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Abstract

Soil moisture variation is complex and depends on a range of factors, which complicates the formulation of recommen-
dations for GPR surveys. Low amounts of soil moisture produced GPR data of higher quality. However, precipitation rates
as well as chronological sequence of precipitation/thawing processes and the GPR survey are of importance. Winter
months can offer favorable conditions for GPR surveys if temperatures remain negative over a prolonged time period,
allowing for frost to build in the ground. Results of the Borre Monitoring Project (BMP) are valid only for sites with similar
settings as Borre; the monitoring approach, however, can be transferred to larger regions with more representative sites.
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=== |Ntroduction

In 2016, Vestfold and Telemark County Council, together
with the Ludwig Boltzmann Institute for Archaeological
Prospection and Virtual Archaeology and the Norwegian
Institute for Cultural Heritage Research initiated the Borre
Monitoring Project (BMP). This project emerged from a
GPR survey in 2015, which failed to detect two large hall
buildings at the Late Iron and Viking Age site Borre in
Norway (Fig. 1), in contrast to three previous surveys con-
ducted in 2007, 2008, 2013. Details about the discovery
and interpretation of these archaeological structures can
be found in Trinks (2007) and Tonning et. al (2020).

Preliminary findings of BMP were reported at ICAP
2017 (Schneidhofer et al. 2017), while data acquisition
was still on-going. This paper presents the final results of
BMP. A detailed description of the project and its findings
can be found in Schneidhofer et al. (2022).
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Methods

GPR surveys using a 500 MHz Noggin single-channel an-
tenna were conducted across a test area of ca. 0.76 ha
covering two large hall buildings roughly once a month
between July 2016 and September 2017. The aim was to
capture potential variations in data quality during different
environmental conditions. To gain a better understanding
of the underlying causes for these variations, volumetric
water content (VWC), bulk electric conductivity (BEC),
ground temperature as well as precipitation rates were
measured in-situ at three locations within the test area.
In addition, soil and sedimentological analyses of the sub-
surface materials present at the test site, including grain
size distribution and organic content, were conducted at
the Institute for Archaeology, Conservation and History
(University of Oslo) to better understand water infiltration
and movement underground. Data were processed using
ApRadar (Trinks et al. 2018) and analyzed using the custom
Python program Schlitzi + and ArcGIS 2.80.

377


https://doi.org/10.38072/978-3-928794-83-1/p76
https://orcid.org/0000-0002-1740-4891
https://orcid.org/0000-0002-1573-3544
https://orcid.org/0000-0001-7037-8779
https://orcid.org/0000-0003-2597-3979
mailto:petra.schneidhofer@vtfk.no

ADVANCES IN ON- AND OFFSHORE ARCHAEOLOGICAL PROSPECTION
Proceedings of the 15th International Conference on Archaeological Prospection ICAP 2023

Fig. 1: Location of hall building A just outside the Borre National Park. The test area is marked in red.
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Fig. 2: Depth-slices 40-80 cm of all twelve data sets acquired between July 2016 and September 2017. High amplitude values are
displayed in black, low amplitude values in white. Crossline spacing: 25 cm, in-line spacing 5 cm.
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Fig. 3: Comparison of VWC, BEC and ground temperature values (Sensors 1-4) measured in-situ at monitoring station 1 during each of
the GPR surveys. The blue bar represents precipitation rates in the week prior, the black line in the 24 h prior to the respective surveys.
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Results and discussion

Over the course of 14 month, twelve GPR data sets (Fig. 2)
could be collected under different environmental condi-
tions (Fig. 3) and subsequently were classified qualita-
tively into groups of high and low quality. Quantitative
measures to categorize the data sets using statistical and
pixel-based methods proved unexpectedly challenging
and only confirmed data sets at the lowermost end of the
quality spectrum.

Six of the twelve surveys (14092016, 06102016,
09112016, 13122016, 09012017 and 04072017) were con-
ducted in dry conditions, when less than 5 mm of rain had
fallen in the week before to the survey. The 24 hours before
these surveys did generally not see any precipitation. Sur-
veys 13122016 and 09012017 conducted in December 2016
and January 2017 under very cold and dry conditions with
temperatures well under 0 degrees C displayed data of the
highest quality.

Five surveys were conducted under wet conditions. In
August 2016 (04082016), the survey was conducted directly
after a rainfall event (ca. 10 mm in the 24 hours prior),
while data collection in May (18052017), June (15062017)
and August 2017 (16082017) was characterized by the
highest amounts of precipitation (48-58 mm) recorded for
the week before the respective surveys. Data set 27022017,
classified both quantitatively and qualitatively as being
of lowest quality, was acquired in February 2017 amid a
thawing process, which created surface puddles and unfa-
vorable conditions in the topsoil.

Of the twelve data sets, eleven did show the hall buil-
ding; only the data set collected in February 2017 failed to
do so. At first glance, this result seems encouraging for the
use of GPR in Norway. However, as the test site is located
on well-draining ground and surveys were generally not
undertaken in very unfavorable conditions, this outcome
needs to be treated cautiously.

In general, data showed no seasonality, but were in-
stead governed by small-scale weather patterns, most no-
table precipitation rates and changes in air temperature. As
expected, results supported the long-standing rule that dry
conditions are beneficial for electromagnetic wave propa-
gation, when signal attenuation is reduced and more ener-
gy can enter the subsurface. The longer these dry periods
persisted at Borre, the higher the quality of the GPR data
turned out to be. Data sets of lower quality, conversely,
were characterized by higher amounts of soil moisture,
whereby the chronology of events was of importance. Pre-
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cipitation shortly before an intended survey would leave
the water little time to drain. In this respect, the 24 hours
before a survey proved particularly crucial for data quality.

The winter months, when conditions had been very
cold and dry for several weeks and frost had built up in
the ground, proved more promising for GPR surveys than
previously anticipated. Water in its frozen state diminish-
es signal attenuation and this effect could be clearly seen
in the data sets acquired in December 2016 and January
2017. However, a sudden rise in temperature as transpired
right before the survey in February 2017, can quickly re-
verse these favorable conditions.

Upon completion of BMP, the results were tested by
surveying a previously discovered ship burial located in-
side the Borre National Park under favorable conditions
following the unusually dry summer of 2022. The collect-
ed GPR data were of high quality and a subsequent data
interpretation revealed a previously unknown ring ditch
around the interred ship.

Conclusion

The results of the Borre Monitoring Project have broad-
ened our understanding of the influence environmental
factors, first and foremost soil moisture, exert over the
quality of GPR data.

The specific findings at Borre are valid only for sites
with similar environmental and archaeological settings.
Obviously, not every survey site can be subjected to a
monitoring project. However, monitoring projects at sites
representative for environmental settings and archaeolog-
ical structures of a geographical region are feasible. Such
an endeavor is currently under way for Vestfold County,
Norway. The Vestfold Monitoring project VEMOP (https://
www.vtfk.no/meny/tjenester/kultur/kulturarv/vemop/)
aims to provide recommendations for the use of GPR in
the Vestfold region based on the monitoring of four differ-
ent test sites and over 100 surveys.

Due to time and financial reasons, GPR surveys can and
will not always be conducted under ideal environmental
conditions. A deeper understanding about this complex is-
sue, however, can aid in limiting unwanted effects during
data processing and interpretation as well as in post-survey
IMNEASUTES.  mmm—
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