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Electrical resistivity tomography (ERT)
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Motivation for a database
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Created and populated a database

prctic 50 Landform Number of surveys

Active layer failure 2
Flat terrain (undifferentiated) 116

Flood plain 1

o 0 40 Ice wedge polygon 3

-l 7 > Lakeshore 2

i e Landslide (undifferentiated) 4

o 30 Lithalsa 3

® ° s Palsa 11
uniTe g Peat plateau 56
4 & """" £ 50 Peatland (undifferentiated) 4

:.. 3 Retrogressive thaw slump 6

sur o A River channel 1
CANADA .. River terrace 4

% : 10 Sloping terrain (undifferentiated) 49

"é Thermokarst mound 17

3 Undulating 1

0 2008 2010 2012 2014 2016 2018 2020 2022
2 09 profiles Data collected between 16 landform types

2008 = 2022 Standardized metadata describing the

landform, substrate, vegetation,
organic layer, disturbace, etc. for each
profile

280 surveys

15 profiles with time-lapse data



Built an interactive web map

@ data.permafrostnet.ca/cpers/ Q M %

Data information

Data publication

ERT Surveys
of Permafrost

i Note: full plotting
Canadian pemafrOSt functionality only available

electrical resistivity on desktop version

survey next practices | Filters |

and database (CPERS) Contains data in date range

09/22/2008 -

Data processing

Data plotting

Data policy

Beaver River Burn 2: 2018-07-18
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07/05/2022 Profile: Beaver River Burn 2 10 4
DB profile name: CA_BRB_L02

Q ABOUT CPERS

Location
Number of surveys: 1
Date(s) of survey(s): 2018-07-18
Country: CA - Canada d 0
Landform Region: NL - Newfoundland and Labrador ms=5.0%

® Municipality: Postville 4 ¥’ y .
MAP OF SURVEYS b (€] Permafrost extent: None 0 5 10 15 2 25 3

. Landform: Flat terrain (undifferentiated) x (m)
® Landform2: n/a
P Survey type: 2D ERT
LITERATURE - B~ Relative position: n/a
'
REVIEW 3 Precision: measured (GPS)
Pl e A Substrate: Fine soil (clay-silt)
Substrate2: n/a
DATA PROCESSING epetation: coniferotsioise:
Organic layer: yes
Only show sites with borehole(s) Disturbance: Forest fire
Comment: burned forest in first half of
CONTRIBUTE DATA - profile, undisturbed forest in second half of
le

Only show repeated surveys mmcﬂwﬁmm“ organic
DATA POLICY O layer thickness, shrub height and density,

z(m)

CPERS COLLECTIVE

Disturbance

209 profiles meet those filtering PI: Yifeng Wang (yifeng.wang@queensu.ca)

CONTACT US criteria (out of 209 total in &
database) Publication: Wang, Y. (2020). Fire-associated

Reset filters




Archived the data
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La base de données canadienne des relevés de résistivité électrique du pergélisol
The Canadian Permafrost Electrical Resistivity Survey Database (CPERS)
CPERS Collective

Résumé / Abstract

The Canadian Permafrost Electrical Resistivity Survey Database (CPERS) is a collection of electrical resistivity tomography (ERT) datasets collected in permafrost environments. The
database currently contains sites in British Columbia, Newfoundland and Labrador, Northwest Territories, Quebec, Yukon, and Alaska. Each dataset provides information to interpret
the presence and distribution of frozen and unfrozen ground along a profile where spatial extent and depth of investigation depend on the survey set-up. Metadata is currently
available for 280 ERT surveys collected at 209 different profiles, with repeat surveys being conducted at 15 of those profiles. Raw ERT data is currently available for 123 surveys, while
the remaining 157 datasets are currently embargoed and will be published within two years. Data were acquired between 2008-2022. Amalgamated site and borehole metadata are
available as supplementary materials. This dataset will support a publication by Herring et al. (2023). The CPERS database project was funded by NSERC PermafrostNet. DATA
POLICY: In order to use any of these datasets you MUST review and adhere to the CPERS data policy, which can be found at https://data.permafrostnet.ca/cpers/data_policy.html.
ADDITIONAL RESOURCES: Please visit https://data.permafrostnet.ca/cpers/. This site includes an interactive map of survey locations where all datasets can be queried by several
different parameters and processed data can easily be plotted. It also includes open-source ERT data processing tools and other helpful resources.
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Developed open-source data processing tools

@& github.com/teddiherring/CPERS/blob/main/data_processing_CPERS.ipynb

data_processing_CPERS.ipynb

Preview | Code Blame Code 55% faster with GitHub Copilot Raw (0J

for a in ax.flat:
a.tick_params(axis='both', which="major', labelsize=fs2)

LICENSE plt.suptitle('%s'%(survey_name),fontsize=fs, y=0.95);

README.md plt.savefig('observed_data.png',format='png',bbox_inches="'tight")
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Established best practices

for using ERT to study
permafrost
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1 | INTRODUCTION

Mohammad Farzamian® | Fabrice Calmels® |

Abstract

Electrical resistivity tomography (ERT) is a minimally invasive geophysical method
that produces a model of subsurface resistivity from a large number of electrical
resistance measurements. Strong resistivity contrasts usually exist between frozen
and unfrozen earth materials, making ERT an effective and increasingly utilized tool
in permafrost research. In this paper, we review more than 300 scientific publications
dating from 2000 to 2022 to identify the capabilities and limitations of ERT for per-
mafrost applications. The annual publication rate has increased by a factor of 10 over
this period, but several unique challenges remain, and best practices for acquiring,
processing, and interpreting ERT data in permafrost environments have not been
clearly established. In this paper, we make recommendations for ERT surveys of per-
mafrost and highlight recent advances in the field, with the objective of maximizing
the utility of existing and future surveys.

KEYWORDS
electrical resistivity tomography, geophysics, permafrost

ERT can produce high-resolution imagery of the top 1-2 m® or image
much deeper features, such as the base of permafrost, to depths of

Electrical resistivity tomography (ERT) is a geophysical technique that
estimates subsurface electrical resistivity (o, @m) to reproduce experi-
mental voltage and current measurements, most commonly resulting
in a two-dimensional resistivity cross-section.’”® ERT can be used to
identify frozen and unfrozen regions of the subsurface because the
resistivity of earth materials generally increases substantially (up to
several orders of magnitude) at subzero temperatures as pore water
freezes.** ERT can also be used to distinguish variations in ice con-
tent.” In relation to permafrost investigations, the spatial coverage
of ERT complements point location data, such as borehole tempera-
tures and core stratigraphy. Depending on the acquisition parameters,

100 m or more.”

In the past two decades ERT has become increasingly employed
to infer permafrost extent and characteristics, and to assess change
over time. The annual number of publications that use ERT in the
study of permafrost has increased by an order of magnitude, from
two or three to more than 30 (Figure 1), with research sites located in
all countries with significant occurrence of permafrost (Figure 2).
Diverse applications include assessment of geohazards,'® examining
interactions between permafrost and infrastructure,** characterizing
permafrost thaw due to climate change'? and wildfires,'® validating
temperature models,* and developing hydrogeologic models.*




Compiled literature sources

(& @ data.permafrostnet.ca/cpers/review.html Q M 1

302 publications using ERT to study permafrost between 2000-2022

Canadian permafrost
electrical resistivity For a complete review of these papers, see "Best practices for using electrical resistivity tomography to investigate permafrost’ by Herring

: et al. [Submitted to Permafrost and Periglacial Processes February 2023]
survey next practices

and database (CPERS)

ABOUT CPERS

CPERS COLLECTIVE Title Country code Dimension Time lapse?
Authors Year URL v
MAP OF SURVEYS
Thermokarst lake to lagoon transitions in Angelopoulos et
2020 link RUS 2D N
LITERATURE Eastern Siberia: Do submerged taliks refreeze? al. I 0
REVIEW
Heat 1t flow i frost Angel, los et
eat and s: ; :w 11}11 sgxbse;R;;]e)rzma T0S! nge oplou os e 2019 Nnk RUS 2D No
DATA PROCESSING modeled:with Cryo 2
Exploring the capabilities of electrical
L Arboleda-Zapata
CONTRIBUTE DATA resistivity tomography to study subsea s P 2022 link USA, RUS 2D No
permafrost ’
DATA POLICY
Shallow permafrost at the Crystal site of
Peaceful Underground Nuclear Explosion Artamonova et
5 § ; . link N
CONTACT US (Yakutia, Russia): Evidence from electrical al. e i RES 40 9
resistivity tomography
Geophysical i tigati Por-Bajinisland,  Arzhant t
eophysical investigations on Por-Bajin islan rzhantseva e 2009 R RUS 2D No

Tuva (Russia) al.
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Started making large-scale interpretations

Lithalsa

Palsa

Thermokarst mound
Other
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Modified from Herring et al

O # No external disturbance
¢ Anthropogenic surface disturbance >50% profile
O Other

MAAT (°C)

. [Submitted to ICOP 2024]



Aspirations

 Add new data

 Better large-scale
interpretations (machine
learning?)
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 Improve how data is shared
and used in the permafrost
community
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