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Green Heritage in Salamanca city
Answering adaptation needs in a World Heritage city.

Adapting a World Heritage city in Salamanca (Spain) to climate change through a green corridor
and promoting a new concept, called “green heritage”.

Key Learnings

Local climatic zones: Definition of several climatic zones an easy to replicate machine learning
methodology. The objective of these climatic zones is to facilitate the prioritization, planning, and
management of green infrastructure.

Prioritising adaptation options: Development of a tool for prioritising adaptation options according
to different criteria (risk reduction, technical and economic feasibility, ecosystem services, reduced
impact on heritage and equity). By involving the different departments of the city council, acceptance
of the project significantly increased.

Green heritage: Knowledge on how to implement nature-based solution in heritage area, what are
the main difficulties and opportunities.



About the region
Salamanca is a Spanish city, located in the region of Castile and Ledn, in the North-West of the
country. It has a population of around 144,000 inhabitants. The old city is declared a World Heritage
Site by UNESCO. Its main economic engine, tourism, is at risk due to high temperatures and summer
heat waves. The city has the capacity for innovation and renewal thanks to its important university,
which was created in the 13th century.

Climate Hazards
Heat waves, increase in temperature,
flooding, and droughts.

Sector
Urban

Key systems
Nature-based solutions
Infrastructure

Climate Threats

According to future projections, temperature increases, and heat waves represent the greatest climate
threats in Salamanca. The risks include decreased water reserves, droughts, increased morbidity and
mortality - particularly in vulnerable groups — extreme precipitation events and increased energy
consumption with associated risks of overload and distribution issues. These risks can negatively affect
tourism, crucial in a city like Salamanca, recognised as a World Heritage site.

Context

This story revolves around the work developed by the LIFE Via de la Plata project, co-funded by the
European Union (19CCA/ES/001188). As a pilot initiative, the project will establish a green infrastructure
network to enhance climate change adaptation in Salamanca. It will develop a green corridor through 7
km of an old livestock route, “Via de la Plata”, that crosses Salamanca from north to south. The Urban
Adaptation Support tool is used as a guideline, comprising several steps, such as vulnerability and risk
assessment, defining local climate zones, identifying and prioritising adaptation options, defining a
roadmap and implementing nature-based solutions.

Machine learning for climate zone assessment

Machine learning assessed local climate zones to help planners and managers cope with the local hot
spots (heat island effect). The key objective was to identify areas with different microclimatic conditions to
plan for effective adaptation measures. The methodology efficiently identified local climate zones by
detecting areas with distinct building densities, vegetation levels, and temperature variations. The results
revealed differences in average and minimum temperatures across the local climatic zones during the
summer months.

It should be noted that the analysis has not fully differentiated the historical area from more contemporary
sections; specifically, the historic areas are categorised within the same zone as the modern expansions.
This implies that their characteristics are similar from a climate diagnosis perspective. However, regarding



adaptation, the heritage area requires specific measures and presents different conditions compared to
the rest of its climate zone.

For instance, attention must be given to ensuring that exterior finishes on pavements and walls are
compatible with historical assets, their preservation, and their appreciation. It is also crucial to guarantee
that vegetation does not cause structural damage or worsen humidity conditions while allowing for its visual
appreciation.

The value of heritage is independent of its behaviour against the heat island effect as it is grounded in
cultural rather than physical aspects. Other conditions, such as building density and the presence of
vegetation, lead to the appearance or decline of the heat island effect in the city, where identification of
appropriate climate-resilient solutions is key.

Methodology
The pioneering nature of the study has been not so much to propose a replicable methodology of

urban analysis based on satellite data, but rather to combine it with other open variables, such as
those from the Buildings and Cadastral Parcel of the INSPIRE directive. The final variables used in
the model presented are:

i) Built area above ground level

ii) Area occupied by buildings

iii) Residential area per cadastral plot

iv) Cadastral plots area (these four categories obtained from INSPIRE data)
v) NDVI Vegetation Index (derived from COPERNICUS-Sentinel 2 data)

vi) Soil impermeability index (COPERNICUS data), and

vii) Surface temperature (Landsat 8 USGS data).

The integration of these layers of information is done by machine learning, specifically with
unsupervised algorithms. The selected algorithm to digest these data was Kmeans, due to its
versatility and adaptation to the case, also being easily accessible through open libraries. More
information here.



https://drive.google.com/drive/u/0/folders/148FuEf7eAoDnh86xdfGsFyi031-QX9m1
https://drive.google.com/drive/u/0/folders/148FuEf7eAoDnh86xdfGsFyi031-QX9m1
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Tool for prioritising adaptation measures

The project identified 110 adaptation measures of different types (e.g., green, grey and blue infrastructure,
social, management, etc.) and main related sectors. After characterising these measures, a tool for
prioritising adaptation measures was developed and made public online. This prioritisation tool is based
on a multi-criteria analysis that provides a systemic and structured approach to evaluate options that meet
different criteria.

In the case of Salamanca, the selected criteria are 1) reduction of climate change impacts; 2) technical
and economic viability; 3) improvement of the provision of ecosystem services; 4) maintenance of the
cultural heritage; and 5) reduction of impacts to population, particularly to the most vulnerable. Each
adaptation measure was scored against these criteria.

Next, the five criteria were weighted to reflect the relative importance of one criterion to the others through
a survey and a participatory workshop involving staff from several municipal departments. This process
helped to disseminate the list of measures and key adaptation options among the city managers and
decision-makers and create bigger ownership of the plan and the city's adaptation efforts.


https://drive.google.com/drive/u/0/folders/16INpCco5Xo2BrNBaGSfakVvEKq6H90Me

Adaptation of heritage environment
The adaptation of heritage is tackled from two perspectives: firstly, from planning and compiling a series
of measures and strategies and secondly, through the implementation of nature-based solutions.

As part of the city's adaptation roadmap, a proposal has been suggested to create an adaptation guide
for historic buildings in Salamanca. This guide aims to assess the future scenarios of these buildings,
focusing on preservation and ensuring habitable interior conditions. It is important as the materials used
in vernacular architecture (such as the Villamayor stone) and the climate conditions are specific to this
context, and therefore require tailored solutions. The guide should also explore asset-friendly renovation
solutions, adaptation to new uses, legislative framework, etc.

In addition, a proposal is made to develop a recovery plan to rebuild better, which serves to recover
assets following a disaster or extreme event. Rebuilding better not only means rebuilding what is damaged,
but also adapting and rethinking the asset in a way that contributes to achieving greater resilience.
Furthermore, renovating highly exposed assets that are repeatedly damaged must be economically
considered.

Regarding the implementation of nature-based solutions, the objective was to increase the greening of
public spaces through different actions such as green facades, expansion of soil permeabilization (Figure
2), tree pits (Figure 3) and installation of draining ditches (Figure 4). The challenges encountered are
technical, bureaucratic, and legal. At a technical level, the actions on historic streets where the facilities
are not registered and where there may be archaeological remains, presented many problems,
incompatibility with the plantations and delays. It seems that comprehensive interventions of entire streets
are preferable, as they allow the design to be adjusted to the state of the subsoil.

Additionally, for heritage areas, noble materials are demanded, which can increase costs. Legally
speaking, protected areas and buildings present a series of strict regulations that must be met, leaving
little possibility of action, and at a bureaucratic level, obtaining permits can suppose a delay of several
months.

Finally, coordination between different departments involved (heritage, urban planning, civil infrastructure)
presents another challenge. Nevertheless, this experience has trained municipal technicians to carry out
innovative actions, overcoming challenges and learning from difficulties, ultimately achieving good results.



Summary

This project contributes to climate change adaptation of the heritage city of Salamanca, focusing on
introducing nature-based solutions. To achieve this, different actions have been implemented, such as the
development of the city's adaptation action plan, including decision-making tools and a roadmap for
adaptation, the application of machine learning to identify climatic zones, and the development of a green
corridor through the city. This innovative project presents “the green heritage” as a path for other cities to
explore and further develop and allows continuing working and sharing experiences and real-life examples
as the basis to create a network of Heritage Adaptation Cities.

Further information

https://www.lifeviadelaplata.com/
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lifeviaplata@aytosalamanca.es

Funded by
the European Union

Disclaimer

This document reflects only the author's view and the European Commission is not responsible

for any use that may be made of the information it contains

Acknowledgement of previously published material and of the work of others has been made through
appropriate citation, quotation or both

Reuse is authorised provided the source is acknowledged and the original meaning or message of the
document is not distorted.

The European Commission shall not be liable for any consequence stemming from the reuse. The reuse policy
of the European Commission documents is implemented by Commission Decision 2011/833/EU of 12
December 2011 on the reuse of Commission documents (OJ L 330, 14.12.2011, p. 39)

All images © European Union, unless otherwise stated. Image sources: © goodluz, # 25227000, 2021. Source
Stock.Adobe.com. Icons © Flaticon — all rights reserved


https://www.lifeviadelaplata.com/

