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PCCH-Arctic

PCCH-Arctic — Polar Climate and Cultural Heritage —
Preservation and Restoration Management

Objectives: to create a knowledge base for sustainable safeguarding and future use of
cultural heritage in the Arctic in conditions of changing climate and demography

Project period: 2021-2024

Funding: The Research Council of Norway and User Partners, 10 MNOK (Cash) + 1.08 MNOK —_— =
(InKind), i.e. ~1 MEuro. —_—

Project type: collaboration project to meet challenges in society and buisness (KSP)

User Partners: Longyearbyen Lokalstyre, Store Norske Spitsbergen Kulkompani (SNSK) AS,
Kings Bay AS, Svalbard Museum

Research Partners: Sintef, The Norwegian Meteorological Institute, UiO, UNIS and UniVie
Reference group: Governor of Svalbard, The Directorate for Cultural Heritage, Visit Svalbard

Web-page: https://www.sintef.no/prosjekter/2021/pcch-arctic/

Research Council of Norway project number: 320769, SINTEF project number: 102024999
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Outline of PCCH-Arctic

Reference Group

Governor of Svalbard

The Directorate for Cultural Heritage
Visit Svalbard

Svalbard Museum

Board - all project partners

Workshops and Technical meeting

Cooperation with ongoing projects of The
Research Council of Norway

ArcticAlpineDecay (NIBIO)
CULTCOAST (NIKU)

Cooperation with higher education — course-

and MSc projects
NTNU, UNIS, TU Delft (The FlightCase)

PCCH-Arctic

WP1. Mapping, categorization and
management of cases

kKK kkk skokk skokok skokok skokok kkk

Input in Management plans for Case study
objects in Longyearbyen and Ny-Alesund

Establishment of monitoring program (stability
of foundations under global warming)

WP2 Present and future management of
cultural heritage: regulation, conservation,
valorization

kkk skokk skokok skskok skskok skskok kkk

Demographic assesment, mapping of
regulatory framework, mapping and
assessment of practices, values, and
attitudes connected to conservation,
restoration, and use of CH.

WP3 Climate change and permafrost
degradation

kkk skokk skskok skskok skskok skskok

Climate projections and permafrost
degradation

\ 4

WP4 Methodology and Technological
management development

skkk skokok sksksk sksksk ksksk kkk kkk

Risk-based methodology for assessment of
natural hazards and for foundation design in
permafrost

Recommendations for holistic management

of cultural heritage in Polar climate
kokk skokk kkk kkok kokk skkk

Input in management plans (see WP1)




PCCH-Arctic

Project participants from research and education institutes

Researcher Aga, J., UiO Ass. Prof. Arlov, T.B., UNIS Dr. Bekele, Y., SINTEF Dr. Landgren, O., The Norwegian  Dr. Lutz, J., The Norwegian
Geocryology History Geotechnics Meteorological Institute Meteorological Institute

+ supervisors for MSc theses from
UNIS, NTNU, DTU, UNIVPM, LUT, NGU

PhD Meyer, A., UniVie Dr. Sinitsyn, A., SINTEF Prof. Westermann, S., UiO Sand, G., SINTEF, Leader of
Sociology Geotechnics, Project lead Geocryology Steering Committee

MSc '22 Enevoldsen, K., MSc '22 Antonello, C., MSc ‘23 Haugen, C.G., MSc '23 Johansen MSc '23 Pasquini, N., UNIS/ MSc '23 Vehola, A., LUT/UNIS,
NTNU/UNIS, AT Dep. NTNU/DTU/UNIS AT Dep. NTNU Seljelv 1., NTNU UNIVPM/UNIS AT Dep. AG Dep.




Research questions

RQ1: Can new technological solutions, applied or developed by the project, lower the cost and improve the quality of
the work?

RQ2: How do changing preferences, patterns and levels of tourist traffic combined with local demographic
development impact on cultural heritage in Svalbard?

RQ3: How can we take expected climate change impacts into account in risk-based management of cultural heritage
in permafrost environments?

RQ4: Is the definition of permafrost temperatures based on historical data, n-factors, and field investigations suitable
for geotechnical and foundation design in permafrost in rapidly changing climate?

RQ5: Can emerging numerical tools for geotechnical and foundation design in permafrost replace currently used
analytical and empirical solutions?




Deliverables

Special workshops (3 pcs): Special WS on Hirthhamn 2021 (requested by SNSK), Special
WS in Ny-Alesund 2022 (requested by Kings Bay), Special Joined workshop 2022 «PCCH-
Arctic, ArcticAlpineDecay, CULTCoast».

Presentations and material for thematic events (5 pcs): fagdager at Riksantikvaren
2022 and 2024, PoleSTAH 2024, presentation to KLD (Ny-Alesund, 2023), contribution to the
guide of AECO 2025.

Other presentations (10+): pCapadus H2020, ASSW2023, Frostdagen 2022 and 2023,
INSAR Svalbard 2023, PMC workshop in Longyearbyen 2021, GTF 2022, Noradaprt 2023, UNIS
course AT-301 and AG-352 (2023), Svalbard Conference 2023.

Popular science articles (ca. 10): several articles in SvalbardPosten, several other
popular-science articles.

Master theses (5 pcs): Enevoldsen 2022, Antonello 2022, Seljelv, 2023, Pasquini 2023,
Vehola, 2023.

Scientific articles: Aga et al. 2025, Vickers et al. 2025
Reports (8 pcs): seven PCCH-Arctic reports.

Software and digital tools (2 pcs): Excel Tool for risk analysis of natural hazards, GIS-
layer for the Excel Tool.
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Special workshops

* Juditha Aga, Clarissa Willmes, Anatoly O. Sinitsyn, Thor Bjgrn Arlov, Julia Boike, Sebastian Westermann. Impact of snow and building management on
ground surface temperatures in permafrost environments - A case study from the historical mining town Ny-Alesund, Svalbard. Cold Regions Science and
Technology, 237, 2025. https://doi.org/10.1016/j.coldregions.2025.104516

* Vickers, H., Mooney, P, and Landgren, O.: Recent and future changes in rain-on-snow event characteristics across Svalbard, EGUsphere [preprint],
https://doi.org/10.5194/egusphere-2025-2099, 2025.
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1_Kick-off_Longyearbyen_Mar 16-17 2021
2_Det andre motet av PCCH-Arctic_Del 1_Motet om specielle case study objekter_Jun 15 2021
3_Det tredje mptet av PCCH-Arctic_Aug 30-Sep 02 2021

4_Derfjerde motet av PCCH-Arctic_Dec 2021

5_Det femte motet_Digital_Mar 02 2022

6_Det sjette motet_Digital_June 16 2022

7_Det sjuende matet_Sep 12-13 2022
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GFT_Apr 6th 2022

InSAR Svalbard_Aug 312023

Kings Bay_Presentation for laboratory_02.05.24
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Meeting at RA_Oct 13 2022

Mesting with CultCoast and ArcticAlpineDecay_Mar 03 2022
Meeting with [FN_Nov 17 2023
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A Forskningsradet

A brief report sbout the project
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Popular science articles

DENNE ARTIKKELEN ER PRODUSERT OG FINANSIERT AV SINTEF -
LES MER.

pa bakken. (ilustrasjonsfoto: Shutterstock/NTB)

Kulturarven pa Svalbard viser menneskers aktivitet i et hardt og skjort
miljo. Na jobber forskere med abevare den for ettertida.

Kathrine Nitter
SENTOR KOMMUNIKAS/ONSRADGIVER

SINTEF

Onsdag 16. februar 2022 - 04:30

Longyearbyen og Ny-Alesund er tidligere kullgruvesamfunn med mange
verdifulle historiske kulturminner.

Slike minner og steder gir innsikt i det sosiale, religiose og okonomiske livet til

béde lokale og bespkende.

Kiimaendringer og tining av permafrosten p3 Svalbard truer alle konstruksjoner som er fundamentert 10
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MSc theses

Kristin Enevoldsen

Rehabilitation of Cableway Posts,
Longyearbyen

Master's thesis in Civil and Environmental Engineering
Supervisor: Anatoly Sinltsyn

Co-supervisor: Aleksey Shestav and Ame Aalberg
June 2022
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Coastal Erosion Modelling in Hiorthhamn,
Longyearbyen (Svalbard)

Master’s Thesis
Authors: Carlo Antonello Supervisors.
Student number: Prof. Raed Lubbad (NTNU}
557430 (NTNU) Prof. Thomas Ingeman-Nielsen
8202294 (DTU) (DTU)

Prof. Aleksey Shestov (UNIS)
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DIO DELLA STABILITA DEL PATRIMONIO
CULTURALE DELLE SVALBARD SOTTO
L’EFFETTO DEL RISCALDAMENTO GLOBALE

Stability of cultural heritage in Svalbard in a global

warming
Relatore: Giuseppe Scarpelli Tesi di laurea diz
Noemi Pasquini
Correlatori:  Anatoly Sinitsyn

Aleksey Shestov

AA 202272023
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Ingalill johansen Seljelv
Praktisk eller perfekt?

Kulturminner og klimaendringer pd Svalbard.
Forvaltningen av taubaneanlegget |
Longyearbyen og omegn 2003-2022.

Masteroppgave | Kumurminneforialining
Veileder: Aud Mikkelsen Tret
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RISK OF NATURAL HAZARDS ON TECHNICAL-INDUSTRIAL CULTURAL
HERITAGE IN SVALBARD
Probability analysis including considerations for climate change

Lappecnranta-Lahti Uriversiy of Technology LUT
Master's Programme in Circular Economy, Masters hesis
201
Anni Vehola
Examiners:  Associate Professor, Ville Unsitalo

Post doctoral rescarcher, Natasha Jarid
Supervisors: Lena Rubensdorter (UNIS)

Anatoly Sinitsyn (SINTEF)




Scientific Articles

* Juditha Aga, Clarissa Willmes, Anatoly O. Sinitsyn, Thor Bjgrn Arlov, Julia Boike, Sebastian Westermann. Impact of snow and building management on ground surface

temperatures in permafrost environments - A case study from the historical mining town Ny-Alesund, Svalgard. Cold Regions Science and Technology, 237, 2025.
https://doi.org/10.1016/j.coldregions.2025.104516

* Vickers, H., Mooney, P., and Landgren, O.: Recent and future changes in rain-on-snow event characteristics across Svalbard, EGUsphere [preprint],
https://doi.org/10.5194/egusphere-2025-2099, 2025.

Additional publications are expected

Cold Regions Science and Techaslogy 237 (2025) 104516

Contents lists available at ScicaceDirect

Cold Regions Science and Technology

LSEVIER journal homepage: wuw.slsevier.com/locate/coldregions

m
Impact of snow and building management on ground surface temperatures %58
in permafrost environments - A case study from the historical mining town
Ny-Alesund, Svalbard

Juditha Aga®, Clarissa Willmes*, Anatoly O. Sinitsyn°, Thor Bjorn Arlov “*, Julia Boike
Sebastian Westermann “*

* Deparmens of Gocscinces, Universisy of Ose, Ol 0371, Norway
" SINTE AS, Trondbcin 7054, Norway

© Alfed Wegener Insiute CAWT, Helmhols Cenre for Polar onl Marine Rescerch, Pessicm 14473, Germarsy
 Geography Deparimere, Hubokl Unévesi su Berk, Beri 12589, Germary
* Genre fr Biopeochemiry n the Unbversy of Od, Odlo 0313, Norway

ARTICLEINEOD ABSTRACT
e Permafrost i warming dus to changing climatic conditions, 4 trend that might theeaten infrasructure and
Pmatest Iivellnood across the Arcic. Hisorical structures are especially vulnerable as (hey were not designed (o wit-
Soa ‘stnd these rapld enviroamental changes. In the hgh-Actic sertement Ny-Alesund, Svalbied, a arge rumber of

histoical bulldings exis, making the villge a sultzble cise study for lavestigating the fnerplay between his-
toreal buldings and permafrost. This study analysed o years of ground surface temperarure (GST) mes.

nis and snow observatons 1o asess the impact of snow and building management on permarost
conditions in Ny-lesund. The mean annusl ground surfsce terperature (MAGST) was found between —1.9°C
and 1.9°C in 2022/23, and between ~3.1°C and 1.1°C In 2023/24. The resull reveal that GST varid sub-
‘stantally within the villsge ares and exceeded the freezing point n several locstions. We identifed influzncing

Colural Heritage
Sralband

Variations in GST with the highest MAGST beneath artificial snow deposit. (i) Bullding type, particularly crawl
space ventilation, also affected GST. Ventiated craw] spaces tended t0 lower the MAGST beneath the bulldings,
while enclosed cravl spaces increased MAGST to positive values. (i) Building wall orientation further influ
enced GST, with southern exposures exhibiting higher values compared 1o northern exposures. Our findings
highlight the Imporeance of snow and building mansgement on GST and permafrest stabillty. Understanding
these small scale effects is crucial for the preservation of historical nfrastructure on permairost under changing
climatic conditions

1. Introduction Northern Hemisphere (Obu et al, 2019; Obu, 2021), these changes have
widespread implications, particularly for Arctic and sub-Arctic com
Permarost environments are undergoing rapid changes due to eli- i on permafrost-stable ort et al, 2022).
‘matic wareming, which are ted in rising permafrost tempera- Warming and thawing permafrost can pose a risk to human infra.
tures and a thickening of the active layer (5mith
slobal scale, permafrost tempesatures increased b
tween 2007 and 2016 (Biskaborn
jected 1o continue in future (Smith ¢t
influencing 11 % of the global land surface

and expansion of thaw slumps, slope creeping, and other mass

* Corresponding author
Email address: juditha.aga(@ se0 om0 (1, Aga).

hutps://clok.org/10.1016/}.coldregions 2025, 104516
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Recent and future changes in rain-on-snow event characteristics
across Svalbard

Hannah Vickers &2, Priscilla Mooney, and Oskar Landgren

Abstract. Rain-on-snow (ROS) events in Svalbard are becoming a mare frequent occurrence during the winter season due to rapid
climate warming across the Arctic in recent decades. ROS events have gained increasing attention in recent decades due to their
cascading impacts on the physical environmen, and terrestrial and marine ecosystems that are impacted by snowmelt. While the
frequency of ROS events in Svalbard has been well studied and documented, other characteristics of ROS, such as their duration,
intensity and seasonal timing have received less attention. Such characteristics are equally important to quantify due to their
patential consequences for the winter snowpack and snow-dependent ecosystems. This study addresses this knowledge gap using
the Copernicus Arctic Regional Reanalysis (CARRA) for the present day analysis and km-scale climate projections from a regional
climate model for the future period of 2030-2070 under the high emissions scenario SSPS-8.5. For the present climate, the results
show significant and increasing trends in all characteristics but confined mainly to low-lying areas of Nordaustandet and some
areas in the east of the archipelago, while no statistically significant trend was found in the southern and western areas which
typically exhibit the largest values in all characteristics. Analysis of the future projections showed that the largest changes relative
10 present day conditions in all ROS characteristics will take place over the mountainous and glaciated areas in the north and
northeast of the archipelago, while some low lying western coastal areas will experience a decrease. This reduction is expected to
be the result of fewer days with snow, shortening the season where rain can fall on an existing snow cover. Moreover, while ROS
has increased most in November and February, the future climate simulation features a substantial increase in ROS events in April,
which experiences very few, if any, ROS events in the present climate, which may lead to considerable changes in snow hydrology.
Further work could include analysing an ensemble of dlimate projections for Svalbard to produce a range of ROS scenarios, as well
25 carrying out a more in-depth analysis of the hydrological impacts associzted with the changes in ROS characteristics identified
here.

How to cite. Vickers, H., Mooney, P., and Landgren, O.: Recent and future changes in rain-on-snaw event characteristics across
Svalbard, EGUsphere [preprint], https:/doi.org/10.5194/egusphere-2025-2099, 2025.

Received: 06 May 2025 - Discussion started: 27 May 2025
Publisher's note: Copernicus Publications remains neutral with regard to jurisdictional claims made in the text, published

maps, institutional affiliations, or any other geographical representation in this preprint. The responsibility to include
appropriate place names lies with the authors.
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Short summary
Rain-on-snow (ROS)
events are becoming a
common feature in
winter in Svalbard due to
climate.
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PCCH-Arctic Reports

Report Nr. 1. Case study objects in PCCH-Arctic

Report Nr. 2. Risk Analysis of the Impact of
Natural Hazards on Cultural Heritage

Report Nr. 3. Ground Thermal Simulation and
Probabilistic Pile Capacity Analysis in Permafrost

Report Nr. 4. Climate Change Impacts on
Foundation Settlements of Selected Cultural
Heritage Structures

Report Nr. 5. Permafrost simulations for
Adventdalen and Ny-Alesund

Report Nr. 6. Input in managing strategies

Report Nr. 7. 2.5 km future climate projections for
Svalbard under the high emission scenario SSP5-
8.5

Recommendations for management of built
cultural heritage in Polar climate
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Risk Analysis of the Impact of Natural
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Report

Ground Thermal Simulation and
Probabilistic Pile Capacity Analysis in
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Software and digital tools

* Excel Tool for risk analysis of natural hazards:
* Longyearbyen
+  Ny-Alesund

*  PCCH-Arctic ArcGIS Online map:
https://unis78.maps.arcgis.com/apps/mapvie

wer/index.htm|?webmap=d66b70736787490
7bfS5bb2c7ec9af4ff

> SINTEF » PCCH-Arctic Workspace - Documents » WP4 » Report Nr2_Coarse analysis
Name

Excel tecl_old versions

Figures

Final protected Excel tools

Report

Results screesnshots

Version 1 of the Excel tool and assessment
Cost-benefit analysis tool
@ Key points from proposal about methodology

!ES PCCH_Risk_Analysis_Tool_v2.1_Real_Objects_Longyearbyen_1
!ES PCCH_Risk_AnaIysis_TooI_\rZJ_Real_Objects_Nyf-\Iesundj
(LT PCCH-Arctic - Ny Atesomd-Chrmete-Data-and-Graurd-Termperatures
@ PCCH-Arctic Meeting 06.06.23 - Risk Analysis of the Impact of Natural Hazards on Cultural Heritage
@ PCCH-Arctic Meeting 14.12.22 - Risk Analysis of the Impact of Natural Hazards on Cultural Heritage v2
@ PCCH-Arctic Meeting 14.12.22 - Risk Analysis of the Impact of Natural Hazards on Cultural Heritage
@ PCCH-Arctic Meeting 30.03.23 - Risk Analysis of the Impact of Natural Hazards on Cultural Heritage
SINTEF REMEDY TM-1-2018 Tool for quantitative risk ans cost-benefit analysis



https://unis78.maps.arcgis.com/apps/mapviewer/index.html?webmap=d66b707367874907bf5bb2c7ec9af4ff
https://unis78.maps.arcgis.com/apps/mapviewer/index.html?webmap=d66b707367874907bf5bb2c7ec9af4ff
https://unis78.maps.arcgis.com/apps/mapviewer/index.html?webmap=d66b707367874907bf5bb2c7ec9af4ff
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