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e Introduction

Climate change is causing permafrost thaw and alteration in the Arctic landscape,
affecting northern communities, their infrastructure, safety, and prosperity. According
to current air temperature prediction models (Masson-Delmotte et al., 2021), the
ground mean annual temperature will continue to rise between 1-3.7°C by 2100 (Bush

& Lemmen, 2019), resulting in thawing permafrost, thickening active layers, and

-

widespread settlement. As the frozen ground shifts and settles, infrastructure built on
permafrost becomes highly vulnerable to damage, even collapse. In permafrost regions,
transportation infrastructure is essential for the development of communities and
industries (Regehr et al., 2013). Nevertheless, warming climate conditions lead to the
failure of existing and future transportation infrastructure and costs millions of dollars
by 2099 (Melvin et al., 2016).
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Figure 1: Global surface temperature change from 1.5 to 5°C based on different Figure 2: Degrading permafrost due to the climate change (Hjort et al. 2022).
scenarios by 2100 (Masson-Delmotte et al., 2021).
N J Y,
4 : “ © f “
( \ Design ( \ Guidelines
and standards
Infrastructure L ) Solutions L )
Damage 1 ) g A
) ’ Maintenance ) ’ Risk maps
\_ J \_ J
[ \ ° oo ° ° \
s . Reliability analysis of infrastructure
Gaps: quantitative analysis and future . .
. . embankment built on permafrost due to climate
climate change impacts .
change impacts
\_ J \_ J
Spatial Hudson Bay Railway
g : ) . ) .
Reliability Analysis System
y Andly y Temporal Next 30 Years
Definition
N Y b - b -
Failure Mode Thaw Settlement

\

p
a Conclusion and future work

Arctic regions are particularly sensitive to global warming trends, with preferential
warming in the arctic at rates two times higher than the rest of the world. From
unacceptable settlement to complete failure, the impact of permafrost thaw on
transportation infrastructure must be considered. To decrease the costs of

maintenance and replacement of infrastructure built on permafrost, qualitative and

guantitate guidelines, frameworks and risk maps have developed in recent decades.
However, each of them have limitations and there is still a lack of information regarding
considering the long-term climate change effects on infrastructure. Thus, the major
goal of my PhD thesis is to provide a framework for analyzing the reliability of
infrastructure built on permafrost embankment, with an emphasis on railways, for
future climate scenarios.
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Abstract

Arctic regions are sensitive to climate warming, where increasing climatic
temperatures and alterations in weather impact permafrost stability and place both
existing and future infrastructure at risk. Permafrost thaw impacts industrial and
residential infrastructure from unacceptable settlement to complete failure, where
linear infrastructure is particularly susceptible to damage. This paper summarizes
the current knowledge on adapting and designing infrastructure built on permafrost,
focusing on railway embankments. First, a review of permafrost degradation effects
on infrastructure and some examples are presented. The use of reliability analysis in
permafrost regions is summarized, emphasizing railway embankments design and
maintenance. In addition, this paper notes the knowledge gaps regarding the
reliability of embankment infrastructure in permafrost regions, which shows that the
long-term effects of climate change on infrastructure require more consideration.

Finally, suggestions for future research ideas are presented.




