there is an efficiency 

loss in coping with climate change impacts, and the benefits of avoiding these are not captured. 

Efficiency improvements in climate adaptation services could therefore be economic efficient. 

 The incomplete, and for some sectors almost totally missing, information about climate adaptation 

service exchange impose very high transaction costs on purveyors. It is difficult to plan product 

development and to identify user needs, and the exchange is therefore facing significant barriers. 

 Potential users of climate adaptation services face a very “fluffy/intangible” product, and there is 

limited transparency on the market. The quality of services is uncertain, and it is difficult to 

understand, what could be useful. The consequence can be that the demand is restricted and 

relatively small compared to the beneficial level. Opportunities are missed and services could suffer 

from low quality leading to a risk of maladaptation. 

 

The process of developing  climate adaptation service forecasts have made these limitations very clear, but 

it has also initiated a further clarification of what is needed in order to further upscaling climate service 

adaptation services and thereby capture more benefits of climate change adaptation. Some of these 

include traditional conclusions about what can make a market exchange more efficient. We are here using 

the “market” term as including not only commercial transactions, but also a wider range of exchanges. In 

this way, the market is understood as an institutional mechanism, where services of a value is exchange 

independent of a specific business model and user community. In this context of climate adaptation service 

market upscaling, MARCO in general and the forecasting activities point to the following conclusions: 
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 The potential value of a service should be well established, for example based on an assessment of 

the benefits of avoiding damages, and easily understandable information should be made available 

to climate service users.  

 Given large uncertainties about climate change and the value of climate vulnerable assets and 

activities, policies play a leading role in hedging the uncertainties. If, for example, the development 

of city adaptation plans were made mandatory, then climate adaptation is needed for that purpose 

and climate service demand is derived. 

 Markets work well if there are plenty of suppliers and customers since this increases competition 

and can drive down costs. Decreasing transaction costs and awareness among users can support such 

a development (see also EU MACS). 

 Market efficiency requires transparency and homogenous products. Climate adaptation services by 

definition include a large component of tailor made information, which add complexity to the 

homogeneity of products. Quality assurance of climate services is at the same time a very important 

in supporting cost effective adaptation. 

 

Given all the highlighted limitations and complexities in the development of future climate adaptation 

service exchange, the overall conclusion of the MARCO forecasting is that the forecasting exercise in itself 

sharpen the understanding of main opportunities and uncertainties. Particularly important outcomes of 

forecasting include: 

 Projections identifying likely upscaling potentials for climate adaptation services, which can help 
new and existing purveyors to make strategic plans. 

 Overview of existing and future potential products, which can help exchange and competition. 

 Identification of potential climate adaptation service growth sectors, where early niche markets can 
be developed. Such markets could be a platform for the later development of other market 
segments. 

 

1.2 Key forecasting results for the short and long term horizon of MARCO 

We are in the following presenting a short overview of the key forecasting conclusions of MARCO for the 

short term until 2020, for the long term until 2030 supplemented with the qualitative case study 

conclusions in WP 5.  

 

1.2.1 Short term forecasting 

The short term forecasting approach emphasizes that growth forecasts should be examined at the market 

level in order to fully understand why some industries have a higher than expected growth rate (see D 6.2 

for more details). MARCO partners experienced in the Climate Services sector suggest that the sector 

growth is generally around 10%. In many industries, including Built Environment and Exploration, Mines 

and Quarries, the largest markets have growth rates around 10%, but the smallest markets happen to be 

very high growth areas (for example, the Large Development market in the Built Environment industry is 

expected to see 13.5%-14.5% growth throughout the forecast period). These small, high growth markets 

inflate the growth rates for the industry they are part of.  
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By comparing the forecast for 16/17 and 17/18 using this forecasting methodology to the measured market 

data, they find an accuracy rate 90% in all metrics, in all levels and areas of the taxonomy. This is 

unsurprising in a sector where very little is “new”. The services within the Climate Services sector have 

been in the marketplace under different classifications for a while. Those forecasting within the Climate 

Services industry itself are very good at forecasting the first 2 years of growth. Unlike other, more 

established sectors, accuracy rates beyond 2 years are deemed less reliable. Most sectors can reliably 

forecast 5 years of growth, but in the case of Climate Services, this is more likely to be only 2 years at 

present.  

 

1.2.2 Long term forecast 

The long-term climate adaptation service forecast has taking the starting point in the EU programme on 

supporting climate action through the EU budget (EU, 2018; EU, 2017). It is in relation to the suggested EU 

budget for 2021-2027 proposed to build on the positive experience from the previous budget period, and 

to integrate and mainstream climate action into the whole EU budget. See more details on the approach in 

D 6.2 and D 6.3. 

We have focused the climate service forecast on case study areas, which are considered particularly 

vulnerable to climate change, and where large activities and policy frameworks are in place or under way. 

The forecasts included cover the energy sector, finance and investments, and cities. 

The energy, finance and investment, and city case studies have identified a large potential demand for 

climate adaptation services in the following areas:    

 Energy production and investments: 

o Europe: Large growth in energy production by renewable energy is expected, and this 

included new technologies like solar and wind energy, which requires smart management 

of the fluctuating energy production and climate service information. Similar investments 

in new power generation technologies will include large renewable energy capacity. 

o Globally: Emerging economies like India and China are expected to have a large growth in a 

broad portfolio of electricity production technologies including renewables, fossil fuels and 

nuclear. Other regions except the US and Europe will also experience growth in a broad 

technology portfolio, and this implies that climate adaptation services addressing both 

fluctuating renewable energy production and thermal energy will be very relevant for the 

large coming investments in the energy sector.  

 International finance will in the future to an increasing extent mainstream climate actions, and 

adaptation will here play an increasing role. It will here be critical to develop climate adaptation 

services, which can help to assess the benefits of climate adaptation. The reference scenario for 

climate finance shows that the development until 2030 will grow relative slowly and the World 

Bank Group and the EU will be the major contributors. Policy scenarios as, e.g. the UNEP 

Adaptation Gap Estimate, shows that in order to address the vulnerabilities in developing countries 

2-3 times higher climate finance will be needed in 2030 compared with the baseline (see MARCO 

D6.4).   
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 Cities are developing very fast in Europe and globally, and they possess large values in terms of 

buildings, infrastructure, historical/cultural values, ecosystems and people. City adaptation plans 

are under way, but in Europe as well as globally the coverage is limited, and the existing planning is 

still in initial stages in most cities. However, initiatives such as the Covenant of Mayors initiated by 

the EU are major drivers of city adaptation planning. Since end-2015 all new signatories have 

committed to prepare a risk and vulnerability assessment, which more than 1000 cities have now 

submitted. With the more than 7000 European cities (and even more globally) already engaging in 

mitigation planning, there is a large potential for CS growth as more and more cities and towns are 

planning for adaption to climate change. 

Across the sectors, there are some common conclusions:  

 Green economy policies including city and energy sector plans are important drivers for climate 

actions and associated climate adaptation services. Renewables energy is expected to penetrate 

very fast in Europe, and the efficient management of these technologies requires detailed and 

context specific climate services. 

 Climate adaptation services are more complex than the mitigation area. In the energy sectors as 

well as with finance and cities, mitigation has today penetrated further than adaptation. The 

development potential of climate service adaptation services are therefore relatively large 

compared with other climate service areas. 

 Large and increased international financial flows and investments are expected in the future, and 

climate change is increasingly mainstreamed into both public and private investments. Climate 

change adaptation is today a small share of the activities, but large MDB’s like the World Bank 

group emphasize, that adaptation is supposed to have an increasing role in its new climate action 

finance plan. Climate adaptation services are more complex than the mitigation area. In the energy 

sectors as well as with finance and cities, mitigation has today penetrated further than adaptation. 

The development potential of climate service adaptation services are therefore relatively large 

compared with other climate service areas. 

 Policies are important to the implementation of climate actions, and the case study climate service 

adaptation forecasts illustrate how policy scenarios potentially could speed up the penetration of 

climate services. 

 The case studies conclude that there are a very high potential for climate adaptation services 

including an untapped potential today as well as an increasing need in the future. Some of the areas, 

where large-scale deployment of climate adaptation services could be very beneficial are related to 

the energy sector, city development and adaptation plans, and in relation to international finance 

and investments. Climate adaptation services have currently a relatively limited application in some 

areas including Eastern Europe and non-OECD (see also WP4 for details on the extension of the 

current climate service market), countries, and these areas therefore represents is particularly 

important growth area. 
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1.2.3 Qualitative forecasts 

MARCO WP5 includes qualitative case studies, which have included workshops and interviews with main 

stakeholders about future needs of climate adaptation services (see more details on the studies in MARCO 

D5.1). Figure 1 provides an overview of the case study conclusions. 

 

Figure 1. To what extent do climate services meet the needs of sector users? Sectors coloured 'red' 
indicated poor climate service provision whilst sectors coloured green means needs are will 

addressed. (Source: from MARCO D.5.1, figure 25). 

 

Figure 1 summarises case studies’ evaluations of the ‘gap’ between met and unmet climate service needs, 

and it is a key conclusion that no case study reports that their sector is well catered-to by climate services, 

with all sectors reporting significant unmet climate service needs.  The legal services study reports the 

largest gap between met and unmet needs.  

For example, the viability of some low-elevation ski resorts is likely become more marginal in the future. 

Such businesses could be faced with varied, often competing adaptation options in order to be long-term 

viable: a resort may move ski infrastructure to higher elevations in order to remain a long-term winter 

tourism business, invest in catering to the summer tourism market or mal-adapt through increasing use of 

snow making equipment. Services that provide clear advice to decision-makers about future snow, 

precipitation, and temperature adjusted to the particularities of regions, elevations, and slope aspect will 

be indispensable toward guiding planners and resort operators, as well as assuring investors and 

underwriters. A fuller summary of climate service needs by sector can be found overleaf.  The table sets-

out key sector activities that may raise climate-related questions, and as well as specific climate service 

demands articulated by each sector.  

Based on the different approaches used for climate adaptation service forecasting Table 1, below, provides 

an overview of the approaches, scope and major uncertainties. In conclusion, major uncertainties are in the 

short term related to how representative the focal study areas are to larger sectoral and upscaled climate 

adaptation services, while the long term forecast are addressing larger scale upscaling, but it is uncertain 

whether potential benefits of using climate services will be captured widely across sectors and 

stakeholders.  
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Table 1. Major uncertainties related to the forecasts 

 Approach Coverage Short term 

uncertainties 

Long term 

uncertainties 

Case studies: 

 Real estate 

 Mining 

 Legal services 

 Critical energy 

infrastructure 

 Renewable energy 

 Water & sanitation 

 Urban infrastructure 

 Agriculture & forestry 

 Alpine winter ski tourism 

 

Qualitative Cases 

 

Very context specific 

but with rich 

information about 

market gaps and needs 

for the cases 

 

Large uncertainties in 

an upscaling 

perspective 

Long term is not a  

focus 

KMatrix market transaction 

analysis 

Quantitative 

Extrapolation of 

trends in 

commercial 

transactions 

(only private 

sector) 

All sectors 

covered by 

upscaling 

factors 

Two major sorts of 

uncertainties: 

Data only covers very 

small part of the 

current exchange 

Will short term trends 

in very specific 

activities be relevant in 

relation to other 

sectors 

Long term is not a  

focus  

Economic approach reflecting 

potential benefits of Climate 

adaptation services in support of 

adaptation 

Quantitative  

Case studies e.g. 

based on modelling 

and policy 

scenarios and 

climate risks 

Energy 

Cities 

Finance 

Cases provide 

information about 

climate risks in the 

sector, and for cities 

and finance 

information about 

ongoing adaptation 

activities 

Forecasts include 

uncertainties related 

to how future climate 

risks facing the sectors 

could transform into 

climate adaptation 

service exchange 

 

Policy scenarios limit 

the uncertainties 
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2 Forecasting methods – robustness and uncertainties 

The short- and long-term forecasting approaches are as already stated different in scope and approach. In 

the short term, the forecast is driven by the identification of historical and current commercial transactions, 

which is a bottom up approach, while long term the focus is on general development trends, climate risks, 

and policies, which is a top down forecasting approach. This is in accordance with traditions within 

integrated climate and policy modelling, where bottom up typically is used for short-term analysis and top 

down is used for longer-term analysis, see e.g. IPCC, 2005, Chapter 9. 

There will be many uncertainties associated with forecasting climate adaptation services. In order to 

facilitate that forecast users critically can review the results in relation to their own needs and judgments, it 

is recommended to look for robust methodologies, which address key drivers and critical assumptions in a 

transparent way. It should here be noted that the IPCC as a general methodological principle do not assign 

probabilities to individual scenarios, and as recommended with our forecast, it is important to display 

critical assumptions in a transparent way. 

MARCO Deliverable D 6.2 highlights that the need for, and benefits of, climate adaptation services depend 

on assumptions about economic activities, climate impacts, benefits of avoided climate damages, and 

climate service markets as illustrated in Figure 2. 

 

 

Figure 2. Analytical structure of climate adaptation service forecasts 

 

There are uncertainties associated with all the elements included in Figure 2, and the total range of 

uncertainties tend to magnify, when combing the uncertainties in all analytical elements from left to right 

in the figure. The literature refers to these uncertainties as a cascade of uncertainties (Wilby and Dessai and 

Wilby, 2012; Halsnæs and Kaspersen, 2018). The point is that the uncertainties in climate risk modelling 

generates a range of impact scenarios, which then in the next analytical step when combined with 

uncertainties related to damage costs and adaptation options again generate a wider uncertainty range. 

Adding uncertainties of climate adaptation services to modelling results of climate damages, again 

significantly widen the forecast range. 
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The emergency of a cascade of uncertainties, when climate risk modelling is combined with climate 

adaptation service forecasts can be illustrated in relation to the city forecasting case included in MARCO D 

6.4 (Outlook 2020). The climate damages in cities, e.g. in terms of flooding from extreme precipitation, 

depend on climate modelling precipitation projections, which are very uncertain due climate model 

uncertainties, and alternative climate scenarios. The economic projections about assets and activities in the 

cities are also uncertain. Adding flood modelling and damage cost assessments with its own uncertainties 

all together provide a wide range of alternative scenarios for the benefits of avoided damages, which could 

generate a demand for climate adaptation services. For each of these scenarios forecasting climate 

adaptation services then again involve several uncertainty components, which further expand the cascade 

of uncertainties. This is illustrated in Figure 3.   

 

 

Figure 3. The cascade of uncertainties facing forecasting of climate adaptation services 

 

The major uncertainty elements of the forecasting included in Figure 3, are to which extent projection of 

benefits of avoided damages imply a demand for climate services, how the demand is framed by policies, 

and following that, whether there is a supply-demand match on the markets, which can support the 

exchange of high quality services.  

The interesting question is then, how the cascade of uncertainties facing climate adaptation service 

forecasting can be reduced. First, the uncertainties are very context specific in relation to the case and the 

time perspective of the forecast. Climate forecasts tend to be particularly uncertain for a short time 

horizon, while damage modelling based on economic assumptions tend to be increasingly uncertain with a 

long time horizon, so we are facing trade-offs between different kinds of uncertainties in the climate risk-

modelling domain in the top of the figure. Policies as included in the next level of the figure can however be 

used to reduce these uncertainties. Decision makers or the private sector can here decide to go for a given 

climate scenario protection level for their adaptation plans, which will limit the relevant range of climate 

scenarios and damage cost estimates. Policies can also decide, that adaptation plans and thereby climate 
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services involved are mandatory. The next level in Figure 3 address supply-demand match on the market, 

and reducing the uncertainties associated with this as well as for the next level on transparency and quality 

could require that assumptions be made about how the market development could be supported by 

regulation, certification and other measures. The EU-MACS has addressed these options.  

 

3 Conclusions 

MARCO has included short and longer term forecasting of climate adaptation service exchange using 

qualitative as well as quantitative information, and it shows that despite differences in scope and approach 

some common conclusions emerge. Climate service demand is growing very fast according to the 

transactional data included, in needs suggested by qualitative interviews, and in policy-based scenarios for 

the longer term. Furthermore, there is a gap between the climate risk estimates by models, and the current 

extension of climate adaptation services.  

Policies seem to be a very important driver for closing the gap in needs and climate adaptation service 

demand in the future, and the application of policies could help to scale of services in niche market, which 

could be a platform for further development. 

Forecasting climate adaptation services suffers from several limitations and complexities. Data is limited, 

and a cascade of uncertainties emerge from underlying climate risk studies, transformation of risk to 

service demand, and market failures including the supply-demand match, lack of transparency, and quality 

assurance. In conclusion, policies related to adaptation planning as well as to the reduction of transaction 

costs for climate adaptation service exchange are very critical factors in upscaling services.  

Given uncertainties, it can also be concluded that probabilities cannot be applied to different forecasts, but 

it is recommended to develop robust forecasts, where key critical assumptions are highlighted for the user 

community.  
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