


This report demonstrates that climate-related
risk to coastal heritage in Africa is driven less
by isolated hazards than by the long-term
interaction of heat, moisture, salinity, and
marine exposure with vulnerable construction
materials. Shoreline stability, low wave energy,
or the absence of recorded disasters do not
necessarily indicate low heritage risk.

By combining regional context with site-
specific, material-sensitive analysis, the
study provides a practical framework for
understanding how global climate pressures
translate into local degradation processes.

The vulnerability typologies identified offer a

transferable basis for comparative assessment
and prioritisation across diverse coastal
heritage settings.

Protecting Africa’s coastal heritage remains
both urgent and achievable. Focusing on
chronic environmental stress, strengthening
routine monitoring, and embedding heritage
considerations into coastal adaptation
planning can significantly reduce long-term
loss while sustaining the cultural and social
value of historic coastal settlements




ANNEX A — Data Sources and Analytical

Framework

A.1 Site Selection and Areas of Interest
(AOls)

This report focuses on four coastal case
studies selected for their cultural significance,
architectural value, and exposure to climate-
related coastal stress:

+ Gorée Island, Senegal

llha de Mocambique, Mozambique

Lamu Old Town, Kenya

Unguja / Stone Town, Zanzibar, Tanzania

Each Area of Interest (AOI) corresponds to a
historic coastal island settlement, nationally or
internationally recognised for its heritage value
and situated within a highly exposed coastal
reflects both
geographical diversity—spanning the Atlantic

environment. The selection
and Indian Ocean coasts—and contrasting
exposure regimes, allowing for comparative
assessment of environmental stress affecting
coastal heritage.

A.2 Environmental Stress Indicators

Environmental pressure on coastal heritage
sites was assessed using a set of simple,
stress indicators

physically interpretable

directly linked to marine dynamics and
material behaviour. Indicators were selected
based on their relevance to coral stone, lime-
based mortars, masonry, timber elements,
and traditional coastal construction systems
common across the case studies.

The following indicators were analysed for

each AOl:

« Sea Surface Temperature (SST) — to
characterise thermal stress and seasonal
temperature cycling

+ Sea Surface Salinity (SSS) — to assess
salt availability and crystallisation stress in
porous materials

+ Significant Wave Height (SWH) — as a
proxy for marine energy, wave exposure,
and salt aerosol production

* Rainfall and Relative Humidity — to capture

hydrological activation and moisture
residence time
Marine indicators were derived from

Copernicus Marine (MyOcean) datasets and
analysed through a custom interactive platform
(Heritage Watch Al).

Rather than focusing on daily variability, the
analysis prioritised seasonal extremes and
annual amplitudes, allowing environmental
stress to be interpreted in terms of recurrence
and persistence rather than isolated events.
For each indicator, the following values were
extracted annually over the period 2014-2024:
* seasonal minimum

* seasonal maximum

s stress minus

amplitude  (maximum

minimum)

This approach captures chronic and cyclical
environmental stress, which is particularly
relevant for long-term material degradation
processes in historic structures.

A.3 Shoreline Change Analysis

Shoreline dynamics were analysed separately
to assess long-term exposure to coastal retreat
or accretion, particularly where heritage
structures are located close to the shoreline
or depend on coastal stability.

Shoreline change was assessed using Digital
Earth Africa (DEA) products derived from
the Landsat archive, providing consistent
continental-scale coverage. Analysis focused
on:

* historical shoreline position

+ rates of shoreline retreat or advance

« spatial variability along different segments

of each island’s coastline



Where relevant, analysis was conducted at

two spatial scales:

* macro-scale, to identify overall shoreline
trends at island level

*  micro-scale,focusingonshorelinesegments
adjacent to heritage concentrations

Shoreline trends were interpreted in relation

to marine stress indicators (wave energy,

sea-level tendencies) and known human

interventions, such as coastal infrastructure

or land reclamation.

A.4 Supporting Sources

Satellite-derived  analyses were  cross-

referenced with:

« UNESCO World Heritage documentation
and State of Conservation reports

« national and local heritage records

+ scientific literature and historical sources

+ existing coastal and climate studies

This multi-layered approach enabled

environmental stress patterns to be interpreted

in relation to architectural materials, urban

form, and site-specific conditions.

ANNEX B — Regional Hazard and

Exposure Context

B.1 Continental-Scale Assessments of
Coastal Heritage Risk

This findings
continental-scale studies that assess exposure

annex summarises from
of African cultural and natural heritage sites to
sea-level rise, coastal flooding, and shoreline
change.

In particular, it draws on a large-scale
geospatial assessment published in Nature
Climate Change (Vousdoukas et al., 2022),
which compiled an inventory of 284 coastal
heritage sites across Africa and overlaid these
with hydrodynamic flood models and shoreline
projections under two climate scenarios:

+ RCP 4.5 (moderate emissions)

« RCP 8.5 (high emissions)

Exposure was assessed for a baseline year
(2010) and projected to mid-century (2050)
(2100), providing a
scenario-based understanding of future risk.

and end-of-century



B.2 Projected Exposure by Country

Results from this regional assessment indicate that coastal heritage exposure increases
markedly under higher-emission scenarios, with particularly strong signals along the Indian
Ocean coastline.

Approximate projected exposure of coastal heritage sites to coastal hazards (flooding and
erosion), based on Vousdoukas et al. (2022), is summarised below (rounded values):
Mozambique and Tanzania emerge as among the most exposed contexts due to their long,
low-lying coastlines and frequent storm activity, while Senegal shows high exposure in specific
coastal zones despite more heterogeneous national patterns.

Country 2010 2050 RCP 2050 RCP 2100 RCP 2100 RCP
(km?) 4.5 8.5 4.5 8.5
Kenya 285 285 900 400 1000
Senegal 800 600 2200 1000 3000
Mozambique |0 1000 7000 1000 8500
Tanzania 0 0 700 0 890




B.3 Interpretation and Limitations

While continental-scale assessments provide
essential insight into broad exposure trends,
they operate at coarse spatial resolutions and
primarily capture hazard occurrence rather
than material-specific vulnerability.

As a result, such assessments may
underestimate risk at sites where degradation
is driven by chronic environmental stress (e.g.
salinity, thermal cycling, humidity) rather than
by episodic flooding or erosion. This limitation
reinforces the need for site-level, material-
sensitive analysis, as presented in the main

report.

ANNEX C — Policy and Strategic
Context

This study aligns with a range of international

and regional frameworks that recognise
climate change as a critical threat to cultural
heritage.

Key reference frameworks include:

« UNESCO Priority Africa, which identifies
climate change and heritage preservation
as strategic action areas

« UN Sustainable Development Goals,
particularly

« SDG11.4 (protecting cultural and natural
heritage)

« SDG 13.1 (strengthening resilience to

climate-related hazards)
« UNFCCC Global Goal on
which emphasises protection of vulnerable

Adaptation,

systems

* African Union Agenda 2063, which
placescultural identity and sustainable
development at the heart of continental
progress

The 2025 UNESCO Global Assessment of

Climate Risks to World Heritage Sites highlights

that a significant share of Africa’s cultural

sites face moderate to severe exposure to

sea-level rise and coastal flooding, yet remain

outside formal adaptation and risk planning
mechanismes.

By integrating geospatial with
heritage-focused interpretation, this report
contributes to bridging that gap and supports
the incorporation of cultural heritage into
climate adaptation

analysis

national and regional

strategies.



