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The 12th International Symposium on the
Environmental Concerns in Rights-of-Way
Management (ROW 12) was held in Denver,
Colorado on September 23rd-26th, 2018, and
brought together a total of 411 ROW
practitioners with diverse backgrounds and
interests from around the world to share their
knowledge and advance the practice. When the
symposium series first started in 1976, two
primary objectives were set: (1) to provide a
forum for discussion of the environmental
impacts that result from siting, constructing,
using, and maintaining ROWs, and (2)
publishing practical information on ways to
reduce the environmental impacts and
developing multiple uses of ROWs. These
objectives continue to endure, as demonstrated
by these proceedings, which highlights the rich
research and advancements relevant to our
industry.

While the primary objectives of the
symposium series continue to endure, the
challenges associated with environmental
management of ROWs are rapidly evolving. The
symposium series seeks to capture the topics
and themes timely to the challenges faced by
the attendees with an objective of sharing
information to advance the practice.
Increasingly challenging are the large-scale fires,
hurricanes, floods, and other severe weather
events that affect infrastructure, including
ROWs. As a result, for the ROW 12th
Symposium, Steering Committee chose a theme
of “Managing Rights-of-Way in a Changing
Climate” to spur dialogue amongst the diverse
knowledge base of those attending.

Many attendees responded to the topic with
their papers and engaged discussions. Each day
of the symposium was anchored by a morning
plenary focusing on the topic from a different
perspective. The opening plenary featured Dale

Sands, the Chair of the ARISE-US, the United
Nations private sector initiative to create risk
resilient societies, who spoke about climate
resiliency from the perspective of safeguarding
infrastructure investment to reduce economic
losses from disasters. The opening plenary also
included a panel discussion on the topic. The
second plenary featured Jerome Davis from
Xcel Energy, who spoke to the issue from a
utility management perspective. Doug
Benevento, the U.S. Environmental Protection
Agency’s regional director spoke at the final
plenary.

The program featured 80 presentations that
were selected from more than 120 submissions
based for their relevance to this symposium,
innovation, and scientific rigor. These papers
represent the leading edge of managing
environmental concerns of ROWs, and touched
on the topics of vegetation management (VM),
wildlife, regulatory, project planning,
Indigenous and stakeholder engagement,
pollinators, climate change, and emerging
technologies. Each paper underwent a
comprehensive peer review process, and special
thanks are extended to the authors for sharing
their work as well as the peer reviewers equally
dedicated to the excellence of the papers you’ll
find in these proceedings.

We invite you to explore the symposium
proceedings as a resource that includes a wealth
of information sure to be relevant to your own
challenges of ROW environmental
management. And as you work to steward the
environmental values linked to ROWs, we invite
you to share your learnings at ROW 13 in
Charlotte, NC, planned for October 10-13, 2021.

Carmen Holschuh, Jacobs
ROW 12 Conference Chair






Planning the Environmental Concerns in
Rights-of-Way Management Symposium takes
three years of hard work by a diverse and
dedicated group of professionals located
throughout North America. These volunteers
serve on two critical committees. The Steering
Committee provides overall leadership in the
planning of the symposium and is supported by
the Local Planning Committee, which helps
ensure attendees will experience the local
culture and have the opportunity to observe
regional challenges and successes in rights-of-
way management.

Carmen Holschuh of Jacobs provided overall
leadership of the ROW 12 Symposium, serving
as the chair of the steering committee. Steering
committee members contributed to the
planning of the event, participated on specific
sub-committees, and moderated sessions at the
conference. Our Steering Committee for ROW
12 included Alexandre Beauchemin, Josiane
Bonneau, Mike Boyle, Alex Brown, Eric Brown,
Curtis Campbell, Darrell Chambers, Philip
Charlton, Allen Crabtree, Jean Doucet, Jim
Downie, John Goodrich-Mahoney, Rich
Hendler, Susan Innis, Brian Kortum, Richard
Law, Normand Lesieur, Rick Loughery, Kevin
McLoughlin, Will McMillan, Randy Miller,
Pamela Money, Rebecca Moores, Dean Mutrie,
Diona Neeser, Eleanor Nelson, John Peconom,
Linda Postlewaite, Pamela Jo Rasmussen, Sara
Sankowich, Mitchell Shields, Cameron
Shankland, Doug Stewart, Mike Timpson, and
Robert Young. Without their willingness to take
time from their valuable schedule, the
symposium would not have been possible.

The Local Committee volunteers were led by
Rebecca Moores and James Downey. The
committee included: Bridger Pentilla, Susan
Innes, Eleanor Nelson, and Katie Braly. This
committee was key in developing the tours,
recruiting locally relevant speakers, and
choosing the wonderful venues that made the
event great.

Jim Downie and Carmen Holschuh
organized and moderated the three opening
morning plenary sessions. We thank the three
plenary keynote speakers who shared their
insights and knowledge, including Dale Sands,
Jerome Davis, and Doug Benevento.

Allen Crabtree moderated the panel
discussion that was part of the Monday opening
plenary. He has taken on this challenge for
many years and his ongoing commitment is
worthy of a note of special appreciation.
Panelists for the ROW 12 panel included Nolan
Doesken, Fletcher Johnson, Thomas Krzewinski,
Jim Martin, David Huard, and Dale Sands. The
panel discussion came about as part of a
coordinated effort by a plenary panel team led
by Allen that included Dean Mutrie, Jean
Doucet, Alexandre Beauchemin, Rich Hendler,
Booker Holton, Pamela Money, Pamela
Rasmussen, Jim Downie, and Michael Boyle.

The Utility Arborist Association (UAA)
provided the support necessary for an event of
this size and success. Eleanor Nelson served as
the event manager under the leadership of
Diona Neeser (Operations Manager), Philip
Charlton (Executive Director), and Sara
Sankowich (UAA Board Champion).

The symposium was dependent on the time
and effort of all of these individuals. Equally
important was the time and effort put in by
more than 100 authors, presenters, and
panelists who each contributed to an engaging
program highlighting innovation and best
practice in our industry. We wish to recognize
the quality of their contributions. We also
acknowledge the efforts of their peers who
participated in the technical review of the
papers submitted, a key role in enabling the
publishing of this proceedings.

Finally, we want to recognize our sponsors.
Those companies listed on page viii & ix, gave
generously in support of ROWI12.
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STEERING COMMITTEE
CHAIR COMMENTS

Carmen Holschuh

Carmen Holschuh, Steering Committee
Chair, opened the Plenary Session:
“Thank you so much for welcoming us
as here to the Rocky Mountain. I'm so
happy to be here this year. I'm from
beautiful Victoria, British Columbia
(BC) and like many of you, I'm getting
to visit Colorado and Denver and check
out the sights and get to meet lots of
great people. I work for Jacobs and
we’re so excited to be the hosts this
year.”

“Colorado doesn’t only have really
beautiful mountains. It’s also got some
pretty incredible people. I'd like to
introduce Jim Downie, who is currently
a lead ECI environmental consultant.”

Jim welcomed the group: “Have a
good time while you are here in
Colorado. The tours were great, and I
thank Becky Moore and Bridger Penttila
for putting together the logistics and
arranging them. It was a tremendous
amount of work and they’ve been
working on the tours for two years. The
other person I want to recognize is
Brent, who did a fantastic job on our
tour talking about transmission wildfire
protection and declining forest health.”

Carmen continued: “It’s been three
years since ROW 11 in Halifax and it’s
been three years of preparing to kick
things off today. In those three years
there have been lots of changes. There
have been a series of devastating
hurricanes that have affected
communities and infrastructure in so
many locations. For example, we’ve got
some colleagues here from Duke Energy
who’ve just been putting in Herculean
efforts to restore power after Hurricane
Florence.”

“There have been extensive and
intense wildfires. Quite a few of you have
seen fires burning as you were flying
down to Denver. The human
environment has been undergoing a lot

of changes as well, including ongoing
socio-political context changes and
regulatory changes. There is a focus on
Indigenous reconciliation. It’s becoming
more and more difficult to get social
acceptability of new infrastructure
projects. All of these changes make it so
important that we come together here
every three years to share ideas and
share knowledge, to challenge each
other, and help move the practice
forward.”

“This Symposium has a long history.
It started in 1976, led by Mississippi
State University Professor Emeritus, Dr.
Dale Arner. He believed in a symposium
that included representatives from
industry, from government, and from
Academia—a diverse group of people
with strong knowledge in their fields.
The symposium was intended to present
a forum for discussion of environmental
impacts that result from the siting,
construction, and use and maintaining
of rights-of-way (ROW). The
proceedings from these symposia were
intended to draw together and publish
practical information on ways of
reducing the environmental impact of
ROWs. That vision has continued in the
past 11 symposia since 1976 and
continues today with ROW 12 here in
Denver.”

“The twelve symposia have been
held throughout U.S. and Canada over
the years. These diverse locations have
given us an opportunity to learn a lot
about the differences of dealing with
some of the issues and concerns and
challenges in our field. Would everybody
for whom this is your first ROW
Symposium please stand up. [first time
attendees stood up] That’s amazing and
gives me chills. Welcome and thank you
so much for being here. Now. Let’s do
the opposite. Let’s see who’s been here
for a long time.”

“If you’ve attended two or more
ROW Symposia, please stand up. So
that’s everybody who wasn’t previously
standing.” [some attendees stood up]

“So how about if you've attended
more than five, stay standing. Everybody

Part I: Opening Plenary Session

else can sit down.” [some attendees
remained standing]

“Right on. How about if you've
attended more than eight, stay. Eight or
more stay standing.” [some attendees
remained standing]

“That’s three pretty distinguished
gentlemen right there. That’s right.
Yeah. How about nine? Ten? Eleven?”

“And who have been to all twelve
symposia”? [Kevin McLoughlin and
Allen Crabtree remained standing,
having attended all twelve symposia
since 1976]. “Thank you, Kevin and
Allen. That’s amazing. Thank you for
continuing to stick with this and for
continuing to share your knowledge.”

Jim then gave this challenge to the
group: “In the next three days, you will
hear some great speakers with ideas and
solutions you can learn from. I think the
most valuable part of this this next three
days together is going to be the
opportunity to build relationships. I
found that the hallway conversations
often wind up being some of the most
meaningful things that happen here. I
encourage you to take the time to do
that and collaborate on how to take
ROW management to the next level.”

“I recommend that each of you pick
one thing over the next three days that
has just really grabbed your heart and
mind and just focus on that one thing
when you get back home. Make an effort
to do something with something you
learned or an idea, or to grow a
relationship with a colleague you meet
here. Pick one thing you’re going to go
back and do differently than you were
doing before you came here.”

“You’re going to get to listen to
cream of the crop. The theme for this
conference is Managing ROW in a
Changing Climate. I think we can
generally all agree that the climate is
changing and wanted to focus on how
we can better manage ROWs for critical
infrastructure for resiliency and
sustainability.”

“We will have a keynote speaker
each day. Today’s keynote will be



presented by Dale Sands, who will
comment on things from an
international level. Tomorrow, we’re
going to have Jerome Davis, Regional
Vice President with Xcel Energy, who
will speak from a local perspective on
some of the challenges that they're
having and some of the solutions that
they’re implementing. On Wednesday,
Doug Benevento, who is the Regional
Director of the EPA appointed by the
Trump Administration, will talk about a
federal perspective.”

“We are anticipating being able to
get the proceedings out in a timely
fashion.”

“I've never been part of anything as
complex as this symposium. We have a
huge team of dedicated volunteers who
have made all this happen. I want to
thank you and I take just a couple
moments and recognize the local
planning committee. Becky Moore has
been the fearless leader of the
committee and has done a fantastic job.
I'd like to also recognize Katie Braley,
Pam Rasmussen, Susan Innis, and
Bridger Penttila for all their hard work
on the local committee, pulling together
the local flow and the flavor of the
event, the tours, last night’s reception.”

Carmen said: “I'd also like to
recognize all who were involved in the
steering committee. Their vision and
hard work have made this symposium
possible. They also put in lots of hard
hours pulling this together, reviewing
papers, providing guidance, and helping
shape the program and keep the
symposia’s consistency and vision. Please
stand as I call your name.”

Larry Abrahamson
Alexandre Beauchamin
Josiane Bonneau
Calum Bonnington
Mike Boyle

Alex Brown

Eric Brown

Curtis Campbell
Darrell Chambers

Allen Crabtree

Ed Cunningham
Jean Doucet

Jim Downie

John Goodrich-Mahoney
Rich Hendler

Susan Innis

Brian Kortum
Richard Law
Normand Lesieur
Rick Loughery
Kevin McLoughlin
Will McMillan
Randy Miller
Pamela Money
Rebecca Moores
Dean Mutrie

Chris Nowack

Linda Postlewaite
John Peconom
Bridger Penttila
Pamela Jo Rasmussen
Sara Sankowich
Mitchell Shields
Cameron Shankland
Doug Stewart

Mike Timpson
Robert Young

“Thank you so much you all for your
involvement over the last three years.”

“We also want to thank the UAA,
who owned the event, and they really do
a ton of the work in the background.
And you know, I feel like the committees
are the ideas people and then there’s
somebody that must do the heavy lifting.
I want to thank Diona Neeser and Philip
Charlton from the UAA and our heroic
conference manager Eleanor Nelson.
Thank you!”

“We truly have an International
Symposium here in Denver. We’ve got
people here from Canada and the U.S,,

from Australia, New Zealand, the UK,
and from Norway. We are really excited
to have you here and really looking
forward to chatting with you and
learning about how things work in your
country.”

Jim then spoke about some of the
symposium sponsors: “We want to
recognize Jacobs as a Platinum Sponsor
and the host sponsor. They’re the ones
that footed the bill for the reception last
night. Let’s give them a big hand. And
the other major sponsor was Xcel
Energy who is a diamond sponsor.”

Carmen then closed with
comments: “Thank everyone for being
here and for sharing their knowledge,
spending countless hours preparing
papers, and challenging each other as
we work together as a group of 400 to
drive our practice forward. And so,
without further ado. I want to introduce
Allen Crabtree, who will moderate the
Plenary Panel discussion and has been
working with our keynote today, Dale
Sands.”

INTRODUCTION OF
KEYNOTE SPEAKER

Allen Crabtree

Thank you so much and welcome
everyone. You will be entertained,
educated, amused, and maybe even
angered by some of the comments from
our panel and from our keynote
speaker. I’d like to introduce our
keynote speaker.

Mr. Dale Sands is Principal for MD
Sands Consulting Solutions, LLC that
provides environmental sustainability
and resilience services globally. Dale was
elected to serve on the United Nations
International Strategy for Disaster Risk
Reduction (UNISDR) ARISE Board
2018-2019, the Private Sector Alliance
for Disaster Resilient Societies.
Subsequently, Mr. Sands was elected to
serve as Co-Chair of ARISE, working
with Ms. Mami Mizutori, Special



Representative to the UN Secretary
General. ARISE is a private sector
organization with over 140 member
companies focused on the Sendai
Framework disaster risk reduction goals.
Dale was also the Principal Investigator
for UN-funded “Disaster Resilience of
Small to Mid-Size Businesses in New
Orleans Historic Corridors (2016), co-
developed the first Disaster Resilience
Scorecard based upon the UN’s Ten
Essential for Disaster Risk Reduction;
the Scorecard is an innovative tool to
assess preparedness of communities to
respond to, and recovery from, natural
disasters. He has more than 45 technical
publications and presentations and
frequent invited speaker on resilience
topics. Dale is also Mayor, the Village of
Deer Park (IL).

Dale will share his broad experience
in climate change resiliency planning on
a national and international stage and
put these concepts into the context of
managing ROWs. I'd like you to
welcome Dale
Sands, please.

Dale Sands

Co-Chair, United Nations International
Strategy for Disaster Risk Reduction
(UNISDR) ARISE Nelwork

President, The Village of Deer Park, Illinois
Deer Park, IL. 60010

KEYNOTE ADDRESS

Managing ROWs in a
Changing Climate

Thank you. It’s a delight to be here with
you today and talk about disaster and
climate resilience. This is increasingly
relevant in the changing climate
scenario that we find ourselves in. I

define resilience as the ability of a
system or community exposed to
hazards to resist, absorb, accommodate,
and recover from the effects of a hazard
in a timely and efficient manner,
including the preservation and
restoration of its essential basic
structures and functions.

Natural catastrophes since 1980
have increased about fourfold. These
events are hydrologic, meteorological,
geophysical, and climatological.
Hurricane Sandy was a Category 1 storm
and in six hours, caused almost 70
billion dollars of damage striking New
York and east coast cities. Hurricane
Andrew in 1992 that caused over $26
billion of damages that occurred, with
600,000 buildings and houses destroyed.
It was a Category 5 storm with 150 to 175
mile per hour (mph) winds.

World-wide, we are experiencing a
wide variety of natural disasters,
including floods from extreme rain
events, wildfires, fires from droughts,
and warmer weather that has led to
more pests. Storm surges and rising sea
levels as the ocean warms and raises the
water are causing severe problems.
Hurricanes, tornadoes, and even
earthquakes are also disasters of
concern globally. Twenty-one of the 30
most costly hurricanes have occurred
since 2000. One reason is that there are
so many people living on the coast and
that is not going to change in our
lifetime.

At stake, as severe climate effects
continue to increase, are human lives,
property, and damage costs. Over a
million people have died from natural
disasters around the world, and two
billion people have been affected—this
is almost a third of the world’s
population. There have been $4.5
trillion of damages just in the last 10
years. Last year, there were 700 major
natural disasters around the world.

Environmental issues are becoming
more prominent, more severe, and with
a higher likelihood of occurring over
the next several decades. While the
awareness of disaster risk reduction has
grown significantly in the last few years,
the U.S. is still lagging behind in
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responding to these disasters. The U.S.
population in 1970 was 200 million
people and has grown today to 335
million, and many of them live in cities
in coastal locations that are highly
vulnerable to natural disasters. The U.S.
is experiencing the highest losses of any
other country in the world in the last 10
years, but the connection between
building code and enforcement, for
example, is very uneven. Ninety percent
(90%) of the building codes in the U.S.
are designed for 90 mph winds. This
construction is not adequate when there
is a hurricane of a 140 mph winds.

FEMA projected recently that $1
spent for adaptation can save $6 in
response costs. Adaptation before
disaster hits can reduce disaster losses by
60 percent. The cost benefit ratio for
active resilience efforts is becoming
more favorable. We're going to invest 50
trillion dollars in infrastructure to
improve disaster resilience to climate
change in the next 30 years.

What can we depend on from an
insurance standpoint? Insurance is a
partial solution, but not a complete
solution. The national flood insurance
program is capped at 250,000. and only
44 percent of the losses have been
covered by insurance in North America.
Last year’s three hurricanes created
$215 billion of damages, but only $92
billion was covered by insurance. Just
because you have insurance—don’t let
that discourage you from taking resilient
actions in your home or your business or
your community.

Local resilience initiatives are
important in our communities. Every
time we resurface a street in my Village,
we upgrade our drainage. We put in
concrete culverts and we’re cleaning out
drainage pathways. My Village is 60 years
old. In many of the neighborhoods a lot
of the ditching and trenching has silted
in and hasn’t been addressed. So that’s
an example of the infrastructure
responsibility that can be done at the
local level.

The UN’s Sendai Framework
disaster risk reduction goals were
established to address disaster reliance,
including by governments and an



increasing role by the private sector.
Sustainable development goals have
been set and seven global objectives
have been established. The U.S. is a
signature to the goals.

One of the goals is to substantially
reduce the numbers of people affected
by disasters and reduce disaster
mortality. Another is to reduce
economic losses, and another is to
increase the number of countries that
have national and local disaster risk
reduction strategies by 2020.

Let’s look at how we can strengthen
disaster risk governance to manage risk.
For example, can we take lessons
learned in New York City from coastal
flooding and apply them to Cape Town,
South Africa? Can we take the lessons
learned from Chicago in the early "90s
of the extreme heat waves and apply that
learning in Pakistan or Bangladesh? For
tornado, storm surge, and hurricane
warnings, we need to have better siren
and communications systems. Think of
Thailand, where 250,000 people died
with no investment in a warning system.

We created something at the UN
level called the private sector Advisory
Group to get more private sector input
in collaboration with the public sector to
achieve the outcome and goal of the
framework. There are chapters that have
been formed now around the world and
more are being formed that really bring
the public and the private sector
together.

I'want to talk about just a couple of
other things that are going on right now
as well that are private sector
contributions.

The 10 Essentials for Disaster Risk
Reduction are an excellent framework
and a good guide. The private sector is
very involved. We created the first-ever
disaster resiliency scorecard, which is an
algorithm of about 110 characters to
helps communities and businesses rank
their exposures and resiliency.

“Built to Last?” is a video that is
going to be premiered at the Cannes
Film Festival next month. PBS has been
showing it around the U.S. It’s an
excellent video, well done, and was done

by the private sector as a tool to develop
awareness.

Moody’s and Standard & Poor’s
have now begun to rate companies on
their disaster resilience. What exposures
do they have and what liabilities might
they have? We try to create a better
vision of the future and climate change
needs to be a part of that. We need to be
looking back over the last five or ten
years and then speculate what the next
five or 10 or 20 or going to be.

The National Climate Assessment
Report is prepared every four years by
the government. I had the opportunity
as one of the few private sector people
to participate in this. There are chapters
on adaptation and mitigation—a lot of
really excellent information. It really
builds a lot of awareness. I think it’ll be
a really impactful document.

Some of you may have heard of the
global compact, you know, that’s an
industrial organization set up by the
UN. There are principles that you agree
to in the global compact. Almost 10,000
companies are members. They’ve
established the global compact cities
program with public and private sector
collaborating. 20 cities have been
tentatively selected with the public and
the private sector of pledged to work
together to improve resilience.

There’s a wonderful program that
the Rockefeller Foundation conceived
of and implemented called the 100
resilient cities. $100 million dollars were
set aside for a hundred cities. If your city
was selected, you would get funding to
hire a chief resiliency officer for two
years, and you would get funding to and
assistance to develop a resiliency plan.
New York City and New Orleans were
two of the first resiliency plans that
identified about $20 billion. There are
32 cities in North America that received
this support. It’s only a two-year horizon,
but many of the cities have seen the
value and have continued on with the
effort. Boulder, Colorado, is one of the
cities and is the only non-coastal city on
the list. It’s been a phenomenal
program and has really built lot of
awareness. This really added a lot more

momentum to looking at resilience.

The UN established a program in
2010 called “making my city resilient.”
There are 3,900 early adapter cities
around the world in 28 countries.
Seventy-three (73) capital cities have
pledged to make their city resilient.
They have access to one another and to
a wealth of information that’s available.
Many of these 3,800 cities are outside of
North America and particularly are
outside of the U.S. I think the U.S. has
about six cities that have signed up.

There is also an ISO standard that’s
going to be issued with sustainable
development indicators for city services
and quality of life with over 60
indicators. They’ve developed five
aspirations, five levels of participation,
and ultimately, a city resiliency index.
Cities will compete on the basis of “my
city is more resilient and you should live
here.” The ISO standard is a big step
forward.

So, with that, I want to summarize. I
hope I've given you a sense of the
elevating your awareness even more.

The importance of disaster risk
reduction needs to continue to grow
because there’s much more work we
need to do. For every storm that hits us,
we find that there’s things that we can
do differently. Better insurance is part of
the solution and the insurance industry
is working hard on this as well—firms
like FM Global. FM Global has 5,000
employees and they believe that every
disaster loss is preventable. FM Global is
a mutual, owned by the shareholders,
and by the people that have policies.
The company has rebated last year $400
million to their shareholders because of
losses that were not incurred.

Homeowners are becoming more
and more aware of building codes. The
good work that South Florida has done
is a good example. The Sendai
framework is a good framework for the
public and the private sector to work
together and we can really be a
tremendously powerful team in
addressing this issue.



So, I hope that you found this both
interesting and building your awareness.
I think we’re going to really see a
difference in the next five to 10 years,
but it’s going to take that long and there
are still countless cities that have not yet
implemented any kind of a resiliency
strategy. We want to engage with them
and help them. We want to look at these
capital projects. We want to consider the
weather of tomorrow not the weather of
yesterday. We want to look at these risks
and be able to define a better path
forward.

Thank you for your attention today.

QUESTIONS

We have time for just a couple of
questions. And while Dale is answering,
if I could have the panel come on up
and take their seats.

Are there any questions for Dale?

[question from the floor] You
mentioned the national climatic
assessment report that’s coming out the
end of the year and I wondered whether
you could comment on some of the
political implications of that report and
what kind of politics we might see woven
into it given the climate and the
government right now?

Dale Sands: That’s really a good point
because we did spend a lot of time on
that topic, trying to anticipate and guess
what the response would be. My story
was to focus on resilience and weather
trends and natural disaster losses.
They’re all real and are not speculative.
They’re not “what if we're experiencing
this," and so really we try to take more of
an applied approach rather than a
theoretical approach and we can build
on some good practices where activities
had been taken to lessen the losses and
took more of a practical approach
rather than a theoretical because of that
concern. Thank you.

[question from the floor] Thank you
very much for a very informative talk.
Have you seen communities and cities
and governments incorporating natural
systems in ecosystems into resiliency
planning and recognizing the natural
systems that pull carbon out of the
atmosphere? So, there’s mitigation
especially with forests and wetlands?

Dale Sands: The short answer is yes, and
I think in my Village in particular where
we’ve actually implemented Rain
Gardens for flood control. In my area,
where we had constant flooding, we put
the Rain Garden in and we haven’t had
a flood there for many years now. We’ve
got to do a better job at communicating
the importance of that as an option.

Thank you—we have time for one more
question. Yes, sir.

[question from the floor] Lots of great
information on the economic impacts. I
guess I'm not surprised, given the U.S.
economy versus some of those other
nations that we scored so poorly, but my
question really has to do with land use
related change. Much of what you talked
about were building codes, but can you
offer any comments on trying not to
build in an areas where we’re
vulnerable?

Dale Sands: You know, that is an issue. I
remember talking to an East Coast CEO
who was so frustrated and ready to quit
because the mayor had just decided to
allow an apartment complex to be built
over the CEO’s objections. That’s an
ongoing battle. We’ve got to continue to
work harder at getting officials to
understand the risk that they’re
creating. We’ve got a way to go there.
We really do.

Part I: Opening Plenary Session



Plenary Session
Panel Discussion

Environmental Concerns in Rights-of-Way Management
12th International Symposium

© 2019 Utility Arborist Association.

All rights reserved.




10

MANAGING ROW IN A
CHANGING CLIMATE

Allen Crabtree

The Panel today will be discussing
measures to deal with the management
of ROWs in a changing climate. We are
going to focus on this one aspect of
global climate change and will refrain
from debating the causes of climate
change or measures to reduce global
warming. These issues are too big to
delve into here today, and we will leave
them to climate scientists and politicians
at the local, state, national, and
international level to deal with—and we
hope that they do so in a timely fashion.

Climate change, however, is real and
is affecting all of us. The changes that
we are seeing in our climate, and will
continue to see in the future, pose some
very real challenges for managers of
ROW that provide critical services to
consumers. These include heat waves
and disastrous wild fires affecting
electric transmission and distribution
(T&D) lines, more frequent and
extreme storms that bring flooding and
ice storms, melting permafrost affecting
pipelines, drought that affects
hydroelectric flows, rising sea levels and
impacts to coastal infrastructure
including utilities and roads, and many
other impacts on a scale and frequency
that ROW managers have never had to
deal with in the past.

Assessing and addressing these
climate-related problems, as well as
anticipating and planning for future
problems, are now the focus of many
ROW managers, from an operational,
investment, and policy perspective. Our
Panel today will discuss the impacts from
meteorological, geophysical,
hydrological, and climatological events,
and the ways that vulnerability is being
evaluated and operating assets are being
protected and hardened.

I'd like to introduce the Panelists
who will be discussing the issue of
Managing ROW in a Changing Climate.

David Huard, PhD

Specialist, Climate Scenarios and Services
Co-coordinator, Energy program, Ouranos
Tour Ouest, 19e étage

Montréal, Québec H3A 1B9

Dr. David Huard is a specialist on
climate scenarios and services and
coordinates the energy program at
Ouranos, a consortium on regional
climatology. He has also worked as a
consultant, providing scientific solutions
to academics, governments, and public
utilities in the fields of Arctic sea ice
modeling, hydrological forecasting,
extreme event probabilities, and climate
data analysis.

Dr. Huard works at the interface
between energy sector professionals and
climate scientists, relaying the needs of
energy professionals to academia, while
also translating science advances into
climate products and services that can
be used by engineers and decision-
makers. His mandate is to understand
climate-related risks to energy sector
activities and support efforts to
implement evidence-based adaptation
measures that reduce exposure to
hazards or build resilience in the face of
extreme events. He has taught at the
college level and at I'Université du
Québec a Montréal and has worked as a
scientific consultant to various
companies, departments, and agencies.

He holds a Doctorate in Water
Science from INRS-ETE (Institut
national de la recherche scientifique—
eau, terre, environnement) and has
conducted postdoctoral studies on
modeling sea ice at McGill University.
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Fletcher Johnson

Director, Vegetation Management (VM) and
Ancillary Programs

Xcel Energy
Saint Paul, MN 55117

Fletcher Johnson is the Director of Xcel
Energy’s Vegetation Management &
Ancillary Programs (VMAP) department
for Xcel Energy. VM includes
management of approximately 50,000
miles of electric distribution, 20,000
miles of electric transmission, as well as
substation and gas sites utilizing more
than 600 contracted line clearance
workers. Ancillary Programs includes
wood pole inspection and treatment for
approximately 1.7 million distribution
and 320,000 transmission poles.

This work is spread across the
company’s diverse eight-state geographic
territory from the temperate forests of
Wisconsin, mountains of Colorado,
plains and agricultural areas, arid
conditions of the Texas’ panhandle, and
urban areas throughout. Working with
Xcel Energy for the last 20 years and
with a great staff has brought the most
learning. He believes you always need to
be looking for new or innovative ways to
perform the routine work.

He has a B.S. in Urban Forestry
from the University of Minnesota and
holds various vegetation-related
credentials and certifications.



Thomas G. Krzewinski

Principal and Senior Geotechnical
Engineering Consultant

Golder Associates, Inc.
Anchorage, AK 99507

Mr. Krzewinski is an internationally
recognized expert in the field of Cold
Regions Geotechnical Engineering, with
over 40 years of experience. He has
considerable experience with
geotechnical engineering investigations,
laboratory testing, and
facility/infrastructure design projects
for heavily loaded foundations and
familiarity with geotechnical conditions
throughout the Northern Reaches of
North America. His experience includes
work on large infrastructure and
industrial development projects such as
the Trans Alaska Pipeline System
(TAPS), the Red Dog Mine in
Northwestern Alaska, many ADOT&PF
transportation projects, railroad
facilities, and hundreds of structures
and earth embankments.

He holds a B.S. in Civil Engineering
from the University of Minnesota and
has completed Graduate Studies of Soils
Engineering, Materials Engineering,
and Geology at the University of
Minnesota and Graduate Studies in
Arctic Engineering and Earthquake
Engineering at the University of Alaska.

Jeff Lukas

Research Integration Specialist
University of Colorado

CIRES 216 UCB

Boulder, Colorado 80309-0216

Mr. Lukas is Senior Associate Scientist
with the Western Water Assessment
(WWA), a NOAA-supported program
within the Cooperative Institute for
Research in Environmental Sciences
(CIRES) at the University of Colorado
Boulder. For the past 20 years, he has
collaborated with natural resource
managers and other decision-makers in
the Rocky Mountain West to identify
and assess climate-related vulnerabilities
and help them prepare for an uncertain
climate future. He was lead author of
the 2014 Climate Change in Colorado
report for the Colorado Water
Conservation Board, summarizing the
latest science on observed climate trends
and future climate projections for the
state.

He has diverse experience working
with forest managers in the Rocky
Mountain region to better understand
disturbance and vegetation change,
particularly in light of climate variability
and climate change. This work has
included conducting tree-ring studies of
fire history and stand development,
synthesizing research on recent bark
beetle epidemics, and examining the
potential future impacts of climate
change on forests.

He holds a B.A. in Geography from
the University of Colorado Boulder and
an M.S. in Forestry from the University
of Montana.
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Randy Lyle

Fire Program Manager
San Diego Gas & Electric
San Diego, CA 92123

Mr. Lyle manages the Fire Science and
Coordination program under the
Director of San Diego Gas and Electric’s
Fire Science and Climate Adaptation
group. He was first employed as a Fire
Coordinator with the company in 2007.
The Fire Coordination group of five
retired fire professionals provides a
conduit between the utility and first
responders and serves the company as
Subject Matter Experts for all things fire.

His previous experience was with
the California Department of Forestry
and Fire Protection (CAL FIRE), where
he retired as a Division Chief after 32
years of service covering all aspects of
wildland fire prevention and control.
Mr. Lyle was involved at the
programmatic level with the California
Fire Plan, GIS, and fire aviation.

Recently, Mr. Lyle helped shape the
California Public Utility Commission’s
effort to produce a new High Fire
Threat District Map. This map is now in
use to determine where regulations
governing electric utility design,
construction, and operation apply across
the landscape.

His past Incident Command System
(ICS) qualifications included Incident
Commander, Operations Section Chief,
Air Operations Branch Director, and
Agency Representative and he was a
Unified IC on the 2003 Cedar Fire in
San Diego [for the first three days]. Mr.
Lyle has been closely involved in
Wildfire Control Operations for the past
44 Fire Seasons and he brings a unique
perspective to the tactical and strategic
aspects of the impact of climate change
on the frequency and intensity of
wildfire.
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Jim Martin, PhD
Chief, Gas Branch 3

Federal Energy Regulatory Commission
Washington, DC 20426

Dr. Martin is the branch chief for Gas
Branch 3 in the Division of Gas,
Environment, and Engineering, Office
of Energy Projects, Federal Energy
Regulatory Commission (FERC). He has
worked for the FERC for 20 years. Prior
to becoming branch chief in 2011, he
managed the environmental review of
several large pipeline projects and
served as the Coastal Resource Manager
for the Division. Dr. Martin is an
environmental scientist with special
experience in wetlands and aquatic
resource issues.

He has two Masters’ degrees in
Environmental Science and Public
Policy from Indiana University and a
PhD in Environmental Science from
George Mason University.

Biographical information on the
panelists is available at the door when
you came in to the Plenary Session and
is also posted on the ROW 12 Website.
The panelists’ discussions will be
included in the proceedings.

QUESTIONS FOR THE
PLENARY PANEL

Sequence of questions and responses —
I'll direct each question to one of the
panel who has an opportunity to
respond, followed by anyone else on the
panel to add their supporting or
detracting thoughts. War stories of
specific incidents or measures (provided
they are brief) are welcome if they help
ground the comments. Our objective is

to educate and broaden the outlook of
the audience of issues and responses
that they may not have had to deal with
in their own work.

1. Building Resilience to
Extreme Weather Events

The Global Risks Report for 2018
identifies that environmental risks have
grown in prominence in the 13-year
history of the organization, and the
trend has continued to the present
itself. Among the most pressing
environmental challenges facing us are
extreme weather events. The horrific
damage done by hurricanes and
flooding in 2017, as well as widespread
power outages of ice storms in the U.S.
Northeast, have strained the ability of
communities and utilities to respond.
‘What measures can be taken to build
resilience into existing energy facilities?
What measures can be taken to plan for
future extreme weather events and be
able to respond adequately to these
risks?

Dr. Huard: If you already know and
are equipped to deal with risks, such as
flooding and wildfires, then there
currently are design—values exist or
norms or regulations to manage the
disaster. Climate change, in my
experience, brings very little risk, but it
changes the intensity and the frequency
of those events. What people can do is
look into the future and see how those
risks evolve and update design values
and norms and standards to take them
to count into their regular activities. The
problem that I see currently is that those
regulations are lagging behind the risk
profile that utilities face.

What happens right now, at least in
Canada and elsewhere in the world, is
that utilities have large-scale research
projects to evaluate the impacts of
climate change on their activities and
then they implement solutions without
regulations. I'll give you one example of
this. In the UK, 10 years ago, a study was
done with academics and utilities to
look at climate change impacts on the
T&D in the electricity sector. One of the
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conclusions of that study was that
temperatures would increase by eight
degrees Celsius by mid-century, affecting
the carrying capacity for overhead lines
by around 4-9 percent. The increased
temperatures would increase line sag
and potential for arcing.

Western utilities then took their
current ratings of 50 degrees Celsius
and raised it to reflect the predictions
and then increased the pole height for
wooden poles between one and two feet.
Building that kind of response in the
typical maintenance schedule of the
utilities cost will be nothing. Two feet
more is invisible to the customer, but
you’re increasing your resilience to heat
waves and potential lines arcs. My
feeling is that by looking into the future
and using the data that’s out there about
future conditions can be very useful.
There are often large uncertainties
around the predictions, but that’s
probably the most cost-effective way to
deal with some aspects of climate
change and to be flexible in managing
risks.

To build resilience, it’s not going to
come from regulators. That’s my
experience. It’s going to come from
proactive utilities banding together and
finding solutions that work for them.

I could give you examples in
Quebec about the flooding. There’s a
trade-off when you mitigate risks. You
also often provide incentives for people
to increase their exposure to this risk. If
you build a dam on a river to reduce
likelihood of floods for many flood
events, people will build houses closer to
the river. For the most of the majority of
events, the dam manager is able to
manage the river flow, but then comes
this one in 50 or 100 year event that
exceeds the regulating capacity of the
dam and then people get flooded and
they’re wondering why the utility
couldn’t respond to this additional risk.

My message is that by mitigating
risk, we need to be careful about how
people respond to this reduce risk level,
to not create additional exposure to
these same risks.



Moderator Crabtree: Randy Lyle —
have you something to add?

Randy Lyle: David mentioned
building T&D poles taller. I know there
are utilities who have undertaken a
wood-to-steel program in the
backcountry. It was expected to take
about 12 or 13 years to complete, but
we’d like to do that a little sooner. One
of the things they’re doing is building
taller. It’s very visible. It gets the
conductors up and out of the way of
everything on the ground. It does seem
to make sense to me.

Moderator Crabtree: David’s
comments reminded me of a
controversy that is still ongoing in the
State of Maine. We had some very bad
ice storms and Central Maine Power
proposed to build resilience into their
existing network to respond to future
weather events like it. The plan comes
with a huge price tag and there’s a great
deal of pushback from the State Public
Utilities Commission and from
consumers. What is your advice to
resolve issues like this?

Dr. Huard: There is no easy answer.
What are the values that are going to
help decide which options are best?
People have different values about these
things. Some people are willing to take
risks and live in flooding areas. If they’re
willing to take this risk and
consequences—I just don’t want First
Responders to get injured or killed
because you have to respond to the
negligence of other people. So that’s
where I draw the line. In terms of cost,
we drastically underestimate the amount
of money that we’re going to have to put
in to maintain the level of service that
we’re used to today. And that kind of
scares me.

Moderator Crabtree: Dale—One of
your comments was who should take the
lead in building resilience. Should it be
the government, the regulators, the
utilities, or other entities?

Dale Sands: That’s a very good
question and it’s not an easy one to
answer. Remember the scourge of fires
and the Great Fire of London, and the
great fire in Chicago? Eighteen

thousand (18,000) structures were
burned and were rebuilt from wood to
brick to help prevent future
conflagrations. The insurance
companies also took a lot of
responsibility for the creation of fire
departments.

And there is a parallel today with
natural disasters. By expanding
awareness and developing building
codes and differentiating on insurance
premiums from one facility to another,
organizations like FM Global believe
they can drive change in the right
direction. It’s hard to regulate this per
se, although the Sendai framework calls
for creating disaster risk reduction plans
at the country level. I think that’s
something to consider at least in our
U.S. market that the insurance industry
can be a shaping force here.

Our infrastructure is definitely
aging. I had the real privilege for four
years to work for a gas utility when I was
going through college. We actually
replaced wood pipes that were still in
use and we lost a lot of gas through
those. You need to have also a repair
and maintenance schedule that’s
perhaps a little more aggressive than
what the accountants may say is
appropriate.

Moderator Crabtree: We’ve been
talking about resilience in existing
facilities, but if we are planning and
constructing new energy infrastructures,
what’s the approach to take? What
should be done to plan for extreme
weather events with new facilities?

Fletcher Johnson: I can answer this
question just in terms of vegetation and
having a vegetation program because
that’s my background. That’s what I'd be
most comfortable speaking to, and I
would say that the risk that vegetation
poses to an electric utility for T&D is
perhaps one of the greatest risks in need
of managing for reliability in terms of
duration of an outage and frequency of
an outage.

Having a solid vegetation program
will actually mask a lot of deficiencies
you may have in your infrastructure
itself. If you don’t have vegetation
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contact with your lines, you have some
resilience and you’re not going to notice
problems. Conversely, if you are having a
lot of tree contact, it’s going to make a
lot more obvious to you deficiencies in
your infrastructure. Your infrastructure
is not an overnight procedure. It takes
lots of money and it takes lots of time.

Storm-hardening your system or
distribution grid resilience is something
that Excel Energy, along with some of
our peer utilities, have been working on
with EPRI. One aspect of that would be
building into your system a level of
coordinated failure. Let me—let me
describe the picture of a typical
distribution system. You would have your
pole and your cross arm, you’d have
your insulator. You’d have your
conductor and then you’d have the wire
tie connecting or tying your insulator.
When you have something impacting
that system, having the pole fail and
cross them, fail is the worst case
scenario. It’s the longest duration of an
outage, the most expensive to repair,
and a risk of cascading failure as well.
One pole falls and other ones may fall
down the line.

So, with coordinated failure and
designing that into your system, you
wouldn’t necessarily want the conductor
to break. The most ideal would be to
have the wire tie fail and have that be
the weak link in that system. So, it’s like
a basic design concern. You need to just
think it through. There’s a risk with
wildfire ignition potentially having the
wire go down, but the benefit that
you’re going to have is you may still have
the outage occur, but the response time
to restore and the expense of restoring
is far less to be able to put the conductor
back up.

Another important thing to do is
recognizing your aging infrastructure.
Maybe it’s pre-1960. Maybe it’s more
recent than that as well. It certainly has
weakened due to age and likely was built
to a lesser spec or design standard. So,
knowing where that is and combining it
with your exposure risk paints a more
comprehensive picture. I'll use trees as
the example. Having higher tree
densities is one of the number one
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causes of issues both in blue sky days,
but extreme weather as well, for utility.
The condition of the infrastructure, as
well as your exposure risk, can point you
in a direction of where rebuilding your
system should occur and targeting those
dollars to relocate facilities to a more
accessible location.

I think we mentioned design
standard. One thing that Excel has done
a number of years ago was with our
design standard on the distribution side.
For resilience, we have increased the
pole class size by one size and over what
had previously been on our design
standard for probably decades similar to
what David was talking about the UK,
sure, in so that it helps protect against
the pole being the weak link and failing
again.

You know on the transmission side, I
don’t have a lot of examples of it. I
mean our knowledge of it, our
transmission system is already built to a
more robust design standard to begin
with, so we really haven’t—on our on
our system—changed that design spec
anytime recently. One reactionary thing
that we’ve had to do in the Red River
that is the North border between
Minnesota and North Dakota and is
prone to flooding. We have a substation
that is in that flood plain and we have
had to build dikes around it, use
removable flood panels in order just to
manage that risk when we have had it
because moving a substation. It’s
another example of “it’s not an
overnight procedure.” It might it might
not be something that you cannot get
approval to move and so needing to
have a reactionary protection method in
there is something we’ve had to do
lastly.

I think part of the question had to
do with kind of developing your risk
assessment processes. And this is where I
will bring it back to vegetation again, but
I think it could apply to anything. We’re
working to stop outages from happening
to begin with. One thing you can do is
investigate the outages that you do have.
You need to have a definition of kind of
what are you trying to accomplish? So,
what could be preventable and non-

preventable through your program? So,
by investigating your outages, you're
going to be able to identify data trends
and determine where might your spec
or guidelines need to be adjusted so that
you can build more resistance or
resilience back into your program again.

Moderator Crabtree: One of the
things that panelists have touched on
was rising water levels. Let me throw this
to the whole panel.

2. Planning and construction
of new energy infrastructure
to deal with anticipated sea

level rising and storm surges

Sea levels are predicted to continue to
rise with the melting of polar ice caps,
which in turn will have the potential for
impacting coastal energy infrastructure,
including transformers, electric
distribution, pipelines, and roads.
Extreme weather events will contribute
to larger storm surges such as we saw
with Hurricane Sandy in New York, with
resulting devastating impact on energy
infrastructure in the city. These extreme
weather events have encouraged some
utilities to develop a comprehensive risk-
assessment process to prioritize the
planning, siting, and constructing of
new energy facilities. What sort of
measures are being taken to help ensure
that new energy infrastructures are
resilient to the challenges that climate
change is bringing? What sort of risk
assessment process should utilities
develop if they have not already done
so?

You’re in New York and your energy
infrastructure and your transportation
infrastructure is inundated by Sandy.
What are you going to do to build new
so that you’ll have some protection
against what’s likely to happen again?
Dale, you talked about Miami, and I've
seen a lot of stories about the rising sea
levels impacting everything. They’re not
just transmission lines, but also roads
and sewage treatment plants and so
forth for the panel. What should be
done for rising sea levels and Coastal
impacts. Building new and replacing
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old?

Dr Huard: Look at what Con
Edison, the New York electricity utility,
did years ago. They found one answer
was to raise substations one meter. They
realized that buried lines are harder to
maintain and repair than overhead
lines. They got $1 billion from the state
to harden their infrastructures, so that
that’s something that’s already ongoing.
I don’t know if that’s like a model to
replicate elsewhere, but certainly a good
reference.

Moderator Crabtree: Anyone else
have any experience in this particular
conundrum?

Randy Lyle: It’s not my daily
expertise, but I work in the climatology
group and I know that in San Diego Gas
and Electric’s service territory, there are
two or three substations that, given
current levels of sea level rise
predictions, are expected to be
inundated and need replacement before
too long. So, the companies are
beginning to look and assess and figure
how they’re going to reconfigure and
where they’re going to rebuild. All of
that takes a lot of time, not to mention
money, but it takes a long time.

Moderator Crabtree: Would that be
relocation or hardening the facilities
where they are?

Randy Lyle: Mostly they’re talking
about trying to relocate and just get out
of the area altogether.

Moderator Crabtree: All right, but
again, like you said Dale, this is a nota
problem with a short-term solution.

Dr. Huard: I'd like to add one thing.
Hurricanes hit one place in one spot
and flooding from rivers is a regional
problem. But rising sea levels affect all
coastal areas at the same time. Everyone
is going to be affected and that’s
something I don’t—I don’t think people
consider that much, like the fact that it’s
arelated event, not independent one.

Moderator Crabtree: Let us
consider the impact of climate change
on the melting of permafrost.




3. Melting of permafrost and
impact on buried pipelines

There have been problems with
pipelines that are buried in permafrost
being exposed as the permafrost melts.
Access roads built on permafrost to
service oil and gas facilities in the north
now have a shorter season when the
roads are frozen and can be used for
heavy vehicles to resupply the facilities.
There are challenges even for above
ground pipelines like the Trans Alaska
TAPS system. How widespread is this
problem and what measures are or can
be taken to address the impacts? How
significant is the potential for
subsidence on energy and
transportation facilities?

Thomas Krzewinski: Well, that’s a
whole bunch of questions. Alaska is
dealing with significant coastal erosion
due to increased severity of storms plus
the degrading of the permafrost. A
number of village relocation projects are
happening as we speak here. I won’t
mention the villages, but there are
several on the list as vulnerable on the
north slope of Alaska.

A warming trend is affecting the
active layer depths on the North Slope
of Alaska, which in turn affects the
viability of the road system and the
gravel pad system. The seasonal roads
are being affected by the warming trend
and the shorter winter season. The
winter construction season is typically
used by the oil industry to do their
exploration work to test for oil in winter
and remove the evidence of that test
before they decide whether they’re
going to proceed with production in
that area. So, shortening that season has
a drastic impact on the oil industry.

And then the southern reaches of
the permafrost in Alaska which is 80
percent permafrost. So north of the
Chugach Range on the southern part of
the state, permafrost is probably going
to be short lived. The warming trends
are starting to affect that permafrost
already. It’s marginally frozen. It exists
in a 32-degree Fahrenheit temperature.
So, it doesn’t take much of a warming

trend to make that permafrost not viable
any longer.

So, bouncing back to the North
Slope the with the winter roads. There
are firms that are looking at techniques
for enhancing the ice and snow roads
and paths for to increase the length of
the season. They can operate by layering
systems using insulation and placing
high-strength plastic interlocking pads
on top of the snow and ice. This allows a
little bit of an increase in the season. All
those things are being looked at.

For the permanent road systems
and pad systems, the norm that was
established during the heyday of oil
industry back in the *70s and early "80s
are being destroyed. The five-foot pad to
keep the active layer within the
constructed section is now becoming a
six- or seven-foot pad because of the
changes in the climate and that’s
affecting new construction making it
more expensive. The old roads and
paths are starting to degrade. So, it’s a
fairly serious consideration.

TAPS was my first project out of
college was the trans-Alaska pipeline
system. I was heavily involved in the
design. It’s a below-ground pipeline for
400 miles and a pipeline of blue chrome
for another 400 miles. The blue chrome
pipeline was designed to not be affected
by permafrost, which means that it was
either buried within the stable
permafrost soils or bedrock.

The pipe itself is not settling, but
the climate change has changed the
degradation of the material over the
pipe. More is visible when you fly over
Alaska and look at the below-ground
pipeline and see a depression that’s
occurring. Groundwater flows and
surface water flows and maybe increased
erosion in the area. They’re things that
will have to be dealt with in those
fashions.

The above-ground pipeline was the
design for handling permafrost areas
that are now not stable. It involved a
fairly robust thermal analysis, which
placed thermosyphons, or heat
extractors, on most of the piles along
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the pipeline and those heat extractors
chilled down the permafrost during the
winter time by extracting heat and
chilled it down enough to survive the
warm weather in the summertime where
the thermosyphons are dormant.

The thermal piles are now being
challenged by the warming trends. We
have areas in the southern part of the
pipeline that are settling. We have areas
where the only permafrost left is the
cylinder around the pile where the heat
extractors are doing their job.

And we have areas that are heating.
The active layer has increased so much
that the frost jacking effect of the
seasonal frost layer is starting to pull
those pipes out of the ground.

The saving grace on the elevated
pipeline is that it’s very robust. It’s built
on a two-piles system with a cross beam
and it’s got a cradle system that’s on a
Teflon skid so small movements in the
power system can be easily adjusted for.
But as more and more areas are being
affected by the degrading permafrost,
different solutions will have to be
envisioned and enacted. Some of those
would be switching the piles to
conventional static load piles without
the heat extractors and just putting
them in deeper and going to solid
material to support the pipeline.

The engineering profession in
Alaska is very sensitive to the warming
trends that are being predicted. And
those are very much becoming a part of
the designs for future thermally
designed facilities. So future facilities
are designed to handle the warming
trend for the life of the project and they
handled in a couple of different ways.
They can handle it by enough
redundancy in the passive heat
extraction process to last the life of the
project or they can be designed to
switch over from passive heat extraction
to refrigeration active refrigeration at
some men point in the project and the
initial construction is done in a way that
it can be switched based on a
monitoring system that tells you what’s
happening in the foundations for the
facilities. There is a very clear
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recognition of a major problem and
probably a very expensive effort to
engineer around it in the future.

Dealing with an immediate
problem—is there a long-term solution?
The long-term solution for roads is
probably to go to more permanent
roads, and I think we’re should bite the
bullet eventually here and understand
that the North Slope oil production is
here to stay and maybe we shouldn’t be
going through the expense of the winter
road construction and trying to do
winter pads and so on and so forth and
just bite the bullet and build an all-
season road.

Moderator Crabtree: David, have
you, in your Canadian experience,
experienced anything similar to
permafrost problems?

Dr. Huard: Not so much. What we
see is reduced sea ice cover in coastal
communities that drives a lot of the
additional erosion. Not so much new
storms, but rather decreased protection
from storms by reduced sea cover.

What we see in the north of Quebec
is mostly good news for the electricity
sector, because we’re expecting more
rainfall—like something around 10-
15% by the mid-century. For electricity
producers, that’s like money in the bank
for them in other areas. And what’s
interesting about Alaska and Northern
Quebec and other Arctic countries is
that they’re undergoing increased
climate change compared to, like, mid-
latitude regions. They had some time to
think about it and some of them have
come up with interesting solutions. The
Icelandic energy utilities have a couple
of power stations that are internally
glacierfed. And as you might guess,
glaciers with increased temperatures
melt faster than 10 years ago. They
started thinking about what—how this is
going to impact their production. They
made projections about the increased
glacier melt into the design of new
infrastructures and they upgraded some
turbines based on those evaluations.

The Northern Regions are the place
to ask how people are like handling
these issues today and draw their

experience to avoid making the same
mistakes that they’ve done.

Moderator Crabtree: I hope you're
all listening because you’re going to be
in the middle of it in the next few years.
Let’s switch gears a little bit from
permafrost to wildfires.

4. Drought and wildfires
impact on infrastructure

The past several years has seen a hotter
and drier climate, especially in the
American west. As a result, the increased
flammability of fire fuel in the forests
has promoted larger, more catastrophic
wildfires, which have threatened electric
T&D lines as well as above-ground
pipeline facilities. What is being done to
assess wildfire risks and implement fire
prevention measures? In addition,
wildfires allegedly caused by electric
lines are recent concerns and question
the adequacy of ROW maintenance
procedures by utilities.

Randy Lyle: In response to the
changing fire environment in California
I'd like to show you a regulatory tool to
try to assess fire risk and then mitigate
the fire threat. Here is a graphic of a
high fire threat map for California that
assessed wildfire risk and provide for
various fire prevention measures in
areas designated as Tier 2 and Tier 3. To
build the map we looked at historic fire
perimeters and the modern landscape.
We looked at fire perimeters back to
1960. We used a layer called fire thread
from the Cal Fire Think Tank. Fire
hazard severity zones drives some
building codes and then known local
conditions. The notion was that we’re
building this map for 10 years and it will
govern regulations.

Tier 2 was described as where there
was an elevated risk for destructive utility
associated fires. Tier 3 was extreme risk
for destructive utility associated fires.
Different regulatory processes or rules
and regulations applied in each of these
Tiers. Tier 3, for example, applied Rule
18 and Geo 95 Rule 18 to prioritize
safety hazards. It went down to six
months and for them to be repaired in
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Tier 2 went down to 12 months to have
those repaired.

Here are a couple more examples of
the map uses—timing of trimming. I
know a lot of folks are involved with
trimming and conductor clearances in
response to the grid starting fires. One
consideration is public safety power shut
offs. Not a popular notion. Our fire
group kept telling our executives that
the only way you can guarantee not to
have fires is to shut the power off.

This template for California looked
at the past and projects into the future.
It could also be used as a template for
the other Western States facing the same
climatic change. The methodology was
sound and it was a collaboration of
regulators, scientists, utilities, and
intervenors. This map would be a good
tool for planning of new facilities and
building resilience into old facilities.

Moderator Crabtree: Let me throw a
question at you, Jeff. The hotter
temperatures have an impact on insect
species. Hotter and drier conditions in
the western Forest have encouraged
populations of bark beetles and other
destructive insect species, which, along
with water stress, have resulted in
increased tree mortality and their
susceptibility to wildfires. How extensive
is this problem and what measures are
being taken to address it, because it
seems to me like your bugs are driving
this problem? Is that true?

[eff Lukas: To some extent yes, but
as with many things we have it’s an “it
depends.” It depends on the forest type.
It can depend on the region and the
climatology of that region. It depends
principally on the time since
investigation. So, if you've seen, you
know, beetle-infested parts of the West
after the trees died, you have a red
phase that lasts a couple, three, four
years with the needles are still on the
tree and this is the most volatile period
for fire risk. Then, once the needles fall,
trees are going to call Gray phase for a
period of a decade or more while
they’re standing. Your fire risk is actually
reduce; you've changed the fuel
complex. You've reduced fine fuels in




the canopy. And so, your green trees are
actually, in general, more hazardous
than those standing great trees and
Randy. Is this something that you
plugged into your formula? Yeah. In
fact, the thing that’s not really captured
on the map anymore something called
Zone 1 and Zone 1, whereas tier 2 and 3
or Stanford 10 years old one is the
timber mortality areas that will change
as the CAL FIRE and for service change
from year to year to year. So, they fall
under the most extreme. Okay. So, to
give an example from Colorado, when
we had the very extensive mountain
pine beetle.

Stations ramped up in the early to
mid-2000s. There was an expectation
from elected officials, our senators, all
the way on down through the general
public especially those living in those
Mountain areas that the infestation
would be inevitably be shortly followed
by devastating wildfires and that didn’t
happen—very case you in Colorado,
very few of the fires were in or
exacerbated by Beetle infestation within
the fire foot. Encouraging. Yeah, but we
still had devastating wildfires. Right?
And the point is that green forest green
trees burn, really. Well, if the climate is
in the weather, I should say is dry and
hot enough to support fire spread. So,
to get back to the bigger story of The
Beetles. It is a big problem across tens of
millions of acres. We expected to get
worse in the future. These are—these
are native beetle species—the pine
beetles, the spruce beetle, and the
pinion ipps beetles among many others.
Those are the most notable ones. They
have co-evolved with their host tree
species pines and spruces and Douglas
Firs over millions of years and these
beetles tend to be at fairly low levels in
the forest, you know, and what we call
endemic levels until there is some kind
of trigger. It could be a drought. It could
be windrowing sending a lot of trees
down in one area. It could be some
other pathogen something producing
additional stress on the trees and you
have more susceptible trees.

The beetles overcome the trees’
natural defenses and then it erupts into

epidemic levels of beetles, you know,
going up. The population has got many
orders of magnitude. And so, these
infestations have happened, you know,
every several decades for a given area
around the West. This is, you know, part
of the system, part of the natural cycle if
you will, but what happened really
starting around 2000. It was the early
2000s onward to today is you have,
you’ve had regional and synchronous
epidemics of historically unprecedented
size from Mexico all the way up through
BC affecting, involving several different
beetle species, mountain pine beetles
being the best known, and contributing
maybe half of the total infested area.

Unprecedented tens of millions of
acres affected across the West and in
Alberta and BC, and then impress it
ended in beetles infesting trees all the
way up to tree line, which had not been
seen before infesting further north in
Canada than it had seen previously
infesting what had previously not known
to be host species. Mountain pine beetle
successfully attacking spruces and true
firs and in Alberta, jJumping from
Lodgepole Pine into Jack Pine, which
does not have natural defenses to the
mountain pine beetle and is a major
component of boreal forest. So, we’re
seeing unprecedented behavior in many
different ways. It’s truly a gloom and
doom prediction, you know.

Moderator Crabtree: Oh, thank you.

It just means more work for all of us Jim.
We have not heard anything from you
yet, but I want to throw something at
you as the regulator on the panel. I
remember back when I was actively
consulting a lot of the work I did was
wetland restoration and wetland
creation is mitigation for highway
projects and rights-of-way for
transmission lines.

5. Drought and wetland
mitigation measures

Wetland creation, restoration, or
banking have been accepted practices to
mitigate for the impact to and loss of
wetlands from routing pipeline and
electric transmission lines as well as
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highways. What could the impacts be if
drought minimizes or destroys wetlands
that were part of an impact mitigation
agreement? How does the concept of
“no net loss” factor in, and do
performance bonds play a role? What
could be the impact of proposed
changes to wetland rules by the U.S.
Government, including incentives for
wetland banking?

Dr. Martin: Well, that’s a good
question. My agency doesn’t have any
regulatory authority over wetlands—that
is the Army Corps of Engineers
(USACE) and in conjunction with
Environmental Protection Agency
(EPA). There are a lot more wetland
banks now than there used to be. I think
there’s 1,500 or so or approved banks in
the U.S. That number has increased by
50 some percent over the last 10 years or
so. The reason that banks are preferred
by everyone is it’s easier for a project to
buy credits in a bank than to create its
own mitigation and it’s easier for the
Corps of Engineers to monitor and
maintain regulatory oversight over the
mitigation. That’s incentive for the bank
and it’s also a way for a new entity to
generate revenue.

I talked to headquarters of the Army
Corps of Engineers and their opinion is
obviously very important, but there are
eight regional divisions of Corps of
Engineers. And each of those has
multiple districts. A lot of the specific
decisions and approaches are generated
at the local as opposed to headquarters
level. Headquarters indicated that, in
general, something that they would call
an act of God would not be something
they would likely go after. Now, in
addition to drought, there are
catastrophic weather events and
associated climate change. Some of
those have been anticipated and written
into some of the agreements between
the Corps of Engineers and the bank
owner. One District that I talked to has,
in most of their bank contracts, escrow
accounts to cover natural disasters,
which includes droughts, but also
hurricanes and other things. I don’t
think it’s widespread, but I think it has
been initiated. Whatever costs the bank
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more money will ultimately cost the
purchaser more as those costs will get
transferred. Mitigation occurs within a
specific watershed where the impacts
occurred.

Moderator Crabtree: Thank you
Jim. And so, I understand there is no
consistency in dealing with wetland
mitigation banking. What I'm hearing
you say is that here is a wonderful
opportunity for our audience to be the
experts on mitigation banking.

We have almost run out of time for
the panel discussion. We always have lots
of questions from the audience so I'm
going to hold off the additional
questions that we had prepared for the
panel.

I'would like to entertain any
questions that the audience may have,
on points that the panel or our keynote
speaker have covered and others we
have not.

Question from the floor: Yeah, sort
of kind of a connected thing between
Jim and Thomas there in Canada. We
used to rely on winter construction as
mitigation for wetlands. We got, you
know, the northern half of Canada is
muskeg until you get into the
permafrost and in Northern Alberta. We
used to build pipelines in the wintertime
and happily call that mitigation for
wetlands, but we’re losing that
construction season now, so I guess
maybe Jim, do you see companies have
to come up with more creative traffic
ability solutions because you can’t rely
on frozen soil?

Dr. Martin: Those are things that
we’re looking at developing, and we’re
reviewing some in a project in Alaska
right now. It’s not an issue that’s really
come before us but we are exploring all
manner of different measures that could
be used in order to construct outside of
the winter season and still afford a
similar level of protection. I don’t think
that there’s a summer construction
method that can be done as cleanly as
ice roads and that kind of construction,
but you know, we’re looking for
suggestions.

Thomas Krzewinski: I can add a
little bit. I think what’s happened in the
past for oil development in Alaska has
been a bunch of secret plans made by
each individual oil company and what
that resulted in is a lot of arterial roads
that probably could have been
combined into a single road that serves
a certain part of the oil field
development rather than all these
individual roads to separate pads and so
on and so forth. That just takes upfront
planning and getting the oil companies
to at least accept that there’s going to
need to be a corridor established for all-
season traffic that minimizes the
disturbance to the tundra by getting rid
of all those other arterial roads. It
sounds like a tall order.

Question from the floor: As a third-
generation Californian, I can tell you,
I’'m very tired of fire season and I can
tell you that this concept of resiliency is
maybe the only thing that will save us. I
don’t see it just as a utilities issue,
because they have all these overhead
lines. If those are put under ground,
somebody has to pay for them. But what
I see is if we get to a crisis where the
insurance companies decide that they
won’t provide the insurance to our
homes. We are going to have to do
something to make them resilient, no
matter what happens in fires. I think this
concept needs to gain in our
communities and needs to be gained at
and done at my level at my home in my
community.

Moderator Crabtree: Dale, do you
want to comment on that? Obviously,
someone has listened to your Keynote.

Dale Sands: It’s a big issue and
there’s personal responsibility that
needs to come into play. I mentioned
the over-reliance on insurance, but
when you hear that tornado siren, you
better take it seriously. Think about
Joplin, Missouri. A category five tornado
and hundreds of souls lost their lives. I
used to hear these tornado warnings
and just ignored them, but not anymore.
There is a real imminent threat in
Oklahoma, Tornado Alley, where they’re
adopting a more rigorous fortified
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building code that I mentioned earlier.
Not every home is going to be fortified,
but it is a start. There are communities
with code enforcement officers who are
trying to become more proactive both to
educate the residents, but also to engage
with the private sector as well. That is
not a quick fix.

Think of Sendai, Japan, where they
had a tragic earthquake. They had an
hour notice that the tsunami was
coming. Japan is a really highly
developed country and 20,000 people
died. Many of them in their cars
couldn’t get out. Thinking about those
evacuation pathways. There needs to
have a resiliency plan and expect that it
will be annually updated. Automotive
companies are requiring their Tier 3
providers to have a resiliency plan after
what happened to Toyota. There was an
interruption caused by the earthquake
that cost them a billion dollars of their
supply chain.

CLOSING COMMENTS

Allen Crabtree

I'would like to thank the panel for their
comments today, and the audience for
their insightful and timely questions. We
tried to impart the message today that
there isn’t a single simple answer to
dealing with climate change. All of us
are affected by the changing climate no
matter what your discipline and your
expertise, your area of employment is.
We are all affected by it.

As Jim said earlier in his
introductory comments, we want you to
take home from here at least one thing
that impressed you that you may have an
opportunity to develop further and
maybe make some changes at your level.
That’s the charge that we give to you.

I have one minute left. So, if the
panel has any 25 words or less—
summation words they’d like to make to
tell these people as they go from this
plenary session, please do so. Let me
start with Thomas: Any words of
wisdom?



Thomas Krzewinski: My area of
expertise is permafrost degradation. The
cost of doing business in Alaska is very
extreme and dealing with permafrost
degradation is adding to the project
cost. Costs for both mining and oil and
gas projects are significant. Whatever we
can do to streamline the process would
be helpful to the economy of the state
and the energy independency of the
nation.

Dr. Huard: Contact technical
consultants for support and advice for
adaptation. I'm sure there are some
near you. Contact them and get to know
them to see what they can help you do.
We’re going to need a nerd
interdisciplinary input to keep
continuing to generate ideas. And thank
you for inviting me to come here.

Fletcher Johnson: Understand the
condition of your system and of your
infrastructure now. Define what is your
risk tolerance that you have and analyze
your data to see how your system’s
responding to events now and that can
help you determine your path forward.

Dale Sands: Become engaged in this
issue in your community. In the private
sector, when our employees go home at
the end of the day, their public sector
members get engaged. Work with your
community to help raise the awareness
of the importance of resilience. There
are resources, like prevention web—
must be a hundred articles a week that
come out from that—about improving
in your awareness. So, get involved and
please join me. We have 140 companies.
We probably need ten times at the
amount of work to do and so join me in
becoming a member.

Randy Lyle: I'm thinking in terms of
ignition management and what that
might mean to any of the disciplines
here at my utility. We’re initiating the
collect ignition data, analyze that
ignition data, and then act to mitigate.

[eff Lukas: We need to watch for
thresholds in both our ecological and
other environmental systems, as we
experienced one of your changes in
climate will have responses from those
systems will often be nonlinear and we
need to look for thresholds, even
especially those that have not been
exceeded in the past.

If you have questions for the
panelists, most of them will be here for
the rest of the week. Corner them. The
biographical sheet that you got when
you came in also has their contact
information. If you have a question,
send them an e-mail.

I want to turn this now over to
Carmen and Jim to close us out and
send us off to lunch.

[im Downie presented tokens of
appreciation to the panelists and

thanked them for their contribution to
the symposium. He then had
announcements about the location of
the four sessions at the property and
cautioned everyone to watch for cars in
crossing the valet parking area to some
of the sessions.

Carmen Holschuh had tips for
speakers giving papers and dismissed
everyone to lunch and wished them a
productive symposium.
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Liability risks are increasing for electric utilities when wildfires
start on rights-of-way (ROWs) and then spread, causing
injury or loss of life, damaging private property, or resulting
in substantial firefighting expenses. Electric utilities invest in
vegetation management (VM) to prevent ignitions resulting
from contacts between trees and powerlines, but may
overlook fire risks posed by bird contacts. Our objective was
to provide new insight into bird-caused fire risk. We
evaluated fire records from Beale Air Force Base in California
in 2016 and 2017. In 2016, there were no bird-caused fires at
powerlines. In 2017, there were five bird-caused fires,
including one that burned 292 hectares (ha) (722 acres; 2.9
kilometers [km]?) off the base. We also monitored online
reports attributing fires in ROWs to bird contacts. From
January 1, 2014 through December 31, 2017, we identified
93 reports, including 78 in North America. Most (n=45; 58
percent) fires in North America occurred during the summer

months, and California had more fires (n=17; 22 percent)

than any other state. Mitigating the risks of bird-caused fires

in ROWs can be accomplished by retrofitting overhead
electric systems to prevent birds from simultaneously
contacting two or more conductors at different electric

potential.
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INTRODUCTION

Powerlines have been implicated as
ignition sources in large and destructive
wildfires in various places around the
globe, including the U.S. (Keeley et al.
2011), Australia (Cruz et al. 2012), Chile
(Vargas 2016), and Spain (Guil et al.
2018). As a consequence of increasing
costs associated with fighting and
recovering from wildfires, electric
utilities in the U.S. are coming under
increasing scrutiny and liability for the
effects of wildfires which start on utility
rights-of-way (ROWs). For example, Cal
Fire, the state of California’s
Department of Forestry and Fire
Protection, recently initiated a series of
lawsuits against several investor-owned
and municipal utilities throughout the
state to recover costs associated with
fighting fires attributed to powerlines.
Individual civil suits and class action
lawsuits are also being pursued in
California. To manage fire risk, electric
utilities in fire-prone areas typically
focus on clearing vegetation from ROWs
because vegetation contacts with
powerlines are a frequent ignition
source. Clearing strategies usually center
around mechanically trimming trees
that have the potential to grow up, into,
fall, be blown down onto, or drop
branches across powerlines. Clearing
sometimes also includes spraying
herbicide or defoliant around the bases
of power poles to reduce ignition risks
from possible arcs and sparks generated
by equipment operation.

Electrocuted wildlife can also cause
fires (Lehman and Barrett 2002; Haas et
al. 2005; Guil et al. 2018). In the U.S,,
wildlife species involved in animal
contacts can include climbing mammals,
climbing snakes, and birds. In this
document, we focus on collecting
evidence of bird contacts igniting
wildfires. We do so to provide the
electric utility industry with information
that can be useful in evaluating the
entire suite of fire ignition risk points.
This also provides electric utilities with a
more complete suite of information
useful in assessing costs and benefits of
implementing an Avian Protection Plan

(APP) as described by the Avian
Powerline Interaction Committee
(APLIC 2006) and by the U.S. Fish and
Wildlife Service (USFWS) (2005).

Bird-caused fires on distribution
lines result from birds perching on
power poles and simultaneously
contacting an energized wire and a path
to ground (phase-to-ground), or two
energized wires of different electric
potential (phase-to-phase). Either type
of contact consistently results in
electrocution of, or an electric shock
injury to, the bird (APLIC 2006; Dwyer
2006; Dwyer and Mannan 2007), and
occasionally results in an arc flash that
ignites the bird’s feathers. When the
burning bird drops to the base of the
power pole, a wildfire may be ignited. In
a worst-case scenario, such as the case in
Chile where 15 people were killed by a
bird-caused fire (Vargas 2016), the
consequences of such a fire may greatly
outweigh the costs of prevention.

Our objective is to provide new
evidence of bird-caused fire risk for
electric utilities. The evidence presented
here comes from two very different
sources. First, we provide a summary of
bird-caused fires at Beale Air Force Base
in northern California. Second, we
provide a summary of news reports of
bird-caused fires from around the world.
After demonstrating that bird-caused
fires occur, we provide a summary of
strategies to mitigate bird contacts.

METHODS

Beale Air Force Base

Beale Air Force Base (Beale)
encompasses nearly 9,307 hectares (ha)
(23,000 acres; 93 kilometers [km]9)
where nearly 4,000 military personnel
are stationed. Distribution electric
power is supplied to Beale by nearly
2,000 power poles. We evaluated records
of wildfires at Beale in 2016 and 2017 to
identify fires caused by bird contacts,
and of those fires, to identify hectares
burned on Beale. These fires were
reliably identified by on-base personnel
with relevant expertise. As a conceptual
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surrogate for fires spreading beyond
ROWSs, we also evaluated a fire caused by
a bird contact that started on Beale and
burned onto adjacent properties. The
data from Beale were limited in scope,
leaving open the question of whether
concerns of fires caused by bird contacts
with overhead powerlines had any
application to electric utilities
elsewhere. We address this question
through our monitoring of Google
Alerts.

Google Alerts

A Google Alert is a content detection
and notification service provided by
Google LLC (“Google”, Mountain View,
CA) wherein a user can provide
keywords to Google, and Google then
provides a daily e-mail containing links
to new content including the keywords
provided. From January 1, 2014 through
December 31, 2017, we monitored the
results of three Google Alerts. The
Google Alerts were for the key words
“bird (and) fire,” “eagle (and) fire,” and
“hawk (and) fire.”

Google Alerts do not include any
filtering, so a Google Alert on “eagle
(and) fire,” for example, could provide
links to any new article by any news
agency with “Eagle” in the name any
time those agencies placed an article on
their websites containing the word
“fire.” To identify only new content
describing a fire caused by a bird in a
powerline ROW, we assessed each article
in each Google Alert by reading the
content of all articles which appeared to
have the potential to be relevant. We
then discarded articles that were not
relevant—for example, bird
electrocutions that did not start fires,
fires started by bird nests on residential
light fixtures, etc. Because the Google
Alert data were published by journalists
rather than professional fire
investigators, any given report could be
questioned. However, many reports
attributed fire causation by quoting
professional firefighters at the scene or
by including photos of charred avian
carcasses, increasing the likelihood that
reports were correct. Reports
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originating from a wide variety of
independent news sources were
considered to have increased credibility.
Although photographs were often
included in news reports, none of those
photos are included here due to
copyright limitations. However, the web
addresses for all news reports evaluated
in this study are available by contacting
the authors (see Additional
Information). Interested readers may
follow those links to view original
reports and to view photos. Because web
addresses often expire, we also copied
the text and photos provided in the
reports to our own archives. These
archives are available for review upon
request, but cannot be included as a
publicly available appendix due to
copyright limitations.

RESULTS

At Beale, zero of 15 fires in 2016 and
five of 22 fires in 2017 were attributed to
bird contacts with powerlines (Figure 1).
Bird-caused fires resulted in 97 ha (240
acres; 1.0 km?) burned on Beale
(mean=48 acres/fire), and when one
fire spread off-base, an additional 292 ha
(722 acres; 2.9 km?) burned. None of
the bird-caused fires recorded at Beale
were duplicated through Google Alerts.

Google Alerts enabled us to identify
20 fires in 2014, 34 fires in 2015, 16 fires
in 2016, and 23 fires in 2017 (93 fires
total) caused by bird contacts with
overhead powerlines (Table 1 and Table
2). Of these, 78 fires were in North
America (Figure 2), 10 fires were in
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Australia, three fires were in Europe,
and two fires were in Asia. Of the fires in
North America, 68 were in the U.S.
(Figure 3), and these were most
frequent in summer (Figure 4). Within
the U.S., 17 fires were in California,
seven were in Texas, and the remainder
were scattered throughout 21 other
states with no more than four fires
identified per state. Many of the reports
we identified through Google Alerts
included images similar to those we
collected at a bird-caused fire that we
observed prior to beginning this work
(Figure 5). For example, we received
photos of burned vegetation
surrounding a charred bird carcass at
the base of a power pole.

Figure 1. Charred bird carcasses at the base of a power pole on Beale Air Force Base, where a bird-caused fire occurred on an electric power ROW in 2017
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City ST/PR /DI Country Date City ST/PR /DI  Country Date
Galena KS USA 1/13/14 Bembridge IOW Scotland 6/17/15
Narrabri NSW Australia 2/11/14 Santa Barbara CA USA 6/19/15
Montville CT USA 4/7/14 Lewiston ID USA 6/25/15
Beaver PA USA 4/18/14 Emmett ID USA 6,/26/15
Mumbai MH India 4/30/14 Segovia forest SG Spain 7/2/15
Wichita Falls X USA 5/7/14 Kamloops BC Canada 7/3/15
Anthony X USA 6/2/14 Alton 1L USA 7/6/15
Lisbon IA USA 6/3/14 Cleveland NF CA USA 7/17/15
Stockton CA USA 6/16/14 Vernon BC Canada 7/23/15
Heppner OR USA 6//14 Noank CT USA 7/27/15
Tiffin OH USA 7/7/14 Roseburg OR USA 7/27/15
Kamloops BC Canada 7/8/14 Jamestown CA USA 7/30/15
Sequin X USA 7/14/14 Spearfish SD USA 8/7/15
Pasco WA USA 7/29/14 Cedar City UT USA 8/18/15
Thunder Bay ON Canada 8/4/14 Cascade Locks OR USA 8/28/15
Wairarapa MWT New Zea 8/5/14 Bayswater WA Australia 9/6/15
Hope AR USA 9/26/14 Weiser ID USA 9/8/15
Los Angeles CA USA 11/7/14 West Kelona BC Canada 9/9/15
Sandy Hook NJ USA 11/14/14 Rosetown SA Canada 9/10/15
Clewiston FL USA 12/3/14 Berserker QLD Australia 9/16/15
Otago OTA New Zea 1/15/15 Reno NV USA 9/21/15
Welcome Bay BOP New Zea 1/20/15 Yreka CA USA 9/29/15
Taupo NTL New Zea 2/18/15 Fort Hall 1D USA 10/2/15
Oyster Creek NJ USA 3/22/15 College Station X USA 10/2/15
Dennis MA USA 5/18/15 Casper WY USA 10/2/15
San Diego CA USA 6/9/15 Brownwood X USA 10/7/15
Martinez CA USA 6/16/15 Ellensburg WA USA 10/21/15

Table 1. Locations of bird-caused fires in ROWs identified through Google Alerts in 2014 and 2015. ST/PR/DI indicates State, Province, or Dis-
trict, depending on the county. New Zea indicates New Zealand. See text for Google Alert search terms.
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ST/PR /DI Country ST/PR /DI Country
Soor CG India 5/1/16 Steiner X USA 5/4/17
Brick NJ USA 5/3/16 Salinas CA USA 5/18/17
Lubbock X USA 6//16 New Cuyama CA USA 5/23/17
Maumelle AR USA 6/22/16 Three Rivers CA USA 5/26/17
Loveland CcO USA 6/30/16 Smithfield uT USA 7/3/17
Banning CA USA 7/5/16 Los Banos CA USA 7/9/17
Rio Linda CA USA 7/8/16 Topeka KS USA 7/9/17
Wareham MA USA 7/18/16 Bella Vista CA USA 7/23/17
Livingston MT USA 7/22/16 Penticton BC Canada 7/25/17
Littleton CcO USA 7/23/16 Baker MT USA 7/28/17
Spokane WA USA 7/25/16 Spokane WA USA 7/28/17
Berthoud CO USA 8/1/16 Redmond OR USA 8/2/17
Sandy Bd UK 8/17/16 Onida SD USA 8/2/17
Whately MA USA 8/23/16 Eden NSW Australia 8/18/17
Penticton BC Canada 9/5/16 Palo Alto CA USA 8/23/17
Santa Barbara CA USA 9/19/16 Great Falls MT USA 8/25/17
Great Falls MT USA 10/3/16 Penticton BC Canada 8/27/17
Pahrump NV USA 12/7/16 Regina SA Canada 9/5/17
Gippsland VIC Australia 1/15/17 Hampton VA USA 10/2/17
Carandooly NSW Australia 1/20/17 Napa County CA USA 12/5/17
Prescott AZ USA 4/20/17

Table 2. Locations of bird-caused fires in ROWs identified through Google Alerts in 2016 and 2017. ST/PR/DI indicates State, Province, or Dis-
trict, depending on the county. New Zea indicates New Zealand. See text for Google Alert search terms.
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DISCUSSION

Our high-quality data from Beale has
very little possibility of mis-attributed
causation, but the information was
narrow in scope and limited to relatively
few events. Our data from Google Alerts
were low quality, with a higher possibility
of mis-attributed causation for at least
some events, but were broad in scope
and included a large number of events.
These two complimentary data sets,
each pointing to bird contacts as
causative for fires on ROWs, lend
credibility to one another. Guil et al.
(2018) conducted a similar analysis of
fire ignition data from 2000-2012
throughout Spain and identified 30
records of wildfires caused by animal
contacts, including but not limited to
birds. Similarly, Pacific Gas and Electric
(PG&E) reported 117 animal-caused
fires to the California Public Utilities
Commission (CPUC 2018) from 2014-
2016. Presumably, some animal-caused
fires were attributable to birds, though
the animal type is not reported. Other
studies, including Lehman and Barrett
(2002), Haas et al. (2005), and Manville
(2005) provide passing references to
bird contacts resulting in fires, but do so
without providing original data. Viewed
collectively, our data, together with
various other publications on the topic,
suggest bird-caused fires may be
occurring more frequently than is
currently recognized. This suggests that
the risk of bird-caused fires warrant
ongoing monitoring and active risk
management by electric utilities. Flawed
risk assessment regarding fires may be
particularly important because bird-
caused fires tend to be ignited in
landscapes where trees are rare (Guil et
al. 2018), whereas common fire ignition
risk mitigation strategies by electric
utilities tend to focus on activities such
as tree trimming to avoid tree contacts.
Electric utilities are encouraged to
consider bird-caused fires as an ignition
source in their fire risk management
strategies to avoid liabilities associated
with this cause.

Because bird-caused fires derive
from electrocutions, mitigating bird-
caused fire risk can be achieved simply
by retrofitting power poles to mitigate
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Figure 2. Global Locations of Bird-Caused Fires in ROWSs from January 1, 2014 Through December
31,2017, as identified through Google Alerts. See text for Google Alert search terms.
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Figure 3. North America Locations of bird-caused Fires in ROWs from January 1, 2014 through
December 31, 2017, as identified through Google Alerts. See text for Google Alert search terms.
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Figure 4. Month of Bird-Caused Powerline Fires in North America from January 1, 2014 through
December 31, 2017, as identified through Google Alerts. See text for Google Alert search terms.
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bird electrocution risk. Mitigation
strategies are known as retrofitting,
which includes processes termed
redirection, separation, and insulation
(APLIC 2006; Dwyer et al. 2017;
Eccleston and Harness 2018). In all
three approaches, the goal is to modify
power poles to create 152 centimeters
(cm) (60 inches [in]) of horizontal
clearance and 102 cm (40 in) of vertical
clearance between potential phase-to-
ground and phase-to-phase pathways.
These clearances are designed to allow
perching by Golden Eagles (Aquila
chrysaetos), a commonly electrocuted
species in North America (Mojica et al.
2018). Because Golden Eagles are larger
than all other electrocution-prone bird
species in North America (except
California Condors [ Gymnogyps
californianus] which are spatially
limited), mitigation plans designed for
Golden Eagles also protect smaller
species (APLIC 2006).

Redirection uses perch discouragers
and supplemental perches to shift birds
away from high-risk locations on power
poles, typically while allowing perching
to continue at low-risk locations on the
same pole (Dwyer et al. 2017; Eccleston
and Harness 2018). Redirection was
initially a preferred approach to
retrofitting when problems of avian
electrocution were first recognized in
the U.S. in the 1970s (APLIC 2006).
However, because redirection allows
exposed energized equipment to persist,
and electrocutions also can persist,
redirection has become the least
preferred mitigation strategy in current
avian protection planning. Redirection
now tends to be used selectively on
locations where neither separation nor
insulation can be effectively applied
(Dwyer et al. 2016a; Dwyer et al.
2016b)—on overarm switches, for
example. Redirection tends also to be
used in coordination with insulation
such as covering the jumpers in the case
of overarm switches.

Separation is accomplished by
reframing poles to increase the distance
between potential contact points (Dwyer
etal. 2017, Eccleston and Harness
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Figure 5. View toward power pylon where a bird-caused fire occurred (left). View of bird carcass
(flagged) near the base of the power pylon where a bird-caused fire occurred (right).

Figure 6. Incorrectly retrofitted power pole. Lower jumpers are covered, but no other retrofitting
exists on the pole. The nestling just visible in the Red-tailed Hawk (Buteo jamaicensis) nest on the
center transformer is at high risk of electrocution (left). Thoroughly retrofitted power pole. Triangles on
each crossarm illustrate redirection, 10-ft upper crossarm illustrates separation, and covers on
jumpers, cutouts, arresters, and transformer bushings illustrate insulation (right).
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2018). Though ideal for new
construction of tangent poles in wide
ROWs, separation is impractical as a
modification strategy for existing poles
that would need to be reframed,
impractical for equipment poles that
require energized and grounded
components in proximity to one
another, and impractical in ROWs
designed for standard 2.4 meters (m)
(eight feet) crossarms.

Most current APPs focus on
insulation because insulation does not
have the same drawbacks as redirection
and separation have (APLIC and
USFWS 2005). In this context, the term
insulation applies only to protecting
against electrocution during incidental
contact by birds, not during human
contact (APLIC 2006; Dwyer et al. 2017,
Eccleston and Harness 2018). Insulation
offers three primary advantages over
other mitigation strategies. First, when
applied correctly, insulation does not
allow exposed energized pole-top
components to persist. Second,
insulation does not require reframing of
poles. Third, except for covering
jumpers, insulation can often be applied
with a hotstick from the ground,
facilitating rapid, cost-effective
reduction in bird electrocution risk.
Insulation is widely used to cover all
energized components on power poles.
This includes conductor covers and
dead-end covers on primary wires,
jumper covers or insulated wires on
jumpers, disks on switch insulators,
covers on fused cutouts, caps on surge
arresters, and covers on all energized
bushings on transformers, reclosers,
capacitors, potheads, and any other pole
mounted equipment (Figure 6).
Ilustrations of insulation are available
from a variety of sources, including
APLIC (2006), Dwyer et al. (2017),
Martin et al. (2017), and EDM
International, Inc. (EDM 2018). In all
cases where pole-mounted equipment is
retrofitted with insulation, the insulation
on jumpers connecting the equipment
must extend inside the cover on the
equipment because even very small
seams where covers abut can allow
electrocutions to persist (Dwyer and
Mannan 2007; Dwyer et al. 2017).
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Additional Information

While conducting this study, we
populated a Microsoft Excel document
containing the title, story, and web
address for each news report used in the
Google Alerts portion of this project.
This document also contains the date of
the story, and the City, County, Region
(State, Province, or District), and
Continent where the reported fire
occurred. This document is available by
contacting the authors
(jdwyer@edmlink.com) or by contacting
EDM International Inc.
(info@edmlink.com).
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Environmental assessments (EA) consider potential project
effects on valued environmental components. The temporal
scope is for the life span of the project and is often
measured in decades. In this time scale, climate change can
have direct effects on valued components: for example, it
does so by exceeding physiological thresholds of organisms,
or indirect effects, through habitat changes or by altering
biotic interactions with other species. Interactions between
potential project effects and climate change effects can
create additional risk; however, climate change effects on
valued components are rarely considered. We posit that EAs
should not only include an evaluation of potential project
effects, but also the potential effects of climate change on
valued environmental components and interactions between
the two. Paradoxically, little guidance is available to
practitioners regarding tools and approaches for such
integration. Here, we review currently available tools and

guidance and provide recommendations for practitioners.

We further provide a case study of a recently completed EA

for a Canadian mining project, focusing on the assessment of
potential climate change effects and project interactions on
five terrestrial wildlife species. We find that a scalable
approach incorporating downscaled projections of climate
change in the life span of the project, combined with
vulnerability assessments for key valued components,
provides a broadly applicable framework for integrating

climate change into EAs.
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INTRODUCTION

Environmental assessments (EAs) are a
tool to assess potential environmental
risks of a proposed project. While
methodologies vary across jurisdictions,
the generic approach is to identify and
estimate potential negative
environmental effects resulting from the
construction and operation of the
project, propose mitigation methods to
avoid, reduce, or offset those effects,
then estimate residual effects remaining
after mitigation. These residual effects
inform the determination of the
significance of negative environmental
effects, which in turn informs the
decision whether to permit the project.

Climate change confounds the
process of EAs in three important ways.
First is the effect of the project on
climate. Most projects emit some
greenhouse gases (GHGs) through
construction and operation, thus
contributing to global climate change at
some scale. It is important to estimate
these emissions to allow decision-makers
to assess the relative risks and benefits of
a proposed project and to determine the
degree to which it hinders or
contributes to national, regional, and
local commitments to reduce GHGs.

Second, climate change can have
direct and indirect effects on project
infrastructure. Extreme weather, sea
level rise, permafrost thawing, and
increased frequency and duration of
flooding or wildfires are all examples of
climate change effects that can alter the
viability of a project. Many jurisdictions
require an assessment of the effect of
the environment on the project. In an
era of changing climate, these effects
cannot be assumed to be consistent with
historic trends. Thus, assessments of
effects of the environment on the
project should include if and to what
degree climate change may have an
influence.

Finally, EAs consider potential and
residual effects to valued environmental
components (VECs)—an element of the
environment that has scientific, social,
or cultural significance as a result of the
construction and operation of the

proposed project. To do so, the current
(baseline) case is compared against a
future case that incorporates the
construction and operation of the
project. This comparison assumes
ecological conditions remain relatively
consistent between the baseline and
future case. In many cases, especially in
long timescales, this assumption can no
longer be made. Thus, an
understanding of how climate change
may affect the future case provides for a
more accurate assessment of potential
and residual project effects.

We take the position that climate
change effects should be incorporated
into EAs to better identify risks to VECs.
This will help to design more effective
mitigation measures, long-term
monitoring approaches, and adaptive
management measures. We discuss
approaches to integrate climate change
into EAs and we provide the example of
an EA for a mining project on Baffin
Island, Nunavut, Canada.

Scope of This Review

Proposed projects may interact with
climate change in three ways. The
International Association of Impact
Assessment (IAIA) recommends the
following considerations to address the
scope of climate change in EAs (adapted
from Byer et al. 2018):

1. Estimated GHG emissions of a
project, including:

a. Contributions of the project to
climate change.

b.Measures to mitigate emis-
sions.

2. Effects of climate change on
project infrastructure.

3. Effects of climate change on
project-associated valued
components (i.e., environmental,
social, or economic values),
including:

a. Assessment of climate change
effects on valued components
and interactions with potential
project effects.

b.Mitigation of those effects.
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This review focuses primarily on the
third. That is, identifying, assessing, and
mitigating risks to valued environmental
components as a result of climate
change, including potential interactions
with project effects.

The following clarifies terminology
used in this paper. First, a distinction
can be made between climate change
mitigation and adaptation. Climate
change mitigation refers to efforts to
reduce GHG emissions in order to
lessen the effects of climate change. EAs
may be used as a tool to assess the GHG
contributions of a project before they
occur. Compliance with local, regional,
or national objectives or commitments
may be considered here.

Climate adaptation includes actions
taken to help communities and
ecosystems cope with changing climate
conditions in order to moderate harm
(Field et al. 2014). In the context of
EAs, adaptation includes predicting and
adapting to climate change effects to the
project itself or VECs.

Project mitigation differs from
climate mitigation in that it refers to
efforts to reduce the residual effects of
the project on the environment (or
social or economic values).

Potential Climate Change
Effects and Project
Interactions

Projects and climate change can have
both direct and indirect effects on VEGs.
Direct effects from projects are
considered those that result from
physical habitat alteration. In terms of
species and ecosystems, this would
include the removal of a species,
community, or their habitat. Indirect
effects occur where a project
component or activity influences a
species or ecosystem indirectly. For
example, edge effects can alter the
microclimate of a forest stand; noise
may cause avoidance; roads can create
impediments to movement corridors;
hydrological alterations can alter the
function of a wetland community.

A comprehensive summary of
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potential climate change to species and
ecosystems is not possible here; many
will likely not be known until they occur.
However, it helps to categorize potential
effects to help identify where risk may
occur.

Direct effects of climate change are
those that affect the physiology of a
species. This can affect survival or
reproduction, for example, through
exceedances of physiological limits,
changes to sex ratio, exposure to
weather-related disturbances, and
changes to daily period.

Indirect climate effects refer to
those that affect the conditions species
depend on for survival and
reproduction or ecosystems or
ecological communities depend on for
existence. Effects to habitat quality and
quantity are considered indirect. These
can include breeding, foraging,
migratory, or winter habitats. Changes to
vegetation communities can occur
through drought, extreme weather
events, fire frequency and intensity, and
many other factors. Aquatic
communities can be affected by water
temperature, salinity, alkalinity, and a
host of other factors.

Project and climate effects can be
negative or positive. Negative effects of
projects are typically considered in EAs,
but positive effects through offsetting,
habitat compensation, or other
management measures should also be
accounted for.

Potential project effects are
estimated in an EA by comparing a
baseline case against a conceptual future
case in which the difference between the
two is the construction, operation, and
(sometimes) decommissioning of the
project. Other factors are held constant
so that the comparison is completed as a
snapshot of current conditions. The
influence of other projects is considered
in the estimation of cumulative effects,
but not project-related residual effects.
The lifespan of many projects stretches
into decades, well within the range of
measurable effects from climate change.
Thus, risk to a species or organism is not
captured entirely when the effects of

climate change are not considered. We
argue that a full accounting of the effect
of multi-decadal projects on VECs ought
to include changes to the baseline case
resulting from climate change.

Interactions between project effects
and climate change effects can happen
when both affect a particular VEC,
whether positive or negative.
Interactions can be additive, where both
factors push in the same direction; they
can be subtractive, where one is positive
and one is negative; and they can be
multiplicative, where the scale of the
effect of one factor influences the scale
of the effect of the other.

Guidance on Incorporating
Climate Change in EAs

The incorporation of climate change
into the EA process is an evolving field.
The inclusion of climate change in EAs
is not known to be required by
legislation or regulation in any North
American jurisdiction, although the
federal Impact Assessment Act (Bill C-
69, third reading June 20, 2018)
requires that impact assessment of a
designated project must take into
account “the extent to which the effects
of the designated project hinder or
contribute to the Government of
Canada’s ability to meet its
environmental obligations and its
commitments in respect of climate
change” (House of Commons of Canada
2018).

Irrespective of regulation, the scope
of an EA is often defined with the
inclusion of input from government
regulators and other stakeholders.
Increasingly, these stakeholders are
requesting the inclusion of climate
change concerns into the process.

Several jurisdictions have provided
guidance on incorporating climate
change into EAs. The Federal-Provincial-
Territorial Committee on Climate
Change and Environmental Assessment
(Canada FPTC 2003) provides general
guidance to EA practitioners to include
climate change considerations in project
EAs. It includes methods to estimate a

project’s GHG emissions, sources of
information for practitioners, and a
methodology to “encourage the
consistent consideration of climate
change in the EA process across federal,
provincial, and territorial jurisdiction...”
The document focuses primarily on the
estimation and mitigation of GHG
emissions and identification of risks to
the project from climate change.

Provincially, Ontario (ON Ministry
of Environment and Climate Change
2017) and Nova Scotia (Nova Scotia
Environment 2011) have provided non-
binding guidance documents on
incorporating climate change into EAs.

The U.S. Council on Environmental
Quality published guidance for Federal
agencies on how to consider GHG
emissions and climate change effects in
National Environmental Policy Act
review in 2016, which was subsequently
withdrawn in March 2017 (U.S. Council
on Environmental Quality 2017). At the
state level, only Massachusetts provides
guidance on incorporating climate
change into EAs (Commonwealth of
Massachusetts 2015), but several state
agencies, such as the Washington
Department of Transportation
(Washington State Department of
Transportation 2014), and the
California Department of
Transportation (California Department
of Transportation 2011), include
assessments of potential climate change
effects in their planning process. A
useful summary of available guidance is
provided by the Columbia Law School
Sabin Center for Climate Change Law
(Columbia Law School 2018)

Previous Examples of
Incorporating Climate Change
in Mining EAs in Canada

A review of the integration of climate
change into mining EAs in Canada was
completed in 2014 (Rodgers et al.
2014). They reviewed six past mining
EAs completed between 2004 and 2010
to assess how well climate change was
addressed. They found that the
approach to environmental impact
assessments focused primarily on the
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Project’s impact on the environment
and lacked emphasis on the implications
of changing environmental baselines or
the impact of the changing environment
on the project. The attention to climate
change impacts and adaptation within
the mining EAs was limited and
inadequate, with inconsistencies and un-
systematic approaches to addressing the
risks. Data availability, data quality,
climate science expertise, uncertainty in
model results, and differing regional
expectations were noted as challenges
within EA development. The manner in
which climate change adaptation was
considered and applied throughout the
selected EAs appeared to be largely
focused on enhancing the resiliency of
mine site infrastructure, predominately
for operational periods, and seldom as
part of closure and post-closure phases.
They found that there is a need to
utilize more robust methods of assessing
climate change risk in development of
adaptive management strategies as a
means of dealing with future weather
and climate. They further found that
much of the available guidance on
incorporating climate change impacts
and adaptations into project-level EAs
were dated and inconsistent across
provincial/territorial boundaries.

METHODS

Approaches for Integrating
Climate Change

The following presents a framework for
addressing interactions between climate
change and proposed projects. Other
tools and approaches are likely available
and worthy of merit. Practitioners are
encouraged to complete research of
their own to ensure the tools and
approaches used are best suited for
project purposes.

Scoping

A critical step in the development of an
EA is the definition of a Terms of

Reference (TOR) that clearly identifies
its geographic, regulatory, and scientific

scope. The scope of consideration of
climate change interactions should be
included at this stage so that
expectations and approach are agreed
upon by proponents, regulators, and
other stakeholders. Many projects will
not justify the inclusion of climate
change due to geographic location,
existing conditions, or project or
temporal scope. Important
considerations to include during the
development of a TOR are:

® Project lifespan. Projects with a short
lifespan may have little or no
interaction with climate change.
Those planned on a decadal time
scale will likely experience
changing conditions as a result of
climate change.

Existing conditions. Projects may be
more or less vulnerable to climate
change depending on location.
Concerns such as sea levels rise,
melting permafrost, or risk of
increased frequency or severity of
floods and wildfire should be
considered.

Existing climate change concerns or
stakeholder interests. Regulators or
stakeholders may have a particular
interest in potential interactions
with climate change. Existing
concerns with particular species,
ecosystems, or vulnerability of the
built environment may warrant
inclusion of climate change in the
TOR.

* Regulatory framework. Few, if any,
jurisdictions currently require the
inclusion of climate change in EAs.
As regulations evolve, this may
become more commonplace. In
some jurisdictions, proponents are
required to assess potential effects
of the environment on the project;
in these cases, climate change
should be considered as a
contributing factor. In other
jurisdictions, proponents are
encouraged through guidance to
consider the effects of climate
change during the cumulative
effects assessment phase.
Jurisdictional regulatory bodies
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should be consulted early in the
planning process for guidance on
these matters.

Conceptual Framework

Integrating climate change into EAs
requires responding to one or more of
the following questions:

1. Which GHG emissions will the
project have in its lifespan and how
could those emissions be mitigated,
if necessary?

2. What effect will climate change
have on the project?

3. What effect will climate change
have on VEGs, do they interact with
project effects, and how could they
be mitigated if necessary?

Tools for Assessing Potential
Effects and Interactions

Emissions Estimates

Estimates of lifetime GHG emissions
meet question #1 of the conceptual
framework; namely, what emissions will
the project have within its lifetime and
how could these emissions be mitigated
if necessary. Both direct and indirect
emissions can be considered. Direct
emissions would be those resulting from
construction, operation, and
decommissioning of a project. Indirect
emissions would result from the effects a
project may have on energy use and
balance. For example, a pipeline may
consider their upstream emissions
pathways that include emissions
associated with mining, transporting,
and processing as direct effects. Indirect
effects may include the effect of fuel
consumption following refinement and
delivery as indirect effects. These may be
offset by anticipated changes to
consumption of other fuels among
customers. Some emissions may largely
take place outside of the regulatory
jurisdiction; for example, emissions
from a project shipping fossil fuels
offshore would largely take place outside
of the regulatory jurisdiction.
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Quantified emission pathways may or
may not include those associated with
shipping offshore and consuming
elsewhere.

Downscaled Climate Projections

Any estimate of potential climate change
effects relies upon projections of
changes to climate parameters, such as
temperature and precipitation; however,
Global Climate Models (GCMs), as their
name suggests, are run at the global
scale and projections are not always
applicable at the local or regional scale.
GCM grid cell sizes (i.e., the scale at
which projections are made) have been
steadily decreasing with time, but
projections of change are still relatively
coarse, often as large as 100 km
(McSweeney and Hausfather 2018).
Projections of change at the project
scale will often benefit from downscaled
climate projections that are calibrated to
local or regional historic and current
climate parameters.

Downscaling can be achieved
through “dynamical” or “statistical”
downscaling (Murphy 1999). Dynamical
downscaling uses Regional Climate
Models (RCMs) that are similar to
GCMs, but run at the regional scale and
are able to produce projections at a
finer scale (Liang et al. 2004). Statistical
downscaling uses observed local or
regional climate data to define a
statistical relationship between global
and local climates (Wood et al. 2004;
Hayhoe et al. 2004). While both
processes can be used to reduce grid
scale size and provide localized
projections, neither can eliminate
uncertainties associated with the GCMs
from which they were derived. Statistical
downscaling performs best when local
or regional data are abundant, but
assumes that fundamental processes will
remain true as the climate warms. As a
result, it is poorly constrained for long-
term future climate projections
(McSweeney and Hausfather 2018).
Dynamical downscaling is considered
more robust, but can require substantial
model development and validation so

that process can be captured at a finer
scale (McSweeney and Hausfather
2018).

Several sources of downscaled
climate projections are available to end
users, including the Pacific Climate
Impact Consortium (PCIC 2018),
Climate North America (Wang et al.
2016), the Scenario Network for Alaska
and Arctic Planning (SNAP 2018), and
Data.gov (Data.gov 2018), among
others. Most or all sources provide
projections from multiple models;
averaging among models is often an
option. While these sources provide
publicly available data, expertise is
necessary to help guide users in
choosing appropriate models and
interpreting projections properly.
Generally, multiple projections should
be used, as described below, that may
use one or more GCM or RCM, or that
employs model averaging using several
models as input. It is recommended that
end users seek the input of climate
scientists for guidance in these
decisions.

Scenario Planning

Projections provide estimates of climate
parameters based upon a set of
assumptions regarding global emissions
pathways. A key set of assumptions is the
emissions pathway utilized in model
runs. These are potential pathways for
GHG concentrations in the atmosphere
based upon societal behavior, such as
GHG emissions, land use changes,
energy use, and technology. Most model
runs use one or more Representative
Concentration Pathways (RCPs)
(Vuuren et al. 2011) that are an agreed-
upon set of plausible emissions
pathways.

Forecasting the effects of climate
change should rely upon the use of two
or more RCPs. This will provide a range
of plausible outcomes to help interpret
potential climate change effects.
Scenario planning is a structured
decision support mechanism to help
navigate uncertainty associated with
climate change projections and effects

and facilitates discussion of potential
implications. Scenario planning allows
for the incorporation of quantitative
and qualitative data and diverse
viewpoints to examine the potential
implications involved in decision
making (Peterson et al. 2003).

Within the context of EAs, scenario
planning can be used for scoping,
stakeholder engagement, development
of mitigation measures, and decision
support. At each of these stages,
scenario planning can allow a fuller
examination of potential outcomes, the
implications of project development,
and decisions, as well as a sharing of
viewpoints among several stakeholders.
By facilitating dialogue, it can help
develop trust among proponents,
regulators, and stakeholders. This
approach is largely untested to date in
EAs, but has substantial potential for
resolving difficult decisions and
facilitating a broader understanding of
potential climate change effects.

Vulnerability Assessments

The effects of climate change on project
valued environmental components can
be assessed with vulnerability
assessments. Broadly speaking, a
vulnerability assessment is used to
identify the relative vulnerabilities of the
human-built environment, species,
ecosystems, or ecosystem services to
climate change (Nelitz et al. 2013). They
are primarily used to assess species’ risk
to climate change, but can be used for
any value that is potentially at risk. The
key attributes of an effective
vulnerability assessment is that they
address potential risk pathways in a
structured, repeatable manner.

Vulnerability assessments provide
estimates of the vulnerability of species
through describing several key
interactions between them and potential
climate change effects. They do so using
a structured, repeatable approach
incorporating climate change
projections in the time period of
interest and knowledge of the species’
biology (Glick et al. 2011). In this
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context, vulnerability is considered the
product of exposure and sensitivity to
climate change as mitigated by adaptive

capacity and can be written as a formula:

vulnerability = (exposure *
sensitivity) /adaptive capacity.

Estimates of the vulnerability of
species are achieved by assessing
interactions between climate change
and key factors such as phenology,
habitat, and biotic interactions. This
helps to rank the relative importance of
each of the key factors, assess the
uncertainty of existing knowledge, and
provide an estimate of both the
vulnerability of a species as well as the
uncertainty associated with that
estimate.

Several tools exist to complete
vulnerability assessments, but each may
have its own biases. As a result, an
assessment of the vulnerability of a
species on its own should be carefully
interpreted. Further value, however, is
gained by assessing the relative
vulnerability of two or more species
using the same approach. While biases
may still occur, they will be consistent
among taxa.

The comparison of vulnerability of
two or more species helps to identify
which species are at greater relative risk
to climate change, what key factors are
consistently important influences of
vulnerability, and where the key risks
and uncertainties lie for each species.
Further, they help to differentiate areas
in which the knowledge of potential
effects is relatively strong and where
more research or information is
necessary.

As noted, several tools exist for
completing vulnerability assessments.
Two more commonly used tools include
the Climate Change Vulnerability Index
(CCVI) created by NatureServe (Young
etal. 2015) and the System for Assessing
Vulnerability of Species (SAVS) created
by the U.S. Forest Service (USFS)
(Bagne et al. 2011). CCVI was
considered for this project but was
found to be a substantially data-driven
approach, relying on estimates of
regionally specific downscaled climate

change projections.

Landscape Modeling

Landscape modeling can be used to
simulate changes with time that result
from climate change and other
ecosystem or land use changes.
Numerous models and model types can
be used. Project objectives and scope are
important considerations for
determining modeling approach (es)
(Kerns and Peterson 2014). As with the
selection of GCMs, projects benefit from
the use of multiple models since each
provides one plausible scenario, rather
than a prediction of future state. While
landscape model outputs are spatially
explicit, projections are generally not
meant for interpretation at the site
scale.

Two approaches that are
predominantly used include bioclimate
envelope modeling and state-and-
transition modeling. Bioclimate
envelope models (BEM) infer the
geographic area in which a species
occurs according to their environmental
requirements (Hijmans and Graham
2006; Watling et al. 2013). Climate
projections can be used to define
probable shifts in habitat envelopes to
spatially predict the area suitable for the
occurrence of a particular species. This
approach provides a useful heuristic, but
has limitations in that it does not take
into account interactions among species
and with the environment, nor does it
include phenological, demographic, or
behavioral adaptation (Watling et al.
2013). Incorporating these elements
requires mechanistic niche modeling
(Kearney and Porter 2009), which can
be used alone or in combination with
climate envelope modeling. Mechanistic
models are much more data intensive
than climate envelope models and
require species-specific information on
the effect of climate on fitness traits,
which is only available for a relatively
small number of species (Watling et al.
2013). Climate envelope models, while
more general, are more broadly
applicable to a wide range of species
(Lawler et al. 2009) and comparisons
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with mechanistic models suggest
generally broad agreement between the
two (Kearney et al. 2010).

Dynamic global vegetation models
(DGVM) predict changes among
vegetation communities over time based
upon climatic information such as
precipitation, temperature, and water
vapor at a large scale. They do so by
replicating fundamental ecological
processes, such as competition and
water and nutrient uptake and loss. An
example is the MCI (Bachelet et al.
2001; Lenihan et al. 2008), which is a
DGVM that uses soil and monthly
climate data to grow vegetation as time
passes. It has biogeography,
biochemistry, and fire disturbance
modules and can be used to generate
simulations within multiple decades at
the regional scale. The Vegetation
Dynamics Development Tool (VDDT) is
a vegetation growth model that moves
cells between vegetation classes (i.e.,
defined by a combination of dominant
cover and structure) depending on
pathways that depend on deterministic
or probabilistic transitions (ESSA
Technologies Ltd. 2007).

State and Transition Models (STM)
have been used for years to predict
spatially explicit, landscape-level
changes to vegetation cover with time—
most commonly in forestry and
rangeland management (Daniel and
Frid 2011). STMs were first developed in
the 1980s to better describe and predict
vegetation cover states (Westoby et al.
1989). STMs introduce a predictive
factor by identifying the probabilities of
move from one state to another (Daniel
and Frid 2011). These models can
predict changes among different land
cover states that can occur due to land
use patterns, fire, foraging, or other
inputs that can affect vegetation cover
(Bestelmeyer et al. 2017). STMs can be
coupled with other model types, such as
Timber Supply Models, to help guide
management decisions (Carlson and
Kurz 2007; Klenner and Walton 2009).

A State and Transition Simulation
Model (STSM) is a vegetation model. It
is a generalized landscape modeling
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framework that allows for multiple
transition types at each time step and
allows for additional state variables for
each cell (Czembor and Vesk 2009;
Daniel and Frid 2011; Daniel et al.
2016). Recent developments allow for
both discrete and continuous state
variables (Daniel et al. 2018).

Since landscape modeling is based
in part upon ecosystem characteristics,
projections of change in ecosystem
parameters from climate change can be
incorporated. The attributes of STSMs
make them ideal for incorporating
climate change into models of
vegetation dynamics. Again, the
combination of models to be included
should be carefully considered
depending on project scope and
objectives. Parameters such as the end
result, interim states, rate of change, or
the change mechanisms may be
important depending on project
objectives (Kerns and Peterson 2014).

CASE STUDY

Integrating Climate Change
Effects on Valued
Components into a Mining EA
in Nunavut, Canada

Here we present a case study of the
integration of climate change into an
EA for a proposed mining project on
Baffin Island, Nunavut, Canada. All
three components of the conceptual
framework—GHG emissions of the
project, the effect of climate change on
the project, and the effect of climate
change on VECs—were addressed in the
EA; however, we focus primarily on the
last component.

The Nunavut Impact Review Board
(NIRB) is the regulatory agency
responsible for reviewing proposed
projects within the Territory. For several
reasons, NIRB has become increasingly
concerned about the effect of climate
change on infrastructure, species, and
ecosystems in recent years (Barry 2017).
Climate change is occurring more
rapidly in the Arctic than many other

areas and the future rate of warming is
expected to exceed other areas (Larsen
etal. 2014). This is causing concerns for
the human-built environment, especially
with regard to damaging ice conditions,
floods, and melting permafrost that can
damage and undermine buildings and
infrastructure (NRTEE 2009). Changes
to Arctic ecosystems have the strong
potential to exacerbate dwindling
populations of keystone species such as
caribou (Rangifer tarandus)
(Forchhammer et al. 2002; Post and
Forchhammer 2008) and polar bears
(Ursus maratimus) (Derocher et al.
2004). Many indigenous populations
rely heavily on subsistence hunting of
species (such as caribou) that are at
potential risk to climate change;
extreme weather events and less
predictable ice development can put
local human populations at risk and
complicate travel (Laidre et al. 2008;
Parkinson 2010; Brubaker et al. 2011).
Finally, the Canadian Arctic is a largely
undeveloped area that has seen
substantial developmental pressures in
recent years due to increased mining
activity, oil, and gas exploration and the
potential for the opening of shipping
routes as a result of declines in sea ice.

As a result, the NIRB has
increasingly requested proponents to
address climate change concerns in EAs.
A recent submission for a mine
development was denied in part due to
uncertainty regarding the potential
effects of climate change. The approach
taken in this project was an attempt to
provide further information regarding
potential climate change effects and
interactions with project effects and to
address some of the uncertainty through
generalized and project-specific
research.

Climate change to terrestrial wildlife
and birds, as well as marine mammals
and fish, were assessed with separate
vulnerability assessment methods.
Vulnerability assessments for marine
mammals and fish followed the
methodology of Morrison et al. (2015),
but are not considered further here. A
summary of vulnerability assessment for

terrestrial wildlife and birds is presented
here.

Methodology

As noted, several tools exist for
completing vulnerability assessments.
Two commonly used tools include the
CCVI created by NatureServe (Young et
al. 2015) and the System for Assessing
Vulnerability of Species (SAVS) created
by the USFS (Bagne et al. 2011). The
CCVI was considered for this project,
but was found to be a substantially data-
driven approach, relying on estimates of
regionally specific downscaled climate
change projections. In contrast, the
SAVS’ approach puts a greater emphasis
on existing knowledge regarding a
species’ biology, including interactions
with other species, its habitat, and
external stressors. Due to the emphasis
on existing knowledge that does not rely
on regionally downscaled climate
projections, SAVS was judged to be a
more applicable tool for this Project.

SAVS was originally developed for
use in the grassland, shrubland, and
desert ecosystems of the American
southwest, but is adequately generic that
it can be used globally. It involves a
process of answering a number of
different questions regarding four key
factors: habitat, physiology, phenology,
and biotic interactions. Each of these
factors has four to seven questions;
practitioners answer each question and
estimate the level of uncertainty of their
response. Questions can be answered
using a combination of expert
judgement and literature research.
Questions were predominantly answered
using literature research for this project.
While more time-consuming, this
approach is more transparent because
answers must be justified by literature
citations.

Once all questions have been
completed, SAVS provides an index of
vulnerability for each key component, as
well as an overall index of vulnerability
for the species. Importantly, each index
also includes an estimate of the
associated level of uncertainty. Results
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thus provide a better understanding of
risks to each species as a result of
projected climate change, but also an
indication of confidence in the
conclusion. This can help to identify
where further research may be
necessary.

The assessment considered the
2046-2065 time horizon, since it was the
most applicable of the three time
horizons used in the IPCC Fifth
Assessment Report and the project is
predicted to be complete by 2040. Three
RCP scenarios were utilized to provide a
broad representation of potential
outcomes. These included RCP2.6,
considered an extreme best-case
scenario, RCP4.5, a mid-point scenario
assuming global efforts to mitigate GHG
emissions, and RCP 8.5, an extreme
worst-case scenario in which little to no
effort is made to mitigate GHG
emissions.

For terrestrial wildlife and migratory
birds, several indicators were chosen to
represent a broad range of potential
species’ risks to climate change. Species
were chosen that were considered key
indicators that, among them, will help to
elucidate potential risks for a broad
range of species. Each were chosen to
represent broad ecological roles that
together will help to inform a
comprehensive view of potential risks to
focal species for the project. In the case
of migratory birds and wildlife, five
species were chosen:

e Caribou: resident mammal

® Snow Goose: predominantly
terrestrial migratory waterfowl

¢ Thick-Billed Murre: predominantly
marine migratory waterfowl

¢ Peregrine Falcon: terrestrial raptor

¢ Lapland Longspur: migratory
songbird

Results

Vulnerability to climate change varied
broadly by species. Snow Goose was
considered the least vulnerable to
climate change of the five species
assessed, while Thick-billed Murre was
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Figure 1. Overall Vulnerability Scores for Focal Terrestrial Species

the most vulnerable (Figure 1).
Understanding key sources of
vulnerability for each species and
considering potential effects to other
species can be facilitated by considering
vulnerabilities associated with each
category (i.e., habitat, physiology,
phenology and biotic interactions).

Habitat vulnerability refers to
potential changes in a species’ habitat
quantity or quality that may affect
survival or reproduction. It is broadly
differentiated into non-breeding (i.e.,
those habitat components that are
primarily associated with a species
survival) and breeding (i.e., those
habitat components that are primarily
associated with reproduction).

Four of the five species assessed
were expected to have some resilience
to projected changes in habitat. Caribou
may see an increase in both breeding
and non-breeding habitat due to
expansions in vegetated areas (Arft et al.
1999; Dormann and Woodin 2002;
Weintraub and Schimel 2005), decreases
in open water habitat (Prowse et al.
2006), and earlier snowmelt (Larsen et
al. 2014). Habitat quantity for Lapland
Longspurs may decrease due to the
northward shift in the distribution of tall
shrubs (Boelman et al. 2015; McFarland
etal. 2017), but breeding habitat quality
is expected to increase due to warmer
spring temperatures, earlier snowmelt,

and/or associated changes in availability
(Grabowski et al. 2013; Liebezeit et al.
2014; Reneerkens et al. 2016; Pérez et al.
2016; McFarland et al. 2017).
Additionally, agriculture may increase
the quality of winter habitat through
increased supply of various seeds for
food. The extensive distribution,
ongoing range expansion, wide range of
habitat utilized, and diversity of prey
species consumed (White et al. 2002)
will support the Peregrine Falcon (Falco
peregrinus) in adapting to changes in
habitat as a result of climate change and
behavioral plasticity is expected to help
Snow Goose (Chen caerulescens) adapt to
a changing climate (Aubry et al. 2013;
Hupp etal. 2015).

Thick-Billed Murres (Uria lomvia)
are expected to have the greatest
vulnerability to habitat quality and
quantity from climate change among
the species assessed. An increase in sea
surface temperature is expected to have
a negative effect (Irons et al. 2008) and
reductions in sea ice cover may reduce
prey availability (Laidre et al. 2008).
Conversely, earlier ice break up could
reduce the probability of reproductive
failures that can occur with heavy ice
cover (e.g., Gaston et al. 2005) and
mobility during the non-breeding
season may confer some resilience to
changing winter conditions.

Broadly, responses to changes in



Incorporating Potential Climate Change Effects on Valued Components in EAs: A Review and Case Study 41

habitat from climate change will vary
depending on species. Resident
terrestrial herbivores are at risk from
changes to abundance and distribution
of forage species and types. Increasing
shrubification of the Arctic, at the
expense of other plant types, may
negatively impact some herbivore
species, such as caribou (Larsen et al.
2014). Predator species that rely on
caribou will be vulnerable to
fluctuations in prey availability unless
they can find alternative prey. Migratory
terrestrial birds are expected to be
resilient to climate change within their
summer habitat, but effects to winter
habitat are highly variable depending on
location and extent. Migratory marine
birds are at risk due to fluctuations in
prey availability and ice conditions.

Physiological vulnerabilities are
related to direct effects on survival and
reproduction, including the potential
for exceedances of physiological
thresholds, exposure to weather-related
disturbance, survival during resource
fluctuations, and energy requirements.
Vulnerability ratings for most species are
relatively neutral, with some resilience
exhibited by Snow Goose and Lapland
Longspur (Calcarius lapponicus).

Physiological vulnerabilities for
caribou are relatively neutral, but
exposure to weather-related
disturbances presents some risk.
Extreme weather events from
unseasonal warm spells and rain-on-
snow events can cause changes in snow
pack properties, including ground icing
(Loe et al. 2016). Rain-on-snow events
and freeze-thaw cycling increase snow
thermal conductivity and hardness and
decreases snowpack thickness (Sturm
and Benson 1997). This can make travel
and access to forage more difficult and,
in extreme cases, can make forage
inaccessible. Areas of suitable habitat are
diminished, requiring greater travel in
more difficult conditions (Berteaux et
al. 2017). The most extreme rain-on-
snow events have caused massive
reindeer mortality in Norway, Siberia,
and Canada (Miller and Barry 2009;
Hansen et al. 2014; Sokolov et al. 2016).
Peregrine Falcons breeding in the Arctic

are vulnerable to extreme weather
events. Their cliff-nesting habits (often
in unsheltered sites) and relatively long
incubation and growth periods make
Peregrine Falcon eggs and young
vulnerable to inclement weather (White
etal. 2002; Anctil et al. 2014; Jaffré et al.
2015). These changes in weather are
especially significant because extreme
weather events, such as heavy rainfall,
are projected to increase in the
northern hemisphere (Min et al.
2011)—the frequency of heavy rain
events in the Canadian Arctic has
increased in the past three decades
(Anctil et al. 2014). Inclement weather
in the Arctic reduces foraging success,
nestling survival, and nesting success
(Anctil et al. 2014; Robinson et al.
2017).

Snow Goose exhibits some
resilience due to the ability to skip
breeding in resource-poor years and
increase clutch size in resource-rich
years (van Oudenhove et al. 2014).
Lapland Longspur can advance
breeding with warmer temperatures
(Grabowski et al. 2013; Liebezeit et al.
2014; McFarland et al. 2017) and vary
their diet according to prey/forage
availability (Hussell and Montgomerie
2002). Further, warmer spring
temperatures, earlier snowmelt, and/or
changes in food availability have been
linked to advancements in clutch
initiation, increased nest survival, and
higher nestling growth rates (Grabowski
et al. 2013; Liebezeit et al. 2014;
Reneerkens et al. 2016; Pérez et al. 2016;
McFarland et al. 2017).

Overall, resident species are
expected to have the greatest
physiological vulnerabilities to climate
change, primarily associated with
exposure to extreme weather events
such as increased frequency of rain-on-
snow and icing events. These can both
have direct effects on animals as well as
indirect effects through access to forage.
Warmer temperatures and earlier
snowmelt may confer an advantage to
some species. Behavioral plasticity,
especially alteration in breeding timing
and prey sources, will provide some
resilience to change.

Phenological vulnerabilities can
result from mismatches in timing
between species’ behavior and biology
and their critical resources. This can
occur where species rely on an
environmental cue to initiate activities
such as migration or breeding, or where
a species’ fitness is tied to a discrete
resource peak that is expected to
change. Snow Geese are exhibiting a
growing mismatch with food plant
phenology (Aubry et al. 2013),
including the date of peak Nitrogen
content, with the result that gosling
body mass and structural size near
fledgling can be negatively affected
(Doiron et al. 2011). Similarly, a growing
mismatch between sea ice clearing,
associated with peak prey availability,
prey composition, and chick growth
rates, with the timing of egg laying, has
been observed in Thick-Billed Murres
colonies (Gaston et al. 2005, 2009).

Phenological vulnerabilities may be
a substantial source of vulnerability,
particularly migratory species and those
that time activities to environmental
cues or discrete resource peaks.
Resident animals with behavioral
plasticity should be resilient to changes
in the timing of resources, assuming the
rate of change is not too great.
Migratory animals can adapt if
environmental cues are present, though
the lag time of behavioral change may
be a concern. For example, Snow Geese
on Bylot Island have advanced their egg
laying date by only 3.8 days on average
for a change in snow-melt of 10 days
(Gauthier et al. 2013). Other species of
concern, such as Red Knot (Calidris
canutus), Red-throated Loon (Gavia
stellata), King Eider (Somateria
spectabilis), and Common Eider
(Somateria mollissima) , will likely face
similar vulnerabilities.

Vulnerabilities relating to biotic
interactions stem from changes in
interactions with food sources,
predators, diseases, symbionts, and
competitors. Thick-Billed Murres show
the highest vulnerability to changes in
biotic interactions because the extent of
summer sea ice is expected to decline
(Larsen et al. 2014), causing an
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associated decline in the abundance of
cod, a primary prey item (Gaston et al.
2009). An increase in polar bear
predation, as has been observed in
recent years on Coats Island, could have
significant effects on survival and
reproductive success (Gaston and Elliott
2013). Caribou also show some
vulnerability resulting from changes in
forage species abundance, distribution
and cover, an increase in shrubs at the
expense of other plant types (Sturm et
al. 2001; Tape et al. 2006; Myers-Smith et
al. 2011; Ropars and Boudreau 2012),
and a reduction in nitrogen content of
primary forage species (Heggberget et
al. 2002; Turunen et al. 2009).

Changes in biotic interactions are
not expected to affect Peregrine Falcon.
Snow Goose and Lapland Longspur are
expected to display a slight resilience.
Primary food sources for Snow Goose
are expected to be positively affected by
climate change (Gauthier et al. 2013),
though a mismatch in phenologies
between the species and its food-plants
may negate this positive effect. A similar
increase in invertebrate abundance, as
observed in recent decades (Meltofte et
al. 2007; Tulp and Schekkerman 2008;
Reneerkens et al. 2016) is expected to
positively benefit Lapland Longspur, but
phenological mismatches may again
negate part or all of this benefit
(Grabowski et al. 2013).

Overall, vulnerability associated with
changes in biotic interactions primarily
relate to food sources. Primarily
terrestrial species, such as Snow Goose
and Lapland Longspur, may see an
increase in the abundance of food
sources, but food quality for species
such as caribou may diminish. Other
biotic interactions such as predators,
symbionts, disease, and competitors are
either not expected to have a large
influence on vulnerability or the results
are highly uncertain.

Discussion

Vulnerability assessments provide a
means to assess risk to species and
ecosystems as a result of climate change
and identify where interactions may

occur with potential project effects.
Where identified, mitigation measures
can be implemented to reduce the
effect of these interactions. For
example, where a certain habitat type or
life requisite is shown to be at risk to
climate change and is negatively affected
by the project, measures can be
implemented to avoid or reduce these
negative effects. Due to the large degree
of uncertainty associated with climate
change projections and effects,
monitoring and adaptive management
plans will often be the most judicious
means for identifying and reducing risk
to valued environmental components.

While several risks to climate
change were identified through the
vulnerability assessment in the case
study, none were shown to have a direct
interaction with potential project effects;
thus, it did not justify the enhancement
of existing or development of new
mitigation measures. Further, existing
monitoring and adaptive management
programs were judged to be adequate to
track changes to focal species over time.

CONCLUSIONS

Potential interactions among climate
change, project infrastructure, species,
and ecosystems are numerous, varied,
and complex. The uncertainty
associated with climate projections adds
to the complexity of the challenge to
integrate it into EAs in a predictable,
useful, and structured manner. This
review presents one conceptual
framework for doing so. Many other
tools and approaches are undoubtedly
available that may augment or replace
some of the approaches suggested here.
The discipline is in its early stages and
many revisions and refinements are
anticipated. In all likelihood,
jurisdictions will increasingly request or
require the integration of climate
change into EAs. In time, methods
described here may become
commonplace; thus, adopting early on
will help practitioners learn and refine
tools so that they may be efficiently and
effectively applied when necessary.

Part Il: Climate Change
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Incorporation of emerging climate change science into
wetland restoration and creation resulted in an innovative
wetland construction methodology, which improved wetland
function, climate resiliency, and carbon conservation during
the first growing season following construction on a
Massachusetts electric transmission line right-of-way (ROW)
project. This project provided wetland mitigation through
translocation of intact soil and vegetation from the impacted
wetland directly to the replication site, thereby minimizing
disturbance to soil, microbial, and vegetative functions and
reducing temporal functional loss. Objectives for this project
were to test and measure the success of this method in
enhancing climate change resiliency and conservation of
ecosystem carbon, improving ecological function, reducing
temporal loss of wetland function, and reducing project
costs. Since anaerobic wetland soils normally store greater
amounts of carbon than upland soils, this translocation
technique has the potential to reduce losses of carbon
function and increase climate resiliency while reducing costs

compared to a traditionally constructed replication area. The

time necessary for the translocated wetland to meet

regulatory success was also shorter than that of the
traditionally constructed replication site. The translocated
wetland resulted in reduced costs because there was no
need to purchase nursery stock and manufactured soil or

manage the construction site for erosion.
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INTRODUCTION

Functional success of wetland
construction projects, whether
restoration or creation, is mixed in
Massachusetts. The changing climate
creates additional challenges for
wetland replication due to changing
precipitation and temperature patterns
that include heavier precipitation, more
frequent flooding events and severe
storms, variable groundwater elevations,
increased drought, and higher
temperatures (Melillo 2014; USGCRP
2017). These climate changes
compound the existing stresses on
wetlands (Erwin 2009; Junk et al. 2013;
Mitsch and Hernandez 2013).
Simultaneously, wetlands provide
significant climate adaptation and
resiliency ecosystem services to
surrounding ecosystems and human
communities (Environmental Law
Institute 2008; Keddy 2010; Junk et al.
2013; ASWM 2015; Moomaw et al.
2018). In this paper, resiliency refers to
the capacity of an ecosystem to restore
healthy ecological processes and
functions, as well as complexity and
diversity following a disruption, despite
possible changes to species and species
complexes (Moomaw et al. 2018).
Wetlands store disproportionate
amounts of carbon in their soils and
biomass, relative to the area that they
occupy on land surface (Moomaw et al.
2018). Nahlik and Fennessy (2016)
report that wetlands store 20-30 percent
of the world’s soil carbon, while
occupying only five to eight percent of
global land surface. Therefore, their
value to society is likely to increase as
the climate continues to change, both in
terms of providing climate
adaptation/resiliency ecosystem services
and in terms of ongoing sequestration
of carbon from the atmosphere and
storing soil and biomass carbon. Here,
the term “sequestration” refers to the
conversion of atmospheric carbon
dioxide into plant biomass and then
into soil organic matter (Moomaw et al.
2018).

Research indicates that although
undisturbed freshwater wetlands store

more carbon than they emit due to the
activities of the microbial communities
in their anaerobic soils, newly created,
or disturbed freshwater wetlands tend to
emit more carbon than they store for a
period of time, until they reach a
“switchover point” where carbon storage
begins to exceed carbon emission. This
time period can last decades to
thousands of years (Neubauer 2014;
Bridgham et al. 2014; Neubauer and
Megonigal 2015). It should be noted
that saltwater wetlands have a different
soil biogeochemistry, and quickly
become net carbon sequesterers
following creation (Chmura et al. 2003).

If we are to prevent further climate
warming that results from emission of
carbon from created wetlands to the
atmosphere, the first priority should be
to avoid and minimize disruption of
wetland soils and vegetation. However,
when wetland impacts are unavoidable,
as is often the case with utility right-of-
way (ROW) work, wetland scientists can
identify best management practices
(BMPs) that minimize loss of soil
organic matter and soil carbon while
maximizing the capacity of restored or
created wetlands to be resilient to
changes in climate. This then maximizes
a wetland’s capacity to provide climate
adaptation/resiliency, carbon storage,
and traditional ecosystem services to
surrounding ecosystems and
communities.

In developing the experimental
wetland construction methodology
outlined in this paper, it is hypothesized
that translocating intact soil O and A
horizons (dark, organic, rich topsoil
layers) and affiliated rooted surface
vegetation directly from the wetland
impact area to the wetland
restoration/creation area will maintain
soil structure and microbial and plant
communities to a greater extent than
traditional construction methods.
Traditional wetland replication
construction methods typically involve
the spreading of wetland impact area
soil from stockpiles where the structure
and microbial communities have been
disrupted or destroyed, or spreading of
fabricated compost-based soils, which
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have no soil structure disrupted or no
anaerobic microbial communities, and
can have soil biogeochemistry that
differs from natural wetlands. Typically,
these soils are planted with nursery
stock. Development of soil structure and
mature microbial communities takes
time (Janzen 2016) and as Neubauer
(2014) reports, re-establishment of soil
carbon function similarly takes decades
to thousands of years. It is anticipated
that by preserving and translocating
wetland soil and vegetation structures,
the functions associated with those
structures would be preserved to a
greater extent than seen with current
practices.

It is anticipated that ecological
function will be enhanced by using this
experimental methodology compared to
traditional wetland construction
methods, particularly during the first
few years following construction. In
comparison to a traditional replication
wetland, in this type of experimental
replication wetland:

e Soil structure is less disturbed.

¢ Soil pedons from the impact area
are less disturbed.

e Soil microbial communities are less
disturbed.

* Native seed bank stored in the soil
is preserved and translocated.

e Soil-root contact is less disturbed.

¢ Soil surface remains vegetated
(reducing desiccation, erosion, and
opportunities for invasive species).

¢ Native wild plants adapted to site
conditions are utilized, rather than
nursery stock.

¢ The wetland is likely to experience
less impact from drought, due to
greater vegetative cover and better
retention of soil moisture during
hot, dry months.

¢ Plants experience a shorter amount
of time in transit.

¢ Temporal wetland loss is likely to
be reduced.

It should be noted that the successful
achievement of these advantages will be
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dependent upon the successful
establishment of an appropriate water
table and wetland hydrology that is
similar to the area from which the
material was removed. Should a wetland
hydrology similar to the impact area fail
to be established, it is anticipated that
shifts in soil microbial and plant
communities would likely occur, and
successful establishment of wetland
functions may be altered. Similarly,
success is more likely to be achieved
when impact area “donor” wetlands have
cohesive soils containing strong root
structure and the capacity to be cut,
removed, and placed into the receiving
wetland creation site with little loss of
soil and vegetation during the
translocation process.

Utility ROWs are excellent locations
for application of this experimental
translocation methodology because they
are typically maintained without tree
cover, thus facilitating translocation of
shrubs and herbaceous vegetation, with
intact root systems embedded within the
soil pedon. Alternatively, on forested
sites, translocating intact soil O and A
horizons and affiliated rooted vegetation
is likely to be very difficult due to the
presence of mature trees.

A New England Power Company
(NEP) doing business as National Grid
electric transmission line ROW project
site in Winchendon, Massachusetts
provided an opportunity to apply and
test the experimental translocation
hypothesis and methodology. As
mitigation for approximately 461 meters
(m) squared (4,960 square feet[f*]) of
impacts to wetlands associated with a
ROW utility access road upgrade
project, NEP constructed approximately
330 m? (3,550 1?) of wetland replication
that included areas of both restoration
and creation, and restored a hydrologic
connection to approximately 151 m?
(1,630 ft?) of disturbed wetlands. These
activities provided a total of 481 m?
(5,180+ ft?) of wetland restoration and
creation, which exceeds the 1:1 ratio for
mitigation required by the permit under
the Massachusetts Wetlands Protection
Act. The 330 m? of wetland replication
included an area of experimentally

constructed wetland restoration and
creation (Experimental Replication
Area), utilizing the translocation
method discussed above as well as an
area of traditionally constructed
restored and created wetland
(Traditional Replication Area).

LITERATURE REVIEW

A wetland construction approach similar
to the experimental translocation
method discussed above is referenced in
the U.S. Army Corps of Engineers
(USACE) “New England District
Compensatory Mitigation Guidance”
(2016), which states, “Transplanting
entire blocks of vegetation with several
inches of the original wetland soil
substrate from the impact areas has
been found effective in establishing
mitigation wetlands.” The approach
used in Winchendon went further by
preserving the full O/A horizon (i.e.,
topsoil), rather than “several inches,”
and by identifying protection of climate
adaptation/resiliency, carbon
sequestration, and carbon storage
functions as replication objectives.
According to USACE (Ruth Ladd and
Cori Rose, personal communication, April
16, 2016), the block transplanting
approach is not implemented very often
in New England. In this recent
conversation, USACE knew of only two
or three instances where block
transplanting had been implemented.

In a literature search, studies
utilizing the exact methodology
employed in Winchendon were not
found, but some studies implementing
similar approaches were identified. A
study by Brown and Bedford (1997)
found that establishment of wetland
species, both in terms of number of
species and cover area, were improved
when wetland soil was transplanted into
a drained wetland during wetland
restoration activities as compared to
control plots and to areas treated by
mowing and plowing. In addition, areas
where transplanted wetland soil was
installed exhibited fewer invasive
species. This study noted the relatively
low cost of using the transplanted soil
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seed bank as a source of plant
propagules.

Wilhelm et al. (2015) report that
carbon dioxide (CO?) emissions were
significantly reduced on a peat
reclamation site when the Peat Block
Reclamation method was used. In this
method, the researchers removed blocks
of the top ~0.3 m of peat, then harvested
deeper peat, and then replaced the top
~0.3 m of peat, which floated in the
flooded pit. However, they noted that
methane fluxes were very high, due to
post-treatment flooded conditions. No
calculation of the net carbon balance
was provided. The experimental
sphagnum floating mats were more
productive than reference plots,
indicating successful transplanting of
sphagnum. This study encompassed only
the first two years following treatment.
Additional longer-term studies and total
carbon accounting would be valuable.

Waddington et al. (2009) reported
that carbon dynamics were restored
faster at a peat reclamation site using
the Acrotelm Transplant Peat Extraction
Method, compared to Vacuum Harvest
or Block Cut extraction methods. In this
method, the living peat layer (the
acrotelm) is removed while deeper peat
is harvested. The living layer is replaced
following removal of underlying dead
peat material. The authors conclude
that this method, “...has the potential to
greatly reduce the carbon footprint of
the Canadian horticultural peat
industry.” Cagampan and Waddington
(2008) reported similar acceleration of
restoration of carbon dynamics and
accumulation using the Acrotelm
Transplant Method during peatland
rehabilitation.

After short term monitoring of
transplanted moss layers in degraded or
reclaimed peatlands, Murray et al.
(2017) observed that methane fluxes
were lower at the degraded/reclaimed
site following transplanting of the moss
layer. However, they also found elevated
carbon releases at the donor site (i.e.,
site where moss layers had been
obtained). They did note that vegetative
recovery at donor sites appeared to be
rapid, and that prevention of carbon
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releases at the reclaimed/restored site
outweighed additional carbon releases
at the donor sites (Murray et al. 2017).

These studies provide some support
for the idea that transplanting or
translocating wetland soil and/or
vegetation certain conditions can lead to
greater ecological function and
restoration of carbon dynamics.

COMMUNICATION,
APPROVALS, & COST
SAVINGS

Typically, in Massachusetts wetland
impacts are mitigated through the
creation of new wetlands or restoration
of wetlands that have been converted to
uplands. Newly created wetlands are
usually located adjacent to existing
wetlands which border or connect to
other surface waters or streams. Then,
these wetland restoration and/or
creation areas, also referred to as
replication sites, are monitored for two
or more growing seasons to ensure they
meet the requirements of the
Massachusetts Wetlands Protection Act
and any permit conditions.

The original permit approvals for
this project included the creation of two
wetland replication areas. During the
course of the project, discussion was
held on the possible translocation of the
wetland plants from the impact area to
the largest replication area. The
proximity of the impact area to the
replication area presented a perfect
opportunity for translocation. However,
approval to use this non-traditional
methodology needed to be obtained
from the client (NEP) and the local
permitting entity (the Winchendon
Conservation Commission).

Communication with NEP, the
Conservation Commission, and the
contractor was essential to the success of
this project. BSC Group, Inc. (BSC) first
discussed the translocation idea with the
client and relayed the ecological
benefits. Additionally, in explaining this
innovative methodology, the cost and
time savings for NEP and the contractor

were emphasized. Cost-savings for NEP
and the contractor were likely to result
from implementing the experimental
translocation methodology because:

¢ Soil is moved from the impact area
only once, reducing transportation
and labor costs, as compared to
stockpiling soils

¢ Costs for purchase, transport, and
installation of off-site supplemental
compost-based topsoil is eliminated

e Labor costs associated with
stockpiling, as well as associated
costs for monitoring including
installation/removal of erosion and
sedimentation materials are
eliminated

* Nursery stock, wetland seed mix,
mulch purchase, transportation,
and installation costs are
eliminated

® Wear and tear on machinery is
reduced

¢ Functional success is more likely
(assuming appropriate wetland
hydrology is established), thereby
lessening the likelihood that
remedial or reconstruction costs
will be incurred

¢ Two years of monitoring (as
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typically required under the
Massachusetts wetlands protection
act regulations) or repeated
replanting from loss of plants or
unforeseen circumstances was
unlikely

¢ Likelihood of erosion and
sedimentation issues is greatly
reduced due to the significant
reduction of exposed soil following
replication area construction

* Costs associated with invasive
species treatment are likely to be
reduced due to maintaining
indigenous species and soil surface
cover

These cost-saving measures as well as the
innovative nature of the procedure were
presented to the client. Based on our
relationship with the client, as well as
the information presented, NEP
accepted the translocation methodology.
Additional wetland replication square
footage was needed to meet permit
requirements, so a 46 m2 traditional
wetland replication site was proposed
directly adjacent to the recently
translocated wetland replication site.

Having the two replication sites side-
by-side (Figure 1) created a unique
opportunity to study and compare the

P

TRADITIONAL |
REPLICATION WETLAND|
ol

IMPACTED ("DONOR")
EXISTING WETLAND

Figure 1. Plan showing experimental replication wetland, traditional replication wetland, impacted
("donor") wetland, reference (existing) wetland, and other existing wetland
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success of the two replication
methodologies. NEP was again
approached for approval to conduct a
detailed monitoring study comparing
the translocated wetland site to the
adjacent traditionally planted wetland
replication area. A scope of work for the
monitoring study was prepared and
provided to NEP for approval. NEP
understood the benefits of the study and
immediately approved the study, thereby
funding the research provided herein.
Furthermore, the change in replication
plans and methodology required
approval from the local Conservation
Commission, and the Conservation
Commission accepted the change as a
simple field change.

METHODS

Construction Methodology
and Site Conditions

Construction of the translocated
restoration/creation area using the
experimental method (Experimental
Replication Wetland) occurred on
March 3, 2016, while the plants were still
largely dormant. Normal rainfall
conditions existed. A light dusting of
snow was on the ground at the time of
construction, and, according to data
from the Birch Hill Dam Station
(RYLM3), located at 42° 37 57" N, 72°
7' 25” W along the Millers River in
Royalston, temperatures ranged from -9
t0 9° C (15 to 48° F). 0.5 cm (0.21
inches [in]) of rain fell on March 3,
2016, and 1.3 cm (0.5 in) of rain had
fallen the day before. Following
construction of the Experimental
Replication Wetland, it was determined
that additional square footage was
needed to meet permit requirements, so
an additional created wetland was
constructed using traditional methods
(Traditional Replication Wetland) on
June 6 and 7, 2016. No rainfall had
occurred during the preceding two days,

but immediately following the
construction of the Traditional
Replication Wetland, approximately 2.4
cm (0.96 in) of rain fell. Temperatures
ranged from 16 to 26 o C (60° to 78° F).

A drought (DO rating, on US
Drought Monitor Scale,
hitp://droughtmonitor.unl.edu/aboutus/clas
sificationscheme.aspx ) was declared for
the Town of Winchendon, where the
project is located, beginning on May 10,
2016. A DO rating indicates “Abnormally
Dry” conditions. The drought was
upgraded to a D1 rating (“Moderate
Drought”) on July 5, 2016 and upgraded
again to a D3 level (“Extreme Drought”)
on September 13, 2016. On November
1, 2016, the rating level was reduced to
D2 (“Severe Drought), with no change
through January 30, 2017. The wetland
replication areas received supplemental
watering once during the last week of
July in 2016.

Experimental Replication
Wetland

Prior to moving wetland soils and
vegetation from the impacted wetland to
the Experimental Replication Wetland
site (see Figure 1), the contractor
excavated existing upland soil from the
restoration/creation area, as is typically
done to prepare a wetland restoration or
creation site. The contractor then used a
backhoe to excavate and move intact
blocks of soil that varied from
approximately 20 cm to 46 cm (eight in
to 18 in) in thickness and including O
and A horizon material, some of the
underlying B horizon (mineral soil, low
in organics) material, and rooted shrubs
and herbaceous vegetation, from the
wetland impact area to the
Experimental Replication Wetland. The
contractor placed the blocks of soil and
vegetation in proximity to each other,
sometimes immediately abutting, but
sometimes with gaps between blocks.
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Traditional Replication
Wetland

Adjacent to the eastern side of the
Experimental Replication Wetland, the
Traditional Replication Wetland (see
Figure 1) was created by excavating the
uplands to the design elevation and
then backfilling with approximately 30
centimeters (cm) (one ft) of topsoil that
was a mix of compost and mineral soil.
Nursery stock composed of wetland
plants native to Massachusetts (1 gallon,
0.9 m) (3 ft) on center cinnamon fern
(Osmundastrum cinnamomeum), 3 gallon,
1.8 m (6 ft) on center highbush
blueberry (Vaccinium corymbosum), and
wetland seed mix, specifically selected as
species that were present in the
impacted wetland, were planted, and a
wetland seed mix was spread across the
soil surface. Straw mulch was scattered

over the seeding for stabilization and to
assist in seed growth, and the site was
watered following planting.

Photograph 1. March 3, 2016—normal rainfall
conditions. Experimentally constructed wetland
replication area (Experimental Replication Area),
following translocation of soil and surface
vegetation, on construction day. Photo source:
Theresa Portante.
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Data Collection

The Experimental and Traditional
Replication Wetlands, as well as a
Reference Wetland (see Figure 1)
immediately adjacent to the
Experimental Replication Wetland, were
monitored during the fall of 2016. Data
plots were established in each of the
three wetlands, and standard USACE
data sheets (Wetland Determination
Data Form: Northcentral and Northeast
Region, Version 2.0) were completed in
accordance with the Regional
Supplement to the Corps of Engineers
Wetland Delineation Manual:
Northcentral and Northeast Region
(Version 2.0) (USACE 2012 Regional
Supplement) (USACE 2012). Desktop
data such as U.S. Department of
Agriculture (USDA) Natural Resources
Conservation Service (NRCS) soil
mapping were reviewed. Additionally,
more quantitative vegetative and soils
data were collected and analyzed, as
reported below. In order to collect more
quantitative data, including assessment
of species diversity and richness, data
plots were sized to conform to species
diversity and richness methodology (3-
meter by three-meter shrub/scrub plots
with nested one meter by one meter
herbaceous plots). These plot
dimensions are similar to plot
dimensions specified in the USACE
2012 Regional Supplement and the
Massachusetts Department of
Environmental Protection (MA DEP)
Handbook on Delineating Bordering
Vegetated Wetlands (Jackson 1995) and
were deemed sufficient for use with both
the MA DEP and the USACE
methodologies. Due to budgetary
constraints, only one vegetative plot was
monitored in each of the three
wetlands. However, these plots are
considered to be relatively
representative of the areas being
monitored, particularly given how small
the replication areas are.

Vegetation was monitored during an

Photograph 2. March 3, 2016—normal rainfall
conditions. Experimentally constructed wetland
replication area (Experimental Replication Area),
following translocation of soil and surface
vegetation, on construction day. Photo source:
Theresa Portante.

Extreme Drought (level D3) on
September 19, 2016, and hydrology and
soils were monitored during a Severe
Drought (level D2) on November 18,
2016. Temperatures during the fall of
2016 were above average
(https://www.usclimatedata.com/climate/roy
alston/massachusetts/united-
states/usma0866/2016/10). Vegetative
senescence was only partially evident on
November 18, 2016, and the growing
season appeared not to have ended yet,
based on observation of multiple green,
photosynthesizing herbaceous species.

Vegetation Methodology

Vegetation measures included species
diversity and richness (Margalef’s
Diversity [or Species Richness] Index
and Simpson’s Dominance Index),
percent cover, percent wetland indicator
species, and presence/absence of
invasive species. The formula for
Margalef’s index is:

d;=(S$1) /InN

where S= number of species and N=
total number of individuals (stem
count). This richness index standardizes
the number of species encountered
against the total number of individuals
encountered and therefore is a measure
of how “rich” (diverse) a sampling plot
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Photograph 3. March 3, 2016—normal rainfall
conditions. Newly translocated shrubs and
herbaceous species and underlying blocks of soil
on construction day (Experimental Replication
Wetland). Notice gaps (red arrow) between
blocks of soil/vegetation in some locations. Red
circle identifies a translocated block of soil and
vegetation. Photo source: Theresa Portante.

Photograph 4. March 3, 2016—normal rainfall
conditions. Well-vegetated ground surface at the
Experimental Replication Area on construction
day, following installation of soil and vegetation
blocks. Photo source: Theresa Portante.

is. In this index, a dj of 0 indicates no
diversity. The index has no upper
bound.

The second index used was a
Dominance Index (sometimes called
Simpson’s Dominance Index) which
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measures the “evenness” of the
community. The index is given by the
formula:

¢ =1-3(n;/N)? or c=(1-D)=1-(In(n-
1)/N(N-1))

where n; = count per species and N=
total count. This index is a measure of
whether a sample is dominated by any
one (or a small group of) species or is
more heterogeneous. This index is
bound between 0 and 1. In this index, a
“c” of 0 indicates that one species
dominates the sample (low or no
diversity), and a “c” of 1 indicates that
all taxa are equally represented (i.e., no
one species dominates, or high
diversity).

Hydrology Methodology

While conducting soil evaluation and
sampling at the nine soil pits on
November 18, 2016, soil saturation and
elevation of standing water in soil pits
were measured (using a tape measure
from the top of the soil pits). Prior to
November 18, 2018, an informal
assessment of soil saturation and
moisture in the top few inches of soil
was conducted in various locations in all
three wetlands.

Soil Sampling and Laboratory
Methodology

Soil profiles were logged, and depth-to-
water-table and soil saturation was
measured (using a tape measure from
top of pit) on site at three soil pits per
wetland. Soil samples were collected
from each horizon in each of the pits.
Soil samples were air dried and sent to
the University of Massachusetts Amherst
Soil and Plant Nutrient Testing
Laboratory (UMass Lab), where they
were tested for the following
parameters:

o Total Organic Carbon/Total
Organic Matter

o Carbon to Nitrogen Ratio
o Total Nitrogen

o Modified Morgan Extractable
Nutrients (P, K, Ca, Mg, Fe, Mn,
Zn, Cu, B, S, Pb, Al, cation
exchange capacity, base saturation,
and pH)

Photograph 5 & 6. June 6, 2016—Drought Rating "D0”"—Abnormally Dry. Translocating blocks of
soil/vegetation at upland buffer edge of the traditionally constructed wetland replication area
(Traditional Replication Wetland). These photos show the translocation technique, but are showing soil
and shrubs that are being salvaged and translocated from upland excavated to construct the
Traditional Replication Wetland. They are being planted in upland buffer to the Traditional Replication
Wetland. Photo source: Gillian Davies.

Photograph 7 & 8. June 6, 2016—Drought Rating “D0"—Translocating blocks of soil/vegetation at
upland buffer edge of the traditionally constructed wetland replication area (Traditional Replication
Wetland). These photos show the translocation technique, but are showing soil and shrubs that are
being salvaged and translocated from upland excavated to construct the Traditional Replication
Wetland. They are being planted in upland buffer to the Traditional Replication Wetland. Photo
source: Gillian Davies.

Photograph 9. June 6, 2016—Drought Rating “D0”—Abnormally Dry. Nursery stock being planted in
compost-based topsoil in Traditional Replication Wetland. Photo source: Gillian Davies.
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RESULTS & DISCUSSION

Construction

Intact blocks of soil /vegetation held
together well during transport from the
impact area to the Experimental
Replication Wetland. Herbaceous and
shrub vegetation was dense, with a thick
root mat that contributed to cohesion of
the blocks of soil. In general, the
transport of the complete or almost
complete O and A horizons, with intact
surface vegetation, was successful. Gaps
between transplanted blocks created a
pit and mound topography that mimics
the topography that is common in many
wetlands, including the immediately
adjacent Reference Wetland. Pits
created in the gaps between translocated
blocks were observed to hold standing
water during the wetter parts of the year,
similar to the pits in the adjacent
Reference Wetland.

Vegetation

At the end of the first growing season,
species diversity/richness, overall
vegetative cover, and percent
dominance of wetland species were
greater in the Experimental Replication
Wetland compared to the Traditional
Replication Wetland. As indicated in
Table 2, the Experimental Replication
Wetland:

- had a higher Margalef Index for
species diversity/richness than
both the Traditional Replication
Wetland and the Reference
Wetland, and

- had a similar Simpson’s Index of
species diversity to the Reference
Wetland, and higher than the
Traditional Replication Wetland.

The Experimental Replication Wetland
had a greater percentage of dominant
wetland species than both the
Traditional Replication and Reference
Wetlands, with 100 percent of the
dominant plant species (using the
Dominance Test per USACE 2012
Regional Supplement) being wetland
species (four out of five were Facultative

Photograph 10. June 6, 2016 — Drought Rating “D0"—Abnormally Dry. Completed Traditional
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Sacada

Replication Wetland with plantings and mulch. Translocated shrub is in background. Photo source:

Gillian Davies.
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Photograph 11. June 6, 2016—Drought Rating “D0”—Abnormally Dry. Experimental Replication
Wetland approximately three months after construction. Photo source: Gillian Davies.

Wetland [FACW], and one out of five
was Facultative [FAC]). The Traditional
Replication Wetland achieved a
predominance of wetland species using
the Prevalence Index method per
USACE 2012 Regional Supplement
(three FACW species, one FAC species,
and three Facultative Upland [FACU]
species, and a small number of
unidentifiable herbaceous species).
Dominant wetland plants were 67
percent wetland species in the

Reference Wetland, using the
Dominance Test (two out of three were
FACW, one out of three was Not Listed
[NL]).

The Experimental Replication
Wetland was the only wetland to meet
Massachusetts state regulatory
performance standards for percent
cover of wetland species in wetland
replication areas after the first growing
season. The Massachusetts Wetlands
Protection Act regulations (310 CMR
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10.55[4]) require that, “...at least 75
percent of the surface area of the
replacement area shall be reestablished
with indigenous wetland plant species
within two growing seasons...” The
Experimental Replication Wetland
achieved a vegetative cover that was
close to that of the Reference Wetland
by the end of the first growing season,
whereas the Traditional Replication
Wetland achieved significantly less
vegetative cover than either the
Experimental Replication or the
Reference Wetland.

Hydrology

Hydrologic indicator data were collected
from each of the three soil pits in each
of the three wetlands. Despite the Severe
Drought (“D2” drought rating)
conditions on November 18, 2016, all
soil pits in the Experimental Replication
Wetland were saturated to the surface,
and two exhibited standing water (at 15
cm [6in] and at 19 cm [7.5 in]) within
the pits. Two soil pits in the Traditional
Replication Wetland were saturated to
the surface, and one was saturated at 18
cm [7in]) below the surface. All three
pits contained standing water (at 5 cm
[2in], 23 cm [9in], and 30 [12 in] cm
below surface). All Reference Wetland
soil pits were saturated to the surface,
and contained standing water (at 3 cm
[1in], 19 cm [7.5in], and 23 cm [9
in]). In the month of November 0.1 cm
(0.04 in) of rainfall fell on November 4,
2016, a trace fell on November 7, 2016,
2.1 cm (0.83 in) fell on November 16,
2016, a trace fell on November 17, 2016,
and none fell on November 18, 2016.
Particularly in the context of the multi-
month drought, the rainfall on
November 16, 2016 was not considered
to have a significant impact on field
observations.

. J
I'\.

Photograph 12. June 6, 2016—Drought Rating “D0"“—Abnormally Dry. Experimental Replication
Wetland approximately 3 months after construction. Gaps between translocated blocks are holding
water. Photo source: Gillian Davies.
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Photograph 13. August 11, 2016—Drought Rating “D1”"—Moderate Drought. Experimental
Replication Wetland with dense vegetative cover, primarily native wetland species, and high species
diversity/richness score. Photo source: Gillian Davies.




56

Soils

Existing Soils

Soils in the project area are mapped as
Becket-Skerry association (Web Soil
Survey). The Becket-Skerry association
are well drained or moderately well
drained spodosols. Spodosols are soils
developed from leaching of mild
organic acids created by precipitation
draining through acidic plant litter at
the surface of the soil. The weak acids
translocate organic matter, iron, and
aluminum from the surface layers
deeper into the profile. This illuviation
of humic materials and sesquioxides
into subsurface layers often produces
very distinct soil colors. The hydric
component of the Becket-Skerry
association catena is the Pillsbury soil
(Coarse-loamy, mixed, superactive, acid,
frigid Humic Endoaquepts). Pillsbury
soils are poorly drained soils that
formed in loamy lodgment till in
glaciated uplands and lowlands.
Typically, the range of characteristics are
as follows: The O horizons, where
present, consist of peat, mucky peat,
and/or muck and is 0 to 4 cm (0 to 1.5
in) thick. The A horizon has hue of
7.5YR to bY, value of 2 to 3, and chroma
of 1 to 3 and will typically range from 4
cm (1.5 in) to 15 cm (6 in) in depth.
The Bg horizons are neutral or have hue
of 10YR to bY, value of 4 to 6, and
chroma of 0 to 2 with Bgl to a depth of
33 cm (13 in) and Bg2 to a depth of 58
cm (23 in) from grade (NRCS 2017).

The Experimental Replication
Wetland and the Traditional Replication
Wetland appear to have been
constructed in an area where iron-rich
groundwater discharges causing at least
some of the subsoil matrices to have
higher than normal matrix chromas.
Continued monitoring of the soil is
recommended to see how soils develop
with time. Direct observation of the
water table becomes more important in
assessing replication area success under
such circumstances.

While conducting soil observations,
it was noted that soil profiles retained
relatively normal structure and
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Photograph 14. August 11, 2016—Drought Rating “D1”"—Moderate Drought. Traditional Replication
Wetland approximately two months after construction. Partial vegetative cover, approximately 50:50
upland:wetland species, and lower species diversity/richness scores than Experimental Replication
Wetland. Mulch has dispersed. Seeding and nursery stock have not fully covered the soil. Photo
source: Gillian Davies.

Photograph 15. August 11, 2016—Drought Rating “D1”—Moderate Drought. Traditional Replication
Wetland approximately two months after construction. Partial vegetative cover, approximately 50:50
upland:wetland species, and lower species diversity/richness scores than Experimental Replication
Wetland. Mulch has dispersed. Seeding and nursery stock have not fully covered the soil. Photo
source: Gillian Davies.




Enhancing Wetland Climate Change Resiliency and Carbon Mitigation on ROW Projects 57

consistence in the Experimental
Replication Wetland, whereas compost-
based topsoil in the Traditional
Replication Wetland was loose and
lacking in soil structure. On August 11,
2016 (D1- Moderate Drought), it was
noted that the lack of soil structure and
incomplete vegetative cover in the
Traditional Replication Wetland
appeared to contribute to drier
conditions in the top several inches of
soil, compared to the Experimental
Replication Wetland and the Reference
Wetland.

Hydric Soil Indicators

Experimental Replication Wetland

Soil profile results should be considered
preliminary given that the soil profile
experienced disturbance during the
translocation. Soil in Pit E1 met the
USDA NRCS Hydric Soil Indicator F3,
Depleted Matrix, as specified in the
USDA NRCS “Field Indicators of Hydric
Soils in the United States: A Guide to
Identifying and Delineating Hydric
Soils, Version 8.0, 2016” (USDA NRCS
Field Indicators). The top 23 cm (9 in)
of soil in Pit E2 meets the “Field
Indicators for Hydric Soils in New
England, Version 3” (New England
Hydric Soil Technical Review Committee
Field Indicators 2004) hydric soils
criteria X.A. Soil from 23 cm to 28 cm (9
to 11 in) may be within the Regional
Supplement to the Corps of Engineers
Wetland Delineation Manual:
Northcentral and Northeast (Version
2.0) (2012) Problematic Hydric Soil #8:
“Discharge Areas for Iron-Enriched
Groundwater,” based on the patterning
of redoximorphic features within a
chroma 4 matrix, and the observation of
soil saturated to the surface during a
Severe Drought. Soil from Pit E3 did not
appear to meet criteria for hydric soils.

Traditional Replication Wetland

Soil profile results should be considered
preliminary given that the soil profile
experienced disturbance during the
installation process. Soil in Pit T1 may

Photograph 16. November 18, 2016—Drought Rating “D2"—Severe Drought. Experimental
Replication Wetland with dense vegetative cover, primarily native wetland species, and high species
diversity/richness scores. Relatively warm temperatures in fall of 2016 extended the growing season.
Photo source: Gillian Davies.

L bt i Y T .‘&52‘\"\ . ’J .\ N :
Photograph 17. November 18, 2016—Drought Rating “D2"—Severe Drought. Traditional Replication
Wetland vegetative cover is developing, but not as densely as Experimental Replication Wetland.
Species are a mix of upland and wetland, species diversity/richness scores are lower than those of the
Experimental Replication Wetland. Relatively warm temperatures in fall of 2016 extended the growing
season. Photo source: Gillian Davies.
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be within the Regional Supplement to
the Corps of Engineers Wetland
Delineation Manual: Northcentral and
Northeast Region (Version 2.0) (2012)
Problematic Hydric Soil #8: “Discharge
Areas for Iron-Enriched Groundwater,”
based on the patterning of
redoximorphic features within a chroma
6 matrix in a loamy sand (see
Photograph #21), and the observation
of soil saturated to the surface, weeping
at 10 cm (4 in), and standing water at 23
cm (9 in), during a Severe Drought
(November 18, 2016). Soil in Pit T2
does not meet hydric soil criteria, but
may also be located in a discharge area
for iron-enriched groundwater. Soil in
Pit T3 may be within the Regional
Supplement to the Corps of Engineers
Wetland Delineation Manual:
Northcentral and Northeast Region
(Version 2.0) (2012) Problematic Hydric
Soil #8: “Discharge Areas for Iron-
Enriched Groundwater,” based on the
patterning of redoximorphic features
within a chroma 8 matrix in a very
gravelly loamy coarse sand, and the
observation of soil saturated at 18 cm (7
in), and standing water at 30 cm (12 in)
during a Severe Drought (November 18,
2016).

Reference Wetland

Soil profile results reflect relatively
undisturbed conditions. However, it
should be noted that the Reference
Wetland, like the wetland replication
wetlands, is located within a utility ROW,
and thus has experienced historical
disturbance and continued control of
woody vegetation above a certain height
(i.e., no trees are present). Based on
observations, soil in Pit R1 is likely to
meet hydric soil criteria, although
excavation below 41 cm (16 in) was not
possible, and A horizon material
extended the full depth of the pit
(preventing a conclusive soil
evaluation). Low chroma redoximorphic
features were observed throughout the
soil profile, and high chroma
redoximorphic features were observed
from 8 to 23 cm (3 to 16 in). Oxidized
rhizospheres were observed at 8 cm (3

Part 1l:

Photograph 18 & 19. November 18, 2016—Drought Rating “D2"—Severe Drought. Ground surface

Climate Change

in Experimental Replication Wetland (on left) and in Reference Wetland (on right) at the end of the

growing season. Photo source: Gillian Davies.

P K Ca Mg Fe Mn %
Horizon 1
mg /L OM
R2-O 0 2 47 1 0.05 0 54.8
E1-Oe 0 9 4 0 0.29 0 49
E2-Oe 1 9 1 0 0.13 0 46.8
E2-Oa 0 6 1 0 0.1 0 52.7
E2-A1 3 228 920 124 31 4 45.6

!'Samples Identification are wetland type — Reference Wetland (R), or Experimental Replication (E);
the number is the replicate, followed by the horizon designation assigned in the field

Table 1. Nutrient Concentrations and Percent Organic Matter (OM) of the Organic Horizons

EF 10% 1 i
DIVERSITY/ OF DIVERSITY ‘]])E()Gl\};'lrgzll\lc'}l:l-
RICHNESS (RANGE 0-1)
Experimental

. . .34 0.74 100
Replication Wetland 2 %

Traditional

. . 1.61 0.4 50
Replication Wetland %
Reference Wetland 1.7 0.76 67%
"USACE Dominance Test.

Table 2. Vegetative results: First Growing Season (2016)
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in). Soil in Pit R2 met the USDA NRCS
Hydric Soil Indicator Al, Histosol, as
specified in USDA NRCS Field
Indicators. Soil in Pit R3 met the USDA
NRCS Hydric Soil Indicator S7, Dark
Surface, as specified in USDA NRCS
Field Indicators.

Soil Lab Experimental Results

Soil properties in the Experimental
Replication Wetland more closely
resembled those of the Reference
Wetland and retained moisture to a
greater degree than the Traditional
Replication Wetland during drought. Of
particular note (see Figure 2), pH was
noticeably higher in the Traditional
Replication Wetland (5.57 to 7.73), than
in either the Experimental Replication
Wetland (4.14 to 5.01) or the Reference
Wetland (4.20 to 4.67). The nutrient
concentrations (Table 3) documented in
this study suggest that the translocation
of soil and intact vegetation results in a
wetland replication area with soil that
more closely resembles typical hydric
soils than those found in traditionally
constructed wetland replication areas
with compost-based soil. Moreover, the
addition of significant amounts of
phosphorous (P) to the compost-based
topsoil in the Traditional Replication
Wetland may cause leaching into the
adjacent natural wetland with adverse
effects on overall growth in the natural
wetland since P is usually limiting in
freshwater wetlands. Similarly, the
increased concentrations of calcium
(Ca), and magnesium (Mg) will alter the
pH (Table 3) and, in most wetland
situations, significant pH changes will
alter vegetation patterns and impact soil
microbes. In general, soil microbial
populations will experience stress when
soil pH is lower than 4.0 or higher than
6.0. Five out of the six Traditional
Replication Wetland horizons sampled

Photograph 20. Excavation (June 6, 2016) in the vicinity of Pit T1 during Traditional Replication
Wetland construction. High chroma matrix (with redoximorphic patterning) is present with observable
water table, under Abnormally Dry conditions (drought rating of “D0"), suggesting soils in this area
are discharge areas for iron-enriched groundwater. Photo source: Gillian Davies.

Soil pH Reference Wetland -

9 Experimental Restoration [l

Traditional Restoration W

pH

l

%77

W7

0/A 0 A A A/Bg Bw/Bg

Soil Horizon

Figure 2. Mean Soil pH of the Sampled Horizons. The bar represents the mean of the soil sample
replicates, and the error bars are shown. When one treatment had a single replicate, the value of that
replicate is shown with no error bar.




60

exhibited pHs above 6.0 (from 6.85 —
7.73), with the sixth sample exhibiting a
pH of 5.57. The pH in both the
Experimental Replication Wetland and
the Reference Wetland was found to be
within acceptable soil pH range
(between 4.0 and 6.0), although on the
lower side (all but one sample exhibited
pH below 5.0). The Experimental
Replication Wetland has replicated the
typical pH for this location, whereas the
Traditional Replication Wetland has not.

The differences in soil pH between
the Traditional Replication Wetland and
the Reference and Experimental
Replication Wetlands are mirrored by
the percentage of organic matter in the
surface soils of the same treatments
(Figure 3). While there were no
differences in the amount of organic
matter in the first mineral horizon of all

plots (A) only the Reference and
Experimental Replication Wetlands had
an organic horizon (O). Additionally,
the Experimental Replication Wetland
had more organic matter in the B
horizons than the Traditional
Replication pits. Organic matter (which
is high in carbon) in the soil holds water
longer than mineral soil (thus
contributing to drought resiliency) and
is responsible for the high cation
exchange capacity (CEC) of the surface
horizons.

Similar trends were seen in the
surface horizons of the Reference and
Experimental Replication Wetlands in
Total Nitrogen (Figure 4) and Total
Carbon (Figure 5). These trends are to
be expected, since the majority of
nitrogen in non-fertilized soil comes
from the breakdown of plant and animal

Part Il: Climate Change

materials. The high organic matter seen
in Figure 3 is not all carbon, but a large
percentage of organic matter is carbon.
Note that the C:N ratios (Figure 5) are
not statistically different for any of the
treatments, because those samples which
were high in total nitrogen (Figure 4)
were also high in total carbon (Figure
5). In all samples, nitrogen is the
limiting factor to growth, as would be
expected in natural environmental
settings.

Elemental analysis of soil samples
from the different replication sites
(Tables A2 and A3 in Appendix 1)
document the notably higher
concentration of iron in the A horizons
of the Reference Wetland, 30.96 and
26.31 mg/L, when compared to either
replication type, all of which were less
than 1 mg/L.

P K Ca Mg Fe Mn
Wetland Horizon mg /L
Reference O/A mean 0.23 7.6 28 2.8 17.4 0.25
Wetland sd 0.07 5 16.5 1.6 15.8 0.252
B/Bg mean 0.55 3.3 19.8 2.1 2.7 0.131
sd 0.72 0.8 1.1 0.1 2.1 0.036
Traditional A mean 23.3 111.6 650.3 62.4 0.8 3.226
Replication sd 15.3 16 392.1 10.5 0.1 1.311
Wetland
Bw mean 0.26 40.3 65.6 8.8 2.2 0.688
sd 0.04 30.4 39.2 . 1.2 0.651
Experiment O mean 0.45 8 2 0.173
Replication sd 0.3 1.7 1.7 0.102
Wetland
A mean 0.08 4 32.1 3.7 1.8 0.53
sd 0.01 0.3 1.4 0.4 0.5 0.003
Bw/Bg mean 0.07 3.9 16.5 1.6 4 0.388
sd 0.06 4.4 14.5 1.4 5.8 0.489

Note: Nutrient concentrations of the surface and subsurface horizons from the Reference Wetland and the replication sites. Numbers
presented are the mean of the soil sample replicates and standard deviation (sd) from the mean.

Table 3. Nutrient Concentration of Surface and Subsurface Soil Horizons in the Three Wetland Areas
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Constraints and
Considerations Soil Organic Matter

We were not able to control all factors in 60
this study. It would have been preferable

Reference Wetland

to plant both the Experimental and - . ] |

. L 50 Experimental Restoration g
Traditional Replication Wetlands at the Traditional Restorati -
same time, and to monitor more raditional Restoration NN
parameters, such as directly measuring 40
greenhouse gas fluxes. We only have
data from the first growing season, 30

0 0 A

whereas longer term monitoring data
would be more informative. Our results
are preliminary, due to the single season
of monitoring. It would have been
preferable to collect data from more 10
than one vegetative plot per wetland
type. Itis likely that the replication 0
wetlands are located at least partially
within an area where iron-rich
groundwater discharges, thus adding to

20

Organic Matter (%)

B S _ & .

A A Bg Bw/Bg Bw
Soil Horizon

the complexity of evaluating the soils.
Additionally, the 2016 growing season Figure 3. Mean Percent Soil Organic Matter. The bar represents the mean of the soil sample
replicates, and the error bars are shown. When one treatment had a single replicate, the value of that

included an extended drought from o .
replicate is shown with no error bar.

May onward, so typical wetland water

tables were not available.

Total Nitrogen
CONCLUSIONS

2.5

The results of this study, in terms of soil
chemistry, vegetative richness and Reference Wetland B
diversity, percentage of dominant plants 20 Experimental Restoration —
.that are wetland speaes, as Well 2.15 Traditional Restoration
informal observations of soil moisture T

0 0

b/
2

during drought, vegetative cover and 15
density, and soil structure (or lack
thereof) strongly suggest that the overall
function of the Experimental
Replication Wetland more closely
resembles that of the Reference Wetland 0.5
after one growing season than does that
of the Traditional Replication Wetland.

1.0

Total Nitrogen (%)

0.0 i i @ = = J—
By protecting and translocating A A A
intact A and O horizons (sometimes

with inclusion of underlying B horizon

Bg Bw/Bg Bw
Soil Horizon

material) and associated rooted

VegeFatlc?n, the Experlmfi:nta.l . Figure 4. Percent Total Nitrogen. The bar represents the mean of the soil sample replicates, and the
Replication Wetland maintained higher error bars are shown. When one treatment had a single replicate, the value of that replicate is shown

levels of soil organic matter and soil with no error bar.

carbon than the Traditional Replication
Wetland, exhibited greater soil structure
and consistence, greater predominance
of wetland species, greater vegetative
cover, and greater species diversity and
richness, while replicating Reference
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Wetland pH more successfully. The
relatively high levels of soil organic C:N Ratio
matter/soil carbon, soil structure and

consistence, and establishment of an 45

intact, dense vegetative cover 40 Refere_nce Wetland ) = [ |
immediately upon installation of the T Experimental Restoration [l
blocks of intact soil with vegetation 35 Traditional Restoration —
appeared to provide enhanced soil 30

moisture retention capacity, compared
to the Traditional Replication Wetland.
Thus, the capacity of the Experimental

25

L. . 20
Replication Wetland to withstand the
effects of the 2016 drought, and future 15
drought-related impacts from climate 16
change, was likely enhanced N
immediately upon completion of 5
installation of the translocated blocks of B R

0 A A Bg

soil and vegetation. Continued 0 %
monitoring would be valuable for ; .

s Soil Horizon
further assessment of drought resilience.

C:N Ratio
A7)
LI |/J

i

Bw/Bg

72777

w
=

Due to the transfer of blocks of soil
and vegetation, which resulted in Figure 5. Percent Total Carbon. The bar represents the mean of the soil sample replicates, and the
continued vegetative cover, the error bars are shown. When one treatment had a single replicate, the value of that replicate is shown
Experimental Replication Wetland likely ~ with no error bar.
offered fewer opportunities for invasive
species to establish. Monitoring this site .
in a longer period of time would be C:N Ratio
helpful in determining if reduction of 45

invasive species is a long-term result of
40 - Reference Wetland [

the use of the experimental : .
Experimental Restoration

construction method. The construction 55 Traditional R : [ |
method employed for the Experimental raditional Restoration

Replication Wetland resulted in 30
microtopography that resembled the
Reference Wetland to a greater extent
than the Traditional Replication

25 I
20
Wetland, thus more successfully
mimicking the microtopography of 15
adjacent undisturbed wetlands. 10
Laboratory soil test results
Bg

C:N Ratio

document higher levels of soil organic
matter and soil carbon in the 0
Experimental and Reference Wetlands, 0 0 A A
compared to the Traditional Wetland, ol Heibron
demonstrating that much of the

> VA (R
7 ’V/T/ AL

Bw/Bg

1mpact.ed wetland soil organic matter Figure 6. Ratio of Total Carbon to Total Nitrogen. The bar represents the mean of the soil sample
and soil carbon were successfully replicates, and the error bars are shown. When one treatment had a single replicate, the value of that

translocated to the Experimental replicate is shown with no error bar.
Replication Wetland. In the
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Experimental Wetland, soil structure was
preserved within soil blocks, although
disrupted at the edges. Monitoring of
greenhouse gas fluxes would enable
further verification of the success (or
lack thereof) in preserving soil carbon
biogeochemistry and reducing
greenhouse gas emissions from the
Experimental Wetland. Such
greenhouse gas flux monitoring is
recommended to evaluate whether or
not the experimental translocation of
intact soil and vegetation blocks allows a
newly created wetland to become a net
sequesterer of carbon within a shorter
timeframe than wetlands created with
traditional methodologies. If the length
of time that it takes for a newly created
freshwater wetland to become a net
sequesterer of carbon can be shortened
or eliminated by implementing this
experimental method, then it has the
potential to reduce or prevent net
greenhouse gas emissions from newly
created freshwater wetlands.

Next Steps

Where site conditions allow, it is
recommended that managers of ROWs
(and similar) projects implement the
experimental replication methodology
(soil and vegetation translocation)
discussed in this paper. By doing so, they
are likely to:

¢ Achieve better ecological function
(see parameters discussed in prior
sections of article)

¢ Create wetlands with greater
resilience to changes in climate,
particularly drought

¢ Create wetlands with greater
resistance to invasive species

¢ Realize cost savings (see prior
section of article)

¢ Contribute to greater conservation
of carbon stored in soils

¢ Potentially protect soil microbial
communities, soil structure, and
soil biogeochemical functions to a
greater extent than traditional
construction methods allow, and
thus potentially prevent or reduce
net greenhouse gas emissions from
a newly created wetland. However,

direct measurement of greenhouse
gas fluxes is needed in order to
verify this idea.

Following these preliminary results, it is
recommended that further research be
conducted, particularly with regard to
monitoring of greenhouse gas fluxes. It
is hoped that wetland restoration and
creation BMPs can be developed that
minimize disruption of soil
biogeochemical processes and
greenhouse gas emissions, in addition to
more typical measures of wetland
replication and creation success.
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Organic Total . . Total
H Amm . :
p Matter Carbon Nitrate ontm Nitrogen CN
Wetland Type | Horizon | pH units %o % mg/L %o 22.2
Reference Al 4.36 8.35 5.51 1 0.25 22.2
Wetland A2 4.52 5.95 3.4 1 2 0.13 26.7
O 4.27 54.8 40.94 5 5 2.3 17.8
A 4.28 3.34 2.21 1 0.09 25.9
A 4.2 9.59 8.36 6 0.35 24.2
Bg 4.67 0.85 0.76 0 1 0.04 19.4
Traditional A 7.73 5.87 417 12 2 0.28 15.1
Wetland
A 7.68 4.34 3.58 10 2 0.22 16.1
Bw 7.35 1.23 0.41 3 1 0.02 22.1
A 7.41 5.61 4.23 22 2 0.28 15.2
Bw 5.57 0.95 0.37 2 1 0.02 17.4
Experimental Oe 4.42 49 28.03 0 1 0.86 32.6
Replication Al 4.14 45.6 28.32 2 18 1.55 18.2
Wetland A2 4.45 6.95 5.18 9 1 0.18 28.9
Oe 4.8 46.8 31.93 0 1 0.87 36.8
Oa 4.65 52.7 30.55 0 3 1.63 18.7
Bg 4.42 2.69 1.79 1 1 0.07 27.6
Bw 5.01 2.77 1.2 1 1 0.06 20
A 4.47 6.7 4.86 10 1 0.15 33.4
Bw 4.92 4.8 2.54 2 1 0.12 20.8

Table A1. Soil pH, organic matter, total carbon, nitrate, ammonium, total nitrogen, and carbon-to-nitrogen ratio for all soil samples
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P K Ca Mg Fe | Mn Cu Zn B
Wetland Horizon mg/L
Type
Reference Al 0.18 9.38 18.73 3.98 30.96 0.51 0.03 0.51 0.01
Wetland A2 0.1 3.42 15.13 1.73 3.59 0.14 0.01 0.15 0
0 0.03 0.34 7.99 0.17 0.01 0 0.01 0
A 1.02 2.01 15.27 1.64 0.26 0.08 0.01 0.04
A 0.39 14.42 29.59 4.99 26.31 0.29 0.03 0.34
Bg 0.11 2.05 18.7 1.42 2.99 0.07 0.01 0.08
Traditional A 34 104 914 57 0.76 3.27 0.03 0.77 0.32
Replication Bw 0.15 44.5 64.7 8.5 2.9 0.88 0.02 0.06 0.03
Wetland
A 8.55 67.3 275.6 36.1 0.58 2.88 0.02 0.52 0.2
Bw 0.2 25.5 44.1 6.3 1.29 0.34 0.03 0.05 0.05
A 18.4 89.7 361.2 53.2 0.61 1.33 0.02 0.52 0.3
Bw 0.13 5.92 14.4 1.78 0.66 0.07 0.01 0.04 0.01
Experimenta Oe 0.05 1.53 0.68 0 0.05 0 0.02 0
1 Replication Al 0.54 38.7 156.4 21 5.25 0.69 0.02 0.57
Wetland
A2 0.08 4.04 99.49 3.97 1.37 0.5 0 0.11 0
Oe 0.1 1.53 0.17 0 0.02 0 0.01 0 0
Oa 0 1.02 0.17 0 0.02 0 0 0 0
Bg 0.05 2.96 20.98 1.92 0.95 0.16 0 0.05 0
Bw 0.05 1.69 7.44 1.03 4.15 0.38 0.02 0.04 0
A 0.07 3.62 31.42 3.76 2.03 0.51 0.01 0.07 0
Bw 0.11 7.5 18.98 1.99 9.93 0.81 0.04 0.11

* Values for Experimental replication wetland Al are most probably not correct as it was analyzed as a mineral soil.

Table A2. Macronutrients [phosphorous (P), potassium (K), calcium (Ca), and magnesium (Mg)] and micronutrients [iron (Fe), manganese (Mn), cop-
per (Cu), zinc (Zn) and boron (B)] for all soil samples
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’ Exchangeabl .
Pb Al Na S ¢ Acidy CEC Base Saturation Soluble Sample
Salts Density
Wetland Horizon — g /] —— Ca Mg K mS/cm g/cc
Type
Al 0.82 73.38 3.95 2.67 18 18.5 2.98 0.85 0.76 0.85
A2 0.14 62.51 2.8 2.36 13 13.74 3.24 0.61 0.38 1.04
Reference O 0.16
Wetland A 0.06 40.05 2.36 1.52 16 16.8 2.67 0.47 | 0.18 1.15
A 1.47 27.3 3.72 2.99 15 16.59 4.01 1.45 1.31 0.68
Bg 0.15 6.89 2.64 | 0.63 5 5.19 7.77 1.32 0.59 1.25
A 0.32 1.9 21.25 | 15.21 0 31.17 | 86.21 8.78 5.02 1.02
Bw 0.07 21.84 | 1292 | 2.39 0 2.98 63.84 13.7 | 22.46 1.36
Traditional A 0.2 1.64 | 16.28 | 295 0 10.86 | 74.65 | 16.02 | 9.33 1.19
Replication
Wetland Bw 0.05 14.58 8.64 1.2 0 1.98 65.38 15.3 | 19.32 1.31
A 0.22 1.64 26.76 | 3.8 0 14.54 73.08 | 17.64 | 9.28 1.1
Bw 0.03 8.24 2.86 | 2.84 1 1.56 27.08 5.51 5.71 1.49
Oe 0.05
Al* 1.98 49.48 | 12.71 | 7.46 25 31.68 14.52 3.2 1.84 0.39
A2 0.14 42.61 3.32 1.53 17 17.71 4.9 0.89 0.34 0.9
Experimenta Oe 0.04
1 Replication Oa 0.08
Wetland Bg 0.06 | 4203 | 205 | 0.77 16 1647 | 375 | 056 | 021 1.14
Bw 0.12 29.86 1.57 | 2.97 7 7.03 3.11 0.7 0.36 1.29
A 0.08 36.08 3.09 2.58 15 15.86 5.83 1.14 | 0.34 0.89
Bw 0.21 41.59 3.52 9.1 9 9.8 5.49 0.98 1.15 0.98

* Values for Experimental replication wetland Al are most probably not correct as it was analyzed as a mineral soil.

Table A3. Micronutrients lead (Pb), aluminum (Al), sodium (Na), and sulfur (S) exchangeable acidity, cation exchange capacity (CEC), and percent
base saturation and sample density for mineral soil samples. Soluble salts for organic samples
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When planning a linear infrastructure, be it a road, pipeline,
railway, or transmission line, it is imperative to evaluate the
terrain conditions. Evaluating soil material, overburden
thickness, slope, drainage, and on-going geomorphological
processes, such as permafrost and landsliding, is critical in
determining the final location of the right-of-way (ROW).
This geological data provides some of the data required for
engineering design, construction, and long-term
maintenance. This need has never been more important with
changing climate conditions—especially in northern
environments where the knowledge of permafrost conditions
is poor, but the need for such data is so critical moving
forward. Failure to properly determine ground conditions
upfront in a project can result in significant future costs that

may not be included in estimating overall project costs.

This paper provides examples from two projects in Alaska
and northern Alberta where detailed terrain and geohazard
analysis completed at scales of 1:2,000 and larger have been

used to refine road, pipeline, and rail alignments in addition

to providing data for both planning and asset management

purposes.
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