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Permafrost thaw in Nain,
Nunatsiavut, Labrador




Temperature zones in Labrador
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*Climate data from Way et al (2016)
International Journal of Climatology
(1950-2000 climate normals)




Climate and permafrost monitoring
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Measured and derived parameters

Table 1: Field-measured or derived parameters.

Parameter Acronym Units Calculation method

Mean annual air temperature MAAT °C (TDDa - FDDa) + 365

Freezing n-factor nf unitless FDDs + FDDa

Mean annual ground temperature MAGT e Mean annual ground te.mperaturr.e at the top of the

perennially frozen or unfrozen ground

*Following Smith and Riseborough (2002) and Way and Lewkowicz (2018)
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Land cover class and MAGT at field sites
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Land cover class and LWSD at field sites

Late—winter snow depth (cm)
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Mean annual ground temperature (°C)

LWSD vs MAGT at field sites
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Mean annual ground temperature (°C)

LWSD vs MAGT at field sites
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 What happens if we change land cover?

Fraser et al (2011) — Environmental Research Letters
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Environmental controls on ground temperature and permafrost

in Labrador, northeast Canada
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Canada Field data from B3 environmental monitoring stations across Labrador, 17 with permafrost, were
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sity of used to analyze the interrelationships of key variables considered in the temperature atthe top of
permafrost model. Snow depth. not mean annual air temperature, was the strongest dimatic
determinant of mean temperatures at the ground surface and at the base of the annual freeze-
thaw layer, and its variability was most dosely related to land cover class. A aitical late-winter
snow depth of 70 cm or more was inferred to be sufficient to prevent the formation of perma-

Memorial Uriversity of Newfoundland Happy frost at the
Valley-Goose Bay. NL Canads, ADP 1E0.
Emait robert way Emun.ca

sites, which meant that
in some tundra. peatland and bedmodk lo@tions. no significant rela-
tions identified between topographic indices and various station parameters, challenging their

was absent beneath forestbut present

Funing informatizn i
Matural Seiences and Evgineening Research utility for Testing of land cover datasets for
Council of Canada; W_ Garfield Weston Foun- ization d surface fing from +0.9 t0 2.1°C. These results high-

dation; University of Ottvea
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light the importance of local field data and emphasize the necessity of high-quality national-scale
land cover datasets suitable for permafrost modeling.

1 | INTRODUCTION

Permafrost is the most challenging element of the cryosphereto assess
spatidly becuse its characteristics vary over short distances and
because its presence is not typicaly observable using remote sens-
ing.1® The response of permafrost to climate change is dso compli-
cated by linkages and feedbadcs with other ecosystem components
that modify its sensitivity to extema perturbation *® To evaluate per-
mafrost distribution over large areas, landscape heterogeneity must be
simplified using environmental datasets to represent ecosystem and
geomorphic processes.*® These datasets range from land cover dass
to surfidal matenals, and often differ in their spatial and temporal res-
alution. Numerical models used to assess permafrast responses to di-
mate change ako rely on the availability and quality of these
emironmental datasets for model parameterization *1? The fidelity
of each dataset to local conditions is therefore a key influence on the
accuracy of madeling over spatial domains.

The temperature at the top of permafrost model (TTOP modei*?)
calkoulates mean annua ground temperature (MAGT) at the top of the
perennialy frazen or unfrozen ground and can be applied wherever
there is a surface layer that freezes and thaws annually.”® Despite

ground modeling n-factors, snow, TTOP

uncertainties associzted with parameterizing soil moisture processes™

and applying equilibium scenarios to transient conditions™, the TTOP
model has been used to predict permafrost at various spatial scales in
Europe (eg, *%), North America (eg, 17} and Asia feg, **). The parame-
ters required for the model have been assigned by extrapolating from
local field studies®17**, by constrining model simulations to theoret-
ical limits® or by using numerical model simulation output *® Due to the
data-intensive input requirements for spatial modeling, regional-scale
andyses of TTOP inputs using empincal field data are relatively rare.
A recent analysis of field data in the southern Yukon and northem
EBritish Columbia demonstrated considerable uncertainty in estimating
TTOP from I-scale and surfida mate-
riak datasets?! However, these condusions have not been tested in
a region with different environmental conditions.

This study reports on climatic and environmental parameters rele-
vant to the TTOP model (Table 1} collected at 83 locations in Labrador
(northeastem Canada). Sampled emvironments varied from sub-Arctic
boreal forest to high sub-Arctic tundra and coastal Arctic mountains,
and these data are the only recent measurements of permafrost in
the region Unlike previous work, which spatially predicted MAGT
across Labrador-Ungava using TTOP™, this study examines relations

Permafrost and Pedgbic Process. 2018:29-73-85.
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Modelling the spatial distribution of permafrost in Labrador-Ungava
using the temperature at the top of permafrost
Robert G. Way and Antoni G. Lewkowicz

Abstract: Permafrost zonation in Labrador—Ingava ranges from very isolated patches through to continuous permafrost. Here
‘we present a new estimate of the distriburion of permafrost at high ion (250 mx 250 m) using spatial numerical modelling
supported by station data from 29 air and ground dimate monitoring stations. presence was esti using a
modified version of the temperature at the top of permafrost (TTOP) model. Mean ground surface temperatures were modelled
using gridded air temperatures and a novel n-factor parameterization scheme that compensates for regional differences in
continentality. snowfall, and land cover and is transferable to other Subarctic environments. The thermal offeet was modelled
using land cover and surficial material datasets. Predicted TTOP values for the average climate range regionally from —9 °C {for
high elevations in northern Quebec) to 45 “C {for southeastern Labrador — Quebec). Modelling for specific temporal windows
(19481962, 1982-1996, 2000-2014) sugrests that permafrost area increased from the middle of the 20th century to a potential
peak extent (36% of the total land area) in the 19%0s. Subsequent warming is predicted i have caused a decrease in permafiost
o(tcntofnnl}quarhcriQS 000 km?), even if air temperatures rise no further, providing air and gmund mnpmrun: equilibrate.
Zonal dby the high- odel are highly scale ith
the Permafrost Map of Canada that was ithout the use of i i rym:m based a:u]y!cs

Résumé : La zonation du pergélisol an Labrador et dans I'ingava va de parcelles trés isolées an pergélisol continu. Nous
présentons une nowvelle estimation de la répartition du pergélisol de haute résalution (250 m x 250 m) obtenue en utilisant la
modélisation numérique spatiale appuyée par des données de 29 stations de surveillance du climat de 1'air et du sol. La présence
de pergélisol a été estimeée en utilisant une version modifide du modéle de température au sommet du pergélisol (modéle TTOP.
Les températures moyennes 4 la surface du sol ont été en utilisant des : dcla:rr:‘pam(ss\.lrum: grille
etun nouveau schéma de paramétrage i n-facteurs qui pour les variations régi des chutes de
neige et de couverture terrestre et qui peut étre transféré 4 d'autres miliewx subarctiques. Le décalage thermique a été modélisé
en utilisant des ensembles de données sur la couverture terrestre et les matériaux de surface. Les températures TTOP prédites
pour le cimat moyen vont. & I'échelle régionale, de -9 °C {2 haute altitude dans le nord du Québec) 4 +5 °C (pour le sud-est du
Labrador - Québec). La modélisation pour des intervalles de temps précis (1948-1962, 1982-1996, 2000-2014) donne i penser que
la superficie du pergélisol a augmenté & partir du milie du 20* siécle pour possiblement atteindre une étendue maximum (36%
de la superficie totale du territoire) dans les années 1990. Il est prédit que le ré a causé une dimi
dunqlnn: (95 000 km?) de I'étendue du i méme si les de l'air o’ que

de I'air et du sol i Péquilibre. Les limites des zones obtenues par une mise i léchelle mfc'm.‘urc du
mndclt de haute résohition dépendent fortement de Iéchelle, ce qui fait qu'une comparaison directe aver la carte du pergélisol
au Canada. produite sans utiliser des analyses basées sur les systémes d'information géographique. n'est pas possible. [Traduit
par la Rédaction]

Introduction

Rapid changes in ground surface to subsurface temperatures
have been observed in the Quebec portion of Labrador-Ungava in
eastern Canada (Payette et al. 2004; Thibault and Payette 2009;
Allard et al. 2012), but there is limited information describing

ness of permafrost in the region are probably underway but have
not been quantified becaunse little information has been collected
since surveys in the 1960s (Erown 1975. 1979). especially in the
Labrador sector.

The paucity of recent field observations representsa major chal-
lenge for modelling present and future permafrost conditions in

ground temperatures within Labrador itself. Air temperatures in
Labrador have risen by more than 1°C over the past three decades
{Way and Viau 2015, and satellite remote sensing indicates that
regional ground surface temperatures (GSTs) have also increased
{Hachem et al. 2009; Comiso and Hall 2014). The Permafrost Map
of Canada (Heginbottom et al. 1995) shows the southernmost limit
of discontinuous permafrost in eastern Labrador-Ungava lying
close to the 50°N parallel. Changes in the distribution and thick-

the region. Projected mineral and resource development and the
construction of associated infrastructure require this information
to avoid structural damage associated with future permafrost deg-
radation (e.g., Smith and Riseborough 2010). The twa alpine na-
tional parks in Labrador (Torngat Mountains established 2005,
Mealy Mountains established 2016; Fig. 1) are undergoing rapid
environmental (Fraser et al. 2011; Brown et al. 2012; Mclennan
etal. 2012; Way et al. 2014, 2015), but there is little knowledge of
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