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The CULTCOAST research project has installed environmental monitoring equipment at two cultural heritage sites in northern Norway: one at the coal mine site of Hiorthhamn on Svalbard, one at the settlement mound site Sjåberget on Andøya in Nordland County. Both these coastal heritage sites are situated north of the Arctic circle, in the areas most impacted by climate change. Whereas the global temperature increase since 1970 is just above 1°C, in Svalbard the increase is now 4°C. This is the first example of using this specific type of sensors to monitor the ongoing changes and their possible impacts on preservation of heritage sites.
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INTRODUCTION
Global climate change presents a variety of threats towards the preservation of cultural heritage sites. Svalbard is where the strongest warming of all weather stations in Europe has been registered in the last few decades (Nordli et al., 2014). CULTCOAST—Cultural Heritage Sites in Coastal Areas. Monitor, Manage and Preserve Sites and Landscapes under Climate Change and Development Pressure is a research project funded by the environmental research programme of the Research Council of Norway (NFR MILJØFORSK), Project Number: 294,314. April 2019–March 2023.
The importance of cultural heritage is stressed in several international conventions (e.g., UNESCO 1972; Council of Europe 1992) and described as sources of collective memory as well as instruments for historical and scientific studies. However, there are and have been on-going discussions on site preservation (e.g., Willems 2008; Hollesen and Matthiesen, 2015; Martens, 2016). The CULTCOAST project aims to assess the possibilities for the long-term preservation of legally protected archaeological and built cultural heritage sites in the context of geo-hazards caused by changing climate conditions, and to suggest innovative tools for risk assessment, mapping, evaluating, prioritising, mitigation/adaptation, and sustainable management of heritage sites. We look at the individual and combined impacts of climate change induced geo-hazards and pressure from tourism and development. The CULTCOAST project focuses on 1) first, sustainable use and protection of coastal cultural heritage, cultural environments, and cultural landscapes; 2) secondly, on climate change induced geo-hazards; and 3) thirdly, how public management can safeguard cultural history values. Values are here meant as both tangible and intangible cultural heritage, including the physical remains both above and below ground (tangible) as well as the traditional use of the sites and landscapes (intangible). Cultural heritage and cultural environments are highly valued environmental goods, but these values are under serious threat from multiple sources, including inadequate safeguarding, climate change and pressure on land areas (Harmsen et al. 2018; Hollesen et al. 2018; Martens 2017; Sesana et al. 2021).
Climate is changing now at an even higher rate than expected in some of the worst-case climate scenarios (Climate Research Unit; IPCC 2021). These changes increase the risks of geo-hazards threatening heritage sites, environments and landscapes. The Arctic and sub-Arctic areas are particularly sensitive because they suffer more from combined threats and have previously been well protected by the aid of permafrost and sea ice, (Førland et al., 2011; Nordli et al., 2014; IPCC 2021). Svalbard is where the strongest warming of all weather stations in Europe has been registered in the last few decades (Nordli et al., 2014). The challenges of climate change are global, and the bequest value of cultural heritage, preserving it for future generations, is of relevance everywhere, thus our studies will be transferable to cultural heritage management plans and adaptation/mitigation actions at national and global scales, to meet the UN Sustainable Development Goals on resilient and sustainable settlements (goal #11) and taking urgent action to combat climate change and its impacts (goal #13). The CULTCOAST project focuses on the individual and combined impacts of climate change induced geo-hazards and pressure from tourism and development on coastal cultural heritage sites in northern Norway, using the Arctic and sub-Arctic sites as basis for future modelling that will have global use. We are currently monitoring sites on both Svalbard and Andøya in Norway—visually, with repeated point measurements, and with automatic repeated measurement installed in the ground. This paper will present continuous monitoring measurements from these sites and discuss the possible impacts on cultural heritage site preservation that may be derived from these measured data.
MATERIALS AND METHODS
The heritage sites chosen for study within the CULTCOAST project (Figure 1) are two in the Arctic Archipelago Svalbard: the 18th–19th C hunting station Russekeila at the mouth of the Linné River at the southwestern edge of Isfjorden (The Ice Fiord) with both archaeological and built remains, and the 19th–20th C coal mine site of Hiorthhamn at the northeastern end of Isfjorden just across the bay from Longyearbyen consisting of a large amount of built heritage and remains from mining activities (see also Flyen et al., 2020; Nicu et al., 2020). The following two sites are on the island of Andøya, Nordland County: the settlement mound Høyvika and the settlement mound Sjåberget, both archaeological sites on the west coast of the island, consisting of preserved deposits from mainly the medieval and later periods (a. 1000AD-a. 19th C).
[image: Figure 1]FIGURE 1 | Map of the Arctic area, with Svalbard and Andøya marked. Map created by Jani Causevic, NIKU, 2022.
Environmental monitoring of archaeological deposits has been carried out in Norway for a several decades, the first project in the medieval town of Trondheim started in 1996 (Peacock 2002; Petersén & Bergersen 2012), followed by a site in the medieval town Tønsberg in 1999 (Reed & Martens 2008), and the largest Norwegian urban monitoring project started at the World Heritage Site Bryggen in Bergen in 2000 (Matthiesen 2004; Rytter & Schonhowd 2015). Some monitoring has been performed in Oslo (Martens et al., 2012) and at a few heritage sites outside urban settings (Martens & Bergersen 2015; Martens 2016). These latter started our work on how climate change might impact in situ site heritage protection in the Nordic countries the future, and a concern about already visible impacts on sites. Consequently, a paradigm shift seems necessary, away from trying to preserve most heritage sites in situ and instead rescuing the information potential by investigation/excavation and documentation.
The authors have both worked with environmental monitoring for more than a decade, but as the project started, a new probe type was launched that sparked our interest, the Campbell SoilVUE10, SoilVUE10: TDR Soil Moisture Profile Sensor (campbellsci.eu). This probe is only 5 cm in diameter and 1 m deep (measuring water content, temperature, permittivity and conductivity at nine different levels) and can thus be installed in a hand-augered hole at the site, thus making a minimum of physical impact on the listed sites that we wished to monitor. For both sites we applied for and were given permission by heritage management authorities before installation. The probes were attached to a data logger, Cautus logger CL1, and the data secured in a web solution, CautusWeb (Cautus Web), sending data over the mobile phone network four times a day at 6-h intervals. To run the datalogger, a battery pack was installed at both sites, and datalogger and battery pack were placed in a waterproof and—so far—polar bear proof stainless steel container to which an antenna was attached. In addition, solar panels were attached to the container and antenna at Andøya.
Hiorthhamn, Svalbard
Hiorthhamn is a coal mine site with preserved infrastructure from the mining activities; a cableway station for shipping coal (the cableway reaching all the way up to the mine in the mountain above the settlement) (Figure 2), residential and working wooden buildings and barracks, wooden pathways, train rails, and steam engines, many of which are now strewn over the site, particularly on the beach (Figure 3). Some of the houses have been transformed into holiday cabins, others are in different states of disrepair and degradation. Cultural heritage sites in Svalbard consist mainly of traces of whaling, hunting, and coal mining (Flyen et al., 2020). The coastline is extremely active because of the combined impacts of climate change, with shorter periods of permafrost, a deeper active layer, and a diminished amount of sea ice/fiord ice protecting the sandy and gravelly deposits from wave actions (Nicu et al., 2020; Nicu et al., 2021). Thus, we intended to monitor the depth of the active layer to gather information on specific site preservation conditions. A point was chosen close to the beach erosion edge, and just out of the way of winter snow scooter tracks (Figure 4). The installation hole was augered by hand. The auger hit permafrost at 95 cm depth, making it almost physically impossible to hand-auger further down so a little more than 5 cm of the probe remained above ground. This was protected by laying a circle of stones around it, so that no-one would inadvertently disturb the connection between probe and logger cabinet. In addition, a reflective vest was tied to the antenna, to ensure visibility during winter, when the cabinet is expected to be covered in snow. This is important both to ensure the possibility of necessary battery maintenance but most of all to avoid snow scooter collisions with the antenna, as that might disrupt the data transfer (Figure 5). Practically, the system has been working very well with automatic data transfer via the mobile phone antenna. This enables real-time monitoring. It also gives information about when the batteries need to be recharged (at least two times a year), and we have had local help to perform this task. Because of the cold, the batteries need charging more often than they would in warmer climates. There is a lot of snow scooter traffic at the site in winter, and quite a bit of polar bear activity in the area, but thus far there have been no attempts to ‘investigate’ the logger cabinet, and the reflector is keeping the station safe from traffic.
[image: Figure 2]FIGURE 2 | Hiorthhamn cableway station, Svalbard. Photo: Vibeke Vandrup Martens, NIKU 2019.
[image: Figure 3]FIGURE 3 | The beach at Hiorthhamn, Svalbard, with remains of steam engine and rails on beach. Photo: Vibeke Vandrup Martens, NIKU 2019.
[image: Figure 4]FIGURE 4 | The beach at Hiorthhamn, Svalbard, with placing of monitoring station. Photo: Lena Rubensdotter, NGU & UNIS 2020.
[image: Figure 5]FIGURE 5 | The monitoring station at Hiorthhamn, Svalbard. Photo: Andy Hodson, UNIS 2020.
Sjåberget, Andøya, Nordland
Sjåberget settlement mound on Andøya is situated on the western coast of the island at a promontory between two beaches (Figure 6). A relatively modern building is still standing on the eastern edge of the mound, but otherwise it is now mainly grassland. Settlement mounds (also known as farm mounds) were created by repeated building activities at the same site, with houses built mainly of turf sods and timber. When they were no longer fit for habitation, they were torn down, the materials evened out, and new houses built on top (Bertelsen, 1984; Martens, 2016:31). There are a 900 settlement mounds listed as archaeological monuments in northern Norway (Martens 2016:16–23), of which more than half are in Nordland County. Thus, this was an important site type to monitor. A point was chosen at the south-western edge of the mound. At this site, like in Svalbard, the hole for installing the probe was augered by hand (auger blade diameter 4 cm). The top of the probe and the connection to the logger cabinet was secured by stones to avoid inadvertent disturbances. The concept has here been developed further, so in addition to the batteries in the stainless-steel box, a solar panel was attached to the antenna (Figure 7). This has allowed the batteries to be charged by solar power, and they got a charge sufficient to last through winter. So far it has therefore not been necessary to charge the batteries at the Andøya monitoring station. This is obviously very practical, ensuring unbroken data series and data transfer with no human resources necessary.
[image: Figure 6]FIGURE 6 | The setting of the settlement mound Sjåberget, Andøya, with the beach to the north. A similar beach is situated just south of the mound. Photo: Vibeke Vandrup Martens, NIKU 2021.
[image: Figure 7]FIGURE 7 | Environmental monitoring station installed at the settlement mound Sjåberget, Andøya. Note the solar panels on top of the logger cabinet. Photo: Vibeke Vandrup Martens, NIKU 2021.
RESULTS
Hiorthhamn, Svalbard
Field work at Hiorthhamn was carried out in August 2019, making visual observations and evaluations of the state of preservation of single objects as well as the overall site, measuring the actual active coastline and measuring single points spread over the site to monitor possible solifluction impacts. This work was partly repeated the two following years. However, to ensure continuous information on preservation conditions, a monitoring probe was installed, and it is data from this probe that is presented here. The probe was installed 13 September 2020, and the plots (Figures 8–11) contain data until 11 March 2022. The sensors are placed at surface level/0, 5, 15, 25, 35, 45, 55, 70 and 95 cm depth.
[image: Figure 8]FIGURE 8 | Hiorthhamn Svalbard monitoring point, soil water content plot, from installation 13 September 2020—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
Water content, temperature, permittivity, and electrical conductivity
Water content at Hiorthhamn is generally very low at all monitored levels. Mostly, the measured data indicates that no or very little water (less than 10%) is available in the deposits (Figure 8). That also coincides with low soil temperatures (Figure 9). However, in June 2021, the water levels increased dramatically in a very short space of time, to between 40 and 100% at all measuring depths. The soil temperatures rose to between +1 and +10°C in June and stayed that high until October, but the water content dropped long before that, thus indicating that the explanation for this dramatic change was snow melt, as the previous winter had been long and with good snow cover. The temperatures have been below 0 from October 2020 until June 2021, and again from October 2021 and until now. It will be interesting to follow the measurements in the coming change of season and in the coming years. Both permittivity and conductivity measurements (Figures 10, 11) are extremely low, except in the period around snow melt with the high soil water content.
[image: Figure 9]FIGURE 9 | Hiorthhamn Svalbard monitoring point, soil temperature plot, from installation 13 September 2020—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
[image: Figure 10]FIGURE 10 | Hiorthhamn Svalbard monitoring point, permittivity plot, from installation 13 September 2020—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
[image: Figure 11]FIGURE 11 | Hiorthhamn Svalbard monitoring point, electric conductivity plot, from installation 13 September 2020—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
For the heritage site, long periods of stability, both concerning temperatures and water content, are beneficial for continued preservation, and the longer the ground stays frozen, the less damage may be expected on the coastline, though other forces are clearly in play there as well (Nicu et al., 2021). It is a bit worrying that the soil temperatures seem to correspond very closely with measured air temperatures, but that is mostly a demonstration of the character of the deposits, which are sandy and gravelly. At this particular site, the monitored deposits are all subsoil i.e., geological, not sub-surface archaeological deposits, and thus the worry here is not degrading archaeological deposits but the depth of the active layer and the length of time that the fragile coastal layers are thawed, which increases the risks of coastal erosion and subsequently risks of loss of heritage remains. In this particular case the remains consist mainly of built heritage. Longer warm periods also increase risks of fungal decay to the wooden constructions (Flyen et al. 2020).
Sjåberget, Andøya, Nordland
Field work on Andøya was carried out summer 2021 (postponed 1 year because of the pandemic, and with reduced staff for the same reasons), making visual observations and evaluations of the state of preservation of the overall site, measuring the coastline and mapping other possible sources of geo-hazards such as e.g., coastal erosion, sea level rise, landslides or solifluction. Again, to ensure continuous information on preservation conditions, a monitoring probe was installed, and it is data from this probe that is presented here. The probe was installed 8 June 2021, and the plots (Figures 12–15) contain data until 11 March 2022. The archaeological deposits here consisted of organic-rich sandy humus, covered by grass turf, so the augering could be carried out fairly easily. The sensors are placed at 5, 10, 20, 30, 40, 50, 60, 75 and 100 cm depth below surface.
[image: Figure 12]FIGURE 12 | Sjåberget Andøya monitoring point, soil water content plot, from installation 8 June 2021—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
Water content, temperature, permittivity, and electrical conductivity
The soil water content in the archaeological deposits of Sjåberget settlement mound vary considerably more than at Hiorthhamn (Figure 12). The deepest sensor at 1 m depth has a stable water content between 30 and 50%, whereas all the others are stable between 0 and 25%, except for the two top sensors which have a rapid increase in water content in late January 2022. This drops again very shortly after, and it coincided with a major rainstorm. This would indicate that the organic-rich and compact archaeological deposits of the settlement mound are generally stable, and only the top sensors and deposits are affected directly by precipitation events.
The soil temperature (Figure 13) was high at the time of installation (a nice summer day) but dropped and stabilised for all sensors. During the autumn, the soil temperatures measured stayed below 10°C in most of the deposits, and as winter came, the temperatures dropped to a 1°C and stayed stable throughout the measured period. It will be interesting to see the measurements during the coming summer. We know that temperatures below 10°C are favourable preservation conditions for all organic matter, reducing biological and chemical degradation to a minimum (Hollesen & Matthiesen 2015; Møller et al., 2015), so the longer they stay below, the less active the degradation processes will be, and the better are the options of continued site preservation. Permittivity measurements (Figure 14) more or less follow the pattern of water content, whereas conductivity (Figure 15) to a higher degree matches the temperature measurements.
[image: Figure 13]FIGURE 13 | Sjåberget Andøya monitoring point, soil temperature plot, from installation 8 June 2021—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
[image: Figure 14]FIGURE 14 | Sjåberget Andøya monitoring point, permittivity plot, from installation 8 June 2021—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
[image: Figure 15]FIGURE 15 | Sjåberget Andøya monitoring point, electric conductivity plot, from installation 8 June 2021—11 March 2022. Plot by Lars Krangnes, Cautus Geo, from CautusWeb data.
In general, the preservation conditions at Sjåberget seem stable and apparently only the top deposits are more directly influenced by precipitation and, probably, air temperature changes. However, we still have less than a year of measured data, so it is a premature to draw it is premature to draw firm conclusions. It has worked well to implement solar panels as an additional power source, effectively charging the batteries enough to last through the dark period of the year. It might have worked in Svalbard as well, though the dark period is longer that far north, but it might have saved at least one battery change a year. This is something we will consider for future monitoring stations that do not have continuous electric power supply readily available.
DISCUSSION
The material presented here is from an on-going research project, so by no means yet fully explored. We realise that the data sets are limited to only two sites, one in Arctic and one in sub-Arctic settings, and at very differing heritage sites. One site is built heritage on sub-soil threatened by coastal erosion due to thawing permafrost, fungal decay of wooden constructions, and human site use; the other is archaeological heritage with well-preserved deposits, threatened mainly by sea level rise and human actions. We are also aware that the monitored periods are still short, and the data thus limited. However, we do see what we interpret as clear trends that will be interesting to follow further. The Svalbard site is mainly impacted by large water influx during snow melt but otherwise without major events. However, the active layer may penetrate further into the permafrost, which would be highly undesirable. The Andøya site shows more direct fluctuations in measurements related to precipitation and air temperatures, particularly in the sensors closest to the surface, but overall demonstrates stable preservation conditions so far. We firmly believe that this type of probe with its minor physical impact on the listed heritage may be beneficial to use also in other settings, as it seems to provide sufficient information to evaluate the site preservation conditions. It is thus comparable to augering a borehole for a dipwell in saturated deposits, something which heritage management authorities often allow, while being more restrictive to opening sections to install soil probes monitoring (soil monitoring probes). Using the type of monitoring probe presented here might thus allow monitoring at sites where opening a section would be neither possible nor desirable, but where it is still deemed relevant and necessary to obtain information on preservation conditions, to enable evaluation of whether to continue in situ site preservation or whether the site is in danger of disappearing through accelerated degradation to such an extent that one should either implement adaptive measures or rescue the heritage information by investigation and documentation.
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