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Relationship between an impact and a response

Example:

Impact: River flooding in Europe

European response: Flood protection; land 
management; building regulations (exposed areas)

Example:

Impact outside Europe: Tropical cyclone in SE Asia with extensive 
damage to palm oil plantations; supply chain disruption; profits fall 

European response: Substitution of supply; reduced credit to firms

Source: Carter et al. 2021



Impact transmission leading to a risk of concern 

Impacts propagated from the initial impact 
between system components of varying 
complexity across borders and over time

Climate-related (other predisposing impacts 
not related to climate may precede this)

Weather shock or slow-onset event
linked to climate change (attribution)

Aggregate or net impact transmitted 
to a region of interest

Source: Carter et al. 2021



Response transmission system for ameliorating risks 
from propagating impacts

Interventions targeting recipient 
risk (exposure or vulnerability) 

Green shading: ability to respond 
depends on actor’s sphere of influence

Interventions targeting impacts 
(initial or propagated)

Responses may be 
reactive or anticipatory

Indirect interventions via a third party

Source: Carter et al. 2021



Generalised conceptual framework for analysing the transmission of cross-border climate change 
impacts, risks and responses in the context of present-day and alternative future conditions

Source: Carter et al. 2021



Generalised conceptual framework with alternative typologies



Extension of the conceptual framework to highlight 
scenario aspects

FUTURE CONTEXT IN A SCENARIO WITH 
STRONG INTERNATIONAL CONNECTIONS

FUTURE CONTEXT IN A SCENARIO WITH 
WEAK INTERNATIONAL CONNECTIONS



• Scenario framework widely 
applied in climate research

Shared Socioeconomic Pathways (SSPs)

Source: O’Neill et al. 2017



How connected is the world in the SSP narratives?

To update the presentation title go to 'View' > 'Header and Footer' and then update www.cascades.eu

Political (global governance, institutions) Economic (global trade) Social (international migration)

SSP1 • increasingly effective and persistent cooperation and collaboration of local, national, and 
international organizations and institutions, the private sector, and civil society

• inequality is reduced both across and within countries
• energy, institutions that can facilitate international cooperation
• strong and flexible global, regional, and national institutions
• a global focus on increasing equity also increases social cohesion, while maintaining 

high levels of social and cultural diversity within and across countries
• Technology transfer is facilitated by international agreements on intellectual property 

rights and other issues.

• improving the access of developing countries to international markets, 
including the opening of agricultural markets

• Markets are globally connected, but an emphasis on regional production 
reduces the incentives for specialization and limits the increase in trade 
volumes.

• Migration is at intermediate levels. Although increasing 
integration of labor markets allows people to move around more 
freely, improved regional livelihoods and the renewed emphasis 
on regional production reduce migration incentives.

SSP2 • There is relatively weak coordination and cooperation among national and international 
institutions, the private sector, and civil society for addressing environmental concerns.

• Tensions within and between countries periodically threaten to boil over, but do so only 
rarely, and never catastrophically. Conflicts over environmental resources flare where 
and when there are high levels of food and/or water insecurity coupled with political and 
economic instability

• access to global oil and gas markets continues to play a large role in international 
relations

• challenges in global cooperation on environmental issues

• Globally connected markets function imperfectly.
• The flow of information and global access to markets are rather well 

established in most countries, although entry barriers to agricultural 
markets are reduced only slowly.

• some international cooperation and investment in research and 
technology on providing access to modern energy and promoting 
sustainable development. However, new energy and agricultural 
technologies developed in industrialized countries are only slowly shared 
with middle- and low-income countries, in part because of challenges to 
resolving intellectual property rights, legal rights, and other issues with 
technology transfer.

• Migration between countries continues at intermediate levels 
owing to the restriction of labor markets, but there are 
intermittent periods of greater international migration when 
populations are challenged by food insecurity, conflict, and other 
factors.

SSP3 • A resurgent nationalism, concerns about competitiveness and security, and regional 
conflicts push countries to increasingly focus on domestic or, at most, regional issues.

• limited number of comparatively weak global institutions
• difficulty in achieving international cooperation
• a world that is separated into regional blocks of countries with little interaction between 

them
• Global governance and institutions are weak, with a lack of cooperation and consensus; 

effective global leadership and capacities for problem solving are largely absent.

• barriers to trade, particularly in the energy resource and agricultural 
markets

• The world has de-globalized, and international trade, including energy 
resource and agricultural markets, is restricted because of security 
concerns.

• Agricultural technology development is slow, especially with very limited 
transfer to developing countries.

• low levels of international migration

SSP4 • a gap widens between an internationally connected society that is well educated and 
contributes to knowledge and capital intensive sectors of the global economy, and a 
fragmented collection of lower income, poorly educated societies that work in a labor 
intensive, low tech economy

• International institutions and power structures increasingly focus on and serve the needs 
of the globally connected economy.

• The high-tech economy globalizes with highly connected international 
businesses and workers and open trade, but many people are left outside 
this system.

• Food trade is global, but access to markets is limited

• Migration is high for richer groups, but difficult for low-income 
groups.

SSP5 • rapid rise in global institutions and promoting the ability for global coordination
• On the international level, countries pursue a global “development first” agenda and 

increasingly cooperate on economic, development, and security policies.

• Global markets are increasingly integrated
• accelerated globalization and high levels of international trade
• Economies become increasingly globalized over time with high levels of 

international trade.

• International mobility is increased by gradually opening up labor 
markets as income disparities decrease.

• International mobility is increased by gradually opening up labor 
markets as income disparities decrease. Migration from poorer to 
wealthier countries buffers the effect of aging populations in 
industrialized countries.

Quotes from O’Neill et al. 2017 (supplementary data), doi:10.1016/j.gloenvcha.2015.01.004 



Policy1 Trade1 Migration1

SSP1 High High Medium

SSP2 Medium Medium Medium

SSP3 Low Low Low

SSP4 Medium Low+high Low+high

SSP5 High High High

How connected is the world in the SSPs?

Sources: 1 – global narratives (O’Neill et al. 2017)

Interpreting global narratives



Policy1 Trade1 Trade2 Migration1 Migration3

SSP1 High High Medium Medium Medium

SSP2 Medium Medium Medium Medium Medium

SSP3 Low Low Low Low Low

SSP4 Medium Low+high Low/med Low+high Medium

SSP5 High High High High High

How connected is the world in the SSPs?

Sources: 1 – global narratives (O’Neill et al. 2017)
2 – assumptions of trade openness used in an SSP-quantification of GDP (Dellink et al. 2017)
3 – assumptions for international migration in SSP population projections (KC & Lutz 2017)

Quantifications of SSP drivers



Policy1 Trade1 Trade2 Migration1 Migration3 Finance4

SSP1 High High Medium Medium Medium High

SSP2 Medium Medium Medium Medium Medium Medium

SSP3 Low Low Low Low Low Low

SSP4 Medium Low+high Low/med Low+high Medium Low+high

SSP5 High High High High High High

How connected is the world in the SSPs?

Sources: 1 – global narratives (O’Neill et al. 2017)
2 – assumptions of trade openness used in an SSP-quantification of GDP (Dellink et al. 2017)
3 – assumptions for international migration in SSP population projections (KC & Lutz 2017)
4 – based on Battiston & Monasterolo (2018) and Monasterola (pers. comm.)

Finance hardly mentioned in the global narratives 



How connected is the world in the SSP narratives?

Source: O’Neill et al. 2017
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Source: Carter et al. 2020, CASCADES D2.1

A possible extension of the SSPs would be to 
consider scenarios that pair high connectivity 
in one aspect with low connectivity in another.



Policy1 Trade1 Trade2 Migration1 Migration3 Finance4 EU intern. 
cooperation5

Armed 
conflict6

Invasive 
species7

SSP1 High High Medium Medium Medium High High Low-med Low

SSP2 Medium Medium Medium Medium Medium Medium – Medium High

SSP3 Low Low Low Low Low Low Low High Medium

SSP4 Medium Low+high Low/med Low+high Medium Low+high High Med-high High

SSP5 High High High High High High High Low High

How connected is the world in the SSPs?

Sources: 1 – global narratives (O’Neill et al. 2017)
2 – assumptions of trade openness used in an SSP-quantification of GDP (Dellink et al. 2017)
3 – assumptions for international migration in SSP population projections (KC & Lutz 2017)
4 – based on Battiston & Monasterolo (2018) and Monasterola (pers. comm.)
5 – European SSPs (Kok et al. 2019)
6 – Hegre et al. 2016
7 – Roura-Pascual et al. 2021

Scanning the SSP literature database (v1, 2014-2019, >1300 papers; O’Neill et al. 2020 
& v2, 2020-20, 1134 papers, Green et al. 2022) and literature search



Examples of issues to be refined in the cross-border 
dimensions of the SSPs
Impact transmission

Trade: What free trade zones are in place? What are the market restrictions and custom duties for 
international trade? How diverse are supply chains?
Finance: How easy are international financial transactions? What financial restrictions are in place? What 
international investments can be made in different regions?
People: What are the regional zones for free movement of labour? What restrictions incentives are there to 
migrate?
Psychological: How freely is information available? How much do perceptions about climate risks distort the 
truth?
Geopolitical:Are there regional geopolitical blocks in place? How effective are international institutions, are 
different institutions overlapping or contradictory?
Biophysical: What is the level of cooperation in transboundary water management and the level of 
competition of water resources? What is the level of measures to prevent the spread of invasive species?
Infrastructure:Are there chokepoints that depend on individual infrastructure?

Regional 
extensions of the 
SSPs to include 
the regions 
connections to 
the rest of world

Response transmission

Level of international disaster funds, welfare in region of recipient risk, diversification of supply chains



• International connectivity under the SSPs cover a wide range of levels.

• These are largely consistent across different dimensions (e.g. a high 
connectivity in trade is paired with high connectivity in both migration and 
finance).

• A possible extension of the SSPs would be to consider scenarios that pair 
high connectivity in one aspect with low connectivity in another.

• More detail in scenario descriptions of international connectivity including 
their quantification would improve assessments of future cross-border 
climate risks.

• Lower levels of connectivity might imply a relatively lower cross-border 
proportion compared to direct climate change risks; however, it also implies 
reduced international cooperation to address these risks.

Conclusions



Thanks for your 
attention!
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