Assessing Micrometeorological and Geophysical Differences

Related to the Built Environment in Utqiagvik, Alaska

Mirella Shaban!t), MacKenzie Nelson!!), Leena Cho!?), Chan Charoonsophonsak®®), Georgina Davis!®), Thomas Douglas'®), Tobias Gerken!®), Claire G Griffin*), Matthew G Jull®, Luis
Felipe Rosado Murillo®), Lars Nelson!”), Caitlin D Wylie!®), Howard E. Epstein(l)

(1)University of Virginia, Department of Environmental Sciences, Charlottesville, United States, (2)University of Virginia, School of Architecture, Charlottesville, United States, (3)Cold Climate Housing Research Center, Fairbanks, United States,
(4)Cold Regions Research and Engineering Laboratory Alaska, Fort Wainwright, AK, United States, (5)James Madison University, School of Integrated Sciences, Harrisonburg, United States, (6)University of Notre Dame, Technology Ethics Center,
St. Joseph, United States, (7)TRIBN LLC, Utgiagvik, AK, United States, (8)University of Virginia, School of Engineering, Charlottesville, United States

Introduction Methods Preliminary Results

The effects of permafrost thaw are increasingly Meteorological Geophysical Meteorological Geophysical (TNHA)
felt throughout Arctic communities, due to

changes in regional climates, with impacts on Installat_ion of five sta_tions (four Geophysical Surveying Sites (7). — G.-rounc_l te_mperatu_res at certain Permafrost and subsurface

homes. businesses. and Iivel’ihoo 4 urban sites surrounding Isatkoak ground penetrating radar, electrical sites within a location (e.g. layering are largely obscured by
’ , / N R Lagoon, one tundra control site at resistivity tomography, active layer TNHA) at 10cm depth can vary (1) saturated surface

X:Ciiecrit:\;i';r‘]’fn aennisr:;’:";?;'?ngtthheersehr:; Iigtion BEO) depth by 5°C. These differences are vegetation/topsoil reflection, (2)

and mitigation of permafrost thaw. An array of  Base stations with data loggers and  Annual ground penetrating radar tmhzlr1ntclaelrc]:?eda2te3v3ic’irr\n dieri:]hs =l E‘ﬁtzi:\?s;&':nfaﬁgivgts?g (3)

micrometeorological sensors were deployed complementary satellite stations (GPR) and electrical resistivity (Figure 3) P onductive Subsurface

throughout Utgiagvik, Alaska in June of 2022 to measuring Ianq and air parameters tomogrgphy (ERT) analyses of ' '

monitor and analyze differences in around the perimeter of each ground ice conditions, as well as | | -

mieremeizsrelssicel condliens e TEngs & building at the urban sites repeat LIDAR measurements to Lagoon-fapmg locations track ERT c;ross section |nd|cates_ less

vEIfeus [seaons e uildhies ane explore ground subsidence and longer periods of lcolder ground re§|st|ve ground (blue coloring

infrastructure over a five-year period. Air struc?t_ural SIEINGEE, SN BosEhEl temperatures during the summer  (Figure 3).

temperature, relative humidity, solar radiation, slavllibAolpemairost at TNRA

wind direction, wind speed, soil volumetric

water content (VWC), and ground temperature  Collection of data using a data Dipole-dipole ERT (as opposed to : : e :

measrements ar cutendy beng colecied o peinewih HOFSHSDSand _ vetca)

five sites: Tagiugmiullu Nunamiullu Housing storing subsets of data in NetCDF sampling used for increased 65cm depth and below for the results from Ic?wer water conten%/

Authority (TNHA), Samuel Simmonds Memorial ~format sensitivity of lateral variations entire summer (Figure 3) of the well-drained gravel pad

Hospital (SSMH), Barrow Utilities and Electrical
Cooperative, Inc. (BUCEI) (two sites), and the
Barrow Environmental Observatory (BEO).
These measurements are complemented by
annual thaw depth measurements, ground
penetrating radar and electrical resistivity
tomography analyses of ground ice conditions,
as well as repeat LIDAR measurements for
ground subsidence and structural changes.

Specific Questions

- How does infrastructure in Utqgiagvik, Alaska influence ground
temperatures in the top 90 cm relative to control tundra sites?

- How do specific locations around buildings (e.g. north/south facing,
proximity to the lagoon) regulate summer ground temperatures and
thaw?

-  What meteorological factors (e.g. solar radiation, air temperature) control
ground temperature across the various locations around buildings?

-  What are the spatial patterns of active layer depths, ground moisture, and

TNHA ground ice at specific locations in Utqiagvik?
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Figure 5. Left to right, satellite imagery of a) TNHA, b) SSMH, & c) BEO station locations. Created using ArcGIS Pro Software. TN HA thaW pl'Obe depthS 121 +/_ 39cm (F|gure 5)
Meteoro'ogica| Data GPR and ERT indicate relatively high ground moisture within 5m of

gravel pad (Figures 5,6)

Air temperature, ‘C (TNHA) Air temperature, "C (SSMH) Air temperature, ‘C (BEO) GPR suggests permafrost approxi mately 1m deep at TNHA site
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Figure 1.1. Air temperature plots for TNHA for each station over the Figure 1.2. Air temperature plots for SSMH for each station over the Figure 1.3. Air temperature plots for BEO over the summer season.
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Figure 2.1. Solar radiation plots for TNHA over the summer season. i 2. iati ) Figure 2.3. Solar radiation plots for BEO over the summer season. S .
& : Figure 2.2. Solar radiation plots for SSMH over the summer season 8 ation p v d Robust analyses of meteorology (e.g. radiation, air temperature, snow depth) and controls on
sswn 8c0 ground temperature dynamics.
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