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Glossary

Unless otherwise stated, the terminology in the report follows conventions developed by
the IPCC WGII.

CONCEPT DESCRIPTION

Adaptation Factors that make it harder to plan and implement adaptation actions.

challenges

Adaptation Factors that make it easier to plan and implement adaptation actions, which expand

opportunities adaptation options, or that provide ancillary co  -benefits.

Adaptive capacity The ability of systems, institutions, humans, and other organisms to adjust to
potential damage, to take advantage of opportunities, or to respond to
consequences.

Ecosystem service Ecological processes or functions having monetary or non -monetary value to

individuals or society at large. These are frequently classified as (1) supporting
services such as productivity or biodiversity maintenance, (2) provisioning services
such as food, fibre, or fish, (3) regulating services such as climate regulation or
carbon sequestration, and (4) cultural services such as tourism or spir itual and
aesthetic appreciation.

Exposure The presence of people, livelihoods, species or ecosystems, environmental
functions, services, and resources, infrastructure, or economic, social, or cultural
assets in places and settings that could be adversel vy affected.

Hazard The potential occurrence of a natural or human  -induced physical event or trend that
may cause loss of life, injury, or other health impacts, as well as damage and loss to
property, infrastructure, livelihoods , service provision, ecosystems, and
environmental resources.

Limits to A limit to adaptation is reached when adaptation efforts are unable to provide an
adaptation acceptable level of security from risks to the existing objectives and values and
prevent the loss of the key attributes, components, or services of ecosystems.

Overshoot Pathways that first exceed a specified global warming level (usually 1.5°C, by more
than 0.1°C), and then return to or below that level again before the end of a
specified period of time (e.g., before 2100). Sometimes the magnitude and
likelihood of the overshoot is also characterized. The overshoot duration can vary
from at least one decade up to several decades.

Risk The potential for adverse consequences for human or ecological systems,
recognising the diversity of values and objectives associated with such systems. In
the context of climate change, risks can arise from potential impacts of climate
change as well as human responses to climate change.

Tipping point A level of change in  system properties beyond which a system reorganizes, often
abruptly, and does not return to the initial state even if the drivers of the change are
abated.

Vulnerability The propensity or predisposition to be adversely affected. Vulnerability

encompasses a variety of concepts and elements including sensitivity or
susceptibility to harm and lack of capacity to cope and adapt.
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Executive Summary

The 1.5°C Paris Agreement long -term temperature goal sets ambitions for global climate
action to avoid the most devastating impacts of climate change. However, under current
emissions trajectories, overshooting 1.5°C is a distinct possibility.

Even if we only temporarily exceed 1.5°C in the near term, we could still cross cli mate
thresholds in ways that would severely limit our adaptation options. This would impact
people and places around the world, but nowhere will this be felt more than in vulnerable
regions.

To date, adaptation and urban planning do not routinely consider the implications of
temporary overshoot of 1.5°C and what this would mean for sea level rise, extreme heat,
extreme weather events, flooding and their impacts locally  or for whole regions. To bridge
this gap, t he PROVIDEproject is undertaking research on temperature overshoot
scenarios and their expected impacts , so we can better understand under which
conditions these impacts can be avoided.

This report looks at adaptation challenges in four iconic case study regions and cities:

i Arctic Fennoscandia, with a focus on Bodg, Norway

1 the Iberian Mediterranean, with a focus on the Lisbon Metropolitan Area
1 the Upper Indus Basin, with a focus on Islamabad

9 The Bahamas, with a focus on Nassau.

The findings are based on the review of relevant li terature and stakeholder workshops
undertaken by in -region experts, along with analyses of the structural profile of the urban
environments in focus.

The four regions are very different, both in climatic and socioeconomic settings, but all

are experiencing the consequences of climate change, including risks connected to more
frequent and more serious severe weather events. Examples range from deadly
heatwaves, hot and dry summer with forest fires, and extreme precipitation events that

lead to flooding and increased risk for landslides (and avalanches). Whole ecosystems are

also changing and could eventually vanish in response to shifts in the climate, in cluding
snow and ice habitats, agroforestry, and coral reefs. In the cities in focus, the built
environment has often reduced the capacity of the natural environment to buffer the
impacts of climate change, including intensive precipitation and extreme hea t.

A common feature for all iconic regions Sdespite their differences Sis that impacts from

a changing climate are exacerbated by socio -economic factors, such as inequalities and

lack of financial and human capital . Furthermore, pressures from urbanisat ion and
migration makes adaptation more challenging. Lack of adequate adaptation governance

and incentives is another common feature. These social factors affect adaptive capacity

and thus create Rsoftf | imits of adaptation.

There are also significant simi larities between the adaptation challenges faced by the
iconic cities. In all four cities, vulnerability to various climatic risks have increased because
of anthropogenic activity, such as the urbanization of coastal areas, construction leading
to disconti nuity of green -blue structures , and the intensity of the built -up space. All four
places have possibilities to address their respective climatic risks, but they also face
challenges related to a high degree of private land ownership along with governance
regimes without sufficient coherence for the needs related to climate adaptation and
mitigation.
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Arctic Fennoscandia and Bodg Municipality, Norway

The circumpolar Arctic is warming three times as fast as the global average. While the rate

of warming varies across the regions, Arctic Fennoscandia is facing very rapid warming
with shorter and more unpredictable winters as well as increasing precipitation. The long -
term implications for subarctic ecosystems are severe and affect all the services that they

provi de in terms of food, materials, and health.

Key climate hazards and adaptation challenges:

Increased precipitation and runoff

Warmer and drier summers, followed by the increased frequency of forest fires
Changing marine ecosystems with impacts on fisheries.

Multiple pressures on the landscape and increasing competition for land, where
reindeer herding is particularly vulnerable

1 New pathogens and diseases .

= =4 =8 =4

Local and regional impacts of climate change have the potential to affect national
economic interests (forestry and fisheries), but stakeholders also highlight non -economic
losses related to culture and wellbeing, such the loss of winter leisure activities.

In general, adaptive capacity is high and some  adaptation efforts are underway but there
are concerns about lack of awareness, lack of appropriate incentives and directives, and
lack of action. Participants in the regional stakeholder workshop also raised concerns that
the pace of change could challeng e the capacity for both funding and innovation.

While web -based tools are available to access locally relevant information about climate
impacts, there is a need for more knowledge support for adaptation, especially at the local
level. The major policy in strument for adaptation is spatial planning, with specific local
and regional responsibilities.

Adaptation must account for multiple pressures, including expansion of renewable energy
production and mining, and conflicting interests. Limits of adaptation a re often shaped by
a combination of biophysical and social factors.

The analysis of urban spatial structure has focused on the city of Boda, Norway . Bodg is
a small and compact city surrounded by coast, high mountains, and forests. It has a
multifunctional  built -up centre, and peripheral residential areas with a suburban structure.
Bodg is planning a new urban quarter on the former grounds of a military airport, which

will radically change the structure of the town and create opportunities for sustainable a nd
climate -resistant development.

As of today, the cityoces green space is very fragr
a big role in mitigating potential risks, for example, flooding from extreme levels of

precipitation. The creation of strong gre  en-blue corridors could play an important role in

buffering the flow of water and help its infiltration into the ground, but the fragmentation

of available spaces makes this a complex task.

Iberian Mediterranean and Lisbon Metropolitan Area

The Iberian Me diterranean is a recognised hotspot of climate change vulnerability. Along
with increasing temperatures and decreasing precipitation, the region is home to an
increasing concentration of people along coastlines and in metropolitan areas.

Growing levels of desertification and an ageing population in the interior areas have led
to a reduction in agroforestry activity and increase  d the risk of forest fires. Intense
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seasonal population movements associated with summer tourism further increase s the
vul nerability in areas already very sensitive to droughts and water scarcity.

Key climate hazards and adaptation challenges:

1 Extreme temperatures and heatwaves

1 Heavy precipitation events and floods

91 Droughts and water scarcity

9 Forestfires .

1 Loss of agricultural yield

I Species loss.

1 Sealevel rise and storm surges

I Hurricanes.
These hazards often occur within a combination of interacting physical processes, creating
Ecompound eventsc which pose additional <chall enge
in the region.
The strong concentration of people, infrastructure and econo mic activities in the Lisbon
Metropolitan Area makes it highly vulnerable to scenarios of increasing climate -related
risks.

Increasing temperatures and heatwaves, flash floods, droughts, storms, and wildfires are
already responsible for major disruptions, and are the focus of attention of several
adaptation initiatives and strategies. Longer and more frequent heatwaves and droughts
are expected and will lead to increasing risks  in both urban and rural areas, especially for
agroforestry, tourism, health, en ergy, and infrastructures.

Adaptive capacity in the region is dampened by still emerging adaptation governance
structures, poor administrative coordination, fragmented approaches, weak incentives,

and the lack of local economic capacity. Shortage of specia lised human capital, technical
and financial limitations, and  the lack of proper governance models were raised in the
Lisbon Metropolitan Area local stakeholder workshop as key constraints for adaptation.

Transboundary risks, such as those related with the management of shared water
resources, pose additional challenges and potential for conflicts and serve as an example
of current limits to adaptation in the region.

The mainstreaming of climate action into spatial planning was highlighted as an
opportunit y for improvement. Some decision -making tools are available and in use, but
workshop participants pointed out that overshoot scenarios are not yet included in risk
assessments and could be of relevance to the region.

The structural profile analysis highlig hted five preliminary priorit ies for adaptation :

1) Reorgani sing existing agricultural (cropland and pasture) land uses and land
covers.

2) The need for a territory -wide cooling project

3) Adapting the network of industrial and commercial units

4) Retrofitting and installing cooling devices in the urban landscape, according to
the degree of built -up intensity .

5) The reconfiguration of current protection regimes, governance structures and
ownership patterns (particularly of large non  -built -up spaces and transport
nodes) to allow for adaptation measures.
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The Upper Indus Basin and Islamabad

The Upper Indus Basin (UIB) is one of the recognised climate hotspot regions, with
significant spatial and temporal variability. Most of UIB features the high mountain ranges
of the Hindukush -Karakoram -Himalaya (HKH) region, which  contains the highest number
of glaciers in the world outside the polar region s. It is the primary source of water for
Pakistan, since three -fourths of the estimated UIB discharge results from melting snow
and ice. Increasing temperatures and changes in precipitation patterns are expected to

alter the hydrological regime of this region. Climate induced extremes already affect
livelihoods and claim lives of the inhabitants in the region.

Key climate hazards and adaptation challenges:

1 Extreme temperatures resulting into intense and prolonged heatwaves

1 Heavy precipitation events causing torrential or flash floods

1 Faster glacial melt initiating Glacial Lake Outburst Floods (GLOFs) and riverine
floods .

1 Water scarcity and drought, linked to crop failure and agricultural loss

9 Forest fires and loss of biodiversity

1 Sea level rise with frequent tropical cyclones

Agricul ture, the backbone of the countryces
change as water resources fluctuate and rising temperature affects yield, posing dire

threats to national economic growth and food security. Other eco nomic losses result ing
from these climate extremes further stress the already vulnerable economy, while impa cts
on cultural and religious practices contribute to non -economic losses. Despite the dearth

of literature on loss and damage, expected increase in frequency, intensity , and
persistence/duration of these extreme events are likely to cause human and other
ecosystems to be pushed towards the limits to adaptation.

The region has currently limited adaptive capacity in terms of policy and program s, mainly
due to lack of relevant knowledge and insufficient expertise. Additional economic
constraints have further hampered effective adaptation efforts. During the initial

stakeholder workshop , the complex climatic and geopolitical nature of UIB was
high lighted along with the challenges of transboundary water resource management and
the large uncertainties in regional climate projections. Additionally, lack of communication
and fragmented approaches in various administrative institutions were described as
having the potential to promote  inadequate adaptation planning.

Other priority areas identified  in the workshop were:

1 Involvement of stakeholders such as research institutes and private sector in
planning.

Coordination between planning and implementatio n authorities.

Capacity building of disaster management authorities to promote faster response
times.

Need-based Heat Action Plans for major cities, including Islamabad.

Focus on low -cost solutions for energy needs such as switching to renewables.
Promotion of nature -based sustainable solutions like Miyawaki forests for urban
areas.

= =9

= =4 =9
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Though a Climate Change ministry exists at federal level, the implementation of climate
change resilience and adaptation is a provincial responsibility. However, due t o lack of
resources and ambiguity in institutional roles, not much progress has taken place. For
example, Pakistan has yet to develop its National Adaptation Plan. Furthermore, gaps in
time series data hinder vulnerability assessment s and effective adaptiv e planning. Current
efforts focus on the inclusion of climate change impact assessment in major economic
sectors . Awareness raising and capacity building are taking place to improve the resilience

of vulnerable communities.

Islamabad is one of the very fe w planned cities in Pakistan. The urban area consists of a
grid structure with square sectors, separated from each other by generously sized traffic
infrastructure. The natural river valleys have been kept free of construction. These run as
green -blue corr idors through the built -up area.

Islamabad has low density and high green infiltration. The rapid development and
expansion of the city however is putting pressure on the green structure. Green -blue
corridors have been narrowed or fragmented by traffic in frastructure and (often informal)
settlements. The open space around the city is also becoming increasingly urbanized.

Specific climate risks in Islamabad are heat, drought, and flooding. The recent rising
trends in temperature has increased the incidence of flash floods and heatwaves, affected
public health and lower ed labour productivity. The way the city's spatial structure is
evolving increases these risks and makes spatial adaptive measures more difficult.

The Bahamas

The Bahamas is an archipelagic small island developing state (SIDS) with high levels of
climate change risk. More than 70% of the Bahamian population resides on the capital
island of New Providence, concentrating much of the population and assets in a small
geographic space of 207km 2.

Key climate hazards and adaptation challenges

Increased intensity of tropical cyclones
Sea level rise .

Ocean acidification and warming
Flooding .

Increased atmospheric warming.

= =4 =8 =4 A

High exposure to these hazards is related to the entire nation being classified as a coastal
zone due to low elevations and small land area of the islands.

The Bahamas has limited adaptive capacity, which also contributes to high levels of risk.
Adaptatio n constraints, including economic and financial challenges, make it difficult for
individuals and government actors to adapt, while weak institutional capacities have led

to fragmented and ad hoc adaptation approaches.  The stakeholder workshop highlighted
that a particularly pressing constraint is lack of capacity. While there are efforts being
made within various government agencies to consider climate change, there is a lack of
trained personnel that is experienced and knowledgeable about the particular a spects of
climate change that are relevant for each of the various sectors. Limited progress in
implementing the National Adaptation Policy as well as the lack of a national adaptation

plan were also identified as key constraints for adaptation.

The range of observed impacts in the country exemplify how soft limits to adaptation have
already been reached. Recent hurricanes have caused catastrophic damage, injustices and
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loss of lives and livelihoods on islands throughout the country. In 2019, Hurricane Dori an
caused damages of USD 3.4 billion, over a quarter of annual GDP. The focus of adaptation
efforts on ecosystem -based adaptation, such as coral reef and mangrove restoration, may
face hard limits to adaptation if global warming exceeds 1.5°C.

The analysis of urban spatial structure has focused on  the island New Providence and the
capital Nassau. The urbanized area of New Providence is located on the eastern half of the
island, along the coastal zone. Nassau city is a low  -rise sprawl. Nassau's modern growth
began just over 200 years ago as the population grew along with the built -up areas. When
the tourist economy began to develop , population levels and the city expanded along the
east coast of the island and today the urbanized area covers more than one -third of the
island. The mobility network on the island is challenged by a lack of room to expand and

a lack of public transport network.

New Providence isa low -altitude island mainly composed of sand, coral, lake s, and ponds
and with many areas of high e cological value , where inland w etlands play an important
role in water management by collect ing and store rainwater away from homes and roads
However, uncontrolled urbanization and a lack of long  -term urban planni ng leads to
increasing risks that s urface water features become polluted by industrial and urban
runoff. During the rainy season, building s along these shallow basins affect their ability to
prevent flooding and because of its low relief and large urban ar eas, New Providence is
often inundated.

The urban structure in the coastal zone also makes New Providence more vulnerable to
the impacts of hurricanes and other tropical storms that cause extensive flood and wind
damage . The coastline and its storm and fl ood security under a rising sea level should be
further investigated.
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PROVIDE

1. Introduction
1.1. The PROVIDE project

Overshooting the Paris Agreement temperature thresholds is a distinct possibility.
Potential impacts would be global in scope , with consequences which may be particularly
severe where changes are abrupt , irreversible , or adaptation limits are exceeded. The aim
of the EU -funded project , Paris Agreement Overshooting S Reversibility, Climate Impacts
and Adaptation Needs (PROVIDE) is to create climate services that incorporate
comprehensive information on impacts under overshoot pathways from the global to the
regional and local urban level, directly feeding into adaptation action. This includes:

1 Producing global multi -scenario, mu ltisectoral climate information that
integrates and quantifies impacts across  scales.

91 Providing comprehensive risk assessments of overshooting by assessing
climate system uncertainties and feedbacks, and the potential (ir)reversibility of
climate impacts .

1 Co-developing a generalizable overshoot proofing methodology for adaptation
strategies to enhance adaptation action in response to overshoot risks.

1 Identifying and prioritizing overshoot adaptation needs in four highly
complementary case study regions.

1 Integrating the project outcomes into a PROVIDE Climate Service Dashboard,
designed to complement established climate service platforms.

9 Interacting and collaborating with a wide variety of stakeholders, to ensure
usability and wide dissemination of project results and outputs.

GDQLDLQ%

? m 3
L;sh{ Demo Inc‘I. A £y Climate
. W Full output revérsibility ‘@) ADAPT
o demo
concept tool Phase 3 (M28-33) Phase 4 (M34-36)
Phase 1 (M1-12) Phase 2 (M13-27) Synthesis and Reversibility ~Uptake, integration and use
Fact ik emuiator Full output integration, incl. assessment

development

sectoral impacts

Biophysical @
modelling

* Fast-track coupling of
existing emulators /
variables

Stakeholder o
co-development

* Kick-start stakeholder
process in EU and IRs

« Identify critical thresholds
for overshoot proofing

* Development of overshoot
proofing methodology

« Integration of all sectoral
impacts

* Integration of IR urban
environment modelling

* Integration of impact
reversibility assessment
* CDR Risk taxonomy

* Completed

I

* Regular stakeholder
meetings, IR and EU

* Overshoot proofing of
existing strategies

* Final stakeholder
meetings, IR and EU

* Accomplishment of co-
development process and
Dashboard testing

* Promotion of Dashboard
through PROVIDE
stakeholder network

* Consolidate partnerships
with key-stakeholders to
ensure use on all levels

Climate Service
Products °

* First Dashboard beta
version to enable stake-
holder co-development

* Full output demo version
Dashboard including
regional module

* Final Dashboard including
overshoot proofing
module and reversibility
assessment

* Sustainable uptake and
use: Synergies/integration
with existing adaptation
tools on EU & local level

Figure 1.1. The PROVIDE project at a glance .
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Figure 1.2. PROVIDE is organized in interlinked work — packages.

1.2. Iconic Regions and Iconic Cities (WP4)

PROVIDE assesses regional and local impacts of overshoot pathways and the required
adaptation responses in four Iconic Regions (IR), including a focus on selected urban
environments within those regions. The  se regions and cities are places where physical
risks overlay with specific socio -economic vulnerabilities. The Iconic Cities (IC) were
selected to serve as places where the PROVIDE Overshoot Proofing Methodology can be
co-developed with local and regional  stakeholders. They will provide entry -points for
raising awareness about the need for enhanced adaptation action under overshoot
scenarios and offer a practical testbed for generalisable urban planning approaches.

22



D4.1 Four review reports
ot 08 2005 PROVIDE

Figure 1.3. Region in focus for PROVIDE .

The regions and cities in focus for PROVIDE are:

Arctic Fennoscandia, with a focus on Bodg, Nordland County, Norway
Iberian Mediterranean, with a focus on the Lisbon Metropolitan Area, Portugal
Upper Indus Basin, with a focus on Islamabad, Pakistan

The Bahamas, with a focus on Nassau

P wn e

The IRs span over diverse climate zones, different environments, and different social and
cultural contexts. They thus represent different adaptation challenges. Nevertheless ,
some conclusions are relevant across the regions, which will be particularly imp ortant for
developing a generalizable overshoot proofing methodology and a Climate Services
Dashboard that is credible and useful in a wide range of contexts.

1.3. Prs« 2kg~a2a® O - AT ¢

This report is the result of the initial stocktaking of the four Iconic Region s and Cities. It
represents the initial results from  Work Package 4 (Task 4.1) and constitutes Delivery 4.1
Four review reports on key overshoot adaptation challenges in Iconic Regions and Cities

The report is based on a combination of literature review , insights from the first set of
local and regional stakeholder consultations, and initial assessments of the spatial
structural profile and urban strategic structure of each of the Iconic Cities. The aim of the
report is to identify adaptation challenges  in the Iconic Regions and Iconic Cities, including
issues that are particularly relevant in relation to overshoot proofing. These include the
identification of the urban spatial potential, opportunities, and conditions for integrating
future adaptation mea s ur es . The reportoes main purpose
PROVIDE, especially regarding the overshoot proofing methodology and the development

of the Climate Service Dashboard. The description of the four regions follows a common
logic but with flexibi lity to reflect the unique social and environmental characteristics of
each region and city.

The body of the reportis divided into two parts : Part| (Chapters 2 to 6) includes the results
of a review of scientific and grey literature  , result summaries from the first local or regional
stakeholder workshops and summaries of the structural and strategic profiles of the four
Iconic Cities. Chapter 6 summarizes the insights from these reviews. Part Il (Chapters 7 to
12) includes the detailed analy sis of the structural and strategic profiles of the Icon ic Cities,
along with a description of the methodology (Chapter 7) , and a summary of insights from
this initial spatial analysis (Chapter 12).
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I.  Insights from four Iconic Regions and Ico  nic Cities
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2. Arctic Fennoscandia and Bodg municipality, Norway

Lead author: Annika E. Nilsson, Nordland Research Institute

Contributing author s. Amsale Kassahun Temesgen, Nordland Research Institute  and
Miechel De Paep, BUUR Part of Sweco

2.1. Introduction to Arctic Fennoscandia

Arctic Fennoscandia is here defined as the northernmost counties of Norway (Troms and
Finnmark, * and Nordland), Sweden (Norrbotten and Vasterbotten) and Finland (Lapland).

In the west, northern Norway faces the Norwegian Sea and in the north the Barents Sea.

In the east both Norway and Finland share borders with Russia. Despite the high latitude,

the climate is sub -Arctic, with mean annual temperatures ranging from -2°Cinland to up
to +6°C along the west coast (1960 -2015) (Eide et al. 2017) . The seasons are distinct with
snow and ice in the winters. Sunny summer days often reach +20 °C, but occasionally
feature temperatures close to +30 °C.

’,":Arlanr’iw
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Figure 2.1. The circumpolar north (left) and Arctic Fennoscandia with the northernmost counties of Norway,
Sweden and Finland (right). Based on maps produced by AMAP and barentsinfo.org.

PROVIDE

2.1.1. Landscapes, ecosystem services, and natural resou  rces

The regionces | andscape is shaped by the | ast
and northern coasts, and the inland rich in lakes and wetlands. The western areas are
mountainous and include mountain glaciers, which have been receding in rec ent years

1 The two counties of Troms and Finnmark were merged in 2020. Earlier statistics list data separately.
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(Benestad et al. 2017) . The terrestrial biomes include tundra in the inland north but is
ot herwise dominated by boreal forest. For a det a
and ecosystem features, see Eide etal. (2017).
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Figure 2.2. Ecozones in Arctic Fennoscandia. Reproduced from  (AMAP 2017).

The regi onces marine ecosystems are highly prod:
nutrients and light in the marginal ice zone. They support globally i mportant fisheries,
with the EU as a major importer  (Koivurova et al. 2021; Constable et al. 2022)

Other ecosystem services include the provision of raw material for the forestry industry.
Forests also provide gracing land for reindeer and moose, where r eindeer herding is a
cornerstone in Sami culture. Berries, mushrooms, fish, and game are other important
ecosystem services. Food provisioning is closely linked to cultural services (well -being,
identity, knowledge) not only for the Sami but for many other people in the region.
Agriculture accounts for only a small part of economic activities, where the most
important ecosystem service is grass for animal feed. Grassland and forage cropping
support dairy farming and sheep production (Eide et al. 2017). In Norway, Nordland,
Troms, and Finnmark together account for about 13% of all grass and about 6% of the
national meat production (Asheim and Hegrenes 2006) . There is also some cultivation of
potatoes and vegetables.

Many of the landscapes of Arctic Fennoscan dia are attractive for tourists and important
for a growing tourism industry, where ski tourism is highly dependent on climate
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conditions that affect the lengths of the snow season (Finnish Ministry of Agriculture and
Forestry 2014) .

Regulatory ecosystem services include carbon storage and water purification (Nordic
Council of Ministers et al. 2012) . A scoping study to assess the economic importance of
Arctic ecosystems concluded that health values of ecosystem services are often
overlooked as are social a nd cultural attributes (CAFF 2015).

The landscapes of Arctic Fennoscandia provide energy resources, including hydropower

from damming most of the large rivers during the 1900s. In recent decades, wind power

has expanded and now includes large wind power pa  rks, with plans for further expansion.
The region is rich in economically valuable ores that have supported a large mining and

steel industry. The region has been targeted by the European Union as important for the
future supply of critical minerals for th e European market and for the transition to non -
fossil energy systems (European Commission 2020, see also Glomsrad et al. 2021b) . OIl
and gas production is important for Norway, where the northward expansion of offshore

drilling has been facilitated by dec lining sea ice but is controversial as it is perceived as a
threat to fisheries and vulnerable ecosystems and at odds with reducing the production

of fossil fuels (Glomsrad et al. 2021b) .

i Forest-based [ Manufacturing \ ul [ fo 4
Mining Coil £ Z

Metal [Mrisn
Tourism

Figure 2.3. Overview of industries in the Barents area. Reproduced from AMAP (2017).

The national i mportance of the regi odewelspedi ndustr
infrastructure compared to many other parts of the Arctic. The r ailroads, roads, ports, and

airports are also important for the tourism industry and facilitate the further expansion of

extractive industries.

The expansion of industrial activities has led to increasing land use conflicts among
competing interests, wher e the extraction of resources and energy compete for land with
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reindeer herding, preservation of biodiversity and iconic landscapes, the demand for
undisturbed recreational areas, and defen ce-related interests. In a ruling by the Supreme
Court of Norway, w ind power in a site for reindeer herding was stopped due to its negative
impact on Sami reindeer herding culture ~ (Supreme Court of Norway 2021)

2.1.2. Population

Compared to other parts of Norway, Sweden and Finland, Arctic Fennoscandia is sparsely
populated but nevertheless feature several medium -sized cities. The current demography
is shaped by in -migration of early settlers as well as by people who moved north as the
region was industrialized in the 20th century. The Indigenous Sami and other early settlers

are now in minority, but with relatively large share of the population in Finnmark (Heleniak
2014). The relationships between minority peoples and majority society ha ve been shaped
by a long history of interaction as well as coercive nationalization policies of integration

into majority society (Eide et al. 2017) . The industrial development and focus on fisheries
have led to a male -dominated labour market, which is reflected in a higher proportion of
men to women than the national averages  (Heleniak 2014).

Since the latter part of the 20 ™ century, mechanization of major industries has led to fewer

jobs, followed by outmigration and urbanization as many young people leave for

education and jobs elsewhere. Consequently, there are fewer and older people inland a nd

in smaller communities, while some of the regionc
that provide higher education and a more urban lifestyle. Overall, life expectancy is high

in a global perspective and infant mortality low. More than a fourth o f the population have

completed tertiary education. Disposable incomes are more similar to the national

indicators for Norway, Sweden and Finland than in some other Arctic region (Duhaime et

al. 2021).

Even with attempts at di versifying the regi onaoes
population dynamics are tied to extractive industries with their boom -and-bust cycles. In

Norway, the oil and gas industry has played an important role for some municipaliti es

that serve as hubs for prospecting and production in the Barents Sea (Loe and Kelman

2016; van Bets et al. 2016) . In Sweden and Finland, mining and related industry have

shaped some settlement patterns. The expectation of increasing demand for renewable

energy and metals is currently driving a new wave of demand for skilled labour to work

in mines, the construction of battery factories, and with new fossil -free steel production.

Table 2.1. Selected social a nd economic indicator for Arctic Fennoscandia based on ECONOR 2020 (Duhaime
etal 2021).

Region Population Population % Life Infant Tertiary Disposable
growth females* expectancy mortality education income
2012-2018 per 1000 USD-PPP
live births
Finnmark 76167 0.5 49.3 79.8 5.0 28.0 24323
Troms 166499 0.8 49.1 81.7 1.8 32.9 25375
Nordland 243335 0.3 49.3 81.1 3.0 26.8 23536
Norrbotten 250497 0.1 48.8 81.1 2.9 27.8 22889
Vasterbotten 270154 0.6 49.3 82.0 2.7 26.5 21717
Lapland 178522 -0.4 50.0 80.5 2.9 26.7 22314

2.1.3. Governance

Governance follows the same pattern as in the rest of the Fennoscandian countries, with

a combination of central governments in the capitals further south (Oslo, Stockholm, and

Helsinki respectively), regional governance structures, and municipal governmen ts. The
regional structures include the national governm
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regionally elected governments, with different areas of responsibility. Local governments
have a relatively strong control over local development and responsib ility for land -use
planning (Eide et al. 2017).

Norway, Sweden, and Finland can be characterized as Nordic welfare democracies but
also have their own national features based on the importance of different economic
sectors. Since, the end of World War Il, peace has reigned in the region and crossing
borders between Finland, Sweden and Norway has not even required a passport.
However, the Covid -19 pandemic made the borders very real , due to heavy restriction son
border crossings, which ha ve affected job comm uting and places that have economies
based on cross -border shopping. The borders to Russia are tightly controlled.

The region is of military strategic importance due to its closeness to Russia. In recent
years, it has witnessed increasing military posturi  ng from both Russia and the West.
Norway is part of NATO, while Sweden and Finland collaborate with NATO, including joint
exercises, and have applied for NATO membership  in May 2022 .

2.2. Introduction to Bod @ municipality, Nordland County, Norway

Nordland coun ty is 500 km long and stretches from Trgndelag county in the south to
Troms and Finnmark county in the north. It borders Sweden in the east and the Norwegian
Sea in the west. The county is divided in five different regions: Helgeland, Salten, Ofoten,
Lofot en and Vesteralen (Thorsnees 2022) .

Bodg municipality is the regional capital in Salten with a population of 52,560 (Statistisk
Sentralbyrd 2021) . Bodé is Nordl andoes | argest city
administrative centre of Nordland county (Bodg kommune, 2018) . It has a steady
population growth, and it is expected that the population size will grow to 56,601 in 2030
and to 60,281 in 2040 (ibid). About 90% of the population lives in densely populated areas
while 2.3% live on farms.

Bodg municipality covers 4,827 km 2 (including territorial waters). The land area is about
1,395 km? including islands and the mainland. Land area is divided as follows: forest 40%,
agriculture 2% , fresh water 6%, city and built -up area 1%, industry areas 0.10%, and
open/uninhabited land 46% (Bodg kommune, 2018) .

Bodg is a coastal municipality with an 802 km long coastal line (ibid). As described by

Bodé& municipalitys WRaT]ie@e hamomreoast al areas

(ibid, p.14). The municipality has two national parks and 18 other protected areas with a

range of other conservation values. One such

strongest tidal current.

Bodg municipality has won the nomination to be the European cultural capital in 2024
(Bodg 2024 2021). The municipality has heavily invested in cultural activities the past few
years resulting in a significant growth of the cultural sector.

2.3.  Climate risks
2.3.1. Expected climatic changes in Arctic Fennoscandia

The Arctic climate is changing rapidly with the increase in annual mean surface
temperatures three times higher than the global average between 1971 and 2019. Impacts

are apparent with sea ice loss and melt ing glaciers, while long -lasting spells of extreme
cold have almost disappeared. The changing climate has fundamental implications for
ecosystems, with consequences for carbon cycling and biodiversity. Climate models
project that annual mean surface temper  atures in the Arctic may rise to 3.3 -10°C by 2100,
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depending on future emissions. Most projections point to a mostly ice -free Arctic in
September (the month of the sea -ice minimum) before 2050 (for reviews, see AMAP
2021a; Constable et al. 2022; Meredith e tal. In press) .

Within the circumpolar Arctic, there are large regional variations. In Arctic Fennoscandia,
temperature increases are projected to be larger in the north -eastern part with 5 -5.5°C by
2100 (RCP4.5) and smallest along the Norwegian west coas t with 2.5 -3.5°C, as illustrated
by the climate scenario tool provided by the Swedish Meteorological and Hydrological
Institute (SMHI 2021). The warming is most pronounced in wintertime. At the end of the
century, most of Arctic Fennoscandia may no longer feature a subarctic climate and typical
environments may only be present in smaller areas at high altitude (Bednar -Fried! et al.
2022, p. figure 13.7) . By 2040, most of the region is likely to experience temperature
increases of 1.5 -2.5°C.

Precipitation wi Il increase, especially along the Norwegian west coast, and more is
expected to fall as rain in seasons when snowfall has been the normal. Especially
problematic is wintertime rain on top of snow, which can create a layer of ice that grazing
animals have d ifficulties getting through (locked pastures) (Risvoll and Hovelsrud 2016).
Another concern is that the intensity of precipitation is expected to increase (Benestad et
al. 2017).

Arctic climate change

Projected changes in near-surface temperature (°C)
along the 30° longitude east for the 2080s relative to
1986-2005 under the IPCC RCP4.5 scenario

——— ... during the cold season (December—February)

=== .. during the warm season (July—August)

Sea ice extent
=== In September 1981
ZEEE Projection for autumn 2080-2100
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Figure 2.4. Projected changes in Arctic sea -surface temperatures. Reproduced from
httos.//www.grida.no/resources/13335. Cartographers. Philjppe Rekacewicz and Nieves Lopez Izquierdo.
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Many weather -related hazards in Arctic Fennoscandia are connected to low  -pressure
systems accompanied by strong winds, high waves, and heavy precipitation (as rain or
snow). The consequences include difficult traffic conditions as well as threats to physical
infrastructure, including risks for power outages, which has prompted demands on
upgrading the distributions network (Finnish Ministry of Agriculture and Forestry 2014)
Heavy precipitation also creates conditions that increase the likelihood of avalanche s and
rockslides (Benestad et al. 2017) and increase the risk for the breaching of dams that are
used in mining operations to store polluted water (Finnish Ministry of Agriculture and
Forestry 2014) .

Changes in the frequency and intensity of low  -pressure systems are difficult to predict,
but a slight increase in the frequency of deep cyclones over the Barents Sea is consistent
with a northward shift and increase in storm activity in the Arctic in recent decades
(Benestad et al. 2017) . A special type of extr eme low -pressure systems (polar lows) with
sudden hurricane force wind occur s in the Norwegian and Barents Sea, predominantly in
the cold season, and pose a threat to shipping, fishing vessels, coastal infrastructure, and
offshore activities.

With many riv ers and large seasonal variation in runoff, flooding is relatively common. It
becomes a hazard when snowmelt and heavy rainfall coincide and/or when the breakup
of ice in rivers lead to ice dams. The likelihood of precipitation causing flooding is
exacerbated when the ground is frozen or when artificial surfaces hinder water from
penetrating the ground.

In summers, longer warm and dry periods are expected, including conditions where
summer thunderstorms can start forest fires. Climate change is expected to increase not
only the length of the fire season but also the number of lightning events. The risks can

be further compounded by pest damage to the forest creating a high fuel load (AMAP
2021b). Forest fires can pose a direct hazard to people and infrastru  cture but also
significant economic losses for forest owners. They are an important source of black
carbon to the Arctic atmosphere  (AMAP 2021b) .

2.3.3. Otherclimate -related changes of societal significance

A warmer climate will have long -term effects of ecosyst ems and human activities. For
example, the snow season will become substantially shorter. Over the past 30 -40 years,
the length of the snow season has declined by 2 -5 days per decade, mostly because of
earlier snowmelt (Benestad et al. 2017) . Declining sno w cover may accelerate the
extinction of vascular plants, moss es, and lichen (Constable et al. 2022) . It also affects the
hydrological cycle and hydropower, where the flow is likely to become more even over

the year. It furthermore leads to a shorter seaso  n for winter tourism.

The warming leads to a longer growing season, with an additional 10 -30 days, with the
most impact along the North Atlantic and Barents Sea coast. This will affect both natural
ecosystems and the potential for horticulture and agricul ture in a region where
temperatures and frost -free days have been limiting factors. For natural ecosystem,
warming will lead to a northward shift of the forest at the expense of tundra biomes, but
changes in specific places will also depend on precipitatio n and soil moisture.

In a circumpolar perspective, warming permafrost is a major concern for the integrity of
infrastructure, hydrology, and emissions of greenhouse gases that have previously been
held captive in the ground. Arctic Fennoscandia features s ome areas of discontinuous
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permafrost that are very sensitive to changes in climate, with consequences for hydrology
and biodiversity.

Figure 2.5. Warming permarfrost affects carbon storage and hydrology. At Stordalsmyren, the discontinuous
permarfrost is monitored by researchers at the nearby Abisko Research Station. Photo: A. Nilsson

A warmer clima te creates more favourable conditions for animals that have previously
been limited by cold winters. These include insect pests that affect forestry (such as bark
beetles) and animals that carry disease agents, such as tick -borne encephalitis, Lyme
disease, and tularaemia .

The expected increase in warm days during the summer may not appear as an imminent
concern in a region where many people welcome the warmth. However, prolonged warm
periods create challenges to maintain reasonable indoor temperatures in hospitals and
facilities for elderly care, with increasing needs for air conditioning.

The marine environment is responding to the changing climate and declining sea ice with
changes in timing of the spring bloom, altered food web dynamics , and the appeara nce
of more southern species, including invasive species. Sea birds that rely on the marine

food web are especially sensitive to the timing of the spring bloom and many marine
mammals are sensitive to changes in the sea ice. Ocean acidification is an addit ional
concern. Cascading and interacting effects of climate change impacts may affect access
to and productivity of future fisheries  (Constable et al. 2022) .

2.3.4. Exposures to climate change and related hazards

2.3.4.1. Arange of activities that depend on weather cond itions

Arctic Fennoscandia features a variety of economic activities that are exposed to climate
and weather -related hazards, including those that directly dependent on ecosystem
services, such as herding, fisheries and forestry, as well as nationally imp ortant extractive
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i ndustri
but also highly exposed to weather

es and

energy

direct and indirect impacts on of climate change and provides
related to adaptation. In several sectors, adaptation actions are already underway as

reactions to observed changes, but awareness and capacity varies

Amundsen 2017) .

Table 2.2. Examples of potential impacts of climate change on different activities in Arctic Fennoscandia. The
examples as primarily based on the Arctic Council assessment Adaptation Actions in a Changing Arctic.

Perspectives from the Barents Area (Hovelsru d and Amundsen 2017, Turunen et al. 2017)

CCP6.6 in IPCC WGII(Constable et al. 2022) .

ACTIVITY

DIRECT IMPACTS

INDIRECT IMPACTS

producti on.
-related hazards. Table 2.2 summarizes some of the
examples of implications

PROVIDE

The

(Hovelsrud and

IMPLICATIONS FOR
ADAPTATION

ACTIVITIES THAT DEPEND ON ECOSYSTEM SERVICES

Herding, Decreasing snow cover Changing vegetation (less Reindeer herding becomes
hunting and and changing snow quality herbs more brush) more challenging, with
gathering Increasing frequency of Lack of access to adequate impacts of Sami traditional
rain -on-snow events forage livelihoods
Agriculture Longer growing season Increasing potential for local
Wetter conditions agriculture and horticulture.
Need for drainage
Forestry Longer growing season Potential for higher New demands on forest
Less severe winters but productivity management
with potential increase of Increased risk for storm New demands on
high winds damage and insect pests preparedness and response
Shorter season of frozen Greater risk for damaged in relation to storm damage
ground ground during harvesting and fires
Warmer and drier Increased risk for forest fires
summers
Coastal Warmer water RAtlantification f of the New demands on fisheries
fisheries Ocean acidification marine ecosystem as management
southern species move
further north
Marine Warmer water Potential for parasites
aquaculture Extreme temperatures shifting range and increased
risk for harmful algal
Storms
blooms
Freshwater Changing ice season and Changing water quality
fisheries warmer water
Tourism Shorter snow season Arctic tourism may have a Need to rethink business
competitive advantage model to include more
compared to ski areas summer tourism
further south but may
nevertheless need to adjust
to a shorter season
ACTIVITIES THAT DEPEND ON ABIOTIC SERVICES
Hydrocarbon Declining sea ice Changing conditions for More offshore extraction
extraction Changing risk for icing shipping and offshore and related shipping require
hydrocarbon activities more attention to pollution
control and to search and
rescue capacity
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Hydropower Shorter snow season Potential for more even flow
Changes in the amounts in hydropower  dams
and seasonality of Need for attention to dam
precipitation safety

Wind power Changing in weather
patterns that affect winds

Mining Changing precipitation Need to reassess water

patterns

ACTIVITIES THAT DEPEND ON TECHNICAL SERVICES AND INFRASTRUCTURES

management and dam
safety

New demand on climate
proofing in environmental
impact assessment

Human health

likely

Changes in extreme winter
conditions

More warm days
Longer warm season

More days with icy
conditions

Shipping Declining sea ice Longer shipping season Increased need for
Extreme winds preparedness and response

to meet growing activities
and extreme weather events

Road, Increased risk for extreme Increased risk for flooding, Need for risk assessments,

railroads, and precipitation events avalanches, and landslides. preparedness and response

airports, Warming permafrost Increased risk for heavy to flooding, avalanches, and

energy supply snow loads erosion events. Need for
upgrading energy
transmission infrastructure

Water and Extreme Disease-causing agents Need for re -dimensioning

sanitation precipitation/overflow

infrastructure

Housing Long warm spells more Increasing need for cooling

CROSSCUTTING CONCERNS

Risk for heat stress

Increased risk for animal
and water -borne pathogens

Increased risk for slippery
conditions causing falls and
fractures

of buildings, especially in
health and elderly care
Need to assess structural
integrity demands in
relation to snow load

A context of multiple drivers of change

The impacts of climate in Arctic F  ennoscandia takes place in a context of multiple drivers
of change and often constitute one of multiple pressures on ecosystems and activities
(Finnish Ministry of Agriculture and Forestry 2014; Expertradet for klimatanpassning 2022;
Osterlin et al. 2022) . The drivers of change range from external factors, such as global
demand for resources, to regional processes of change, such as shifts in the demographic
structure. Many drivers of change are influenced by decisions that are taken elsewhere, in
corporate board room or in political assemblies at national, EU, and international levels.

In participatory scenario exercises, local and regional actors have highlighted drivers of

change that they consider relevant for shaping the local future in the Nordic Arcti
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et al. 2017a, b; Nilsson and Sarkki 202 3). In addition to the impacts of climate change,
common themes include expectations of market demand (natural resources and energy

but also tourism), politics and power relations (especially local decision -making power
and the lack thereof), demographic tre nds (especially out -migration), and technology
(especially in relation to connectivity and remote operations). Less prominent in the local

di scussions but i mportant in shaping the region
present due to conflicts betwe en Russia and the west are geopolitical interests and related
security concerns (Nilssonetal. 2019). The regionces role in energy

with the transition away from fossil fuels is likely to become an important driver of change

in the regio n (Nilsson et al. 2021) . It takes place in a situation of increasing land -use
conflicts and social tensions  (Koivurova et al. 2015; Bay -Larsen et al. 2018; Beland Lindahl
et al. 2018; Zachrisson and Beland Lindahl 2019) , along with calls for more holistic  impact
assessment processes (Karvinen and Rantakallio 2019; Nilsson et al. 2021) . Conflicts in
relation to environmental protection are also becoming more common, for example in
relation to water management and protection of biodiversity, including Natura 2000 sites.
Reindeer herding requires extensive land for grazing but increasingly finds earlier grazing
grounds disturbed by other activities in ways that also challenges adaptation to changing
grazing conditions (Turunen et al. 2017; Fohringer et al. 2021 ; Osterlin et al. 2022) . An
example is the situation facing the Sami community Leavas whose reindeer migrate in

the vicinity of the mining town Kiruna in inland Norrbotten and where more than a third

of traditional grazing land has disappeared  (Fohringer e t al. 2021).

Figure 2.6. Adaptation to climate change takes place in a context of multiple pressures on the landscape,
Including the expansion of wind power. Photo. A. Nilsson
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2.3.5. Climate -related risks in Bodg municipality

Expected climate -related changes in Bodg municipality include higher temperatures, sea

level rise, more frequent extreme weather, and an increase in precipitation (Bodg
Kommune 2018) . Bodé mu n i dsk pral | vilnenplolty anBlysis outlines the

following expected changes towards 2100 (ibid, p.14):

1 A sea-level rise of 63 cm for Bodg/Skjerstad
1 Return of storm surges:
0 20year $S276 cm
0 200 year $398 cm
0o 1000 year S312 cm
1 Change in yearly precipitation: 15 -25% increase . The increase is highest in the
winter (24%) and least in the summer (8%).
1 Change in annual temperature: 2.0 °-3.0°C increase.

Extreme weather is a part of life in Nordland. It is common to get warnings of storms and

heavy precipitation. With climate change, more frequent extreme weather is expected,

with more frequent strong winds due to the warmer weather in the Norwegian Sea,

although wind -intensity is not expected to change. Bodg muni ci pal i t yces cl i mat
analysis expects Rstrong storms with up to full
to 45 meters per second in the centre of Bodg. The risks connected to strong winds vary

with wind direction, wind strength, location, and a num ber of other local conditions.
Combinations of strong winds and heavy precipitation are the largest the challenges for

the municipality. Strong wind from southwest can squeeze water from the Norwegian Sea

into the Vestfjord and generate storm surge in Bodg harbour f (Bodg Kommune 2018, p.

15). Another climate risk is storm surges (an increase in water levels including waves and

flooding towards land in addition to the usual tide changes) that can coincide with tidal

fluctuations and cause extensive flooding  (ibid).

With increased precipitation, there is an increase in the frequency of landslides. A shorter
winter season, increased precipitation, and an upward movement of the snow and treeline
is a recipe for more frequent avalanches (ibid).

Most of the regis tered landslides in Bodg happen around the Misveerfjord causing
damages to buildings and human life. The road network that pass along the foot of
mountains could also be at risk  (Statens vegvesen, 2019) . Moreover, potential landslide
towards Skjerstadfjorden could create a tsunami with significant consequences for Bodg
(ibid). If Bodg starts to attract more tourists in the skiing season, accidents in connection
with avalanches may increase (ibid).

Quick clay is another source of risk , where quick clay landslides along watercourses could
trigger landslides, especially in seasons with high preci pitation and water levels (Statens
Vegvesen 2019).
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Figure 2.7. lcy sidewalk in Bode a few days after a winter storm. Photo: A. Nilsson

2.4.  Adaptive capacity

The literature on adaptive capacity includes a range of suggested determinants and
indicators but without consensus on methods for as  sessments (Siders 2019). The IPCC

defines adaptive capacity as Rthe ability of
organisms to adjust to potential damage, to take advantage of opportunities, or to

respond to consequences. f Wopadlan angytic&® framevgork | | has
focusing on opportunities and constraints on adaptation. Opportunities are factors that

make it easier to plan and implement adaptation actions, which expand adaptation

options, or that provide ancillary co  -benefits. Constraints are factors that make it harder
to plan and implement adaptation actions  (Klein et al. 2014) .

In the literature on resilience in the Arctic, Kofinas et al. (2013) highlight the importance
of natural capital, social capital, human capital, infrastructure, financial capital, knowledge
assets and cultural capital for both adaptive and transformative capacity, a notion that

was further elaborated in the 2016 Arctic Resilience Report (Nilsson et al. 2016) . Other
conceptual framings in the Arctic literature rel  ate to vulnerability (Hovelsrud and Smit
2010), resilience (Arctic Council et al. 2016) , and adaptation options (Hovelsrud and
Amundsen 2017) .

2.4.1. Regional assessment of adaptation opportunities and constraints

Using the IPCC framework and drawing on insights from literature, the following
summary highlights important adaptation opportunities and constraints in Arctic
Fennoscandia.

2.4.1.1. Adaptation opportunities

Awareness raising

A regional initiative to raise awaren ess and involve a broad group of stakeholders in
adaptation was the Arctic Council assessment Adaptation Actions for a Changing Arctic

that was finalized with an in  -depth scientific report in 2017 (AMAP 2017) . Also relevant is
the Arctic Resilience Report (Arctic Council et al. 2016) , which was followed up in the

Arctic Council ces Ar cti c RAectciCbuncd20t/e.Chrate change Fr a me w
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has also been in focus for the Barents regional cooperation, specifically in its Action Plan
on Climate Cha nge, updated in October 2021 (The Barents Euro -Arctic Council 2021) .

As in other parts of the Arctic, Arctic Fennoscandia features a general trend of increasing
stakeholder participation research, especially in relation to Sami reindeer herding. An
example is collaboration between natural scientist and Sami in mapping the local impact
of climate change in locations that are critical for the reindeer (Rosgvist et al. 2021) .

Capacity building

There is extensive research on climate change and  adaptation in Ar ctic Fennoscandia (for
review, see AMAP 2017) as well as sector -specific projects, e.g. , focusing of forestry
management (Keskitalo et al. 2016) . Business -as-usual attitudes nevertheless dominate
management practices (Andersson and Keskitalo 2018) . Among c oastal fishers in
northern Norway, Rf acing whatever comest¥ i's a
between scientific understanding of climate change and perceptions based on experience

may prevent the activation of adaptive capacity (Bay-Larsen and Hovelsrud 2017). For
ocean fisheries, where fish stocks change their range in response to climate change, lack

of knowledge is not necessarily the key concern but rather if management regimes and
guota systems would allow for catching the new species (Tiller and Ri chards 2018) . These
examples suggest that data and research may not be the limiting factor but rather the
social capital that would allow those most likely to be affected to actively engage with
adaptation rather than carrying on as usual.

There is also a growing trend of Indigenous -led research and research with strong
Indigenous participation, partly related to reindeer herding but also addressing the
broader context of change in the region and its implications for adaptation. An example

is a review of ad aptation actions by Degteva et al. (2017). For reindeer herding, the
activities of the International Centre for Reindeer Husbandry support reindeer herders
across the circumpolar north and provides a network for exchanging knowledge that has
historically b een mainly local knowledge.

Tools

The tools for predicting future climate change at scales relevant for local and regional
stakeholders have improved greatly, as have the interfaces for communicating the results

of climate modelling. An example are web  -based tools for reviewing likely chan ges in
winter and summer temperatures, temperature extremes, zero crossing, days with
extreme precipitation (SMHI 2021; Climateguide.fi) . The weather services provide
warning systems, for example for flooding and extrem e warm weather.

National and regiona | agencies and organizations provide some support and guidance
documents for municipalities. An example is the guidance to risk and vulnerability
analysis available through the Nordland County website together with projections for
changes in temperatures, precipitation , and future levels for storm surges in Nordland
(County Governor of Nordland) . I n Sweden, the website RKIIi mat
serves as gateway to a multitude of resources  as well as opportunities for networking
(Klimatanpassning.se) and in Finland Climateguide.fi serves the same purpose. However,
the Swedish Expert Council for Climate Adaptation has identified a need for further
coordinated support from national agencies to the county level and from the county level

to municipalities in p roviding and interpreting available information, motivated by an
assessment that lack of adaptation action is still often connected to insufficient knowledge
about methods and tools  (Expertradet for klimatanpassning 2022)
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Policy

Arctic Fennoscandia is co vered by Norwegian, Swedish, or Finnish national governance
frameworks for spatial planning, which includes adaptation planning, for details, see
Section 2.4. The coastal areas of northern Norway are furthermore covered by a plan for
integrated ecosystem -based management for Lofoten and the Barents Sea, with the latest
update in 2021 (Norwegian Ministry of Climate and Environment 2015) . Several other
policy areas are also relevant for adaptation, including sector -specific policies for
management of natural resources, environmental policies, and policies related to
Indigenous peopl esce | and rights. Whet her current pol
constraints to adaptation varies, but in Sweden, the need to strengthened adaptation
goals and incentives has be en identified as a priority  (Expertradet for klimatanpassning
2022).

Learning

Experience and opportunities for learning vary depending on the capacity of individual

municipalities. However, opportunities for learning have been available through

collaborat ion and partnerships with research institutes and universities. Some examples

are the Norwegian Research Centre on Sustainable Climate Change Adaptation

( NORADAPT) and projects such as RBarriers for cl
levels, & n d npatking Climate Impact Chains. A new generation of climate change risk

assessments .f

Innovation

The capacity for technical innovation is generally high in the Arctic Fennoscandia with
northern universities often focusing specifically on Arctic conditions. The region is
currently seeing an expansion of industrial activities along with a need for improved
transport and energy infrastructure, which may benefit other sectors of society as well. In
relation to reindeer herding, new infrastructures and the expan sion of new industries can
be a constraint rather than an opportunity, but there are also examples of innovative use

of new technologies, for example the use of GPS collars in combination with traditional
knowledge to better understand the behaviour and gr azing preferences of reindeer
(Kuoljok 2020) .

2.4.1.2. Adaptation constraints

Physical and biological constraints

Cold and long winters have always constrained  the plants and animals that can thrive  the
north and thus the activities that depend on them. Many Arcti c species are long -lived with
slow reproductive rates, which makes genetic adaptation to new conditions slow. The
major response of wild species is therefore likely to be relocation as they spread to new
areas, but success will also depend on the pace of ¢ limate change . Moreover, nutrient
availability, soil quality, and soil moisture may limit relocation. The presence of the
northern coast is a physical constraint for the northward shift of terrestrial biomes
(Callaghan 2005) .

Ice is a physical constrains for some activities but can also offer access to places and
transport routes. The expected decline in ice will change both the presence and the nature

of this physical constraint, for people, other animals , and plants, including ice -specialized
species, such as ice algae and some seal species. For marine mammals, fish, and
seabirds, the timing and locations of ice breakup  -associated algae blooms affects food
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supply at a critical time of the year, where feeding opportunities will change as the ice -
edge shift s northward (Barber et al. 2017) .

The expansion of industrial activities, both inland and along the coasts, may create
physical constrains for adaptation for animals and plants as well as for activities based
on ecosystem services if the natural ecosystem s are disturbed or destroyed.

Economic and financial constraints

Arctic Fennoscandia is a comparatively rich region in a global as well as an Arctic
perspective (for details, see Glomsrad et al. 2021a) . However, most earnings from
extractive industries le ave the region. Many municipalities face economic constraints due

to high costs caused by large distances, which often combine with declining tax base as
the population ages and declines. As highlighted in a stakeholder workshop, funding for
adaptation act ivities is often lacking.

Human capacity

Lack of education is not a general constraint for adaptation in Arctic Fennoscandia. That
said, access to education differ depending on where you live, causing many young people
to leave rural and inland areas and d raining them of people and knowledge that would
be vital for adaptation.

Traditional Indigenous knowledge is important for S&mi activities and its importance
increasingly highlighted. However, experiential knowledge from earlier generations is not
always adequate for addressing situations caused by completely new weather patterns
and climate conditi ons (Ministry of the Environment and Statistics Finland 2017)

Governance/Institutions/Policy

Arctic Fennoscandia is integrated in countries with well -functioning democratic
institutions, but decision -making processes are nevertheless challenged by confli  cting
priorities and regional -national tensions from a history where narratives of the north have
been guided by national rather than local interests (Sorlin 1988; Bravo and Sorlin 2002)
Furthermore, there is lack of trust is legal processes related to en vironmental impact
assessment for new industrial activities (Nilsson et al. 2021) . While adaptation is an
institutionalized policy goal in all three countries, a report from the Swedish Climate
Adaptation Expert Council highlight that current incentive str uctures are inadequate and
that there is a need for more coordination and clarity regarding responsibilities
(Expertradet for klimatanpassning 2022)

Information/Awareness/Technology

The region features world -leading expertise in relation to its major ind  ustries and access
to relevant technologies or potential for developing new technical solutions is generally

not a constraint for adaptation. Compared to many other parts of the Arctic, infrastructure

is well developed but distances are large and not all p  eople are equally well connected,
especially in relation to internet infrastructure and collective transport options.

Social/Cultural constraints

A constraint to addressing adaptation challenges are social tensions related to cultural
backgrounds, rights o fthe Indigenous Séami people, and conflicts over land and resource
rights. As in many other parts of the Arctic, the loss of Indigenous languages is an
important concern (Degteva et al. 2017) .
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2.4.1.3. Sector-based assessment of adaptive capacity

The sector -based summary in this section builds on information in the following reports
Adaptation Action for a Changing Arctic. Perspectives from the Barents Area (AMAP

2017), Forsta rapporten fran Nationella — expertradet for klimatanpassning (Expertradet for

kl i matanpassning 2022) , Finlandaes Nati onal
(Finnish Ministry of Agriculture and Forestry 2014), and various other sources.

Activities that depend on abiotic services

Ther egi onoces e-haged maustries (engrgy, mining, and steel industry) generally
have access to high financial capital and technical knowhow, but adaptive capacity may

be partly constrained by lack of awareness about the potential impacts of climate ch ange,
as indicated by a lack of attention to climate change in impacts assessment. These
industries are often supported by strong institutions and organizations. Their financial
capacity can vary over time and depend on global markets.

Activities that depe nd on ecosystem services

Forestry and fisheries are sectors supported by a strong institutional base for knowledge
and learning, but where path dependencies in norms, practices and policies can act as
constraints. For large actors, financial capital is not a major adaptation constraint, while
the financial situation for small businesses can be more precarious and limit the capacity

to invest. Activities that depend on ecosystem services are highly exposed to impacts of
climate change, including risks for ec ological tipping points that may affect economic
viability of some businesses. They also face pressures from competing interests. For
example, there is a highly charged discussion in Sweden about forestry practices and the
relative importance of using the  forests as carbon sinks and protection of biodiversity or
as a source of building material and  biofuels .

In the tourism industry, businesses are small and have relatively weak institutional
backing. However, the structure of the sector makes it nimble in t he face of change, for
example expanding summer tourism when winter activities are negatively impacted by

as climate change.

Reindeer herding is highly exposed to climate change impacts and to pressures on land

use from other activities at the same time as  practitioners often lack financial capital.
Furthermore, the institutional frameworks with lack of or weak land rights can constrain
adaptation. Increasing international collaboration and recognition of Indigenous rights is
likely to play an important rol e for future development. Small -scale fisheries face similar
constraints regarding financial capital and regulatory frameworks that can hinder
adaptation.

Activities that depend on technical services

Mobility and communication depend on a range of actors with different responsibilities,
where northern regions are not always prioritized in allocation of financial capital, unless

the development is linked to industrial needs. The situation varies between different
countries depending on policy decisions. It  also varies within the region, where people
and activities along the coasts are generally better connected to technical infrastructures
than people living inland.

Constraints related to municipal infrastructures, such as water, sewage, and public
buildings vary depending on financial capacity (the tax base), and where human capacity
and the capacity for learning and awareness raising can also be affected by the population

size and structure. These challenges are often greater in small municipalities, where the
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responsibility for local climate -sensitive infrastructure may become heavy in relation to
the available resources.

2.4.2. Adaptive capacity in Bodg municipality

Adaptation opportunities for Bodg municipality include an increasing awareness about

the need to a dapt and the fact that it engages in research projects to increase its internal

capacity. Practical work to map the need for specific adaptation measures have started,

including attention to drainage systems that play a key role in managing runoff, where

current infrastructure is inadequate already in the present climate. Bodg will also be able

to take advantage of growing network activity among municipalities in Nordland County

and national initiatives to improve capacity. Despite these opportunities, part icipants in

PROVI DEces stakehol der workshop in Bodé pointed
capacity, including lack of awareness and lack of funding for adaptation measures.

2.5. Adaptation governance

Governance and policies related by climate adaptation in the Arctic Fennoscandia were
recently reviewed in the report  Adaptation to Climate Change in The Baltic Sea and Arctic
Regions. Governance and Policy Tools across Counties  (Berninger et al. 2021) and in an
analysis of Adaptation options in the report Adapt ation Action for a Changing Arctic.
Perspectives from the Barents Area (Hovelsrud and Amundsen 2017) . Unless otherwise
indicated the following summary builds on these reports.

2.5.1. Norway

At the national level, climate adaptation in Norway is governed by the Na tional adaptation
strategy: Climate change adaptation in Norway (Norwegian Ministry of Climate and
Environment 2013) and by the Climate Change Act, which includes annual reporting
requirements related to adaptation. The principle is that responsibility is placed with the
actor that is usually responsible for the task or function that is sensitive to impacts from
climate change, ranging from individuals and businesses to sectorial organizations and
authorities.

At the national level, three institutions acco  unt for a significant amount of knowledge
production and dissemination regarding climate and expected changes: Norsk
Klimaservicesenter (KSS), the Norwegian Water Resources and Energy Directorate (NVE),
and the Norwegian Mapping Authority (Kartverket) (Mil jodirektoratet 2019) . Moreover,
the Norwegian Environment Agency, the Norwegian Directorate for Civil Protection
(DSB), and NVE have special responsibilities for cross  -sectoral facilitation of knowledge
and practice on climate change adaptation whilethe N orwegian Environment Agency has
a coordinating role at the national level (ibid).

The county governor is responsible for local and regional follow -up of the gover nme
policy and coordinates prevention and preparedness at the regional level. The county
governor gives guidance and supervises county councils and municipalities. County
councils have responsibility for regional planning, for giving planning -guidance to
municipalities, and for ensuring that planning contributes to achieving political goals
(ibid).

At the local level, major responsibilities fall on the municipalities within their overall
responsibilities for societal development, infrastructure, and spatial planning. The legal
framework for planning is the Planning and Building Act, which requires municipalities to

take climate considerations in their planning, and the Centr al Governance Planning
guidelines that describe how adaptation should be included . Klimatilpasning.no is a
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website with tools, case studies and information on adaptation aimed at municipalities
(Miljgdirektoratet) .

Responsibility for adaptation within spe  cific sector rests with sectoral agencies where
three agencies have developed their own adaptation strategies, including the Norwegian
Environment Agency, the Directorate of Fisheries, and the Norwegian Water Resources
and Energy Directorate (NVE). In 2018 , an updated assessment of consequences of
climate change was presented (CICERO and Vestlandsforsking 2018) .

In addition to the formal governance, adaptation is supported by several forums and

networks, including the nat ur a)ambedasaenghhentieor um ( &l
collaboration between national, regional , and local actors with a focus towards reducing

vulnerabilities to natural hazards (Miljgdirektoratet 2019) . Further more, the n.
front: Kommunenettver k f orbe &nlaremaafdr knovdealge mandn g ce ai m:

competence development on adaptation to climate change and to further the work done

by municipalities in the area  (Miljgdirektoratet 2020) . The network is coordinated by the
Norwegian Environment Agency and includes 13 city ~ -municipalities from all counties in
the country (Bodg is one of the 13 municipalities).

2.5.2.  Sweden

Sweden adopted its current National Climate Adaptation Strategy in 2018 (Swedish
Ministry of Environment and Energy 2018) . Responsibility for implementation is shared
across several government agencies, where the National Board of Housing Building and
Planning has a coordinating role for physical planning. At the regional level, responsibility

of adaptation falls on the County Administrative Boa  rds, which must have their own
adaptation plans and have responsibility to follow up on adaptation at the municipal level.

The municipalities have responsibilities under the Planning and Building Act but no
obligation to develop specific adaptation action plans. The County Administrative Boards
and the sectoral agencies are supported by The Swedish Meteorological and Hydrological
Institute (SMHI). The National Adaptation Strategy is to be updated every five years based

on review by a national expert council  for adaptation. Its first review, released February
2022, concluded that organization of adaptation is not sufficient, and that stronger
incentives and sharp governance tools are needed, with focus on implementation of
adaptations measures (Expertradet fo r klimatanpassning 2022) . The report provides a
detailed description of relevant actors and calls for coordination across administrative

and geographic boundaries.

In addition to the formal governance framework, there is a network of 28 national

agencies and 21 county administrative boards that aims to strength en s o cadaptivg oes
capacity. Information relevant for adaptation is accessible through the Swedish Climate

Change Adaptation Portal (klimatanpassning.se), while climate services are available

throu gh SMHI (2021).

2.5.3.  Finland

Finland was one of the first countries on the world to adopt a policy to guide climate
change adaptation. In accordance with the Climate Change Act, Finland must adopt a
national adaptation plan every ten years  (Ministry of the Envi ronment and Statistics
Finland 2017) . The current plan S National Climate Change Adaptation Plan 2022  Swas
adopted in 2014 (Finnish Ministry of Agriculture and Forestry 2014) . In addition, there are
several sectoral plans or programs, e.g., related to env ironmental administration,
agriculture and forestry, transport and communication, and defence. Responsibility for
coordination across government ministries rests with the Ministry of Agriculture and
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Forestry. There is also a Monitoring Group on Climate Cha  nge Adaptation (Ministry of the
Environment and Statistics Finland 2017) . While the government is responsible for
securing vital societal functions and for promotion of adaptation in cooperation with
municipalities, businesses, citizens and organizations, the responsibility for adaptation
action rests primarily with practitioners. At the regional and local levels, adaptation can

be included in regional and municipal climate strategies, and even if these are mainly
focused on mitigation, many municipalities have included adaptation. The national land -
use guidelines that were adopted in 2008 include objectives related to adaptation, such

as restrictions on building in flood -prone areas. Municipalities have responsibility for
planning in relationto floodrisk i n ur ban areas while the gover nme
risk management regulates management of river basins (Ministry of the Environment and
Statistics Finland 2017) . The web portal ilmasto -opas.fi (climateguide.fi) includes a section

on adaptation, and goo d practices from municipalities sorted by sector.

2.5.4. International

2.5.4.1. Barents regional cooperation

The northernmost counties of Norway, Sweden and Finland are part of the Barents

Regional Council, which also includes neighbouring regions of Russia. The region is also

in focus for the intergovernmental cooperation in the Barents Euro -Arctic Council (BEAC).

The cooperation in the Barents Euro -Arctic Region was launched in 1993 with an overall

objective to support sustainable development. BAEC has recently updated i ts action plan

on climate change with the aim of supporting knowledge sharing across the different

working groups (The Barents Euro -Arctic Council 2021) . However, the Barents regional
cooperation is currently suspended due to Russi a

2.5.4.2. Circumpolar cooperation
Norway, Sweden, and Finland are members of the circumpolar political collaboration in

the Arctic Council, together with Canada, Kingdom of Denmark (Denmark / Greenland /
Faroe Island), Iceland, United States and Russia. The Arctic Counci | also includes the Sami

Council and five other Indigenous Peoplesoce organ
Arctic Council has addressed climate related concerns through several scientific
assessments, including recurring assessments of the impacts of climate change. It has

also carried out three regional assessments focusing on climate adaptation, including a

report on adaptation action in the Barents area  (AMAP 2017). All Arctic Council activities

were suspended i n Mar ch 20 22n Ukraire. Atdecisidndoestat o0 Ru s s i
some activities but to continue to exclude Russia was taken in June 2022.

2.5.4.3. European Union

Sweden and Finland are members of the European Union and Norway collaborates

closely with the EU on many issues via partnership agr  eements and membership in the

European Economic Areacooperation . The EUces adaptation strategy
2021 (European Commission 2021) is thus highly relevant for Arctic Fennoscandia, as are

all other EU regulations that affect climate change a  nd/or adaptive capacity (see also

Tables 3.7 and 3.8 in Chapter 3).

2.6.  Spatial structural and strategic profile of the Bodg municipality

The city of Bodg is a compact port town with a grid structure centre and most facilities
concentrated near the port. Its current structure developed following bombings during
the Second World War . In the second half of the 20 ™ century, rapid suburbanization
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caused the built -up area to increase, especially along the coast. This peripheralization
ended in the 21 * century with a policy that  favours densification in the centre. At the same
time, a plan emerged for the redevelopment of the current military airpor t as a new and
sustainable urban district.

This urbanized area of Bodg is located on the more fertile and permeable soil within Bodg
municipality, which is located along the coastal zone (see Section 2.2) . The higher areas
are rockier, wilder and for larg e parts protected as nature reserves. The ecological value
here is high and the scenic quality makes Bodg a unique place. However, a lot of space
claims converge in the coastal zone ; buildings take up the largest part, but this is also one

of the only plac es suitable for agriculture and where run  -off (rain and snow melt ) water
can infiltrate. The remaining agricultural activities have been protected from further
urbanization since 2000 but are too limited to provide food for the city. Bodg's water
system co nsists of many small streams descending from the mountains in the north
towards the coast. Because of space limitation in the urbanized area, many streams have
been diverted underground.

At the municipal level, by far the largest part of the area is natur e, with only 2.5% is built
environment . Within the built areas, the proportion of public green space is limited to a
number of fairly small park areas. The centre itself is heavily paved, while the surrounding
areas have a suburban morphology with low buil  ding density and large private gardens.
The city has good, multi -modal accessibility and all the necessary amenities, which are
spread throughout the centre  and beyond.

I City center buildings Schools and universities
Economic and commercial buildings
I rublic function buildings
I Airport/NATO buildings
Other buildings

Economic zone

Culture

Sports

Museums and public facilities
Hospital

Train station

000000

River valley Airport

Figure 2.8 Spatial structure map of the urban area of Bode , image by BUUR/PoS 2022 .

For the urban area of Bodg, sea level rise and increasing fluvial and pluvial flooding are

two major climate risks. The urban structure in the coastal zone makes Bodg vulnerable

to impacts of climate change, partly  due to the proximity of most buildings and functions

to the coast but also because the strong urbanization of the area makes natural water
management difficult. The coastline and its storm and potential flood ing with rising sea
level should be further investigated. Much of Bodg's coastline consists of rock formations
interrupted by small beaches, estuaries , and wetlands , which appears to be a resilient
system. The urbanized coastline is well protected by (port) infrastructur e. However, in
both cases it is not certain that this protection will hold up to increasingly extreme weather
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events along the coast . With such development, the spatial structure of Bodg becomes
very vulnerable.

Nature based adaptation strategies for fluv  ial and pluvial floods start from the green  -blue
structure of a city. In the urban area of Bodg, this has been heavily encroached upon by
building s and only one green -blue corridor remains. The rest of the city has a green
character, but this greenery isv ery fragmented, and the watercourses have been moved
underground. Moreover, most of the green space is private gardens and is spatially
complex in relation to creating continuous green -blue structures. However, this will be
necessary to solve challenges ar ound water buffering and water infiltration. For further
details on the structural and strategic profile of Bodg, see Chapter 8.

-

B Public parks Big green areas outside
[0 Big green areas in urban zone Small private gardens
" Infrastructure green Sports fields

Figure 2.9 Spatial analysis of the public and private green spaces of Bodo city  , image by BUUR/PoS 2022 .

2.7. Insights from stakeholder engagement workshop
2.7.1.  Workshop purpose and setting

The first PROVIDE stakeholder engagement meeting in the Iconic City of Bodg took plac e
on 9th March 2022. The program included presentations from the PROVIDE team, Bodg
municipality, Nordland County Council, County governor, along with interactive exercises

and group discussions to map local knowledge and gather feedback. Invitation had be en
sent to representatives from the business sector, civil society, public agencies, and
politicians. Twelve people attended the workshop, which was facilitated by three
members of the PROVIDE team.
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2.7.2. Observations of climate ongoing adaptation efforts

After a few introductory words, the participants were invited to share a personal

experience of how climate change is affecting their lives. Several people expressed a

sense of worry for the impacts of climate change, and some noted a sense of loss that the

Rwitrer is disappearing.f There were comments abo
working with climate change issues. Some stated that they experienced that weather

systems have shifted and changed unpredictably, and one participant described how a

particular type of fish he used to catch has now almost disappeared.

Presentations from the municipality and the county illustrated how impacts and
adaptation efforts are already underway. One example is a plan to handle surface water
runoff, where Marit Elveos from  Bodg Municipality described how the natural creeks have
been led through pipes and the system now often overstrained, sometimes leading to
overflow of untreated sewage as well as the flushing of litter to the sea. Furthermore,
urbanisation has reduced the natural absorption capacity of the ground and there is a
need to increase green areas in the city to better handle surface runoff, which benefits
well -being in the city. Bodg has not yet experienced extreme precipitation, so, the effects
and damages of truly extreme rainfalls are unknown. Elevos highlighted that adaptation
measures require resources and that while there is money to do evaluations there is not
enough funding to act on the results of the evaluations.

Figure 2.10. Bodo municipality collaborates with a local school to map current flooding risks and
consequences. Photo . Bodin Videregdende skole.

Nordland County Council is responsible for ensuring that municipalities follow state

plan ning guidelines and has also initiate d collaborations and networks across regional

and municipal boundaries. see Section 2.3.7. Charlotte Alexander Lassen from Nordland

County Council also described several knowledge -building initiatives, including a new
statistics bank for climate and environment dat a
(www.nfk.no ) and a strategy document that guides planning processes in municipalities.

They also plan to develop a regional Risk and  Vulnerability Analysis (ROS) for Nordland

County that will include climate change impacts.

The municipal and regional plan -strategy includes consideration of expected climate
changes and will also shed light on vulnerability related to ecological sustaina bility,
including attention to destruction of ecosystems, species extinction, natural hazards,
threats to livelihoods, and conflicts. The new regional plan -program represent s new
policy area for the county and includes new concepts such as carbon -rich are as and areal -
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budgeting, where the council will develop regional plans and plans for water
management.

2.7.3. Future risks and potential thresholds

A joint mapping of future vulnerabilities and risks at the local level generated a long list

of issues, ranging from physical hazards and ecosystem changes to economic issues and
cultural well -being. They included impacts on ecosystem -depended livelihoods, such as
the impacts of warmer seawater on aquaculture, impacts on reindeer herding from locked
pastures due to ice, and the northward shift of fish species. Other issues were threats to
infrastructure and life due to flooding, landslides, and avalanches. Infrastructure near the
coast, including new developments, will also be exposed sea -level rise and more
powerful wes terly storms. Severe weather was also a concern in relation to conditions

for fishing. Another set of concerns related to health and identity, including the loss of

snow and wintertime leisure activities and the loss of reindeer. Furthermore, some
particip ants pointed to economic challenges such as adjustment crises in industry and

l ack of funding. Finally, one person noted that

In another exercise, the participants were asked to highlight potential thresholds for
adaptation. While i t generated some of the same concerns of loss of ecosystems,
changing landscapes, and the loss of the winter, it also included attention to the risk that

it would not be possible to keep pace with the changes, e.g. , when the lag in renovation
of pipes ca nnot keep up any longer , when it becomes too expensive to prevent damages,
when opportunities for innovation are lost, and when we accept losses. The examples

thus pointed to a need for attention to how thresholds can relate to and interplay across
social, e conomic , and climate -related factors.

2.7.4. Digital tools for adaptation planning

The notion of environmental dashboards is familiar to Bodg municipality, which is
engaged together with a private company in a project aimed at developing digital
solutions by comp iling environmental data from several sources and making them easily
available. They also supplement existing data sources with new sensors and new real -
time data. The data includes energy use, waste disposal, traffic, air quality, and the
weather, among o thers.

After a presentation of the PROVIDE dashboard, participants expressed an interest in its
further development and need for such solutions, but it was also clear that they were not
aware of digital tools that are already available to get information about further climate
change under different scenarios. The on -site evaluation of the workshop highlighted a
need for analysis and for visualizations to increase insights and understanding and as a
base for planning.
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3. Iberian Mediterranean and Lisbon Metropolitan Area

Lead authors: Hugo Pires Costa and Tiago Capela Lourengo,  FCiéncias.ID / University of
Lisbon

Contributing author: Sarantis Georgiou, BUUR Pa  rt of Sweco

The author s would like to thank Tomas Calheiros ( FCiéncias.ID / University of Lisbon ) for
his revi sion of this section

3.1. Introduction to Iberian Mediterranean
3.1.1. Physical and geographic characteristics

The Iberian Mediterranean Iconic Region is located in the southwest of the Mediterranean
region and includes most of the Iberian Peninsula (Portugal and Spain). The Iberian
Peninsula is limited by the Pyreneesinthe  northeast, by the Atlantic Ocean in the western,
and southwestern coasts, and by the Mediterranean Sea in the southern and eastern
shores. The Iberian Peninsula has several distinct orography and climate types with the
Mediterranean climate covering, by f  ar, the largest area , see Figure 3.1.

Mediterranean climates are temperate climates with temperatures in the coldest month
averaging between 0 °C and 18 °C and with t emperatures in the warmest month greater
than or equal to 10 °C (Képpen SGeiger climate classification system  (Barcelé and Nunes
2011). Mediterranean climates in the Iberian region can be further subdivided in Hot -
summer Mediterranean climate (Csa) and Warm  -summer Mediterranean climate (Csb).
Here, average temperatures in the warmest month are above (below) 22 °C in the Csa
(Cshb) climate and at least four months have average temperatures above 10 °C (Barcel6
and Nunes 2011) . These are areas were precipitation in the driest summer month of
summer is less than 30 mm and represent less than one  -third of the wettest winter month.
To serve as context, the Csa classification is the type of climate covering most of the
European Mediterranean coastal regions.

For the purposes of PROVIDE , the Iberian Mediterranean Iconic Region is broadly defined

as the area covering the southern half of Portugal , and the south, central and eastern
areas of Spain, including the Balearic Islands. These are areas that have a distinct hot -
summer Mediterranean climate (Csa) or are transition areas that may include already

semi -arid and arid climates and environments ( see Figure 3.2 for a territorial definition by
NUTS-2).

The Iberian Mediterranean is characterised by its mountainous nature, embodied by an
inland plateau, the Meset a, at more than 600 metres above mean sea level. The mountain
systems are usually arranged from west to east. The influence of topography on the
climate is clear as it establishes an obstacle to the access of humid air masses from the
Atlantic (Cabos et al. 2020)
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Figure 3.1. Koppen -Geiger climate classification in  the Iberian Peninsula (Reproduced from the Iberian
Climate Atlas, 2011) ; Csa and Csb are Medlterranean climates .

The territorial definition of t he Iberian Mediterranean Iconic Region by NUTS -2 includes
the following regions: PORTUGAL: Alentejo, Algarve, Area Metropolitana de Lisboa;
SPAIN: Andalucia, Castilla -la Mancha, Catalufia, Comunidad de Madrid, Comunitat
Valenciana, Extremadura, lles Balears , Region de Murcia ( Figure 3.2).

N

A

Area Mets

Legend
I Metropolitan Area of Lisbon - IC
[ toenian Meaterranean - IR
Europe (NUTS2)
[ 1] 150 300 Kilometers.

Figure 3.2. NUTS-2 territorial areas of the IR base on Medliterranean type of climate considered in the
Koppen classification.

The rivers r egime and hydrographic network of the Iberian Mediterranean are strongly
influenced by the topography and rainfall, either through surface runoff or through
underground contributions. The region & diverse morphological and geological
characteristics suppor t different hydrological profiles. The major river basins in the
Iberian Mediterranean are the Tagus, Guadiana, Guadalquivir, and the final section of the
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Ebro river (Figure 3.3). The shared transnational rivers in the region (Tagus and Guadiana)
are jointly managed by Portugal and Spain under the 1994 Spanish -Portuguese Albufeira
Convention ? (Council of the European Union - General Secretariat 2008; Bukowski 2011) .
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Figure 3.3. Major rivers in the Iberian Peninsula and the Iberian Mediterranean region.

The biogeographical regions in the Iberian Mediterranean are diverse and associated with
a wide range of biodiversity hotspots , landscapes, ecosystem services, and natural
resources . Natura 2000 sites are important hotspots for nature conservation in the region
(defined by Annex | of the Habitats Directive ®) helping to monitor conservation
effective ness and if the declin e of certain habitat types is being halted (  Figure 3.4).
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Figure 3.4. Land Cover/Land Use (LC/LU) and natural areas covering selection of Natura 2000 sites in the
Iberia Peninsula and Iberian Mediterranean (Reproduced from N2K product, Copernicus, 2022)

The Atl antic Ocean and the Mediterranean
climate , which shift s gradually from the Atlantic coastline to the interior resulting in
marked differences in precipitation and average annual temperature ranges (Barcel6 and
Nunes 2011). The Mediterranean influence increases gradually from the north to south
and from west to east, and during the summer, with high temperatures and low rainfall.

2 http://www.cadc _-albufeira.eu/pt/
3 Council Directive 92/43/EEC ( https://eur -lex.europa.eu/legal -content/EN/TXT/?uri=celex%3A31992L0043 )
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The Atlantic influence increases during the winter and gradually to the west and

northwest of region , promoting high er precipitation in opposition to the dry and cold
winds from the Peninsula's interior  (Barcel6 and Nunes 2011) .

Recently o bserved climate trends in the region have been marked by a clear warming and
a decrease in precipitation (both in means and extremes) . Nevertheless, geographical

patterns, i.e., warmer and drier inland and cooler and wetter coastal areas, have been
maintained, with the noticeable exception of an increase in winter precipitation in the
interior southeast of Spain ( Figure 3.5 and Figure 3.6).

mean regresslon temperature on time 1979-2022 Jan-Dec ERAS
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Figure 3.5. ERA5 reanalysis for the Iberian Mediterranean Region. (a) Mean regression of near -surface
annual temperature 1979 -2022; and (b) mean regression of maximum near  -surface annual temperature
1979-2022. (Maps generated using KNM | Climate Change Atlas. htip./climexp.knmi__).
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Figure 3.6. ERAS reanalysis from January to December for Iberian Medliterranean Region. (a) Mean regression

of annual precipitation 1979 -2022; and (b) mean regression of winter precipitation (DJF) 1979  -2022. Note.: The
hatching represents areas where the signal is smaller than one standard deviation of natural variability (Maps
generated using KNMI Climate Change  Atlas. http://climexp.knmi.nl/plot_atlas_form.py).
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3.1.2.

The Iberian Mediterranean Region has a total population of about 38 million (as of
January 2020) “. Demographic dynamics show a concentration of the population along
coastlines and in metropol itan areas (Figure 3.7). Increasing desertification and ageing in
the interior areas have implied  a reduction in agroforestry activity and an increase in the
risk of forest fires . Intense seasonal population movements  associated with summer
tourism increase vulnerability in  areas already most sensitive to droughts.

Demographics

N

1 | | v

Legend
S Total Populetion in 2018
a-630

300 Kilometers

Figure 3.7. Iberian Medliterranean population in 2018, regular grid map of 1 x 1 km cells reporting the
number of residents for the year 2018 for Europe (Pigaiani and Batista e Silva 2021).

The largest metropolitan areas in the region are Madr  id, Barcelona, Lisbon, and Valencia,

all with a population over two million .°

Table 3.1. Population in the major metropolitan areas . Source: Eurostat Last updated: 2021 -06-14

Metropolitan Areas Population in 2020

Madrid 6 747 068
Barcelona 5635 100
Lisbon 2 863 272
Valencia 2 568 846

change is negative in the region, as there are currently more deaths
than births each year in both Spain and Portugal. Population declin ing and ageing is only
balanced by immigration. Significantly declining fertility rate s have been registered in the
region since the 1980s . Spain saw a surge in immigration during the 2000s, led by a strong
economic growth, while this effect was less significant in Portugal. During the 2010s both
countries, and in turn the Iberian Mediterranean, experienced a drop in population
associated with the financial crisis that led to significant emigration.

Population natural

4 https://ec.europa.eu/eurostat/web/main/data/database
5 https://ec.europa.eu/eurostat/web/main/data/database
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3.1.3. Governance

The governance structure in the Iberian Mediterranean region is mostly framed by the
organizational bodies of the regional and  national governments of Portugal and Spain.
The regional and municipal governance structures in both countries are significantly
different.

Portugal is a semi -presidential democratic republic, divided into 308 municipalities (the
main elected sub -national territorial administrative unit), which in turn are subdivided into
3,092 civil parishes (the lower elected subnational administrative unit). Additionally,
Portugal has two autonomous regions corresponding to the Atlantic archipelagos of the
Azores (Azores Autonomous Region) and Madeira (Madeira Autonomous Region).
Municipalities are responsible for enacting national law and promoting and safeguarding
the interests of the population, in collaboration with the civil parishes, which includes
climate action. A t the regional level, the country is divided into 23 non -elected Regional
Administrations (named Intermunicipal Communities, with delegated competencies from
both central government and municipalities in the mainland), and the two Regional
Autonomous Regio ns.

Spain is a constitutional monarchy, with a bicameral parliament, divided into 17
Autonomous Communities and 2 autonomous cities (Ceuta and Melilla in north Africa).
These are further divided into 50 provinces ( Provincias), which in turn are divided in to
8118 municipalities ( Ayuntamientos ). The Autonomous communities are elected and
have extensive legislative and executive power, with their own parliaments and regional
governments.

3.1.4. Economy

The regional economic structure is based on the services sector . In Portugal, 68.9% of the
population works in the tertiary sector with the figure rising to  75.5% in Spain .°

The forestry and agricultural sectors  still represent a significant part of land uses,  with
large potential for economic development and job cre  ation in the region. Tourism is an
economic activity of great relevance in the region, with a widespread economic
dependence on this sector.

GDP per inhabitant is higher in the north of the region, in the Lisbo n Metropolitan Area
and in Algarve (south Portugal). In line, unemployment rates are higher in the south of
Spain than anywhere else in the region , coinciding with higher desertification rates
(Figure 3.8).

6 Data for 2019, gisco -services.ec.europa.eu
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Figure 3.8. (a) Iberian Mediterranean GDP (EUR per inhabitant) by NUTS -2, (b) Iberian Mediterranean
percentage of unemployed people aged 20 -64 years by NUTS -2 (Maps g enerated from gisco -
services.ec.europa.eu).

The current context is established by the global impact of SARS -CoV-2 (COVID-19)
pandemic. The economic growth scenarios in the region have changed completely,
compared to the outreach perspectives in 2020. Thei  mpact of the necessary measures to
contain the health crisis are yet to be fully dimensioned, however, according to
EUROSTAT, the changes in the first four months of 2020 represented a drop of 4% to 5%

of GDP.” The Portuguese and Spanish economies were among the most affected in the

EU, through restrictions imposed in sectors associated with tourism. The situation caused

by COVID-19 led to the shutdown of the sector from the beginning of 2020. In April 2020,

the flow of international visitors was reduced to zero due to the closure of borders
imposed by the state of emergency.

3.2. Introduction to Lisbon Metropolitan Area
3.2.1. Physical and geographic characteristics

The Lisbon Metropolitan Area (AML) is located in south -centre of Portugal and includes
18 municipalities, with a total — area of 2,892 km 2,

Located across both margins of the Tagus River estuary and to the north of the Sado River
estuary ( Figure 3.9) the AML has significant natural values, including relevant protected
areas such as the Sado Estuary Nature Reserve, the Serra da Arrabida Natural Park, the
Arrabida Marine Park, the Gruta do Zambujal Classified Site, the Tagus Estua ry Nature
Reserve, the Sintra -Cascais Natural Park and the Protected Landscape of the Arriba Fossil
da Costa da Caparica.

7 https://ec.europa.eu/eurostat/databrowser/view/sdg_08_10/default/line?lang=en
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Esl. DeLorme, GEBCO, NOAA NGDC, and other contributors

Figure 3.9 Lisbon Metropolitan Area and respective municipalities.: south Tagus River municipalities (green),
north Tagus River municipalities (purple) — (Marques 2016) .

The average annual air temperature in  the AML is around 15/16°C, and the average
monthly values v ary regularly throughout the year, with a maximum in August and a
minimum in January (Figure 3.10).

(a) Mean Temperature Climatological Normal 1981-2010
Period 1971-2000, Mainland b Lisboa /instituto Geofisico
~ (b)
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—Daily Temp. average =——Daily Max, Temp. average
= Daily Min. Temp. average —Hiighest Daily Maximum Temperature

Climatological Normal 1981-2010

(C) Lishoa /instituto Geofisico
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Figure 3.10. Lisbon Metropolitan Area: (a)  Climate normal 1971-2000 for annual mean temperature
distribution ; (b) Climate normal 1971 -2000 for mean temperature and (c) Climate normal 1981 -2010 for
number of hot days  at representative weather station of Instituto Geofisico , Lisbon (IPMA 2015).

The average annual mean precipitation in the AML is around 400-600 mm, mostly
concentrated between October and April. Summer  precipitation is residual  (Figure 3.11).
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Figure 3.11. Lisbon Metropolitan Area. (a) Climate normal 1971  -2000 for annual mean precipitation
distribution ; (b) Climate normal 1981 -2010 for mean total precipitation and (c¢)  climate normal 1981-2010 for
number of precipitation days at representative weather stati on of Instituto Geofisico, Lisbon  (IPMA 2015).

3.2.2. Demographics

The Lisbon Metropolitan Area is the third largest urban centre in Iberian Mediterranean
with a population of approximately 3 million, including the Portuguese capital Lisbon and
17 other municipalities. It accounts for
population and over a third of its GDP. Lisbon is a typical Mediterranean coastal city, both
culturally as in terms  of vulnerability to extreme climate events and economic impacts
such as reduced labour productivity.

In 2020 the resident population was 2,866,153, mainly located in Lisbon and Sintra
municipalities (Table 3.2. Resident population, annual average (Data Sources: INE - Annual
Estimates of Resident Population INE - Annual Estimates of Resident Population ~ Source: PORDATA
Last updated: 2021 -06-14).Table 3.2). The AML population corresponds to 27% of the total
resident population in Portugal, 26% of employment and 48% of national business
production. The demographic importance of the AML results from its strong capacity to
attract population.

Table 3.2. Resident population, annual average (Data Sources: INE - Annual Estimates of Resident
Population INE - Annual Estimates of Resident Population — Source: PORDATA Last updated: 2021 -

06-14).
Alcochete 13191 17 329 19 860
Almada 161 294 173634 168 852
Amadora 175 533 175 208 184 812
Barreiro 78 963 78 969 74 939
Cascais 171997 204 767 213775
Lisboa 563 312 549 210 509 565
Loures 198 975 204 740 214 328
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Mafra 55259 75 499 85 056
Moita 67 332 66 176 64 282
Montijo 39 682 50 593 57 853
Odivelas 134 077 143 851 162 389
Oeiras 162 347 171786 177 602
Palmela 53 765 62 395 64 176
Seixal 150 362 157 928 167 953
Sesimbra 38 057 48 928 51 909
Setubal 114 140 120 950 114 702
Sintra 363575 377 301 392 145
Vila Franca de Xira 123 356 136 224 141 960
Lisbon Metropolitan Area 2665 212 2815483 2 866 153

The capacity to attract population means that, between 1991 and 2011, the resident
population in AML increased by around 12%. The demographic trends have a different
expression throughout different municipalities. The municipality of Lisbon had a decrease
in the number of residents (nearly -3%), on the other hand the municipalities around
Lisbon registered population increases: Mafra (42%), Alcochete (35%), Sesimbra (32%)
and Cascais (21%).

The population pyramid also changed over the last decade. The acti ve population
decreased from 69.7% to 66.3% between 2001 and 2011 and, for the same period, the
population under 14 increased from 14.9% to 15.5%. In opposition, the elderly population
(over 65) registered a considerable growth, rising from 15.4% in 2001 t 0 18.2% in 2011.

This evolution represents an age substitution deficit which results in an increase of elderly
popul ation proportion. I n this context, the
2011, remaining above the national average, which was 9.29 in 2011. The
in the number of births associated with the longevity results in a demographic forcing on
population ageing. This progress is particularly relevant since the elderly population is
more vulnerable to extreme climate/ weather  situations, such as cold or heat waves.

3.2.3. Governance

Metropolitan Areas in Portugal were created in 1991, reflecting the government objectives

and needs of land -use management of the densely populated areas, and addressing the
need for specific forms of terr itorial administration for this type of territory. Later the
authority of the Metropolitan Areas was strengthened by the creation of municipal
associations with responsibilities ~ for intermunicipal planning o  f public transport system s,
territorial strategy, regional development, and spatial planning.

In the AML , the deliberative body is Metropolitan Council that integrates all the municipal
mayors. The Executive Committee, a body whose composition is indicated by the
Metropolitan Council , is elected by an e lectoral college formed by 520 representatives of
the 18 Municipal Assemblies.

3.2.4. Economy

The economic activity of the AML is relevant at the national and Iberian Mediterranean
contexts . Together with Madrid and Barcelona, it represents a major economic attra ctor
across the region , with increasing interconnectivity with its Spanish counterparts. In 2009,
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medium or large companies (with more than 50 employees) concentrated 50% of the staff
working in the AML. The tertiary sector represented, in 2010, about 82% of national
employment, which corresponded to a total of 1.2 million people.

Income distribution across the AML show s a marked concentration in the capital, Lisbon
and wealthier municipalities to the West (Cascais and Oeiras) and to the East (Alcochete)
(Figure 3.11). Poorer municipalities include the more urban outskirts of Sintra and
Amadora , and some of the previously heavy industrialised areas  on the south bank to the
Tagus river .

116000 ; 18373 )
114394 ; 15000]
113500 ; 14 394 |
[12620; 13500 )

Figure 3.12. Metropolitan Area of Lisbon  : (a) Median of gross income by tax person, 2019 (Source. Statistics
Portugal, 2020 : httos.//www.ine.pt/ ).

3.3. Climate Risks
3.3.1. Climate -related risks in the Iberian Mediterranean
3.3.1.1. Key hazards

A wide range of climate hazards are relevant for the Iberian Mediterranean and for its
metropolitan areas. The risk of desertification is already intense in this region and is
expected to increase in the future, under all scenarios (Figure 3.13). Current dry lands
(subtype s semi-arid and dry subhumid) in the Iberian Peninsula match perfectly
PROVI DEes geogr aphi c dberiandMediternranedani ,dut thesé aréab are
expected to expand no rth and transition to drier types ( Figure 3.13) (Cramer et al. 2020b) .
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Figure 3.13. Distribution of drylands and their subtypes based on observations 1981 -2010 period (A). Cover
of drylands per subtype is estimated within the boundaries of the Mediterranean SREX region , (B, C D)
Distribution of projected dryland  transitions for three Global Warming Levels (GWLs. +1.5°C, +2°C and +4°C
above preindustrial levels), relative to the baseline period. Grey shaded areas in (B), (C) and (D) are drylands
of the baseline period. Diagrams denote the extent of projected transi  tions in each dryland subtype  (Source:
Cramer et al. 2020a) .

Climate risks related to extreme temperatures, droughts and water scarcity, forest fires,
agriculture yield and species loss are other key hazards in this area (Seneviratne et al.
2016; Guiot a nd Cramer 2016) . Additionally, these often occur within a combination of
interacting physical processes across multiple spatial and temporal scales creating the
so-cal | ed (Ec o mp o(Zscheischder et ralt 2008) , which may create additional
challen ges for climate adaptation and resilience.

Because of the Atlantic Ocean influence in this region, additional  climate hazards related
with sea level rise, storm surges and Atlantic hurricanes ~ have to be considered. Atlantic
hurricanes and storms provide an  additional challenge as the wind they generate has
been known to interact with catastrophic wildfires , fuelling them and creating devastating
consequences 8.

8 https://drmkc.jrc.ec.europa.eu/portals/0/Knowledge/ScienceforDRM2020/Files/supercasestudy _04.pdf
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The following sections organise the key climate

region using
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hazards in the Iberian Mediterranean

the European Union (EU) Taxonomy following the Paris Agreement

objectives (Dudout et al. 2021) . The EU-taxonomy comprises four major hazard groups,

namely those related to water, temperature, wind, and

solid mass movements. This

climate -related hazard classification distinguishes between acute (extreme) and chronic
(slow onset) hazards, to consider both rapid and gradual changes in weather and climate

within adaptation processes and to prevent maladaptation condit

ions.

Table 3.3 summarises k ey observed and projected hazards in the region as reported by

Portugal and Spain in the ir National Adaptation Strategies (NASs) and

Nation al

Adaptation P lans (NAPs) (Ministerio de Medio Ambiente; Presidéncia do Conselho de
Ministros, Ministerio para la Transicion Ecoldgica y el Reto Demogréafico (MITECO) 2020)

Table 3.3: Climate -related observed and projected hazards as reported by the Portuguese and Spanish
National Adaptation Strategies (NASs) and National Adaptation Plans (NAPs), organised according to the Eu-

Taxonomy classification (source. as reported in hitps./climate -adapt.eea.europa.eu/ ).

Temperature

Changing temperature (air,
freshwater, marine water)

Heat stress

Temperature variability
(PT + SP)

Heat wave

Cold wave/frost

Wildfire (PT + SP)

Wind

Changing wind patterns

Cyclone, hurricane

Storm (including
blizzards, dust and
sandstorms)

(PT + SP)

Tornado

Legend:

Bold - Observed and Future climate hazards
(PT) 1 Report in Portugues territory
(SP)i Report in Spanish territory

Temperature variability

Water

Changing precipitation
patterns and types (rain, hail,
snow/ice)

Precipitation and/or
hydrological variability

Ocean Acidification

Saline intrusion

Sea level rise (PT)

Water stress (PT + SP)

Water scarcity / quality
deterioration

Drought
Heavy precipitation

(rain, hail, snow/ice)
(PT + SP)

Flood (coastal, fluvial,
pluvial, ground water)

Solid mass

Coastal erosion

Soil degradation

Soil erosion (PT)

Solifluction (SP)

Avalanche

Landslide (PT)

Subsidence (SP)

Increases in mean temperature and extreme heat and decreases of cold spells

(Ranasinghe 2021a; Schleussner et al. 2021) are one of the most tangible climate
in the region .

changes occurring

-driven

Since 1950, mean and maximum temperatures,

frequencies of hot days, and heat waves have increase and the cold -related hazards have

decreased (Ranasinghe 2021a; Schleussner et al. 2021) . The increasing intensity of

heatwaves will cause additional mortality and extinction

the provision of ecosystem services (Marba and Duarte 2010) .

Wildfires

of vulnerable species, changing


https://climate-adapt.eea.europa.eu/
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Fire hazard conditions have substantially increased in Southern Europe from 1980 to 2019
(Urbieta et al. 2019; Fargeon et al. 2020; di Giuseppe et al. 2020) . Wildfire events are
related with multiple factors, from climate to social, but within this comple X context , fire
hazards have increased over the last decade and are project to increase in the future in

the Iberian Mediterranean (Copernicus 2022; Bedia et al. 2018) . Also in Mediterranean
Basin, the frequency of heat -induced fire -weather is expectedt o increase by 14% at 2.5 °C
of Global Warming Level , by the end of the century (Ruffault et al. 2020) .

Water stress

In the Iberian Mediterranean, projected changes lead to more frequent and severe
droughts, and as a consequence an increase in water scarc ity (Ranasinghe 2021a).
Additionally, impacts of compound events are emerging, such as recent crop failures due

to heat and drought (Toreti et al. 2019) .

In the Iberian Mountains, droughts can result in a significant reduction in ecosystems
services li ke water provisioning and protection. It can also force the abandonment of
pastoralism, which result in reduced water provision downstream. Ecosystems services
will be significant affect ed and progressively limit the climate regulation capacity
(Pefiuelas et al. 2018; Xu et al. 2019) .

Above 3°C Global Warming Level will  likely lead to difficulties to adapt to water scarcity

in parts of Southern Europe, due to geophysical and technological limits ( Bednar -Friedl
et al. 2022). The ability of trees to tolerate water stress can be exceeded with increasing
duration of the dry seaso n, leading to large -scale mortality, and changes in species
dominance.

Storms (including blizzards, dust and sandstorms)

Storms are pr ojected to increase in frequency across Europe over 2°C of warming , but
there may be a potential decrease of their freque ncy in the Mediterranean region
(Ranasinghe 2021a) .

The frequency of windstorms can also rise substantially by 2100 (Forzieri et al. 2017) , but
there is limited evidence for windstorms and convective storms for most of the regions.

With no scientific ¢ onsensus about a climate -induced trend in windstorms over Europe,

it is now evident that Southern Europe has the largest share of the area with an increase

of 17% in wind extremes, in a scenario of 3°C of warming (Commission et al. 2020c) .

Dust storms fr equency has increased during recent years and projections suggest that it

will continue to rise in response to climate change and anthropogenic activities
(Schweitzer et al. 2018) . The Sahara is the main source of dust deposition in the Iberian
Mediterranean and in metropolitan areas like Lisbon, Madrid , and Barcelona (Salvador et
al. 2014).

Sea level rise

Flood risks in low -lying coasts and estuaries are projected to increase due to sea level rise
(SLR) combined with storm surges and heavy precipitation (Couasnon et al. 2020) . For
example , in a context of no adaptation the number of airports vulnerable may increase
significantly between 2030 and 2080 along the Me  diterranean coasts (Commission et al.
2018).

Heavy precipitation (rain, hail, snow/ice)

In recent decades, the number of floods has increased in summer (Bloschl et al. 2020)
with increased economic damages, reflecting exposure of people and assets (Visser et al.
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2014; Merz et al. 2021) . There is no evidence that heavy precipitation is increasing in the
region (observations from 1970 -2019) but there is high confidence of an increase above
4°C of warming (Douville 2021; Ranasinghe 2021b) .

Heavy precipitation events are expected to become more intense in a warming
atmosphere, and rainfall totals during precipitation events may rise up to 7% per °C of
warming. Within this context it is expected that precipitation events (from sub -daily up to
seasonal time scales) will intensify flood occurrence. However, t he daily precipitation
maximum (Rx1day), based on JRC data catalogue (Dosio Alessandro 2020) is projected
to decrease in the region in both 1.5°C and 3°C warming scenarios (Gutierrez 2021) .

3.3.1.2. Key components of exposure

Exposure is related with the presence of people; livelihoods; species or ecosystems;
environmental functions, services, and resources; infrastructure; or economic, social, or
cultural assets in places and settings that could be  adversely affected . Key components
of exposure considered for the Iberian Mediterranean are  mainly vulnerable groups of
people, related with the sociodemographic context, and the key vulnerable economic
sectors present in the region and its metropolitan a reas.

The key components of exposure described here are related to the above -mentioned
hazards, with particular attention  their interaction with urban areas, agriculture, tourism,
human health, infrastructure, energy systems and coastal zones.

Heat and cities

The concentration of population in metropolitan areas represents a significant increase in
exposure to urban heat i slands, flash floods, landslides, and coastal -related risks.

Since the region is prone to desertification, especially inland areas, where ageing
population and reducing economic activity will expose vulnerable groups of people to
heat stress. In parallel, the exodus from rural areas to cities produces a significant
pressure on environmental quality in cities.

Droughts in agriculture and tourism

The intense seasonal population movements related with tourism increases risks related

to water stress and drough ts in the region. The tourism sector is particularly exposed to
increasing air temperatures considering that thermal comfort plays an important role in

the attractiveness of a destination.

Climate change and decades of intensive agricultural practices and cultures make
agriculture in the region prone to desertification and other potential risks (Spinoni et al.
2017). The region cespatial -temporal distribution  of precipitation can lead to a reduction
in water availability in certain  areas and periods of the year, which can affect agricultural
activity. The sectoris very exposed to climate , and irrigation is fundamental to guarantee
the viability of agriculture, particularly to develop spring -summer crops. Additionally,
agriculture is exposed to climate change within a context of changing productivity and
consider able moderate adaptation measure s will be necessary (Feyen et al.; Bird et al.
2016; European Environment Agency 2019a ; Moretti et al. 2019) .

Combined with socio -economic development, the increase o  f frequency and intensity — of
heat and drought s will promote a reduction on water availability for irrigation leading to
the potential abandonment of farmland (Holman etal.,  2017).

For example, in the Lisbon Metropolitan Area, t he annual precipitation reduction
projected until the end of the century is between 20% and 25% (IPMA 2015), which,
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associated with the lack of development  of some rural areas and the high risk of wa ter
erosion, will tend to significantly affect agroforestry production systems.

Health systems

Health systems could face significant pressure due to direct impacts on human health
related with air quality, infectious diseases, natural disasters (floods, fires), or even as a
result of extreme weather events  (Austin et al. 2016a; Watts et al. 2021a) . In extreme heat
or heat waves context, greater morbidity and mortality from heat -associated causes is
expected, like dehydration, fatigue, and heat strokes. It is expected that these will act more
severely on the population with less protection capacity, such as the elderly, children, or
non -acclimatized tourists. In cities and in  urban areas such as the AML, the consequences
of extreme heat or heat waves are generally amplified by the thermal and hygrometric
factors in the field that tend to generate the  urban heat island events.

Infrastructures

The exposed assets are current related with river floods and storms. However, heat and

drought will become major drivers in the future. Considering the companies located in

exposed locations the probability of  financial default may increase to up to four times

until 2050, in all sectors (Central Bank 2021) . Additionally, it is projected that exposure to
urban flooding will increase with urbanization (Jongman et al . 2012;
2016; Paprotny et al. 20 18; Dottori et al. 2018) .

Coastal areas have already started to be affected by sea level rise and human exposure

to coastal hazards is projected to increase in the next decades (Merkens et al. 2016;
Reimann et al. 2018) . Exposure differs between scenar ios for the coastal population for
the 21 century. With the exception of SSP3 , the coastal population will grow faster than
the inland population  (Merkens et al. 2016), which will increase exposure in coastal areas.

Energy

The r e genemysytems are exposed to climate change in different contexts: (1)
supply dependence from renewables, considering the potential changes in electricity
production associated with wind, photovoltaic and hydroelectric production; (2)
distributions and s torage systems disruptions due to occurrence of extreme weather
events; and (3) temperature variations and the associated increase in final consumption,
both for heating and cooling.  All these are expected to increase under climate change
scenarios (Pina et al. 2018).

Coastal zones

Sea level rise is a threat for coastal communities and infrastructures, particularly beyond
2100. Coastal areas will be affected by sea levels and  this context is also a great risk for
the Mediterranean cultural heritage  (Marzeion and Levermann 2014; Clark et al. 2016;
Reimann et al. 2018) . Extreme water levels, coastal floods, and sandy coastline recession
are projected to increase alongthe r e g i coasthse, especially in  Atlantic coastlines in
(Ranasinghe 2021b) . Additionally , some of the most vulnerable ecosystem s in the region
are also highly exposed and  will be significantly impact ed (Marani et al. 2007; Ranasinghe
2021a). In Portugal , the number of additional people at risk of a 100 -year coastal flood is
not expected to change significantly while in Spain this number is expected to increase
by at least 100.000 until the end of the century , when compared with current exposure
and the number of people at risk  (Haasnoot et al. 2021) .
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3.3.2. Climate -related risks in th e Lisbon Metropolitan Area

3.3.2.1. Key hazards

The key climate hazards are presented in the Lisbon Metropolitan Area Climate Change
Adaptation Plan (PMAAC-AML) and are based on scenarios that include the following
variables (Pina et al. 2018):

1 Temperature : average, maximum, minimum, number hot of days, summer
days, tropical nights, frost days

Precipitation : total precipitation, number of days with intense precipitation .
Drought : Standard Precipitation Index (SPI)

Wind : average speed .

Thermal comfort : Heat waves, cold waves, bioclimatic comfort (UTCI)

=4 =4 -4 =9

The major hazards projected for the AML will be related to increasing temperatures.
Warmer conditions and the increase of length of the dry season will promote wildfire
conditions that will cause the loss of natural habitats in the region. Forest fire are a major
cause of disturbance in Mediterranean habitats and one of the biggest causes of loss of
natural habitats (Batllori et al. 2019) .

Table 3.4 summarises key climate -related hazards for the AML, classified according to the
EU-Taxonomy .

Table 3.4. Climate -related hazards based on AML ce€limate Chan ge Adaptation Plan , organised according to
the Eu-Taxonomy classification (projections. minimum value is for 2041  -2070 and RCP4.5 and maximum
value is for 2071 -2100, RCP8.5).

Temperature Water

Heat stress Precipitation and/or hydrological variability

Increase in days under conditions of thermal Decrease of 5% to 17% annual precipitation

discomfort: 24 to 66 days/year Decrease of 25% (2071 -2100, RCP8.5) in spring and
autumn

Temperature variability Drought

Increase in average from 1,3°Ct 0 3,2°C Increase in annual average SPI: from -0,23 to -0,36

Increase in tropical nights from 6 to 34 days/ year

Heat wave Heavy precipitation (rain, hail, snow/ice)

10 to 23 days in heat wave per year Increase in days with heavy precipitation: 1 to 2
days/ year

3.3.2.2. Key components of exposure

The AML vulnerability to extreme events, combined with the strong concentration of
people, infrastructure and economic activities, results in a strong exposure to climate
change, whose impacts can result in risk situations for people and assets, economic,
property and cultural losses and, consequently, a deterioration of the social and economic
situation, which is reflected in the increase of poverty.

The forestry sector is exposed to fo  rest fires as a result of the decrease in average annual
precipitation, temperatures, and frequency of heat waves. The exposure is higher in the
municipalities of Mafra, Loures, Sintra, Settbal and Sesimbra.

The key sectors reported as heavily exposed to ¢ limate change in the Lisbon Metropolitan
Area Climate Change Adaptation Plan are (Pina et al. 2018):
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Forest and agriculture
Biodiversity

Industry, tourism e services
Energy

Water resources

Human Health

=A =2 =4 4 4 =4

The demographic evolution in AML is relevant for cli mate change since an ageing
population is more vulnerable to extreme weather events, such as heat waves. This
particular climate context can expose the National Health Service to moments of
pressure, which can limit the response of the health services. Add itionally, the Adaptation
Plan refers the potential degradation of air quality by high ozone levels and as result of

an increase in air temperature and less precipitation (Pina et al. 2018).

AML is directly influenced by the Atlantic Ocean, which leads t 0 a significant expos ure to
sea-level rise, hurricanes, storms, and high energy waves that can cause coastal erosion
and flooding, as well as saline intrusion. Along the coast, buildings, communication
infrastructures, port areas, coastal defence structure s, water reservoirs, pluvial systems,
beaches, dunes, and other ecosystems are very exposed, as it is evident from historical
impacts.

3.4. Adaptation
3.4.1. Key components of adaptive capacity

Adaptive capacity is the ability of systems, institutions, humans, and other organisms to

adjust to potential damage, to take advantage of opportunities, or to respond to the
consequences of climate change. The opportunities and constraints for adaptation in the
Iberian Mediterranean and in the Lisbon Metropolitan Area  include links to ongoing
changes in the socio -economic and environmental context, including potential social -
ecological tipping points.

We considered the ability of natural and human systems , institutions, and organisms to
adjust to different potential impacts of climate change, taking advantage of opportunities
or being limited by constrain  ts in responding to the consequences that arise.

Table 3.5 summarises the key opportunities and enabling conditions for adaptation in the
Iberian Mediterranean region
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3.4.1.1. Regional assessment of adaptation opportunities and constraints

Table 3.5.: Opportunities and enabling conditions for adaptation in the Iberian Mediterranean region

OPPORTUNITY REGIONAL OVERVIEW

Awareness - Heat-related casualties in Southern European cities are at a low level due to the

raising application of prevention plans, individual and household adaptation measures and
growing awareness of citizens ( dece Donato. et al. 2015)

- Limited mainstreaming of climate ¢ hange is observed, particularly due to low
societal pressure to change, confidence in existing health systems, and lack of
awareness of links between human health and climate change (Austin et al. 2016b;
Watts et al. 2021b) .

- Even in companies that experi ence consequences of extreme weather events or
stakeholder pressure, the action to adapt are limited due to underestimation of
exposure to risk (Pinkse and Gasbarro 2016) .

- There remains little research on private -sector awareness of or responses to
cascading or compound risks associated with climate change (Miller and Pescaroli
2018).

- Higher climate change risk perceptions observed in Spain and Portugal (Duijndam
and van Beukering 2021) .

- In Portugal, people living in the coast were more likely to attr ibute local natural
hazards to climate change and to take some adaptive measures (Luis et al. 2017).

- Many behavioural changes such as personal and home heat protection have
already been implemented in South Europe  (Martinez et al. 2019a) .

Ca.pe'icity - The main instrument to improve knowledge within adaptation to climate change is
building the definition adaptation strategy to climate change, identifying vulnerabilities and
defining measures that strengthen resilience  (Ranger et al. 2013) .

- Action Program for Ad aptation to Climate Change (P -3AC) implement adaptation
measures, with concrete lines of action for direct intervention in the territory and
infrastructure.

- The risk associated with human heat mortality is influenced by socio -economic
scenarios. The conseq uences are more severe under SSP3, SSP4 and SSP5
scenarios than SSP1.

- Within a context of extensive water consumer, crop production in Agriculture sector
(Gerveni et al. 2020)(Gerveni et al. 2020) the adaptive capacity is reduced beyond
3°C GWL (Ruiz-Ramos et al. 2018).

Tools - The governance tools to reduce impacts related with are the establishment of

networks of protected areas. The cost -effective adaptation strategy with multiple
additional co -benefits should be considered (Berry et al. 2015; Robert s et al. 2017).

Policy - The climate change actions on mitigation and adaptation remain largely sectoral.

- Many behavioural changes such as personal and home heat protection have
already been implemented in South Europe

Learning - Ecosystem -based solutions require space, which trend to be unavailable in cities.

Flood options to protect are effective in reducing inland flooding risk but regional
variation occur considering a cost  -benefit ratio (Alfieri et al. 2018; Commission et al.
2020b).

Innovation - Adaptation across Europe and sectors are more frequently incremental than
transformative actions and should promote new opportunities and associated
benefits (European Environment Agency 2019b)
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Table 3.6 summarises the key constrains for adaptation in the Iberian Mediterranean
region .

Table 3.6. Key constrains for adaptation in the in the Iberian ~ Mediterranean region

CONSTRAINTS REGIONAL OVERVIEW
P_hysic_al and - Low water availability (Ranasinghe 2021a) .
Biological - Dense urbanized areas and coastal population agglomerations (Merkens et al.
2016).
Economic and - There are structural and economic barriers to household adaptation due to lack of
Financial policy incentives or regulations ~ (European Environment Agency 2017)

- Building interventions alone have low to medium effectiveness independent of the
region (Martinez eta I. 2019b).

- Most of the budget EU spending is going to mitigation (Berkhout et al. 2015;
Hanger et al. 2015; Leitner et al. 2020) .

Human Capacity | . Key barriers to adaptation include both external (e.g., lack of support/guidance)
and internal factors (e. g., few resources, managerial perceptions  (Halkos et al.
2018).

- Lack of knowledge, feeling climate change is not a salient risk, and lack of social
learning or collaboration, appear to be key barriers to private sector adaptation
(Dincd et al. 2014; Romagosa and Pons 2(

Goyernance - Decrease in hydropower potential in South Europe are expected beyond 3°GWL
Institutions (Commission et al. 2020a; Spinoni et al. 2020)

Policy - There are considerable barriers to mainstreaming adaptation (Runhaar et al.,
2018).

- Barriers to climate services: lack of p  erceived usefulness, outdated statistics,
mismatch needs, insufficient effective engagement lack of business models to
sustain climate services over time  (R&sé&nen et al. 2017; Cavelier et al. 2017; Bruno
Soares et al. 2018; Christel et al. 2018; Oberlack a nd Eisenack 2018; Hewitt et al.
2020).

Knowledge - Across Europe, and particularly in relation to gradual change, non -experts
Awareness continue to under -estimate climate change risks compared to experts.  (Taylor et al.
Technology 2014).

- Non experts have low awareness of adaptation options and confuse adaptation
and mitigation (Harcourt et al. 2019) .

- Adaptation responses across European regions and sectors, are more often
incremental than transformative options (European Environment Agen cy 2019c).

- Under medium warming a larger portfolio of measures might be needed, while it
may not be able to completely avoid water shortages at high warming (Greve et al.
2018).

- At higher GWL, ecosystems are projected to experience impacts due to
tempe rature changes (Malhi et al. 2020) and SLR combined with human pressures
(Mangan et al. 2020) .

- Models underestimate the total costs of climate change impacts by neglecting
systemic risks, tipping points  (van Ginkel et al. 2020) , indirect and intangibl e costs,
and limits of adaptation  (Ercin et al. 2021; Piontek et al. 2021) .

- There is little research on public responses to risks and to multiple and cascading
risks (van Valkengoed and Steg 2019) .

Social/Cultural - Water efficiency measures in anticipation of, or response to drought are also
limited (Bryan et al. 2019) , while water recycle in Mediterranean and some other
EU countries is increasing (Aparicio 2017) .
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3.4.2. Adaptation governance and key  poli ces

In climate change adaptation, policy makers like to require detailed and precise
information about the likelihood and dimension of the climate impacts (Capela Lourengo
2015). Adaptation to climate change impacts must come after focused evaluation and
planning (Flssel 2007), and depend on the conditions and background of each sector and
location in focus. It is recognized that integrated complementary approaches need to be
developed, which can benefit from the input of stakeholders at different times, setting
critical thresholds for specific climate change vulnerabilities (Adger et al. 2005) .

The integration of long temporal and large spatial scales in adaptation is a chall enge that
needs to be integrated into the rationale of governance practices. Adaptation can be based

on uncoordinated, ad hoc choices and actions of individuals and different stakeholders,

or based on collective choices, coordinating numerous actions at va rious levels Slocal,
regional, national, or supranational  (Swart et al. 2009) .

Therefore, key elements of adaptation governance and policy -making for the Iberian
Mediterranean region and its metropolitan areas require an assessment across scales,
from the EU to the local level. The following sections highlight the key polices, strategies

and plans of relevance for the adaptation governance in this region.

3.4.2.1. EU and the Mediterranean

Tables Table 3.7

Table 3.8 summarise key EU adaptation policies, plans and strategies and other EU
Poalicies plans and strategies with adaptation components of key relevance to the Iberian
Mediterranean.

Table 3.7. Current EU adaptation policies, plans and strategies with major relevance to the Iberian
Medliterranean.

Policy/Plan/

Overview/Scope
Strategy P

EU Adaptation

Strategy The new strategy sets out how the  European Union can adapt to the unavoidable
: impacts of climate change and become climate resilient by 2050.
EU Adapteiuon The Strategy has four principles objectives: to make adaptation smarter, swifter and
Strategy SImpact more systemic, and to step up international action on adaptatio n to climate change .
Assessment
EU taxonomy for
sustainable Regul atory diploma to meet the EUcs cl i mat
o common classification system for sustainable economic activities.
activities
It is a new growth strategy that aims to transform the EU into a fair and prosperous
The European society, with a modern, resource -efficient, and competitive economy where there are
Green Deal no net emissions of greenhouse gases in 2050 and w  here economic growth is

decoupled from resource use.
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Table 3.8. Current EU Policies plans and strategies with adaptation components

Mediiterranean.

Policy/Plan/

Strategy

PROVID

of key relevance to the Iberian

Overview/Scope

The EUcs biodiversity strategy for 203t&mi
Biodiversity plan to protect nature and reverse the degradation of ecosystems. The strategy aims
strategy for 2030 to put Europe e biodiversity on a path to recovery by 2030 and contains specific

actions and commitments.
EU Common https://www.europarl.europa.eu/factsheets/en/sheet/103/the  -common -agricultural -

Agricultural Policy

policy -cap-and-the-treaty .

EU Farm to Fork

Within the fr amework of the Green Deal, the European Commission launched in May
2020 the EU Farm to Fork Strategy that aims to ensure a sustainable food value chain.
Sustainable agriculture and sustainable fishery within Protected Areas can be a model
to provide safe, nutritious and high -quality products.

EU Climate Law

A new legislation to complement the existing framework to tackle Climate Change by
irreversibly enshrining the 2050 carbon neutrality target in the law. This legislative act
isin line with the GreenDe al and the Unionos desire t
climate leader.

(o]

Floods Directive

Directive to assess and manage flood risks in water courses and coast lines, aim to
map the flood extent and assets and humans and planning process.

Water Framework
Directive

Aims at long -term sustainable water management based on a high level of protection

of the aquatic environment by achieving a good ecological status in all waterbodies.

EU Member states agreed that climate -related threats and adaptation  planning have
to be incorporated in the River Basin Management Plans (RBMPs) elaborated under

the WFD.

Marine Strategy
Framework
Directive

The aim of the European Union @ ambitious Marine Strategy Framework Directive is
to protect more effectively the marine environment across Europe.

Strategy for
Financing the
Transition to a
Sustainable
Economy

The European Commission adopted today an ambitious and comprehensive package
of measures to help improve the flow of money towards financing t he transition to a
sustainable economy.

New EU Forest
Strategy for 2030

Aims to overcome these challenges and unlock the potential of forests for our future,
in full respect for the principle of subsidiarity, best available scientific evidence and
Better Regulation requirements

Land use and
forestry regulation
for 2021 -2030

The Land Use, Land Use Change and Forestry ( LULUCF) Regulation implements the
agreement between EU leaders that all sectors should contribute to the EU ®2030
emission reduction target, including the land use sector.

EU4Health
Programme

EU4Heal th is the EUocs amblo.iThepandemic lasp majos e
impact on patients, medical and healthcare staff, and health systems in Europe. The

new EU4Health programme will go beyond crisis response to address healthcare
systemsce resilience.

Interreg MED
Programme

Gathers 13 European countries from the N orthern shore of the Mediterranean. They
are working together for a sustainable growth in the region.
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3.4.2.2. lberian Mediterranean (Portugal, Spain)

Adaptation governance in the Iberian Mediterranean is incipient with the notable

exceptionof somepast ef f orts from both countri®esoc Envi

Both Portugal and Spain have heavy and centralised national, regional , and autonomic
regional levels of governance (see section  Governance ). This is also reflected on the
climate action governance structures of both countries

Tables Table 3.9Table 3.10 summarise key existing adaptation plans and other sectoral
policies and plans that incorpor ate an adaptation dimension in the Iberian Mediterranean.

Table 3.9. Existing adaptation policies, plans and strategies in the Iberian Mediterranean.
Policy/Plan/Strategy

National Climate Change Adaptation Plan 2021 -2030 - Spain

Climate Change Adaptation: 3° Working Programme (National adaptation plan)

National Adaptation to Climate Change Strategy (ENAAC 2020) - Portugal

Action Plan for Adaptation to Climate Change (P -3AC) - Portugal

Table 3.10. Key policies, plans and strategies with adaptation components in the Iberian Mediterranean.

Policy/Plan/Strategy

Adaptation Strategy for the Spanish Coast

Forest Adaptation Plan to Climate Change - Portugal

National Strategy for Preventive Civil Protection - Portugal

Southwest Europe Programme

3.4.2.3. Lisbon Metropolitan Area

Climate change is a national priority for Portugal since it is one of the European countries
most vulnerable to the impacts of climate change. The Lisbon Metropolitan Area is a
relevant hotspot of impacts due to its location and socioeconomic relevance.

The Lisbon Metropolitan Area is overcoming relevant transformational efforts in terms of
decarbonisation and adaptatio n. Eight municipal strategies and one intermunicipal
adaptation strategy have already been adopted, and collaboration with the cities and
metropolitan officials. With regional and local stakeholders, the regional governance
facilitates the overshoot planni ng into the rapidly growing discussion about the
implementation of adaptation actions, such as those included in the Metropolitan
Adaptation Strategic Plans for heatwaves (see section 3.6

Insights from stakeholder engagement meeting ).

9 LIFESHARA project: https://www.lifeshara.com/
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Tables Table 3.11,Table 3.12Table 3.13 summarise key existing adaptation polices
strategies and plans, other sectoral plans with that incorporate an adaptation  dimensions
and upcoming adaptation strategies and plans in the AML.

Table 3.11: Existing adaptation policies, plans and strategies in the Lisbon Metropolitan Area

Policy/Plan/Strategy

Climate Change Adaptat ion Metropolitan Plan ~ SLisbon Metropolitan Area 1

Climate Change Adaptation Municipal Strategy/ Plan SBarreiro 1

Climate Change Adaptation Municipal Strategy/ Plan SLishon 2

Climate Change Adaptation Municipal Strategy/ Plan ~ SMafra 13

Climate Change Adaptation Municipal Strategy/ Plan ~ SLoures 4

Climate Change Adaptation Municipal Strategy/ Plan SOeiras

Climate Change Adaptation Municipal Strategy/ Plan - Odivelas

Pacto para o Desenvolvimento e Coes&o Territorial da Area Metropolitana de Lisboa (PDCT -AML). 15

Table 3.12: Other p olicies, plans and strategies with adaptation components in the Lisbon Metropolitan Area

Policy/Plan/Strategy

18 Municipal Master Plans (original name: Plano Director Municipal ~ SPDM).

Municipal Plans for Forest Defence against wildfires (original name: Planos Municipais de Defesa da
Floresta Contra Incéndios) .

Municipal and Multi -municipal Plans for Floods Management Risk  (original name: Planos de Gestao dos
Riscos de Inundagdes (PGRI) .

Hydrographic Region Management Plans (original name: Planos de Gestao de Regido Hidrografica), two
plans aplei in AML:
1 RH5§ Tejo e Ribeiras do Oeste (Alcochete; Aimada; Amadora; Barreiro; Cascais; Lisboa; Loures;
Mafra; Moita; Montijo; Odivelas; Oeiras; Seixal; Sintra; Sesimbra; Setubal; Vila Franca de Xira)
1 RH6S Sado e Mira (Montijo; Palmela; Sesimbra; Setubal)

Planos e Programas da Orla Costeira (1. Alcobaca SMafra; Cidadela SSé&o Julido da Barra; Sintra S Sado;
Sado SSines).

Human Heat stress in AML .

10
https://www.lisboa.pt/fileadmin/atualidade/noticias/user_upload/plano_metropolitano_de_adaptacao_as_alteracoes_clim
aticas.pdf

1 https://www.cm _-barreiro.pt/cmbarreiro/uploads/writer_file/document/10297/00_EMAAC_Barreiro.pdf

12 https://www.lisboa.pt/fileadmin/cidade_temas/ambiente/qualidade_ambiental/EMMAC/EMAAC_2017.pdf

13 https://wvww.cm _-mafra.pt/cmmafra/uploads/writer_file/document/1555/emmac_mafra.pdf

14 https://www.cm _-loures.pt/AreaConteudo.aspx?Displayld=1284

15 https://www.am _-lisboa.pt/documentos/1518972446X5wIG6ed3P044JT3.pdf
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Table 3.13: Upcoming adaptation policies/plans/strategies in the Lisbon Metropolitan Area
Policy/Plan/Strategy Lead Agency Overview/Scope

Climate Change
Adaptation
Municipal Strategy/ The Project PLAAC - Arrabida (developed by ENA
Plan,Palmela - Energia e Ambiente da Arrabida) will develop
three Climate Change Adaptation Municipal Plans
in Setubal, Palmel a and Sesimbra. This project
Sesimbra Municipality intends to adapt the territory to cope to climate
change by identifying vulnerabilities, reducing

risks and impacts, and promoting resilience. The
Climate Change elaboration of the plans involves a participatory
Adaptation process with the key actors of the community.
Municipal Strategy/
Plan - Setubal

Palmela Municipality

Climate Change
Adaptation
Municipal Strategy/
Plan - Sesimbra

Settbal Municipality

The PMAAC -VFX will be developed under the

Climate Change EEA-Grants financing resources. It will involve a

Adaptation

- Vila Franca de Xira communication planning with 4 workshops and 2
Municipal Strategy/ L . . s
- Municipality public participatory moments with citizens,
Plan - Vila Franca de companies, pub lic institutions , and municipal
Xira (PMAAC-VFX) o dizs P ' P

Identify the current climate vulnerabilities and
risks until the end of the century . Define the
Lisbo n Municipality adaptation options to respond to  future
challenges Slike heat waves, cold weather ,
intense precipitation and floods

Climate action Plan $
Lisbo 2030

3.5. Spatial structural and strategic  profile of the Lisbon Metropolitan
Area

This section summarize s an evaluation of the capacity of the sp atial structure of the Lisbon
Metropolitan Area to regulate heat , for details see Chapter 9 . The analysis is based on an
identification of the degree to which the composition and configuration of the various
spatial systems that compose the territory in qu  estion correspond to the capacity to
regulate hea t, with focus on the existence and network of green and blue spaces (or
spaces that could be green and/or blue).

The ecological structure, the system of non -built -up spaces and the space along the

infrastructural networks ( col | ecti vely referred wee ealsatedEr e gul at
from the perspective of the size and inter -proximity of available spaces that could (or
already do) perform heat stress mitigation and adaptation services. This eval uation was

done according to: 1 ) their coherence with the conditions of the ground (landform and

areas of ecological value) ; 2) the possibility that the surface hydrographic network and the

mobility infrastructure  are appropriated Es pi ne s ce t h aeé enfpecterntoeyaahde t h
organize a system of cool spaces for overall  regional ventilation ; 3) the transformation of

spaces in close proximity to amenities and along quotidian routes between residences,

work environments, amenities and public transport stops , into cool spaces (porosity) ; 4)

the flexibility towards spatial manipulation allowed by the various land -use/land -cover
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classes, governance regimes and ownership patterns ; and 5) the degree of
correspondence between the suggested places  for cooling and t he current array of
protection and nature conservation plans (contingency).

Figure 3.14 and Figure 3.15 represent the synthesis of the Structural Profile for the Lisbon
Metropolitan Area and the Municipality of Lisbon respectively, after the evaluation of their
interrelationship with the regulation systems according to the five above-mentioned
spatial dimensions for heat regulation.  The figures show (in shades of green) spaces that
are suggested to participate in a regional and urban cooling strategy (in reference to
landform, ecological value, and position along the surface hydrographic and mobility
infrastructure networks) , classified according to the degree of flexibility and cooling
capacity (from darker to lighter green). Particular places and spaces of significance are
emphasized, namely, the network of industrial and commercial units and the degrees of
intensity of built -up space, due to the fact that associated heat regulation measures, as
well as the overall strategy, hasto  consider possibilities of transformation of the economic
sector and infusion of cooling devices within urbanized areas. Finally, a correlation is
drawn between said spaces and their governance and ownership regimes.

Spatial & Strategic Profile Lisbon Metropolitan Area

—10km—

Figure 3.14 Strategic Profile for the Lisbon Metropolitan Area for heat stress regulation , Image BUUR/PoS 2022 .
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10km

Figure 3.15 Strategic Profile for the Municipality of Lisbon for heat stress regulation , iImage by BUUR/PoS 2022 .

At the scale of the Lisbon Metropolitan Area what stands out is the imperative for the
reorganization of the patterns of existing agricultural (cropland a nd pasture) , land uses
and land covers, as well as areas of herbaceous vegetation that rest primarily on flat
landform structures (and populate the largest extent of the region), so that they
incorporate higher degrees of intense vegetation. The areas wher e the agricultural sector
is prevalent are facing a demographic reorganization and, consequently, an increase in

the risk of desertification and wildfires, exacerbated by and increasing the risk of heat
stress. Subsequently, the utilization of the mobility and surface hydrographic systems as
carrying structures for a territory -wide cooling project is evident, thanks to their high
degree of territorial penetration and their position across areas of ecological value. At the
same time, the greening of the vall ey structures tha t rest primarily at the northern part of
the Metropolitan Area presents itself of strategic importance (particularly due to the high
presence of settlement patterns) . Finally, the significance of the adaptation of the network
of industrial and commercial units, transportation nodes, as well as is the infusion and
retrofitting of cooling devices within the urbanized landscape (according to the degree of

built -up intensity) completes the picture.

For the scale of the Municipality of Lisbon, t he emphasis is on the correspondence
between those spaces that participate in the everyday life of the inhabitants and visitors

to the city, and the governance and ownership systems. It has already been argued that
the exodus from the countryside towardst  he urban cores, as well as the influx of tourist
populations, increase both the risk of exceeding the capacity of the region to mitigate and
adapt to higher temperatures, as well the overall exposure of populations to heat stress.
As such, there is a need for embedding cooling measures in close proximity to and
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together with places of public significance, namely, amenities, tourist spots, he alth service
provision buildings, public transport stops, as well as general residential areas. The above

is illustrat ed in Figure 3.15, as is their correspondence with governance and ownership
patterns. While t he current system of green spaces exhibits a high degree of adequacy in
reference to heat regulation, the network itself needs a higher level of retrofitting along

the mobility infrastructural network (that corresponds to that of the entire Lisbon
Metropolitan Area) . While it could be possible to be fill the gaps t hanks to the existence of
large non -built -up spaces, such efforts might stumble upon difficulties related to
management regimes , private ownership , or inflexible uses.

3.6. Insights from stakeholder engagement meeting
3.6.1. Workshop purpose and setting

The first PROVIDE Stakeholder Engagement Meeting in the Iconic City of Lisbon
Metropolitan Area (AML) was held on 4 ™ March 2022 at the AML office, in Lisbon.
Invitations to meeting were co -ordinated between the PROVIDE team and the AML, who
sent out an official invite on behalf of the project to all members of the standing
Metropolitan Working Group on Spatial Planning, Environment and Urbanism (Grupo de
Trabalho Metropolitano Ordenamento do Territério, Ambiente e Urbanismo). These
included both decision -makers and tec hnicians/planners in all the 18 municipalities that
comprise the AML. The meeting took place in -person , with some participants connecting
online. The meeting language was Portuguese with the exception of the online
presentations by the PROVIDE team and dir ect questions to the presenters. There was a
total of 26 participants (four online) covering 14 of the 18 AML municipalities. The meeting
was supported and moderated by three members of the PROVIDE FC.ID team, who also
provided notetaking. Additional AMLt  echnical local staff supported the meeting.

3.6.2. Climate risks and current adaptation efforts

After some introductory words and an opening ad
Ferreira, which addressed some of the current climate  -related challenges in the area ,
participants were introduced to PROVIDE, includi:
concepts, such as overshoot pathways, reversal of the impact chain, limits to adaptation,

critical thresholds and overshoot proofing. Participants were asked to sha re their

perspective on how climate change is affecting their municipalities and how they are
currently framing climate action across sectors and territories. There were comments and

a general agreement that all the questions were valid and interesting for their work but
that it was difficult to respond directly without further information on how thresholds and

limits would be treated considering the current strategies already in place. The notion that
impacts may be different before and after overshoot was noted by the participants as quite
interesting and that it was something they had not thought about before

A presentation from the AML illustrated the key elements of the current climate adaptation
policy and practices in the region, with a particulare ~ mphasis on the Metropolitan Climate
Change Adaptation Plan (PMAAC -AML). Jodo Lopes from AML presented the climatic
context of the plan, based on the definition of eight homogeneous morphoclimatic units

that covered the entire region, and the local climate projections until 2100 (temperature
and precipitation related variables) used to assess current and future climate
vulnerabilities and risks. He noted that, in fact, it was not known if the temperature rise in

the region was already above the 1.5°C thresho Id set by the Paris Agreement,
acknowledging that it was interesting to think about how this could frame the local
adaptation context. It was noted that 14 (out of 18) municipalities already have their own
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Municipal Adaptation Strategy or Plan, withthere ~ maining four being under development,
which provides a comprehensive climate action coverage in the region.

During the follow -up discussion participants from three neighbouring municipalities that
are working together, explained that the application of sc enarios is relevant for territorial
plans at the municipal level. For example, scenarios have been already developed for
agriculture and tourism, but overshooting scenarios were never considered, even if their
existence is known, noting that this kind of s cenarios would be difficult to introduce in this
phase of the process. However, they all agreed that this is an interesting perspective,
especially considering the notion of (ir)reversibility of impacts and associated
consequences for adaptation (loss of b each area and was given as an example). One
participant asked how to measure and communicate where we are (locally) in relation to

the overshoot trajectories (globally).

3.6.3. Overshoot, opportunities and constrains to adaptation

During the meet icosgamsnonemsy gartid@phnts dvéres asked to identify
major opportunities and constrains to adaptation, under different climate and socio -
economic change trajectories, including the newly introduced overshoot pathways.

3.6.3.1. Opportunities

Several participants no ted that it would be interesting to have a clear guidance on how to
integrate adaptation measures at the local level. This would promote a better integration

of climate change scenarios with territorial decision -making. In this context, one
participant add ed that the recently approved Climate Framework Law (Lei de Bases do
Clima, 31 December 2021) will make it mandatory that all municipalities to produce
climate action plans (mitigation and adaptation) within two years if they do not have them
already. Sh e noted that municipalities will need to connect these plans with all other
existing Territorial Management Instruments (IGTs - Instrumentos de Gestao Territorial),
which creates a new reality and raises questions about how municipalities will be able to
incorporate all relevant variables. AML noted that the ongoing PMAAC -AML monitoring
and governance mechanism can be seen as a platform to exchange knowledge. The 47
projects from 7 municipalities that were already surveyed are an example, and they expect
that more are to come about soon from the municipalities that have ongoing or concluded
adaptation plans.

3.6.3.2. Constrains

Participants recognized that they face difficulties in the area of adaptation and even with

clear information about the importance of climate change, there are always problems in

a context of strained human resources, especially among technicians in the fields of
urbanism and environment. Additionally, technicians in the field must collaborate with a

fixed governance structure, making implement  ing changes challenging. As a follow -up
several participants alluded to the need to collaborate directly with communities (and not

in a closed circuit) so that adaptation action is well accepted and relevant, which adds
another level of complexity when usi  ng many scenarios. One participant explained that
the regional governance model is not flexible and may present some problems of
articulation, noting that what is important at this stage is to implement the measures and
develop what is in the plans. One pa rticipant pointed out a technical limitation to address
heat waves in urbanized areas, especially . oo®nsi de
This regulation will require the planting of different amounts and species of trees by
municipalities over th e next two years, but there are areas where it is exceedingly difficult
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to apply proper arborization solutions. It would be important to understand how to adapt
some Rgrey areasf without trees in city centres
area could be used to plant trees (and if this would ameliorate the heat in those areas).
One participant noted the difficulty of promoting shaded areas in historic centres because

there is no available space for trees or because there is resistance from conse rvation
services that want to protect the architectural heritage. Some municipalities do have large
forest areas but not in the urban centre or where they are (really) necessary. Additionally,
some tree species may be disappearing, making it important to u nderstand which species
could/should be introduced (with care not to introduce aggressive invasive species). One
participant mentioned that most of the currently available scenarios are focused on
municipal territories and not in the region as a whole. Sev eral participants expressed
difficulties in the definition of thresholds, especially if there is a need to define a specific
value or limit (e.g., number of hot nights) or define information within specific sectors.

3.6.4. Tools and spatial planning

One participa nt noted that to accomplish the objective of incorporating the spatial profile

with climate information, risk and exposure maps (or layers) need to be overlaid onto
existing Territorial Management Instruments. In particular, Municipal Director Plans
(PDMs S Planos Directores Municipais) are planning layers of interest for this work. She
added that risk is being considered in most cases, but the mapping is done without data
from the Territorial Management Instruments. This is done separately and then risk
mapping is incorporated into the planning instruments. Participants agreed that the
mapping developed by PROVIDE can be useful to calibrate the development of the
Territorial Management Instruments and to validate if the use of a certain territory parcel

is appropriate in terms of climate change adaptation. Exposure factors and soil data are
also relevant to be added to the mapping. Participants agreed that tools like the Dashboard

will be necessary in the near future, and that the work presented should be in tegrated
(overlaid in a first approach, analysed later) with the scale of the Municipal Director Plans.
They suggested that a good approach could be the overlaying of cartography about the
regulatory aspects with climate change risk scenarios, which could lead to a practical
application of the concepts of PROVIDE in the adaptation planning context of the AML.
One participant pointed out (and was backed up by several others) that the threshold
context and definition are relevant to define the level of priori ties to be tackled in
overshoot adaptation. Overall, participants suggested that t his is relevant as a new way
of presenting information to promote the establishment of priority levels, that necessarily

need to take Territorial Management Instruments into account. And added that a tool like
the Dashboard linking the assessment with the decision ~ -making process will be important.
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4.1.  Country outlook

Pakistan is a developing nation with a rich culture and remarkable history of resilience,

growth, and evolution. It is located in the northwest of the Indian subcontinent in South

Asia. Pakistan is a land of diverse ecology, varying local climates, and an abundance of

natur al resources. It is the worldoes fifth most
ethno -linguistic groups with a population growth rate of 2.4% (GoP, Brief Regarding
Census-2017, 2017). One third of this popu lation currently resides in urban areas.  The

country is predominantly agrarian relying heavily on its climate -sensitive natural

resources. The varying topography features plains and plateaus, deserts and forests,

mountains and glaciers, and rivers and lake s. The region that comprises the modern state

of Pakistan was the site of several ancient cultures and oldest civilizations in the world,

including the 5000 -year-old urban life of Indus Valley and the 8,500 -year-

old Neolithic remains of Mehrgarh (Coningham & Young, 2015) . The countryaees dy
history also contributed to shaping its diverse culture as an eclectic blend of various

regional and global influences, which is evident from its architecture, music, art, literature ,

and cuisine.

Table 4.1. Selected national numbers (Pakistan Economic Survey 2021).

Population in 2020 215 million
Population density 270 per km 2
Population falling in the age group 15 to 29 years 27%

Most significant employer Agriculture (38.5%)
Annual percentage growth for agriculture, industry 2.77%, 3.57% and
and services 2020 -2021 4.43% respectively
GDP dollar term 299 billion USD
Economy FY 2021 5.37 % growth

41.1. Governance

Since its independence in 1947 after the partition of the British Indian Empire, Pakistan
has faced its share of turmoil, conflicts, wars , and political strife. Initially Pakistan
consisted of an eastern and a western section, but political stifing and economic
instability further escalated the conflicts which led to the separation of eastern part in
1971, becoming what we know today as Bangladesh.

Theadmi ni strative uni t somprife fouopmoxigcess S Funjdbj Sintha n
Balochistan, and Khyber Pakhtunkh wa Sand two autonomous territories S Azad Jammu
and Kashmir and Gilgit -Baltistan, hosting a range of multilingual and multi -ethnic
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populations. The city of Islamabad has its own status as a 'Federal Capital Territory'. 16
Currently in place is the constitu  tion set up in 1973 (25 amendments), which stipulates that
the country is a democratic parliamentary federal republic.

There are three levels of government: na tional, provincial, and local.
The national level governance of Pakistan is setup as a federal parliamentary republic with

a bicameral legislature consisting of the National Assembly (directly elected members
plus reserved representors for women and minor ities) and the Senate (a permanent
legislative body elected by members of the Provincial Assemblies) o

The President of the country is mainly a ceremonial figurehead. Under the present
constitution, all powers are vested in the Parliament, the Prime Minister , and the Supreme
Court, with powers and duties of other authorities defined by Acts of Parliament. Executive
power is vested in the Prime Minister, elected by the national assembly and the federal
cabinet, appointed by the president upon the advic e of the prime minister.

Pakistancocs four provinces enjoy considerable au
provincial assemblies and governments. Each has a governor, a Council of Ministers, and

a provincial assembly whose members are elected by universal a dult suffrage. Following

the 18" amendment to the Constitution, in 2010, non -central functions were relegated to

the provinces after devolution of power from the federal level to the provincial level. Local

government is made up of various district, munic ipal and village councils. The federal

government retains central functions of maintaining military relationship, conducting

foreign policy, and circulation of money .

4.1.2. Economy

Pakistan is a lower -middle income country, with a GDP per capita of USD 1  ,190 in 2020
(WorldBank, GDP per capita (current US$) - Pakistan, 2020). As per the report for Fiscal
Year 2020-2021 (FY20-21), Pakistan experienced a GDP growth of 5.37%, with major
contributing economic sectors being services (61.7% of GDP), agriculture (19.2%), and
manufacturing industry (14%) (GoP, Pakistan Economic Survey 2020 -21, 2021).

Since its formation, Pakistan has struggled to achieve political and economic stability.
Currently too, the s ituation is not much different. Weak governance capacity and slow
economic growth pose serious challenges in catering to the rapidly growing population

of the country, as reflected by the Human Development Index 2020 where Pakistan ranked
154" out of 189 countries (UNDP, Human Development Report 2020, 2020) . Challenges
like infrastructure deficit and energy shortage severely limit the development in Pakistan.

Furthermore, Pakistan has a fossil fuel driven energy sector and imp orts one third of its
energy resources in the form of oil, gas, and coal (Malik, Qasim, Saeed, Chang, & Hesary,
2019). Resultantly, the economy is exposed to the shocks of hikes in international fuel
prices. Ever increasing trade deficits and continuous capital outflows have led to a steep
depreciation of Pakistani currency against the US Dollar. This rupee depreciation , along
with the foreign debt repayment in turn , has stressed the liquid foreign reserves of the

The Gilgit Baltistan and Azad Jammu and Kashmir are disputed territories as India also lays claim to these regions. These
two regions are neither provinces nor states although in 2021 a bill was prepared to provide GB with provincial status.
However, such a move is still pending. These regions are termed as Administered Areas.

7 https://www.thenews.com.pk/print/983447  -inclusive -governance

18 https://www.countryreports.org/country/Pakistan/government.htm
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State Bank of Pakistan, exposing the long -standing volatility and fragility of Pakistan's
economy.

Additionally, the crises of the COVID19 global pandemic affected Pakistan's economy like
it did every other economy. The overall economic growth rate in Pakistan contract ed (-)
0.47% during FY2019 -20.

Under such harsh circumstances, climate change exacerbates the development issues of
Pakistan. Although the country contributes to less than 1% of the global GHG emissions,

it is impacted disproportionate ly by climate change conferring huge economic and human
losses. As per the long -term Global Climate Risk Index for the period 1999 -2018, Pakistan
ranks the 5" most vulnerable country to climate change,  and 3™ in terms of economic costs
(~USD 3.8 billion from 173 extreme events ) (GermanWatch, 2021) . It is imperative for a
vulnerable and developing country like Pakistan to invest in climate resilience measures.
However, due to lack of financial and institutional capacities, Pakistan has low readiness
despite its high vulnerability. The Notre Dame Ind  ex Global Adaptation Index ranks

Pakistan as the 32nd least ready country out of 181 countries to tackle climate change (ND-
GAIN, 2019). The country needs serious e fforts towards the path of sustainable
development. However, th e uncertainty of the changing climate makes it difficult for its

struggling economy to  meet the forced adaptation needs and  make significant leaps in
the right direction.

4.1.3. People of Pakistan

Pakistan i s "tmbse poputated cooesy with an estimated 215 million people
in 2020. Most of the Pakistani population resides along the Indus River, particularly due to
concentration of agrarian activities in those regions (World Bank, Urban/Rural Population
of Pakistan, 2019). The agriculture sector provides livelihood to more than half of the
population (GoP, Pakistan Economic Survey 2020 -21, 2021). However, there is high level
of inequality between income quintiles (Haider, 2021) . Some relevant numbers are also
listed in Table 4.2.

Pakistani population is majorly you ng but lacks direction for playing an active role in
nation building. The population practices a diversity of religions, cultures, and customs.
Several languages are spoken in Pakistan. Even within a province, variance between
languages and/or dialects is found.

Unfortunately, the health status of Pakistan's population is not optimal. Many children in
Pakistan suffer from malnourishment, stunting, and wasting (UNICEF, National Nutrition
Survey Pakistan, 2018) . The main reasons attributed to such a drastic situation is food
insecurity, disease and illness, and lack of health services. These issues are further
exacerbated by the challenges of climate  extreme events like floods and droughts.
Moreover, sanitation and hygiene among the affected population is also compromised as

a result of climatic events facilitating infectious disease transfer, such as diarrhoea , and
vector -borne diseases, such as dengue and malaria.
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Table 4.2. Overview of Pakistan's population (GoP, 2021) (Haider, 2021) (UNICEF, 2018) (World Bank, 2019).

Percentage population residing along River Indus 63%
Percentage population with livelihood within the agriculture sector 65-70%
Percentage population of youth (15 -29 years) 59%
Percentage population experiencing multidimensional poverty 39.2%
Literacy rate of Pakistan 62.3%
Number of illiterate population in Pakistan 60%
Children under five underweight (percentage population) 28.9%
Children under five suffering from stunting (percentage population) 40.2%
Children under five suffering from wasting (percentage population) 17.7%

4.1.4. Geography and topography of Pakistan:

Pakistan holds an important geo -strategic position in South Asia, bordering Afghanistan,

China, India, and Iran, and is bound in the south by the Arabian Sea. The region has been

the centre of economic and military activities in the recent past. While this geo -political
position has brought Pakistan opportunities to avall, it has also brought risks to evade.

Pakistan was deeply affected as it was used as a route into the land  -locked Afghanistan

during the War on Terrorism. Simultaneo usly, Pakistan has benefited from sharing
borders with the great economic power ofathe
Pakistan Economic Corridor (CPEC) holds great
Under CPEC, the Gwadar port located clos e to Iranian border, adds to the strategic
leverage of the country. The port opens new trade routes to the otherwise land locked

regions of Central Asia, boosting regional connectivity as well as growth of global trade

and commerce (Rafig, 2020).

In geographic design, Pakistan holds a unique and diverse blend of landscapes. It is the
33"-largest country by area, spanning 881,913 square  kilometres (340,509 square miles),
and consists of plains, deserts, forests, plateaus, coast al areas, mountains, and glaciers
(Fig. 4.1).

In the north, the Northern Highlands constitute of an array of mountainous ranges

including the Karakoram , Hindukush and the Himalayan Ranges. The region is home to
7,253 gl aciers as wetlhli,r o (Gpaosl2@Gtee It isretsa fansoss fot thee &
number of high mountain peaks, since five of the 14 mountains over 8,000 m are in this

region, including the 2 ™ highest, K2. The region, therefore, attracts a lot of tourist s ce
attention for extreme sports.  The Balochistan Plateau consists of southern mountainous

regions of Pakistan notably the Sulaiman Range.
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Figure 4.1. Land use of Pakistan ¢

The Indus catchment area , spread along the entire length of Pakistan , is a vast expanse of
fertile land aggressively cultivated for wheat, rice and cotton, among other crops. The
plain is further divided into upper and lower Indus Plains or Basin. The upper Indus Plain
drains the f ive tributaries Chenab, Jhelum, Sutlej, Ravi, and Beas into the Indus (Fig. 4.2).

In the lower Indus Plain, the Indus River forms a single river without any tributaries. The
south -eastern part of the Indus Plain constitutes of the Tharparkar desert, an ext ension of
the Thar Desert.

19 Note regarding this and the following maps in this chapter: The political map of Pakistan was changed in 2020 to indicate
disputed region of Kashmir between India and Pakistan, final status of which will be decided in accordance with the UNSC
resolutions.
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Flgure 4.2. The Rivers of Pakistan.

4.2. The Indus River Basin

The Indus River , also called The Mighty Indus, is one of the longest rivers in the world. It
originates on the Tibetan plateau and continues to traverse and meander through parts of
China, India, whole of Pakistan with some parts also crossing the Afghan border. The end

point of the river is at the port city of Karachi in the south of Pakistan whe re the river meets
the Arabian Sea (TheThirdPole, 2021) . The total length of this journey is around 3, 200 km.
Around 200 million i n h a b i dwallintthe loelus River Basin where a significant number
of livelihoods are sustain ed by the river basin.

The Indus Basin is an amalgam of diverse landscapes  and covers a total of about 518,000
square km . It has ice capped mountains and glaciers, rocky and hilly mountain terrains,
cultivable plains, rivers, forests, pastures. Owing to t his diversity, various benefits are
reaped from it, including water sourcing, housing, crop production, sustenance of
settlements. An overview of the land and land use of the Indus Basin is shown in Figure
4.3.
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Figure 4.3. Land use and land cover map of the Indus Basin (Understanding water resources conditions in data
scarce river basins using intelligent pixel information, Case: Transbounaary Indus Basin, 2012).

The Indus River is rich in biodiversity andt  he basin is home to a plethora of wildlife. There
are 25 amphibian species and 147 fish species in the Indus River Basin, signalling to the
rich ecological systems it sustains. Furthermore, the rare and endangered mammal, the
Indus River Dolphin also exist s only in the Indus River Basin. The 7 " largest mangrove
forests exist in the Indus River Delta and extend to the Arabian Sea.

Most of the Indus Basin has fertile arable land, and 80% of th s irrigated basin land is
located in Pakistan (Kakakhel & Mohtadullah, 2015) . The Indus River provides the major
share of fresh -water resource in the country. Almost 90% of the irrigation water needed

for agriculture is derived from the Indus River and its tributaries , fed by glacier melting
and monsoon rains . It is estimated that 9% of the ~46 million tons of wheat, 15% of the
~19 million tons of rice, and 75% of cotton produced annually in the basin can be credited

to glacier a nd snow melt . However, intensive groundwater pumping during dry seasons
has introduced salinity in some areas , especially in the lower Indus Basin through the
provinces of Punjab and Sindh where 55% of total irrigated land is affected by salinity
(ICIMOD, The Indus Basin, 2020) .

Other than food production, water from Indus River plays central role in energy
generation, domestic use, industry, tourism, and fishing. Since 80% of the Indus water

flow is mainly fed by glacierand sn  owmelt (Ahmad, 2019) , lives and livelihoods of millions
are extremely vulnerable to the climate change, which has hastened the pace of glacier

melt under rising temperatures. As the glaciers retreat, more water flows into the r iver
exceeding its holding capacity and resultantly, floods the nearby settlements. Climate
change is persistently altering the flow of the Indus River, which in turn threatens
livelihood and food security of inhabitants in the region.
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Figure 4.4. Digital Evaluation Model for the UIB, location of the Indus River, political borders, overview of
area basin elevation and population density  (Laghari, Vanham, & Rauch, 2012) .

The river Indus and its tributaries have a trans  -boundary nature and often raised conflict
between the two neighbouring nations, India, and Pakistan over the share of water used.
To resolve the issue, the Indus Water Treaty was signed between India and Pak istan and
put in effect in 1960. The treaty essentially states that the three western rivers (Indus,
Chenab, and Jhelum) were to be used by Pakistan and the three eastern rivers (Ravi,
Sutlej, and Bias) were the exclusive domain of India. This treaty allow ed for developing
the largest contiguous irrigation network in the world with multiple water works that
resulted in massive increase in agricultural output and significantly increased national
economy (Mustafa & Wrathall, 2011) . However, with increasing water demands for
irrigation and power -generation, the tension between the Indo -Pak relations often puts
the treaty under threat of violation.  This indicates that the climate change in this area is
not only impacting the economy,  agriculture, food security, human health and ecosyst  em,
but is also a big threat to regional peace.

4.3.  Iconic Region : Upper Indus Basin (UIB)

The focus area for PROVIDE is the UIB in the northern part, where the Indus River and its

tributaries originate  (Fig. 4.5). I n Pakistanoes geographical cont e
region starting from the Gilgit Baltistan (GB) between the mighty Himalayas and the

Karakoram Range extending up to Tarbela reservoir  (Fig. 4.6). After meandering through

the GB, Indus Riv er enters the Khyber Pakhtunkhwa (KPK) province making its way to

Attock city in Punjab province. This is the region where first major dams and barrages are

constructed on the river in Pakistan including the Tarbela dam and Ghazi Barotha dam

(WAPDA, 2011). The Tarbela dam is one of the largest earth -filed dam s and was
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constructed with the aim of providing water for irrigation but later on it was also used for
producing electricity. From KPK the river passes into Punjab, Sindh, and then into the

Arabian Sea (Abbasi, et al., 2017) .
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and numerous beautiful lakes, such as Shandoor Lake, Sadpara Lake, Attabad Lake and
Gasho Lake. Siachin, the longest glacier in the Karakoram and second longest in the
wo r | d cegolamaas, is also located here.

GB has 2% cultivable land. Agriculture is the main source of sustenance for 80% of the

population by which cereal crops,

produced. However, under climate change

fruits, vegetables , and fodders for livestock are
, water availability will face variations thus

affecting the livelihood of majority population. The whole of Pakistan is vulnerable to

seasonal variations in the regio n as the HKH glaciers and precipitation in this

main source of water for the country.
Khyber Pakhtunkhawa:

ethnic and multi -lingual population of over 30 million, 80% of which resid

area are the

The KPK is the northwest province of Pakistan, home to multi -

esinrural areas.

KPK has suffered socioeconomically through the war on terror in the region. There are
1,130 named mountains in KPK. In the summers, the scenic beauty of the mountain and

relatively cooler temperature attract numerous local tourists. The

province has faced the
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brunt of climate change in Pakistan experiencing multiple episodes of floods, heat waves,
and glacial lake outburst floods.

The people of the UIB are challenged by endemic poverty, in both rural and urban settings.
They are also bec oming increasingly vulnerable to the socio  -ecological challenges,
climate change being a major cause. The vulnerability is largely driven by poor water
management practices and policies which currently focus on supplying water to different
users without fa ctoring in the financial, social, and ecological/environmental costs. UIB
has become increasingly vulnerable to water stress overall , which is expected to affect
dependent communities.
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Figure 4.6. Upper Ind us Basin and sub basins ( Charles et al. 2018 ).

4.4.  Iconic City : Islamabad

The Iconic City in focus for PROVIDE is the federal capital of Pakistan ~ Slslamabad Sas a
case study of urban life in the region. The city of Islamabad lies at the foothills of
Margallah, an extension of the Himalayas , with some features as shown in Fig. 4.7 . It
houses approximately 2 million people with a population density of 2,2017 person/km2,

more than 50% in the urban area (Pakistan Economic Survey 2021). The percentage of
educated population in the federal capital is 88% due to the above par higher education
standards and universities. The city is around 100 km to the east of the Ghazi Barotha dam

on the Indus River in the northwest of the country. Islamabad did not evolve | ike other
normal cities of the country, but was a planned city designed to replace the first capital
Karachi, which was turning into a congested urban area with limited space for further
expansion and increasingly higher living costs.
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Fig. 1. Study area map. a) The administrative boundaries map of Pakistan. b) Elevation map of Islamabad. c¢) The map of Islamabad showing the roads, waterways,
and water bodies, GT-Road within Islamabad boundary and the boundaries of the surrounding districts. d) The map of zones of Islamabad.

Figure 4.7. Location map of study area, Islamabad (The spatiotemporal dynamics of urbanisation and local
climate: A case study of Islamabad, Pakistan, 2021).

A commission comprised of urban and master planners reviewed
selected the current location for the city in 1959.The administrative boundary was termed
as Islamabad capital territory and the Capital Development Authority (CDA) was

established to plan and maintain the new capital. The master plan of

various sites and

the city was

developed by Doxiadis Associates in 1960. Although the authority was sanctioned to
conduct a review after every 20
changing requirements and scenarios, only a few reviews have been made and without

any significant modifications to the original plan.

year s t o access

Islamabad has faced significant urban growth and expansion in the past two and a half
decades and has evolved into the 9 ™ largest city of the country in terms of population. A
study conducted to assess urban growth patterns in Islamabad between 1998  -2018 shows
that the growth patterns of Islamabad can be divided into four categories; (1) unplanned
village sprawl and leapfrog  of surrounding villages upgrading to a town, (2) planned urban
expansion as per the master plan, (3) 7#inge spraw/ characterized by conversion of various

land -use types at the urban fringe to buildings and roads, and

infifling by converting the

non-urban to urban land, hence increasing building density and finally (4) merger of
neighbouring small towns and Islamabad, now considered as the same unit  asin Fig. 4.8.

(Liu, din, & Jiang, 2021) .

102



D4.1 Four review reports
ot 08 2005 PROVIDE

Figure 4.8. Urban growth of Islamabad between 1998  and 2018 (Liu, et al., 2021).

Another recent study provided the change in land use and land cover areas as in Table
4.2.

Table 4.2. LULC change in Islamabad during 2013 -2019. (The spatiotemporal dynamics of urban  isation and
local climate: A case study of Islamabad, Pakistan, 2021).

Area (km ?) Percentage (%) Change
2013 2019 2013 2019
Built up area 87.66 187.11 10.36 22.12 113.46%
increase
Vegetation 204.17 135.98 24.14 16.08 33.39%
decrease
Bare soil 548.32 517.18 64.85 61.17 5.67% decrease
Water body 5.31 5.17 0.62 0.61 2.57% decrease
Total 845.46 845.46 100 100

It is evident that the development and urban expansion of Islamabad has not been
optimally planned and requires reforms. CDA acknowledges this fact and is of the opinion

that this inertia in introducing planning and development reforms for the city has res ulted
in haphazard and unsustainable development. Furthermore, compromises inland use and
zoning rules led to the relaxation of building height and floor area rules. As a result,
unregulated and illegal encroachments have taken place in many areas through out
Islamabad (UN-HABITAT, 2014). The living conditions of the city are being affected by this
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