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ABSTRACT 

Climate change, already evident in current global conditions, is increasingly affecting cultural heritage sites. 
To address the climate-related risks these sites face, a methodology was developed based on the IPCC AR6 
risk conceptual framework. This methodology identifies climate-driven processes that impact open archaeo-
logical sites and uses both climatic and non-climatic indicators to quantify hazard, exposure, and vulnerability 
to key climate risks, such as heatwaves, droughts, floods, and forest fires. Additionally, projections from cli-
mate model simulations are utilized to assess future risk scenarios. Applied to UNESCO World Heritage sites, 
with the archaeological site of Olympia in the Peloponnese as a case study, the methodology underscores the 
urgent need for place-based, site-specific adaptation strategies. These strategies are essential for protecting 
archaeological sites and enhancing their resilience against the increasing frequency and intensity of climate-
related risks. A key strength of the methodology is its broad applicability to open archaeological sites world-
wide, regardless of their geographical location. Its adaptability allows for comprehensive risk assessments 
across diverse climatic contexts, offering a valuable tool for safeguarding cultural heritage in the face of evolv-
ing climate risks. 
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1. INTRODUCTION 

UNESCO highlights that climate change poses a 
significant threat to the integrity of cultural heritage 
sites. Cultural heritage not only enriches history and 
aesthetics but also fosters economic growth, develop-
ment, and serves as a symbol of national and social 
identity. Continued climate-driven deterioration of 
cultural heritage sites will weaken tourism and eco-
nomic opportunities for communities (Markham et 
al., 2016; Hall, 2016). The European Commission sup-
ports the preservation of cultural heritage sites while 
promoting sustainable tourism, acknowledging the 
socio-economic importance of these sites (European 
Commission, 2019).  

Climate change risks arise from the interactions be-
tween climate-related hazards, and the exposure and 
vulnerability of human and ecological systems (IPCC, 
2022). To assess these risks, a combination of physical 
and socio-economic indicators is used, representing 
hazard, exposure, and vulnerability (Das et al., 2020). 
These indicators can be categorized as climatic and 
non-climatic, and it is essential to consider them in 
both current and future climates. This is achieved us-
ing observational climate records and projections 
from climate models, such as the IPCC's Representa-
tive Concentration Pathways (RCPs) (EEA, 2024), that 
use different greenhouse gas concentration scenarios 
for evaluating future climate risks. In addition, Earth 
observation (EO), the collection of information about 
Earth's surface and atmosphere using remote sensing 
technologies, primarily from satellites, has proven to 
be a valuable tool for analysing the physical environ-
ment (Cartalis et al., 2015), providing many non-cli-
matic indicators. The moderate to high temporal and 
spatial resolution of EO data enables the definition of 
geophysical parameters. 

Several studies have documented the risks posed 
by climate change to cultural heritage globally 
(Sesana et al., 2021). However, most of these studies 
focus on broad regions or provide generalized assess-
ments, lacking the detail needed to assess the specific 
risks faced by individual heritage sites. A growing 
body of literature emphasizes the need for localized 
risk assessments that can account for the diverse en-
vironmental, historical, and cultural contexts of herit-
age sites (Garrote et al., 2020; Nastou & Zerefos, 
2023;). To facilitate research on preservation and ad-
aptation—which can, in turn, support decision-mak-
ing based on interdisciplinary approaches (Fatoric & 
Seekamp, 2017)—researchers, policymakers, and lo-
cal and regional administrators are expected to ad-
dress both short- and long-term challenges. This ap-
proach aims to enhance the preservation and adapta-
tion of cultural heritage sites by providing systematic 

access to scientifically grounded knowledge and in-
novative tools on the impacts of climate change. 

This study addresses a critical research priority by 
developing and applying a climate risk assessment 
methodology that integrates geophysical and envi-
ronmental data with climate projections, providing a 
comprehensive vulnerability assessment for 
UNESCO’s World Heritage site of the archaeological 
site of Olympia, Greece. The methodology supports 
the development of place-based and site-specific ad-
aptation strategies to protect the cultural heritage site 
from future climate impacts, while the use of open-
access data ensures that the methodology is easily 
transferable and replicable to other cultural heritage 
sites. The study area (the archaeological site of Olym-
pia) is introduced in Section 2. Sections 3 and 4 outline 
the collected data and the adopted methodology for 
the climate change risk assessment, respectively. Re-
sults, as presented in Section 5, focus on climatic and 
non-climatic indicators, examining the present condi-
tions of the study area as well as future climatic sce-
narios (2046-2065).  

2. STUDY AREA 

The archaeological site of Olympia, situated on a 
plain at the confluence of the Alpheios and Kladeos 
rivers in the western Peloponnese of Greece, is one of 
the most significant ancient Greek sanctuaries. It is 
the birthplace of the Olympic Games, which were first 
held in 776 BC in honor of Zeus (Pleket, 2004). The site 
includes significant structures such as the Temple of 
Zeus, the Temple of Hera, the ancient stadium, the 
gymnasium, and the Palaistra (Figure 1). The archae-
ological site of Olympia was a religious, athletic, and 
cultural center, attracting visitors from all over the 
Greek world. Until today the archaeological site at-
tracts thousands of visitors annually and since 1989, 
it has been recognized as a UNESCO World Heritage 
Site (UNESCO).  

The archaeological site of Olympia has a long his-
tory of vulnerability to various natural hazards, in-
cluding seismic activity, flooding, wildfires and ero-
sion. As one of the most seismically active regions in 
Greece, the archaeological site has been affected by 
numerous earthquakes in the past, which led to struc-
tural damage to temples and other important build-
ings (Alexandris et al., 2014; Christaras, 2008). Flood-
ing has also been a recurring threat, with the nearby 
Kladeos and Alpheus rivers periodically overflowing, 
causing damage to the site. Particularly in Late Antiq-
uity, floods exacerbated by erosion from the nearby 
Kronios Hill led to the covering of parts of the archae-
ological site under thick layers of sediment (Ange-
lakis et al., 2020; Kalogeropoulos et. al, 2023). More re-
cently, the devastating fires of 2007 and 2022 (Ko-
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lonia, 2008), which threatened the site's cultural herit-
age, underscored the need for modern fire manage-
ment and prevention systems.  

To assess the climate-related risks to the Olympia 
archaeological site, the study focuses on two geo-
graphic zones (inner and outer zones), each selected 
for its relevance to different scales of climate impact 
and management strategies (Figure 1). The protected 
archaeological site area (inner zone) covers 13.1 km² 
and represents the core area where immediate man-
agement and adaptation to climate risks are crucial. 
This zone is prioritized for implementing civil protec-
tion measures and urban planning strategies to safe-
guard the site's infrastructure and cultural heritage. 
The second zone, the surrounding zone termed as Ef-
fect Zone, spans 202.3 km² and forms a cohesive land-

scape unit functionally connected to the archaeologi-
cal site. The Effect Zone (outer zone) is essential for 
defining the processes that affect climate hazards, 
such as wildfire spread or riverine flooding. Further-
more, it is well-suited for risk prevention strategies 
and vulnerability mitigation efforts, as interventions 
in the Effect Zone can reduce the severity of hazards 
before they reach the core of the archaeological site. 
However, it is important to note that defining the ex-
act extent of such a zone may vary among cultural 
heritage sites. The boundaries of the Effect Zone 
(outer zone) in this study were defined by the authors 
after examining a combination of geophysical and 
hazard-specific factors that are unique to the archae-
ological site of Olympia, as there is no standardized 
method for defining such a key area. 

 

Figure 1. Study area including the archaeological site (inner zone) and the surrounding area –effect zone (outer zone)- 
directly influencing the archaeological site of Olympia. 

3. DATA COLLECTION- METHODOLOGY 

To accurately assess the risk of the archaeological 
site of Olympia, a range of data sources was used to 
estimate the non-climatic indicators. These sources 
can be grouped into three categories based on their 
origin: satellite-derived, official, and survey-based 
data.  

Regarding satellite-derived data, Normalized Dif-
ference Vegetation Index (NDVI), which is useful for 
detecting densely vegetated areas that may be ex-
posed to high risk to forest fires in the event of a com-
pound event of drought and heat wave, was calcu-
lated based on Sentinel-2 10m resolution data. To as-
sess daytime and night-time surface temperatures 
which are indicative of high temperatures/heatwave 
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sensitivity, MODIS Land Surface Temperature 8-Day 
(MOD11A2) satellite product at 1 km spatial resolu-
tion was used. To calculate ground slope, as steeper 
slopes increase sensitivity to flood risk, given that wa-
ter can rapidly flow downhill, thus increasing the risk 
of erosion and flooding in adjacent low-lying areas, 
elevation data from the Copernicus program was 
used. Additionally, to analyse the land cover/use 
over the wider area around the archaeological site, 
Copernicus Land Monitoring Service data was used. 
Specifically, Corine Land Cover 2018 data at 100m 
spatial resolution, Forest type and Tree Cover Density 
layers at 10m spatial resolution, were employed to an-
alyse the land cover/land use categories and calculate 
indicators such as forest density, percentage of land 
covered by coniferous forests, percentage of land cov-
ered by shrubs and percentage of non-forested areas.  

Official data from the European Forest Fire Infor-
mation System (EFFIS) was used. To detect historical 
fire incidents and map the burnt areas over the wider 
area around the archaeological site from 2000 to 2023, 
burnt areas data in vector format was used. Addition-
ally, to determine the forest mass, expressed as fuel 
percentage, the fuel map from EFFIS (EFFIS, 2017) 
was used. Higher percentages of fuel reflect increased 
sensitivity to fire risk, as more combustible materials 
are present in the area. To indicate the percentage of 
land at high risk of flooding, data from the Flood Risk 
Management Plans of the Greek Ministry of Environ-
ment and Energy was used. In addition, data from the 
OpenStreetMap For the fire risk assessment over the 
area, geospatial database was used to detect water-
courses. Areas with a higher percentage of water-
courses are more vulnerable to flooding, as water 
bodies can overflow during heavy rain events, if wa-
tercourses are not properly managed. 

Regarding survey-based data, the average number 
of visitors to museums and archaeological sites dur-
ing the summer months was estimated from the Hel-
lenic Statistical Authority annual datasets (Hellenic 

Statistical Authority). Sites with higher visitor num-
bers exhibit higher exposure to hazards such as heat-
waves, as increased human exposure to extreme tem-
peratures can affect visitor safety and site preserva-
tion. 

The climatic indicators, mean air temperature dur-
ing summer period, number of tropical nights 
(Τmin>20◦C), number of warm days (Τmax>30◦C), 
mean wind speed summer period, mean relative hu-
midity summer period, mean soil moisture summer 
period, Drought Index, mean annual precipitation, 
number of days with very high precipitation and max 
precipitation height during 5 rainy days, in this study 
were derived from the Euro-CORDEX dynamical 
downscaling program, which provides high-resolu-
tion (12.5 km) regional climate projections specifically 
tailored for Europe. This high resolution allows for 
detailed, localized climate assessments, crucial for 
site-specific analysis. According to the dynamical 
downscaling procedure applied to the General Circu-
lation Models (GCMs) using the Regional Climate 
Models (RCMs) specified in Table 1, each climate pro-
jection begins by inputting the outputs of the GCM 
into the respective RCM. This process enables a more 
detailed regional simulation of climate variables by 
refining the GCMs' coarse spatial resolution to the 
finer scale needed for regional assessments. Multiple 
regional climate model projections were used to esti-
mate the above climatic indicators (Table 1). Further-
more, the study uses the Representative Concentra-
tion Pathway (RCP) 8.5 scenario (adopted by IPCC as 
the worst case scenario), which represents a high-
emissions trajectory characterized by significant 
greenhouse gas concentrations, particularly carbon 
dioxide. This comprehensive use of Euro-CORDEX 
projections, coupled with the ensemble model ap-
proach (described in Section 4), provides a robust 
foundation for assessing future climate risks and de-
veloping adaptation strategies based on high-emis-
sion scenarios.

Table 1. General Circulation Models and Regional Climate Models used for estimating the climatic indicators 

General Circulation Models (GCMs) Regional Climate Models (RCMs) 

CNRM-CERFACS-CNRM-CM5 ALADIN53 
ECMWF-ERAINT ALADIN53 

CNRM-CERFACS-CNRM-CM5 ALADIN63 
CNRM-CERFACS-CNRM-CM5 ALARO-0 

ECMWF-ERAINT ALARO-0 
CNRM-CERFACS-CNRM-CM5 CCLM4-8-17 

ECMWF-ERAINT CCLM4-8-17 
ICHEC-EC-EARTH CCLM4-8-17 
MIROC-MIROC5 CCLM4-8-17 

MOHC-HadGEM2-ES CCLM4-8-17 
MPI-M-MPI-ESM-LR CCLM4-8-17 

CNRM-CERFACS-CNRM-CM5 HIRHAM5 
ECMWF-ERAINT HIRHAM5 

ICHEC-EC-EARTH HIRHAM5 
MOHC-HadGEM2-ES HIRHAM5 

NCC-NorESM1-M HIRHAM5 
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CNRM-CERFACS-CNRM-CM5 RACMO22E 
ECMWF-ERAINT RACMO22E 

ICHEC-EC-EARTH RACMO22E 
MOHC-HadGEM2-ES RACMO22E 
MPI-M-MPI-ESM-LR RACMO22E 

NCC-NorESM1-M RACMO22E 
CNRM-CERFACS-CNRM-CM5 RCA4 

ECMWF-ERAINT RCA4 
ICHEC-EC-EARTH RCA4 

IPSL-IPSL-CM5A-MR RCA4 
MOHC-HadGEM2-ES RCA4 
MPI-M-MPI-ESM-LR RCA4 

NCC-NorESM1-M RCA4 
ECMWF-ERAINT REMO2009 

MPI-M-MPI-ESM-LR REMO2009 
ECMWF-ERAINT REMO2015 

ICHEC-EC-EARTH REMO2015 
IPSL-IPSL-CM5A-LR REMO2015 

MIROC-MIROC5 REMO2015 
MOHC-HadGEM2-ES REMO2015 

NCC-NorESM1-M REMO2015 
NOAA-GFDL-GFDL-ESM2G REMO2015 

ECMWF-ERAINT RegCM4-2 
ECMWF-ERAINT RegCM4-6 
ECMWF-ERAINT WRF331F 

MPI-M-MPI-ESM-LR WRF361H 
IPSL-IPSL-CM5A-MR WRF381P 
MOHC-HadGEM2-ES WRF381P 

4. METHODOLOGY 

The methodology to assess climate change-related 
risks for archaeological sites, was based on the IPCC 
AR6 risk conceptual framework (Ara et al., 2022), 
which emphasizes that risks result from the interac-
tions between climate-related hazards and the expo-
sure and vulnerability of affected human and ecolog-
ical systems. Additionally, the European Climate Risk 
Assessment (EUCRA) framework (EEA, 2024) was 
considered. EUCRA categorizes climate risk drivers 
into two types: climatic indicators, representing direct 
environmental changes caused by climate change and 
act as drivers for hazards, and non-climatic indica-
tors, which primarily affect exposure and vulnerabil-
ity and are often linked to human and socio-economic 
factors. 

The research methodology is organized into the 
following five steps. First, the archaeological site is as-
sessed to identify characteristics and interlinked sys-
tems that may be vulnerable to climate change im-
pacts. Then, climate-related hazards, such as rising 
temperatures and extreme weather events, are identi-
fied for their potential to affect site’s features or sys-
tems. The third step involves evaluating exposure, 
namely the level that the surrounding ecosystems or 
human systems are impacted by these hazards. Next, 
vulnerability is analysed by assessing the sensitivity 
and adaptive capacity of the ecosystems or species to 
withstand climate-related threats. Finally, the overall 
climate change-related risk is determined by compar-
ing climatic and non-climatic indicators—represent-

ing hazards, exposure, and vulnerability—with aver-
age values that were defined at the national scale. 
This comparison contributes to the assessment of the 
system characteristics at risk and provides an overall 
evaluation of the site's climate-related risk. 

The archaeological site of Olympia, beyond its 
structures and monuments, is defined by a unique 
landscape that complements the main archaeological 
site, while it attracts a large number of visitors. This 
paper analyses the climate change risks affecting this 
interconnected system; the archaeological site, its 
landscape, and visitors/workers. Figure 2 presents 
the developed methodology for the archaeological 
site of Olympia. Climatic drivers, such as heatwaves, 
drought, fire weather and precipitation changes and 
non – climatic drivers, including population, land 
cover, geophysical features and fuels can influence 
the overall system. As shown, the interaction between 
these climatic and non-climatic drivers may lead to 
direct impacts, such as rising incident of wildfires, 
which in turn can result in indirect effects like irre-
placeable damage of the site and loss of cultural 
knowledge, as well as smoke inhalation and heat 
stress to visitors/workers. These changes pose risks 
to the site itself as well as to the people visiting or 
working at the archaeological site 
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Figure 2. Flowchart mapping the developed methodology for the four emergent risks 
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Table 2. Climatic and non-climatic indicators for the climate change risk assessment of Olympia archaeological site 

 Impact driver Indicators  Impact driver Indicators Potential Impact 

H
az

ar
d

 

Climatic drivers  Non-climatic drivers  

Heatwaves Mean air temperature during summer pe-
riod  

Number of tropical nights (Τmin>20◦C) 
Number of warm days (Τmax>30◦C) 

E
xp

o
su

re
-V

u
ln

er
ab

il
it

y
 

Geophysical 
features 

Normalized difference vegetation index - 
NDVI 

Heatwaves have a profound impact on archaeological sites and 
the experience of visitors. These effects can be broadly catego-
rized into the physical damage to heritage sites and the health 

and safety concerns for visitors. Prolonged exposure to extreme 
heat can cause materials such as stone, wood, and brick to ex-

pand and contract. This process weakens structures, leading to 
cracks and erosion.  

 

Land Cover Percentage of non-forested areas 

Population Number of visitors 

Fire weather 1. Mean air temperature summer period 
2. Mean wind speed summer period  

3. Mean relative humidity summer period 
4. Mean soil moisture summer period  

Land Cover 1. Percentage of land covered by for-
ests.  

2. Percentage of land covered by conif-
erous forests  

3. Percentage of land covered by shrubs 
4. Percentage of burnt areas 

Wildfires present a significant and growing threat to archaeo-
logical sites and visitors. Fires can cause severe damage to 

structures, artifacts, and the environment, leading to the loss of 
cultural heritage and the degradation of historical sites. For vis-
itors, wildfires pose health and safety risks, as well as reducing 

the aesthetic and experiential value of sites. 

Fuel Fuel percentage  

Drought  1. Drought Index 
2. Mean annual precipitation  

3. Mean soil moisture during summer pe-
riod  

Geophysical 
features 

Normalized difference vegetation index - 
NDVI 

Soil erosion is a major consequence of drought, especially in ar-
eas where vegetation dies off, leaving the soil unprotected. 

Wind and rain erosion can rapidly wear away the protective 
layers over archaeological sites, exposing them to further dam-
age. Drought often affects the natural beauty of archaeological 
sites, as vegetation withers and water features disappear lead-

ing to degraded landscapes.  
 

Increased pre-
cipitation 

1. Number of days with very high precipita-
tion 

2. Max precipitation height during 5 rainy 
days  

Geophysical 
features 

1. Slope 
2. Percentage of areas at high risk of 

flooding 
3. Presence of watercourses  

Flooding has a profound impact on archaeological sites, causing 
erosion, waterlogging, contamination, and long-term structural 
damage. For visitors, floods pose significant health and safety 
risks, reduce access to sites, and diminish the overall experi-

ence 
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The indicators representing the climatic and non-
climatic drivers are presented in Table 2. To reduce 
uncertainty and enhance the robustness of the projec-
tions, the ensemble technique was employed. In de-
tail, the climatic indicators were derived by averaging 
across multiple simulations (ensemble approach), to 
yield a more reliable estimation of future climate con-
ditions. These projections focus on the period 2046–
2065 and are compared with a historical baseline pe-
riod of 1971–2000. Furthermore, climatic indicators 
are analysed across three areas: the archaeological site 
of Olympia (inner zone), the effect zone (outer zone), 
which includes the archaeological site, and the entire 
country of Greece. Due to the spatial resolution of the 
Euro-CORDEX data (12.5 km), the climatic indicator 
values for both zones (inner and outer) were found to 
be nearly identical. As a result, only the climatic indi-
cator values for the outer zone were used to represent 
hazards and estimate the risk to the archaeological 
site. For non-climatic indicator values, data from both 
inner and outer zones were used to quantify vulnera-
bility and exposure of the site and were compared to 
national averages to assess the climate change-related 
risk. 

5. RESULTS 

5.1. Climatic Indicators 

Table 3 provides the arithmetic values of the cli-
matic indicators for the archaeological site of Olympia 
for the periods 1971-2000 and the projected future pe-
riod 2046-2065 under the RCP 8.5 scenario (a high 
greenhouse gas emissions scenario). The values are 
also compared to the Greek national average. As a 
conclusion, the archaeological site of Olympia has 
been historically warmer than the national average by 
nearly 1°C, and this trend continues into the future. 
Under the RCP 8.5 scenario, a significant temperature 
increase is expected for the mean air temperature, 
reaching 26.3°C, Furthermore, Olympia experiences 
higher number of warm days (annual number of days 
with maximum daily temperature over 30°C) com-
pared to the current national average (57 vs. 31). This 
difference widens in the future, with Olympia archae-
ological site expected to have 93 warm days. Histori-
cally, the archaeological site of Olympia has experi-
enced far fewer tropical nights (annual number of 
days with minimum temperature under 20°C) com-
pared to the Greek average (11 vs. 35). However, the 
number of tropical nights in the archaeological site is 
expected to increase dramatically to 65 by 2046-2065, 
surpassing the current national average. The above 
indicate that the archaeological site of Olympia will 
experience more frequent and intense heatwaves, 
longer warm periods, and significantly more tropical 

nights, making it more vulnerable to extreme heat 
and forest fire risks. 

The archaeological site of Olympia experiences 
more heavy rain days than the national average and 
the future scenario suggests a slight increase in heavy 
rain days for Olympia, from 9.7 to 11.3. This increase 
suggests that the intensity and concentration of rain-
fall events could grow, which can lead to flooding at 
the local scale. Additionally, higher maximum precip-
itation for a 5-day period is observed compared to the 
national average, meaning it is more likely to see 
short-term bursts of heavy rainfall. This value is pro-
jected to decrease slightly following the RCP 8.5 sce-
nario but remains above the national average, indicat-
ing a continued risk of flooding during intense storms 
or prolonged rain events. 

The archaeological site of Olympia historically has 
lower wind speeds than the Greek average. This trend 
continues into the future, with wind speeds slightly 
increasing in the site but still remaining lower than 
the current national average. Lower wind speeds and 
their continuation into the future suggest that wind-
driven fires will be less of a concern compared to 
other regions, although other factors like rising tem-
peratures and dry conditions should still be moni-
tored for fire risk. 

According to Table 3, the archaeological site of 
Olympia receives significantly more annual rainfall 
than the Greek average, nearly 40% more (906 mm vs. 
649 mm). However, under the RCP 8.5 scenario, rain-
fall in the archaeological site decreases slightly but re-
mains higher than the national average. Furthermore, 
the archaeological site has a higher drought indicator 
than the national average, indicating more severe 
drought conditions. In the future, the drought index 
is expected to decrease slightly, but it will remain 
higher than the national average. Historically lower 
summer humidity is observed than the national aver-
age, while the trend continues in the future, with hu-
midity slightly decreasing. Higher soil moisture lev-
els than the national average is observed. However, 
in the future, both the archaeological site Olympia 
and Greece are expected to experience reduced soil 
moisture, with Olympia dropping to 708 kg/m²/s. 
Despite a slight future decrease in the drought index, 
the archaeological site of Olympia will continue to 
face significant drought risks, with reduced soil mois-
ture, lower summer humidity and increased air tem-
perature intensifying the region’s vulnerability to 
drought, leading to vegetation withering and land-
scape degradation, and the risk of wildfires. 
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Table 3. Climatic indicator values for the archaeological site of Olympia 

 1971-2000 RCP 8.5(2046-2065) 

Climatic indicator 
Olympia archaeo-

logical site 
National aver-

age 
Olympia archaeo-

logical site 
National average 

Mean air temperature summer period (°C) 23.3 22.34 26.3 25.07 
Number of warm days (Τmax>30◦C) 57 31 93 65 

Number of tropical nights (Τmin>20◦C) 11 35 65 66 
Mean annual precipitation (mm) 906 649 850 622 

Number of heavy rain days (>20mm) 9.7 5.6 11.3 7.35 
Max precipitation during 5 rainy days (mm) 54.9 44.8 50.2 42.3 

Mean wind speed summer period 2.62 3.63 2.91 3.9 
Drought Index 2.32 1.93 2.19 1.64 

Mean relative humidity summer period (%) 49.7 53.8 47.2 54.05 
Mean soil moisture summer period ( kg m-2 s-1) 838 776 708 653 

Overall, the Τable 3 highlights warmer and drier 
summers with more extreme weather events, such as 
increased heat days and heavy rain, as projected un-
der climate change scenarios. In summary, climate 
change could severely affect the preservation of the 
Olympia archaeological site by increasing the rate of 
deterioration of its structures, creating adverse condi-
tions for visitors, and requiring more intensive efforts 
to maintain its integrity. This, in turn, could reduce its 
appeal as a tourist destination, thus impacting the lo-
cal economy. 

5.2. Non Climatic indicators 

Non-climatic indicators are listed in Table 4, with 
selected indicators visually represented in Figure 3. 
Both inner and outer zones exhibit higher tree cover 
density compared to the national average (36.1% and 
38.6% vs. 22.1%). The outer zone has a slightly greater 
percentage of coniferous forest and significantly more 
shrub coverage, which is highly flammable, increas-
ing the risk of wildfires. This, coupled with a higher 
fuel percentage, makes the outer zone particularly 
vulnerable to wildfires, especially during dry sea-
sons. Additionally, both zones show a much higher 
percentage of burnt areas than the national average, 

indicating a history of fire hazards, which can lead to 
future vulnerability. 

The inner and outer zones have a lower percentage 
of non-forested area compared to the national aver-
age and therefore do not experience more intense 
heatwaves due to increased exposure to extreme tem-
peratures as areas with higher non-forested land do. 
However, both zones have higher NDVI values, indi-
cating healthier vegetation than the national average. 
This healthier vegetation can help mitigate the effects 
of drought and lessen the severity of heatwaves. 

In the outer zone, the higher maximum slope in-
creases the potential for runoff during heavy rainfall, 
a fact that elevates flood risk. Steeper slopes can in-
tensify flood hazards and accelerate erosion. The in-
ner zone has a significantly larger percentage of areas 
classified as high-risk for flooding compared to the 
national average. These high-risk areas are more vul-
nerable to excessive rainfall and could experience 
greater impacts from climate change. Additionally, 
both zones contain watercourses, which, while bene-
ficial for supporting vegetation, can contribute to lo-
calized flooding during heavy rains, if not properly 

managed. 

Table 4 Non-climatic indicator values for the archaeological site of Olympia 

Non-climatic indicator Inner Zone Outer Zone National average 
Land Cover: Mean Tree Cover density (%) 36.1 38.6 22.1 
Land Cover: Coniferous forests (area in %) 6.9 7.9 6.9 
Land Cover: Non-forested area (area in %) 57.6 54.4 69.2 

Land Cover: Shrubs (area in %) 9.0 19.0 5.84 
NDVI (mean) 0.58 0.59 0.53 

Fuel (area in %) 0.5 20.6 47.12 
Burnt areas 2000-2023 (area in %) 45.6 58.0 13.7 

Slope (angle in %) (min-max) 0-40 (7.87) 0-55 (10.08) 10.9 
Areas at high risk of flooding (area in %) 46.9 15.0 23.5 

Presence of watercourses    

Number of visitors 292037 - 67169 
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a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

Figure 3. Non-climatic indicators for the inner and outer zones a) Burnt areas 2000-2023, b) Fuel, c) Forest Type, d) 
Corine land cover, e) Watercourses and f) Areas at high risk of flooding 
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In summary, while both zones have strengths in 
vegetation and forest cover compared to the national 
average, specific parameters indicate varying vulner-
abilities to fire, drought, heatwaves, and floods, par-
ticularly in the outer zone, which directly influences 
the archaeological site. 

5.3. Climate change risk assessment 

The climate change-related risks for the archaeo-
logical site of Olympia are presented in Table 5, along 
with the contribution of climatic and non-climatic 
drivers. Emerging risks are complex and driven by 

rising temperatures, shifting precipitation patterns, 
and changes in land use. The risk assessment was con-
ducted by synthesizing data after evaluating each in-
dicator, using future climate projections and compar-
ing them with the current national average. For exam-
ple, if all indicators are projected to increase and ex-
ceed the national average, the emergent risk is consid-
ered high. If the majority of indicators meet these cri-
teria and some remain below the national average, the 
emergent risk level is adjusted to moderate to high or 
moderate, depending on the number of indicators 
meeting the threshold.  

Table 5. Emerging climate change related risks for Olympia archaeological site 

 Climatic driver  Non-climatic driver Emergent Risks 

 RCP 8.5  

H
az

ar
d

 

Heatwaves 

 

E
xp

o
su

re
-V

u
ln

er
ab

il
it

y
 

Geophysical fea-
tures 

 

Moderate to High: Olympia archaeological site is pro-
jected to experience more frequent and intense heat-

waves, with the number of warm days (Tmax > 30°C) ris-
ing from 57 to 93 days by 2046-2065, and tropical nights 
increasing from 11 to 65. The mean summer temperature 
is expected to rise to 26.3°C, which is significantly above 

the national average. These conditions will place stress on 
archaeological structures and visitors, though somewhat 

mitigated by the area's vegetation cover. 

Land Cover 

 

Population 

 

Fire weather 

 

Land Cover 
 

High: Archaeological site of Olympia is highly vulnerable 
to wildfires due to both climatic and non-climatic factors. 
Increasing temperatures, drier conditions, and reduced 

soil moisture create a high risk of fires. The outer zone, in 
particular, has a high percentage of flammable vegetation 

(19% shrub cover), and a significant history of burnt areas 
(58% compared to the national average of 13.7%). While 

wind speeds are lower than the national average, the com-
bined factors of vegetation, drought, and heatwaves make 

wildfire a significant concern. Fuel 
 

Drought 
 

Geophysical fea-
tures 

 

Moderate: Although the drought index is slightly decreas-
ing, Olympia archaeological site will continue to face 

drought risks due to declining soil moisture and reduced 
relative humidity in the summer. The risk is elevated by 
reduced vegetation health during prolonged dry periods, 
though healthier vegetation (higher NDVI) compared to 

national averages provides some mitigation. Overall, The 
site remains vulnerable to drought, but the risk is not as 

severe as other hazards like heatwaves and fire. 
Increased precipita-

tion 

 

Geophysical fea-
tures 

 

High: The archaeological site of Olympia receives signifi-
cantly more rainfall than the Greek national average and 
heavy rain events are projected to occur in the future, de-
spite a slight decrease in total annual precipitation. The 

presence of slopes and a high percentage of areas at risk of 
flooding (46.9% for the inner zone) heighten flood vulner-

ability. The presence of watercourses and increasing 
heavy rain days further contribute to localized flood risks, 

especially during extreme weather events. 

 
In summary, climate change presents considerable 

threats to the preservation, safety, and cultural signif-
icance of Olympia. Flooding, heatwaves, drought, 
and wildfires can cause direct damage to the site and 
its surrounding environment, while also undermin-
ing visitor experience and posing significant financial 
challenges for long-term preservation efforts. 

6. CONCLUSIONS 

This study developed and applied a comprehen-
sive methodology for assessing climate change-re-
lated risks to archaeological sites, using Olympia as a 
case study. By integrating both climatic and non-cli-
matic indicators, the approach offers a structured 
framework for quantifying current vulnerability and 
exposure while projecting future climate hazards. 
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One of the methodology's key strengths lies in its 
adaptability and transferability. The use of open-ac-
cess data allows it to be applied globally to other ar-
chaeological sites, while the integration of both cli-
matic and non-climatic factors ensures a holistic risk 
assessment. Additionally, leveraging climate projec-
tions from the Euro-CORDEX program enables de-
tailed, localized assessments of climate impacts, facil-
itating the development of long-term adaptation 
strategies by focusing on future hazard scenarios. 

However, some limitations exist, particularly con-
cerning the spatial resolution of the climate data. 
While the 12.5 km resolution provides valuable re-
gional insights, it may fail to capture micro-scale cli-
matic variations within the core archaeological site, 
potentially overlooking localized risks. Another chal-
lenge lies in the selection of appropriate indicators, es-
pecially for non-climatic drivers, to accurately quan-
tify exposure and vulnerability. Identifying suitable 
metrics, such as single-variable indicators or com-
pound indices, is complex. Furthermore, the available 
data—whether demographic, economic, or health-re-
lated—often varies in spatial resolution, frequently 
covering larger areas than the study site or lacking 
consistent quality and coverage. The methodology 
also assumes that such data is current, which may not 
always be the case. Additionally, the distinction be-
tween exposure and vulnerability indicators is not al-
ways clear-cut, as some overlap between the two ex-
ists (EEA, 2024). 

To enhance future applications, incorporating 
higher-resolution local climate models could capture 
finer-scale variations, and developing a more stand-
ardized method for defining key zones, such as the 

"Effect Zone," would improve the consistency of the 
methodology across different sites. Despite these lim-
itations, the methodology provides a valuable frame-
work for assessing climate-related risks to archaeo-
logical sites. With continued refinement, it has the po-
tential to deliver even more accurate, site-specific risk 
assessments and adaptation strategies. 

In its application to the archaeological site of Olym-
pia, the methodology effectively accounts for both cli-
matic and non-climatic drivers, providing a compre-
hensive evaluation of how various factors interact to 
influence the site’s vulnerability. Specifically, Olym-
pia is projected to experience more frequent and in-
tense heatwaves, which will increase thermal stress 
on archaeological structures and pose safety risks for 
visitors. The risk of localized flooding will rise due to 
heavy rainfall events and the area's geophysical fea-
tures. Additionally, prolonged dry periods, combined 
with the presence of flammable vegetation, will 
heighten the risk of wildfires, further endangering the 
site. These climate-related threats could also reduce 
tourism, adversely affecting the local economy, which 
relies heavily on visitors to the archaeological site of 
Olympia. 

The complex and interlinked nature of climatic and 
non-climatic drivers necessitates adaptive manage-
ment strategies to enhance the resilience of archaeo-
logical sites. Collaborative efforts among stakehold-
ers from various sectors (local authorities, tourism, 
etc.) will be crucial in implementing effective adapta-
tion strategies. Continuous monitoring of climatic 
and non-climatic indicators is essential for under-
standing evolving risks and adjusting management 
practices accordingly. 
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