Ministry of Forests Lands and Natural Resources Operations

Climate Change Adaptation Workshop:

Resilient Forests: Adapting Plans and Practices to Succeed in an Uncertain Future

Prince George February 20, 2013

Fostering Resilient Forests and Ecosystems
i Climate Change Adaptation Workshops

BC's climate is changing and extreme
weather events are expected to
increcise in frequency.

What does this mean for BC's forests?
What can we do about it?

The Ministry of Forests, Lands and Natural Resource
Operotions (FLNRO) has organized a series of reglanal
workshops to help incarparate owr understanding of
elimate chonge into forest management proctices

Workshop Content

= The Future Will Mot Be The Same As The Past!
‘What can we expact from climate change — what
are the madels and experts telling us?
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= Guiding Principles: Fostering resilience and
managing for complexity; uncertainty, and
adaptation in a changing climate — what do these
terms mean for BC forest and ecosystem
management?

Mew Perspectives: Exploring a range of plausible
futures using a climate lens: priaritizing our maost
wvulnerable forest stands and landscapes and
managing
risk, now
and in
the
future,
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+ Adaptation Teol Kit; New tools that take into
account both contemporary and future climates
across multiple scales; and,

Adapting Practices: Harvesting, sikviculture, fire
and ecosystem management practices that can be
adapted teday to foster resilient forests fora
changing climate. What can we do to take action
now?
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*Prince Gearge Warkshop is linked with the ABCEP AGM
Attend if you are responsible for...

* Designing and approving FsPs, woodlot licenca
plans, or community forest plans;

= Reforestation programs —in industry, government
(FFT, LBIS), BCTS and consulting;

= Type 4 silviculture strategies now or in the future;

# Stewardship monitoring and evaluation (&g, FREP
district level delivery);

» Assessment of climate change impacts, risk and
vulnarabilities, and in the creation of tools to
assist management;

= Compliance and enforcement monitoring andfor
cummulative effects pilots;

s Or participating inland
fuel management; and,

= MFLNR district managers and regional sikviculture
and habitat staff.

= wildfire planning or

Register by January 15" 2013 with Miki Sakamoto
250.832.3366 ex. 228.
This workshop is no charge or a minimal charge (530 if
attendance levels necessitate a non-government venus,
For more infarmation, contact Kathy Hopkins
Kathy. Hopkins@aow.be.ca.
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Module 1 Managing for Resilience

Today’s agenda

Welcome and Introductions

Executive Direction

Principles of Climate Change and Adaptation
— Climate trends, terminology and risk

Resilient Forests in a Changing Climate
— Guidance from Vulnerability Assessments
— Resilience through scenario-based risk management

What can we do now? — using:
— Overview of available tools
— Locally relevant exercises
— Done throughout the day

Lessons learned

Module 1 Managing for Resilience

A message from our executive sponsors

Welcome from:
» Dave Peterson, ADM, Executive Sponsor .

* Regional Sponsor

* Casey Macauley/Mike Larock ABCFP

15/02/2013



http://foresttalk.com/index.php/2011/03/14/steve-thomson-named-b-c-s-minister-of-forests-lands-and-natural-resource-operations/
http://youtu.be/G6aJMbq2JzM

CLIMATE CHANGE

ASSOCIATION OF
BC FOREST PROFESSIONALS

Climate Change and the
Forest Professional
An Era of Consequence

Fostering Resilient Forests and Ecosystems
workshop series, February 2013

Mike Larock RPF, Director of Professional
Practice and Forest Stewardship

Casey Macaulay RPF, Resource Operations
Specialist

ABCFP 2008 Position
Statement:

“There is a large body of scientific research showing that
climate change will have a profound effect on BC forests.
Projections of climate change and assessment of carbon
cycle dynamics should be derived from the most
defensible scientific evidence available. The ABCFP
supports a diverse range of approaches to managing
BC'’s forest land adaptively...”

Why is the profession concerned?

Professionals have a critical role:

Learning: professional development and
innovation

Professional Reliance: application of
knowledge

Managing uncertainty and risk: ‘Blind corner
ahead’

Stewardship mandate: managing for the long
term

15/02/2013




Of course,
forest professionals are used to dealing with
some uncertainty..

To forest professionals, climate change
presents another example of a non-
statutory expectation..

“Forest professionals are expected, by others, to
achieve forest resource outcomes in an
environment that does not always provide them
the authority, control or resources to produce
these outcomes..”

(N tatutory ions Series - A Di iption of Non-Statutory ions and
the Practice of Professional Forestry Sept. 2012)

What is the ABCFP doing?

CEO established the Climate Change Task
Force:

* Identify and prioritize concerns for members

« Develop guidance material or advocacy papers
» Communicate best practices and research

» Provide expert advise to other committees

Work to date:

* Member survey: baseline of awareness

« Collaborating with other professions

» Working with government and the research
community to foster awareness

15/02/2013
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Preliminary survey results:
ABCFP climate change
awareness survey (full
membership) to Jan 29th

Please check any of the following items that you would
identify as a threat to BC forests in a changing climate or
that you have observed in your region of the province.

Response Chart Percentage Count
Increased levels of natural 58% 754
disturbance/mortality due to

wildfires

Increased levels of natural 83% 1076
disturbance/mortality due to

insectsand disease

Regeneration failures 42% 548
Changesin stand-level 34% 441

productivity

Increase in invasive species 49% 634
Geneticmaladaptation 2% 290

Biome conversion (e.g. forest 31% 406

to shrub, grassland, etc.)

Business disruptions due to 40% 521

extremeweather

Other, please specify... 12% 160
Total Responses 1291

The biggest barriers | face in working to minimize the
impacts of climate change in my forestry decisions are
(check all that apply):

Response Chart Percentage Count

Lack of employer awareness of 13% 160

impacts.

Lack of employerinterestin 18% 23

minimizing impacts.

Lack of personal knowledge, 32% 410

expertise o ability.

No authority to make adaptation 3% a17

recommendations/decisions.

Lack of strategicvision or policies that 3% 543

support innovation/diversification of

practices.

Lack of guidance, standards or best 45% 567

practices.

Costs are prohibitive. 17% 2

My workload allows little time for 25% 319

this.

No barriers. 14% 181

Other, please specify... 18% 228
Total Responses. 1274
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Do you have the appropriate level of training needed
to make balanced, scientifically sound climate change
adaptation decisions in accordance with your current

scope of professional practice?

Response Chart

Yes

Percentage
1%

Count
516

15/02/2013
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59%

756

Total Responses

1272

Please indicate which, if any, adaptation practices you

are currently undertaking.

Response Chart

Research (e.g. use of climate
models, projections)

Percentage

10%

Count

125

Experimentation (e.g. small
scale pilots, operational
trials)

12%

153

Risk, impactand / or
vulnerability assessments

10%

131

Incorporatinginto strategic
planning

15%

186

Incorporatinginto
operational planning

16%

199

Practices on the ground (to
meet obligation
requirements)

19%

Monitoring and evaluation

23%

294

None of the above

46%

581

Other, please specify...

9%

110

Total Responses

1262

Messages that we are working on..

» Forest professionals must develop an

ongoing awareness.

» There is enough scientific data available for
professionals to begin pursuing adaptation.

» Policy makers and practitioners must
manage for uncertain future conditions.

» The ABCFP will advocate for and support

policies that lead to improved climate

adaptation.

» The ABCFP supports collaboration between
governments, industry, researchers and

practitioners.
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BC FOREST PROFESSIONALS

For more information, contact the
Professional Practice and Forest
Stewardship Team

www.abcfp.ca

ADAPTINGTO
CLIMATE CHANGE

Module 1 Managing for Resilience

Learning Objectives for Today

1. Understand the principles and
terminology of climate change
and adaptation.

2. How will climate change in your

region?
ape p '"
3. What do we mean by resilient g
forests and ecosystems? ——————

4. What can YOU do now to
promote resilience!

Module 1 Managing for Resilience

Work to date — building as we go

FLNRO initiatives to aid understanding

Forests, Lands and
Natural Resource Operations

We will review and reference them in
this session



http://www.abcfp.ca
http://www.abcfp.ca

Module 1 Managing for Resilience

Climate Change Adaptation Workshops Overview

Long range view for Adaptation Workshops

Modules to be created by subject area, e.g.,
Forest Health

Hydrology
Habitat

Possible multi day field based workshop

Other modules to follow based on information
availability and need — your feedback is welcome

ADAPTINGTO
CLIMATE CHANGE

PRINCIPLES OF CLIMATE CHANGE
ADAPTATION

of Climate Change and Adaptatiol

WY CLIMATE TRENDS

LIMATE CHANGE
— what can we expect globally

onally, locally?
T

15/02/2013
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Principles of Climate Change and Adaptation
Climate Trends

Personal observations

Turn to your Neighbour Discussion

« Discuss what local or regional impacts (differences) you
have observed that could be attributed to climate
change.

¢ Debrief as a group

Principles of Climate Change Adaptation
Climate Trends
Global Circulation Models and Downscaling

Mathematical representation of global
climate system (the physics) — takes
global climate and is downscaled for
interpretation — e.g. Climate WNA

Principles of Climate Change Adaptation
Climate Trends

Natural Variation i . y
o] Sl o b 51}
Climate the bigger picture ;,Wﬂﬁf"ﬁ*w“ﬁ
Decade i i
Earth’s natural climate system scale T

varies over time

Climate changes over time
with different patterns and

modes.

Century
Modes are nested in annual, scale
decadal, century and 1
millennial scales $

H

Note: Different mechanisms i
drive different modes ‘ Mi”ennium‘ |’

scale

Source: Millar 2003 .
Years before present




Principles of Climate Change Adaptation

Climate Trends

Global observations - IPCC

15/02/2013

Understanding global warming
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Principles of Climate Change Adaptation

Climate Trends
Scenarios - IPCC

Note in 2013 moving to Representative Concentration Pathways

Globel GHG emissions (Gt CO¢a / yr)

Note: SRES is the Special Report on Emission Scenarios.

il 7 powt-SAES tma) http://en.wikipedia.org/wiki/Special Report on Emissions Scenarios
I
100 The four 7 of the Fourth
i Vs
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o Summary. POF) | B More econome focus More environmental focus.
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40 14.64°C
20/ A2
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(reterogensous word) | econom deveiopment
20-54°C
Sources: IPCC 5_and_c 26
1 ;_and_c 1-Lhtml
Principles of Climate Change Adaptation
Climate Trends
What has been observed in BC
Change in AVerage Increase in winter and summer air temperature in BC between 1901-2010
Temperature
1901 - 2010

» North and interior
warming faster

* Winter warming faster
* Spring coming earlier

*  Summer warmer but
not as much change as
winter

Winter
Summer
+2.2C
I +0.8C
+1.5C




Principles of Climate Change Adaptation
Climate Trends

What has been observed in BC

Change in Average o, - - o
Precipitation _____ Canada- Annua! 1948-2010

1900-2004 5

* Overall, BC has
been getting

EAEn hulllldu L|| . |. |
* Note the prairies | ['” lm | ' I
are getting drier. ’

.

« Canada is overall
getting wetter

(Moore et al 2010)
Annual = T e e e e e e e

Yearly precipitation

Principles of Climate Change Adaptation
Climate Trends

Shifts of climate envelopes

Note: This is one representation at the zonal level using BC analogues

Current 1961-2000 J%OOl-ZOlO

2011-2040 © 2041-2070 ‘@ 2071-2090
o i TN

Source: Tongli Wang et al 2012

Principles of Climate Change Adaptation
Climate Trends

Shifts of climate envelopes

Model agreement (black) diminishes over time — (e.g., Future is more
uncertain).

) 2011 - 2040 b) 2041 - 2070 €)2071 -2100

W "‘}‘v.

Source: Tongli Wang et al 2012

15/02/2013
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Principles of Climate Change Adaptation
Climate Trends

Shifts of climate envelopes

West Kootenay 2080 output - possible climate from outside BC

climateShift_Final.pdf

Source: i1

Principles of Climate Change Adaptation
Climate Trends

Regional plausible futures

Maximum monthly air temperature

— current
o Future

Frequency

K

= N

—
7 18T 20 2 2 23 24 25 2% 27 2. 20 W A 0

[

Temperature (C)

Principles of Climate Change Adaptation
Climate Trends

Activity: Use of Plan2Adapt

//'PACIFIC CLIMATE

IMPACTS CONSORTIUM

Summary of Climate Change for So

http://www.pacificclimate.org/tools-and-data/plan2adapt

E.g., Shift of the mean
and extremes

(Spittlehouse 2012)

15/02/2013
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http://www.kootenayresilience.org/Report5_BioclimateShift_Final.pdf

Principles of Climate Change Adaptation
Climate Trends

Output from Plan2Adapt - list of impacts

! Shorter access season where winter access requires frozen road
*  Winter logging season will likely decrease
* More logs may need to be stockpiled for break-up

Opportunities for facilitated migration of tree species
. * Increased growing season and changing frost dates
+ Southerly species may be more suitable
Warmer and shorter cold season
e * Increased growing season for some commodities
+ Heating costs in cold season may decline
Earlier spring lake ice melt.
@ *  Lake productivity may decline
+ Inland fisheries, sport fisheries and related tourism affected
. + Salmon smolt migration timing may be affected

Opportunity to for participant input and discussion -

Principles of Climate Change Adaptation
Climate Trends

Tutorial — Climate BC map

= mm——

Source: Tongli Wang et al 2012 http:/iwww.genetics.forestry.ubc.ca/cfcg/ClimateBC40/Default.aspx

Principles of Climate Change Adaptation
Climate Trends

Regional plausible futures
See also PCIC summaries —tmurdock@uvic.ca
« Temperatures will increase.

Virtually Certain . Growing seasons will get longer.

« Nature and timing of precipitation will change.

Pests and diseases will increase or become more

Very Likely SEVEre,
* Frequency and size of natural disturbances will
change across the landscape.
Likely « Drier soils later in the growing season.

From: Generalities in USDA GTR NRS-87 2012 p2

15/02/2013
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Principles of Climate Change Adaptation
Climate Trends

Why does climate change matter? (Nagel et al 2012)

Arrives 9 days earlier Has leaves 11 more days

Principles of Climate Change Adaptation
Climate Trends

Why does climate change matter? (Nagel et al 2012)

Stress Disturbance

More Stress

More disturbance

Module 1 Managing for Resilience

Principles of Climate Change

Climate change terminology,

ADAPTINGTO
CLIMATE CHANGE

* Vulnerability, risk agd resilienc
relevant scales, > ’

15/02/2013
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Principles of Climate Change Adaptation

Climate Change Terminology

Vulnerability Definition (IPCC 2001)

The degree to which a system is susceptible to, or unable to cope

with, adverse effects of climate
— including climate variability

Vu |HErab
Just Aegg

change.
and extremes.

NOTE:
Vulnerability
relates to

\luy
» VALUES

VulnerabilityV = f (E, S, A)

— Exposure (E), (i.e., the magnitude of climate change)

— Sensitivity (S), (sensitivity to change)
— Adaptive capacity (A) (ability to adapt the system to the change)

Sources: From Morgan - Turner et al. 2003, Smit and Pilifosova 2003, Ford and Smit 2004,

IPCC 2007

Principles of Climate Change Adaptation

Climate Change Terminology

Vulnerability — balancing E & S with A

Vulnerabi

"The degree to whicl a system is susceptible to, o
unable to cope with adverse effects of climate

change, including climate variability and extremes”

+

Potential impacts PI
'All impaets that may oceur
projected change in

without considering

Adaptive capacity AC
"The ability to adjust to climate change

[ (including climate v
o moderate potential damages, to take

ability and extremes)

advantage of opportunities, or 1o cope with

adaptation”
the consequences’
/+ i \
Exposure E Sensi s
“The nanure and "The degre fo which a system is affected cither
degree to which a adversely or beneficially, by climate-related

system is exposed to
significant climatic
va -

“flood

stinmli. The effect

be (Lnen[ (e.g damages

of coastal

e
ing dm- 1\1 sen level rise”

Sources: Locateli et al. 2010. Forests and adaptation

: challenges and

2). In Forests and Society—Responding to Global Drivers of Change (Morgan and Daust 2012)

Principles of Climate Change Adaptation
Climate Change Terminology

Assessing Vulnerabili

ity - EXERCISE

(ch

Vulnerability V = f (E, S,
inutes)

Group Exercise (TIME =5 mi

A)

1. Provide one tree species
your area?

—  Where and why?

that will become vulnerable in

2. Whatis a vulnerable ecosystem?

—  Provide one

15/02/2013
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Principles of Climate Change Adaptation
Climate Change Terminology

Adaptation and Mitigation

* ADAPTATION — WHAT WE CAN DO...
— Actions to moderate the vulnerability of forests and ecosystems
— Manage forests to become more healthy, resistant, & resilient
— Facilitate ecosystem responses to climate change when
appropriate

* MITIGATION As IT RELATED TO FOREST MANAGEMENT
— Use of forests to sequester carbon, provide renewable energy
from biomass, & avoid carbon emissions from fossil fuels, fire,
mortality, and conversion in a thoughtful manner

B

Principles of Climate Change Adaptation
Climate Change Terminology

Adaptation and Mitigation

The role of forest management:

“In the long term, a sustainable forest
management strategy aimed at maintaining
or increasing forest carbon stocks, while
producing an annual sustained yield of
timber, fibre or energy from the forest, will
generate the largest sustained mitigation
benefit.”

http://www.fao.org/docrep/012/i1580e/i1580e00.pdf

Principles of Climate Change Adaptation
Climate Change Terminology

Ecological Resilience — Thoughts from BC Ecologists:

The Long-term goal of managing for
ecological resilience is:
Use forest management practices that
minimize the risk of:
« the risk of rapid, unexpected
ecosystem changes

« that could in turn generate negative
socio-economic pressures”.

E.g., MPB — impact on timber, visuals,
water, wildlife habitat, carbon
sequestration...

From: Campbell, E.M., S.C. Saunders, K.D. Coates, D.V. Meidinger, A. MacKinnon, G.A. O'Neill, D.J.
MacKillop, S.C. DeLong, and D.G. Morgan. 2009. Ecological resilience and complexity: a theoretical
framework for understanding and managing British Columbia's forest ecosystems in a changing climate. B.C.
Min. For. Range, For. Sci. Prog., Victoria, B.C Tech. Rep. 055. www.for.gov.be.ca/hfd/pubs/Docs/Tr/Tr055.htm

15


http://www.fao.org/docrep/012/i1580e/i1580e00.pdf

15/02/2013

Principles of Climate Change Adaptation
Climate Change Terminology

Resilience — it is about values

PNCAT. JiThs oo

Stockholm Resilience Centre

Seseash for Gaveraice o Social Lol Spsems

“Resilience is - the long-term capacity of a system to deal with
change and continue to develop.”

For a forest ecosystem...it is the capacity to deal with:
« storms, fires and pollution,

For a society ... it is the capacity to deal with:
« political uncertainty or natural disasters.
« inaway thatis sustainable in the long-term.

From html

Principles of Climate Change Adaptation
Approaches to Adaptation

Limits to Resilience

Many boreal conifer forests areg
however the spe.
turba
erates. Hence, thi
to fire but it is highly re:

From: Forest Resilience, Biodiversity, and Climate
Change A Synthesis of the Biodiversity/Resilience/Stability
Relationship in Forest Ecosystems 2009 47

Principles of Climate Change Adaptation
Climate Change Terminology

Resilience - Discussion

Characteristics of Resilient Ecosystems —
What do these terms mean to you?

1. Complex
2. Diverse » 3
6. Multiple representation of
3. Rich biological legacies values
4. Seed & pollen dispersal 7. Connectivity
5. Vigorous vegetation with 8. Reduced exposure and
ample growing space sensitivity to large scale
disturbance!

E. Campbell et al (2009) (as summarized by Don Morgan, MFLNRO)

16
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What can be done now?
Exercise

GROUP EXERCISE - Tree Species Options

To explore species options for a changing climate on some
high risk local sites —incorporation into FSPs

Local situation where species changes are warranted — provided
or agreed upon by participants.

How do you determine where there may be a desire for different
species — either due to risk or opportunity? What information
is available?

Describe who you think should be involved in the process for
making the case for the changes?

What information would you suggest you would use to help

make the decision? — e.g., what tools and or information
sources?

Exercise to take 30 minutes for discussion and group summaries S
an additional 30 minutes to debrief

. 4 W \ hod
Module 1 Managing for Resilience

ADAPTINGTO
CLIMATE CHANGE

e ARG

Principles of Climate Change Adaptation
Considering Uncertainty

Risk and Uncertainty

Risk is the likelihood that an undesirable outcome

will occur, considering the consequences associated
with that outcome.

E.g., Higher consequence = higher risk with the
same likelihood.

Uncertainty describes the quality of our
knowledge concerning risk.

Uncertainty is not the same as unknown, for
example, we know the climate in the future will be

different — we just are not certain what that will
look like.

tp: k.
Climate adaptation: Risk, uncertainty and decision-making UKCIP Technical Report May 2003

15/02/2013
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Principles of Climate Change Adaptation
Considering Uncertainty

Risk, Resilience and Uncertainty

« Some sources of uncertainty are quantifiable,
— particularly as climate observation networks improve.

« Others are not — consider the cumulative global GHG emissions
from human activity in 2050 or 2100.

« Nonetheless, uncertainty is not the same as incorrect
information, nor does it mean we know too little to act”.

emissions-reduction-simulator/

hitp:/fwww.ukcip.org.ukiwordpress/wp-content/PDES/Risk.pdf
Climate adaptation: Risk, uncertainty and decision-making UKCIP Technical Report May 2003

Principles of Climate Change Adaptation
Considering Uncertainty

Decisions made in the face of uncertainty

« “Decisions are routinely made in the context of military operations,
monetary policy or financial investments—to name a few
examples—where levels of uncertainty often exceed those of
climate projections” (Mabey and others 2011).

Asset Classet
Eamings
Cash Flow
PaL

FXB interest Rate
[

~x
interest Rate
Counterparty

Disaster
Data ntegrity
Complance.

Frocess mtegrty
: http://www.quantrisk.com/optimization.php.

http://www.ukcip.org. wp-content/PDFs/Risk.pdf
Climate adaptation: Risk, uncertainty and decision-making UKCIP Technical Report May 2003 B

Principles of Climate Change Adaptation
Considering Uncertainty

Risk in the context of likelihood and consequences

Adding in Likelihood and Consequence — What is the Risk?

Consequences
Likelihood  [EETTT AP TS Moderate Major Severe

Almost certain

Likely

Possible

Unlikely

Rare

http://andrewmedia.dyndns.org/Dartnell/images/risk_matrix.qgif

18


http://www.ukcip.org.uk/wordpress/wp-content/PDFs/Risk.pdf
http://www.ukcip.org.uk/wordpress/wp-content/PDFs/Risk.pdf
http://www.ukcip.org.uk/wordpress/wp-content/PDFs/Risk.pdf
http://www.ukcip.org.uk/wordpress/wp-content/PDFs/Risk.pdf
http://www.ukcip.org.uk/wordpress/wp-content/PDFs/Risk.pdf
http://www.ukcip.org.uk/wordpress/wp-content/PDFs/Risk.pdf
http://andrewmedia.dyndns.org/Dartnell/images/risk_matrix.gif

15/02/2013

ADAPTINGTO
CLIMATE CHANGE

RESILIENT FORESTS IN A CHANGING LANDSCAPE
Guidance from Vulnerability Assessments

Principles of Climate Change Adaptation
Guidance from Vulnerability Assessments

Where to start?

*  What constitutes Low vs High Risk from Climate Change?
*  Where to start? — Local Vulnerability Assessments

Kootenay’s FFESC project
Even with uncertainty direction can be
provided: e.g.,

estHantenay Cimate vulearabilty and Baslienee Praject

Repart 41:

Climate Sensitive Silviculture Prescriptions: merabiiny,Resiience s Chomate Change:
o

“In the West Kootenay's, initially these
should focus on the highly vulnerable
valley-bottom/ mid-elevation landscapes

where forests could be significantly altered
in the near term.” [ ————

Utzig et al. 2012
www.kootenayresilience.org

Principles of Climate Change Adaptation
Guidance from Vulnerability Assessments

Where to start?
* Local Vulnerability Assessments - Example output:
Kamloops FFESC Project

R SE T Natursl disturbance as @ “stand-replacing impact” on the
landbsse over the next 100 years could double relstive to the
previous century.

This represents a sgnficent thieat to property and safety in the
urhan interfzce, recreational areas and agricultural ands.

As well, by 2100, age ciass distributions are projected to become
highly skewed to younger ages - with most stands younger than 60
years of age. Assodiated threats

+  Significant reduction in timaer harvesting fiows in the twenty-
second century.

* Threats to species that rely on old growth habitat with a
dramatic decline in all okd growth patches (30-50%) and an 0%
reduction in large (> 1000 ha] patches

Kamloops FFESC project
Nelson et al 2012 (111 /) for.gov.be. forests/council/
Zielke et al 2009 /1ip/ for.gov.be. 0psEES.htm

19
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Principles of Climate Change Adaptation
Guidance from Vulnerability Assessments

Where to start?

Management strategies for elimate-change

adaptation in the Nadina Farest District

Nadina FFESC project

Effects on hydrology in the Nadina

In general, the Nadina follows the climatic trends and refated hydrological impacts projected for
BC (Table 5
Table 5. 5 in winter torm impacts and L pike etal,
20083, bj.
Winter Sommer Tmpacts  Streamhiow
Temp T Temp T Frequancy & magnitue T Snowmel: = hytrd rain/inow driven
Precptation & Precptstond 1 Landsides T Rain an soow events T
Bainfall - Evazorative demand +  alanche 4 Earerfresher
Sroutald Flars rarspiration 1 Erosion T Peak fiow T
Srougac & Sedmentation
Snowlive up Bnorth  Stream/laketema A Biglog jams Low fow period 1+

er 1 Rizk to zzimen Channel stabity b Perennial sresm  intermittent

Log suppiy liang term) &

http://bvcentre.calresearch/project/a_multi-scale_trans-disciplinary vulnerability assesst men .

ADAPTING TO
CLIMATE CHANGE

I‘ie,‘?ilience through Scenario-based
~_Risk Management ; i«

Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

STEPS

1. Anticipate the effects of climate
change.

2. Explore approaches to promote
more resilient forests with the
anticipated effects.

3. Choose the preferred options to
manage risk.

4. Empower their use.
5. Monitor and adapt accordingly
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Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

1. Anticipating Effects of Climate Change

A REAL LIFE EXAMPLE of PROMOTING
RESILIENCE by ADDRESSING RISK

Alex Fraser Research Forest - observations
Weather seems unpredictable

« Drought (2010)

* Record snowpack (2011)

« Winter rainfall (2003)

« Warmer winter minimum temperatures

« Hotter summer maximum temperatures
« More humidity

« Return periods for extremes appear
closer and more varied

Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

2. Explore Approaches — Scenarios and Risk Assessment

= Riskrating i
hasbeen By
=~ g

=g

done

= First1993
= Updated X 2ok ;
1997, A iy
2001,

2007 5

Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

3. Manage Risk with Preferred Options — UBC example

Example: Set Sensible Harvest
Priorities

a) Consider the risk of loss =
il GE \ b) Management Plan #3 (2007)
—  Establish a harvest queue

Harvest Priority
—  Harvest most likely to be 1

lost first

Imminent loss

2. Dead and dying
—  Reuvisit the priorities 3. Regeneration cuts in

periodically partial-cut systems

At risk of infestation
Declining vigour
Affected by disease
Healthy vigorous timber

S O Qs
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Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

4. Empower the Use of Preferred Options

KEY LESSON - Mountain pine beetle has confirmed:
many of the lessons of the old textbooks remain sound
Empowering Preferred Management

Options:

« Manage for vigorous stands

« Cut stands with greatest risk of loss

« Be aggressive when markets are
favorable

« Be careful with investments

« Incorporate risk in operational decision-
ma:<ing — use climate change adaptation
tools.

Remain vigilant, MONITOR, watch for
new risks, ensure plans are forward
looking!

Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

5. Monitor to ID issues as they emerge

What is being done?

FH monitoring initiatives include:
100% survey of FG blocks,
Stand Development Monitoring,
Provincial aerial overview survey
Provincial FH report, annually
updated TSA Forest Health
strategies.

Remember Your best source
of info is your Regional Forest
Health specialist!

These data sources should show what the current status of FH in your area.
What other sources of information are there? - E.g., Link to RESULTS output

Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

5. Monitor to ID issues as they emerge

In your area will this situation worsen with CC, remain the
same or decrease?

How will you know?

What could we do better?

E.g., DFS
Dothistroma Needle Blight (Dothistroma septosporum)
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Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

Dealing with Risk and Uncertainty

Be an adaptive thinker...
* Instead of fighting change work with it.

» Accept uncertainty, and use the best available
information - revise as we learn more.

+ The past is not the future — new ways of thinking
may be needed.

» Focus on how forests grow and change instead of
what they look like.

+ Recognize we live with risk, and need to manage
our behaviour and risk tolerance.

1Adapted from Natural Inquirer, Climate Change Edition Number 14
http://www.naturalinquier.org

Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management

Dealing with Uncertainty

Need a Planning Framework to...

» Monitor and collect more data to help
clarify key uncertainties

» Collaborate with researchers

— Explore uncertainties

— Test assumptions

» Revisit mgmt options with the latest
science and data.

If this is in place — you will not be paralysed
by uncertainty

Module 1 Managing for Resilience -

ADAPTINGTO
CLIMATE CHANGE
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Resilient Forests in a Changing Landscape
Resilience through scenario-based risk management
Anticipating effects from climate change

TRENDS
Area burned (wildfires) projected to DOUBLE

Spatial simulation - at 2060-2070
10 year area burned by stand replacing fires.

BC Wildfire Management Future Reality

What can be done now?
Tools

Available tools

An opportunity to
discover the range and
utility of available tools

Note tools include,
memos, summaries, and
model outputs.

ADAPTINGTO
CLIMATE CHANGE
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Lessons Learned

GROUP DISCUSSION - What are you going to do
differently based on what you learned today?

Lessons Learned
What is on the horizon to help?

Some FLNRO Initiatives to help moving
forward:

1. Action Plans for climate change adaptation
(introduce the ‘Forest Stewardship’ Action Plan,
and need for regional or district level action
plans)

2. Keeping score on climate change adaptation
(introduce the ‘Resilient Forests’ Scorecard)

3. Reporting out annual accomplishments for
climate change adaptation (linkages to
FS/Resilient Forests actions)

Module 1 Managing for Resilience

Climate Change Adaptation Workshops Overview

Long range view for Adaptation Workshops

Modules to be created by subject area, e.g.,
Forest Health

Hydrology
Habitat

Possible multi day field based workshop

Other modules to follow based on information
availability and need — your feedback is welcome
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Change is here

QO ‘ Think, Learn,

{‘ Act, Think again

ADAPTINGTO
CLIMATE CHANGE

15/02/2013

26



Links to various tools available for practitioners

Ministry of Forests, Lands and

Natural Resource OperameS'—-——--.'._

Adaptation Knowledge and Tools for Forest Stewardship

This site provides links to B.C.'s forest policy, tools and knowledge for adapting to climate change. Forest managers
can use this information to adjust their plans and practices so that forests remain resilient in a changing and variable
climate.

+ The Forest Policy elements form part of B.C.'s forest management framework. They are under the auspices of
the B.C. Ministry of Forests, Lands and Natural Resource Operations.

» Tools are ready to be used by forest managers for adapting to climate change.

+ Knowledge provides more in-depth information on incorporating adaptation into forest management.

+ New! Climate Change Adaptation Workshops Fostering Resilient Forests and Ecosystems
BC’s climate is changing: What does this mean for BC forests, and what can we do about it? Workshops
will be held in six locations in February and March 2013, For more information or to register, see:
hitp:/fwww.for.gov.bc.ca/ftp/HFP/external/lpublish/ClimateChanoe/Workshops

= Resilient Forests Newsletter No 2: November 2012. This issue focuses on tools for fostering resilient forests.
These tools include, e.g. cimate change projections, adaptation workshops, Type 4 Silviculture Strategies, and
the tree species selection tool.

+ Resilient Forests Newsletter Mo. 1: February 2012 B.C.'s Forest Stewardship Action Plan for Climate Changs
Adaptation

A companion document to Fostering Resilient Forests and Ecosystems — Climate Change
Adaptation Workshops — winter 2013

The following links are meant to help integrate Climate Change into your day to day practice.
They cover a range of topics, some provide computer adapted tools, and others provide
guidance as text or examples. There is much to see, take your time, drill-in and enjoy.

The Climate Change Adaptation Team - February 2013

1|Page
Links for CC Adaptation workshop updated Feb 15_13
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Climate Change Policy link
http://www.for.gov.bc.ca/het/climate/knowledge/index.htm

Climate-Based Seed Transfer policy and guidance link

Chimate Change Adaptateon;
Transitioning to a Climate Based |Forest
Tree| Genetic Resource Conservation and
Management Systam in British Columbia

http://www.for.gov.bc.ca/hti/climate based seed transfer/index.htm

http://www.for.gov.bc.ca/hti/climate based seed transfer/2cbst project.htm

e Ongoing project; see CBST project charter, 2012 to 2017

http://www.for.gov.bc.ca/hti/climate based seed transfer/3cbst project.htm

e Provides links to upward elevation transfer limit changes (Nov. 2008)
e Provides links to the recent range expansion for Lw (June, 2010)

For further information on statutory seed use requirements, see the Chief

Forester’s Standards for Seed Use at: http://www.for.gov.bc.ca/code/cfstandards/

Knowledge link - a useful gateway
http://www.for.gov.bc.ca/het/climate/knowledge/knowledge.htm

Species monitoring report
http://www.for.gov.bc.ca/hfp/sof/species/Spp%20Monitoring%20Report%20-
%20Province%20(May%2010,%202012).pdf

Species Monitoring Report
Province

Summary Charts and Graphs

Say 2012

TSA Species summaries

http://www.for.gov.bc.ca/hfp/sof/species%20monitoring

%20reports.htm

Berger-Parker Index

e Provides local context.

Species Diversity Index at > 7 years of age Regeneration
The Berger-Parker Index (BPI) is the proportion of the most abundant species.

Regenerated - Berger-Parker Index and Number of
Species: Strathcona TSA

06 9
, 8
M L7 §
04 = : ] x 2 g
[,2
‘e
02 3g
~=— Berger-Parker Index ~=~ Number of Species (S) 28
1
T T T T T T T T T T Q
1995 1995 1997 1993 1999 2000 2001 2002 2003 2004 2005
Disturbance Start Year .
The index

addresses the proportion of species present not simply presence or absence as richness describes.
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http://www.for.gov.bc.ca/het/climate/knowledge/index.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/index.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/2cbst_project.htm
http://www.for.gov.bc.ca/hti/climate_based_seed_transfer/3cbst_project.htm
http://www.for.gov.bc.ca/code/cfstandards/
http://www.for.gov.bc.ca/het/climate/knowledge/knowledge.htm
http://www.for.gov.bc.ca/hfp/sof/species/Spp%20Monitoring%20Report%20-%20Province%20(May%2010,%202012).pdf
http://www.for.gov.bc.ca/hfp/sof/species/Spp%20Monitoring%20Report%20-%20Province%20(May%2010,%202012).pdf
http://www.for.gov.bc.ca/hfp/sof/species%20monitoring%20reports.htm
http://www.for.gov.bc.ca/hfp/sof/species%20monitoring%20reports.htm

Understanding the Berger-Parker Dominance Index

d=Nmax/N
Nmax= Nmax is the volume inthe most abundant species Berger-Parker Index changing with
N: Total volume of individuals :
Note that the most abundant species is not constant richness, perfectly even
12
Perfectly even -all species have equal abundance 01
Number of species E s
richness) Fine Spruce  Fir Hardwooilarch  Truefir Cedar  Total BF Index g \
1 1000 1,000 1 g o6
2 500 500 1,000 o5 E 0a \\
3 333 333 333 1,000 0.33333 a8 \-\__'___
4 250 250 250 250 1,000 0.25 Foz ——
s_l 200 200 200 200 200 1,000 0.2 o
B 167 167 167 167 167 167 1,000 0.16667 1 2 s a4 s s 7 s
7 143 143 143 143 143 143 143 1,000 0.14286 Number of species
Constant richness -5 speciesin all cases
Decrezsing abundance Berger-Parker Index changing with
of primary species .
(increasing eveness) Pine Abundance Spruce  Fir Larch  Truefir Total B-F Index . eveness, same richness
90 300 5 5 5 25 1,000 2] S o= Ifyou anly consi
20 800 50 50 50 50 1,000 0.8 E s ‘\“““\‘ i ofthese
70 700 75 75 75 75 1,000 0.7 g o7 —
&0 500 100 100 100 100 1,000 os E] zg — considered
50 500 125 125 125 125 1,000 0.5 B 04 haiN
40 400 150 150 150 150 1,000 04 o o3 “\.\‘_‘
30 300 175 175 175 175 1,000 0.3 @ 02 A
20 200 200 200 200 200 1,000 0.2 “é
100 90 B0 70 60 50 a0 30 20 10
Decreasing abundance of 1 species
http://www.for.gov.bc.ca/hfp/silviculture/TSS/tss.htm
.
e )
.. . .. “
e This link provides a description of the Tree @ hitpyjwnitors O = B O X el & Trees_ |
. . Fle Edit View Favorites Tools Help
Species Selection Tool. Choose the green box -
fGiHome « [ Feeci (0 v [ Readmail dgnPrint v Pagew
and it takes you to the tool at right. |~ P
[ TR R R — (=]

The following Link provides an example, using Lw on

where information is found within the site to help make [EREETE, Seaemmes S e e e
[Erper—— Project> Tres Species Selection Teal
a decision on use. } !ﬁ,
i
=
http://www.for.gov.bc.ca/hfp/silviculture/TSS/examplel.pdf = S o i
:%‘ n.’.».;...a.x..:....:..r.:-z..-«.........nr_ '—.’é’
-ﬁgw [s==—
5 =
' o
l e
| ===
[
|
| 0% v
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http://www.for.gov.bc.ca/hfp/silviculture/TSS/tss.htm
http://www.for.gov.bc.ca/hfp/silviculture/TSS/example1.pdf

Google map version of Climate BC
http://www.genetics.forestry.ubc.ca/cfcg/ClimateBC40/D

efault.aspx

o Allows for easy exploration of scenarios.

BioClimatic Envelope Modes - shows shifts the zone scale
http://www.genetics.forestry.ubc.ca/cfcg/BEM.html

e Note: 20% shifted already from historic climate data. Consensus maps
show greater consensus in 2020 diminishing with time as uncertainty increases.
Presently this information has been summarized and is linked with species by
BEC site series data for easy observation in shifts

vervien

¥

Resources )
i

over time.

= & Tommmm © - & ¢ * h@sldnlan
Fle G View Frodtes Took Haslp
P Home = B Fess = [ Y FRead il SmPrint ~ Page~ Safety >

Population response functions to

climate change
http://www.genetics.forestry.ubc.ca/cfcg/response function.html

e Stress here the need to track seed source — may already be seed
out there that has the propensity for maladaptation.

Resources

Plan2Adapt
: mw : | http://pacificclimate.org/news/2012/pcic-updates-

plan2adapt

e This tool has been explored earlier.

Potential Management Options for o r—
Adaptation, Link to pdf on FTP. " B © @ Cammss e - ;"
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Climat . !
| eChange/Adaptation/Options/Management Options May9 ..._.._‘.._.-::*:,‘::.-..._,._
2012.pdf R

e This provides an overall list of general strategies. Where and how they
are used will need local involvement, planning, implementation and

monitoring. Worthwhile perusing the list.
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http://www.genetics.forestry.ubc.ca/cfcg/ClimateBC40/Default.aspx
http://www.genetics.forestry.ubc.ca/cfcg/ClimateBC40/Default.aspx
http://www.genetics.forestry.ubc.ca/cfcg/BEM.html
http://www.genetics.forestry.ubc.ca/cfcg/response_function.html
http://pacificclimate.org/news/2012/pcic-updates-plan2adapt
http://pacificclimate.org/news/2012/pcic-updates-plan2adapt
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Adaptation/Options/Management_Options_May9_2012.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Adaptation/Options/Management_Options_May9_2012.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Adaptation/Options/Management_Options_May9_2012.pdf

FFESC Output
http://www.for.gov.bc.ca/het/climate/knowledge/knowledge.htm

YjHome + B = (7 Resdmail mw Print +

http://www.for.gov.bc.ca/hfp/future forests/council/

e Not presently on the Tools webpage — should be linked

Stand Level Risk and Decision Tool, Link is to a
FTP site

e Links to program description and research project websites and reports.

e ——————
V8 hppvmton - 8 0 % |l icianl &

fiHome -~ BV = L Resd mail g Print ~

wuw for.govbe.ca - i HFP/external
publish/ClimateChange/Seminar_Series/2012/DeLong/

: | http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateCh
= =~ ange/Seminar Series/2012/DelLong/

e We will go to the tool link and describe what is being provided. Note it is

not presently available for the Coast. This information may be used in
some area specific guidance.

¢ Need to obtain the newer version with wider scope.

Changing tree species in the West Kootenays
http://www.kootenayresilience.org/WK-CC-Tree-spp-
shifts 6-30-11.pdf

e Presentation that shows different plausible futures
and possible impacts for species choice.

e http://www.kootenayresilience.org/ for full list of

publications

K2 information.
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/Nelsonrevis

Ready | |\ 7% (=)

edK2adaptationguidanceoverview120607.pdf

e This is the guidance overview

http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/Nelsonrevis

edK2adaptationguidance120607.pdf

W] shawtt |, Peiolbn | (4 (W ]

Biveme = B it ) - LiResdmal mmPpet <

Ovetview of (abtince b Adupt Fofwl Mansgeessnl for
Climase Change in e Kamisaps TSA.'

e A more detailed guidance piece with discussion of similarities and differences from K1.
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http://www.for.gov.bc.ca/het/climate/knowledge/knowledge.htm
http://www.for.gov.bc.ca/hfp/future_forests/council/
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Seminar_Series/2012/DeLong/
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Seminar_Series/2012/DeLong/
http://www.kootenayresilience.org/WK-CC-Tree-spp-shifts__6-30-11.pdf
http://www.kootenayresilience.org/WK-CC-Tree-spp-shifts__6-30-11.pdf
http://www.kootenayresilience.org/
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/NelsonrevisedK2adaptationguidanceoverview120607.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/NelsonrevisedK2adaptationguidanceoverview120607.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/NelsonrevisedK2adaptationguidance120607.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/NelsonrevisedK2adaptationguidance120607.pdf

Bulkley Valley project link
; e http://bvcentre.ca/research/project/a multi-scale trans-
Lol emmmmme corldae disciplinary vulnerability assessment/

File Edit View Favorites Tools Help
|| Gitome ~ B = L3 Readmad

e Nadina Vulnerability Assessment.

:. e Lots to see here.

A Hulti-Scale Trans-Bisciphinary Vulnerability
e |

Quantifying risks and opportunities from climate change interim results from
the Merritt TSA
e ftp://ftp.for.gov.bc.ca/HFP/external/!publish/ClimateChange/Seminar Series/2012/Dymond/Dy
mond slides Socio-econ%20risk%20and%200pps-Merritt%20v3.pdf
e Not presently on the FLNRO site but can be found through FLNRO FTP site.

The socio economic portion is not yet complete but preliminary information shows that species mixes
can provide for greater long term net revenue than business as usual.

Contact: Caren Dymond Caren.Dymond@gov.bc.ca

Merritt Results THLB - Dominance

Decreasing the dominance of a single species is like diversifying an
investment portfolio - growth continues despite unexpected shocks

in the future.

: M ilient
ore resilien

= e Cloar cut mived plant

= Mixed plant

== «Part cut nat regen

%% % % % % %% % % % R
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http://bvcentre.ca/research/project/a_multi-scale_trans-disciplinary_vulnerability_assessment/
http://bvcentre.ca/research/project/a_multi-scale_trans-disciplinary_vulnerability_assessment/
ftp://ftp.for.gov.bc.ca/HFP/external/!publish/ClimateChange/Seminar_Series/2012/Dymond/Dymond_slides_Socio-econ risk and opps-Merritt v3.pdf
ftp://ftp.for.gov.bc.ca/HFP/external/!publish/ClimateChange/Seminar_Series/2012/Dymond/Dymond_slides_Socio-econ risk and opps-Merritt v3.pdf
mailto:Caren.Dymond@gov.bc.ca

USFS links

The USFS has embraced climate change as reality and has created a range of resources that are useful

for understanding the impacts, provide tools to screen projects for applicability and assess options. The
following provide an entry point into their system.

Fle Edit View Favortes Todks Help
FaHome * B v 3 Readmall o v

pr— R http://www.fs.fed.us/climatechange/advisor/

| http://www.fs.fed.us/ccrc/

e This provides a portal to some of the work being done south of
the border.

For a thorough overview of adaptation and mitigation see:

http://www.fs.fed.us/psw/publications/millar/MillarSwanson inpress.pdf in

Millar, C.I. and C. Swanston. In press. Adaptation and Mitigation. Chapter
4 in National Climate Assessment. US Global Change Research Program.

http://www.fs.fed.us/ccrc/

Climate Basics Topics Tools Video Lectures Current Projects

= Disturbances and
Stressors

Forest Stressors
'+ Analysis and
Assessment
Climste Narrstives Resource Stewardship
I Natural Resources

I Ecosystem Services
I Meighborhood Trees
whatmtis | Policy

ing the ility of to climate change

A report detailing innovative approaches to assessing the relative vulnerability of water resources to dimate change on
| National Forests is now availsble.Eleven National Forests from throughout the United States conducted assessments of imate Enanae At
8 potential hydrologic change due to ongaing 2nd expected rapid dimate warming, Each National Forest identified water *
resources important in their area, assessed climate change exposure and watershed sensitivity, and evaluated the relative Nationsl R & D Climat=
vulnerabilities of watersheds and water resources to climate change, ~Posted January 2013 E—s
> Read More PEW Cimat

RMRS Climats
RS Climate
SAS Farest Thrests

EFETAC Climat=

Managing the risks of extreme events and disasters to advance climate change adaptation WWETAC Climate
Released in March of 2012, this special report of the IPCC discusses the relationship between dlimate change and xtreme weather
and climace events, what these events might mean for sacieties, and optiens for managing the risks posed by impacts and

disasters. ~Postad October 2012

= Read More
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http://www.fs.fed.us/psw/publications/millar/MillarSwanson_inpress.pdf
http://www.fs.fed.us/ccrc/

Links to climate background information

http://www.fs.fed.us/ccrc/climate-basics/

[T e———

Useful site for understanding climate in an easy to follow approach.

Links to short presentations -worth checking out, an example link below to a
presentation by Connie Millar on adaptation:
http://www.fs.fed.us/ccrc/hjar/management strategies.html Good overview of
collaboration: http://www.fs.fed.us/psw/publications/millar/psw 2011 millar004(littell).pdf

Adaptation resources: http://www.nrs.fs.fed.us/pubs/gtr/gtr nrs87.pdf

http://www.fs.fed.us/pnw/pubs/pnw_gtr855.pdf

USDA
Forest Adaptation Resources: ) — . )

Climate Change Tools and S FESPOM!'HQ to Climate
Approaches for Land Managers Pt Sarven Change in National Forests:

REieien Siaten A Guidebook for Developing

sresw ™ Adaptation Options

Seise David L Peterson, Constance |. Millar, Linda A_ Joyce,

@ Michael J. Fumiss, Jessica E Halofsky, Ronald P Neilson,
and Toni Lyn Morelli

5. § - *0,
7, TECHANGE 3 S
L%APTATION e
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This publication provides a clearly laid out approach to address climate change, with examples. The
appendix provides a series of worksheets that aid in identifying vulnerable conditions, options and steps
to address the issue.

Link to climate change options: http://www.fs.fed.us/ccrc/mgmt options/

nate Basics Topics Video Lectures Current Projects Library

Re-Framing Forest and Resource Management Strategies for a Climate Change
Context
Ba_d( Home 5 CCRC Home > Management Options
Climate Change Primer
Management Options Among the surprising developments during the 2007 year-of-climate-dawning was an abrupt change in the nature of dialog
Frequently Asked Questions between scientists and natural-resource managers. In previous years the primary communication involved researchers talking
Climate Data with managers about climate change and its impacts on ecosystems. By early 2007 the significance of climate became widely
embraced, and the conversation did an about-face. From national agency headquarters to local field offices, the collective voice
of decision-makers echoed resoundingly back to science: "OK, we get that climate is important. Now, what do we do about it?"
That question initially silenced many in the research community, although serious efforts have been investigating resource
s S B . NEW GUIDEBOOK:
management implications for some years (e,g., Dale et al. 2001, Spittlehouse and Stewart 2003, Willows and Connell 2003, Responding to
E‘Diﬂnlllantm and Joyce et al. 2007). While field-proven conceptual frameworks and desktop manuals will be developed only through climate change in
Stressors collaborative efforts of scientists and managers, we offer the following as an overarching framework of options for addressing national forests: a
Emhﬁis =l climate change issues in resource contexts such as encountered in western mountain environments (Millar et al. 2007, Joyce et ggi‘gz;;}’;for
LSRR al., in press). adaptation options
“IResource Stewardship | pefining Assumptions
[fl Natural Resources
. * Embrace and work with change. While this may seem obvious, many existing resource-management practices rest on
B S e assumptions that ecological backgrounds are stable over time even though they acknowledge short-term successional
[/ Neighborhood Trees dynamics. Likewise, engrained institutional traditions commonly rest implicitly on assumptions of persistent and stable
[ Policy behavior. Make friends with change, while still working to mitigate it.
« Accept uncertainty as a premise for decision-making. While opportunities for prediction and forecasting will be presented

to managers, uncertainty will always lurk close at our shoulders —- at least at the scale relevant to most resource-

management projects. Addressing uncertainty head-on will often be more effective than taking a course of action based 'e“":e

on a narrowly defined future. For many situations, we will never have enough knowledge to predict future outcomes at I'o

scales that matter to managers. Evaluate the wisdom of "putting your eggs in one basket™ (accepting a definite future) E'g"
juce

versus "hedging your bets” (accepting uncertainty) strategies.
LI ¢ i ) J Priorities and Summation

Recognize that some existing management paradigms have limited value. This is because many traditional practices are

References
based on assumptions that the future will be similar to the past - that ecosystems are not changing over time. Climate Authors
change puts that notion finally to bed. Many ecosystem-management philosophies will still make sense, especially when POF download

practiced creatively. This is a good time to experiment with old techniques in new ways and pioneer altogether novel
approaches.

Manage for desired future processes rather than desired future conditions. Composition and structure relate to static rather than dynamic goals; a
focus on ecosystem services and ecological and physical functions as management targets fixes the aim on dynamic process.

next >

Note the tool bar along the top has links to many useful sites.

Taccimo (Template for Assessing Climate Change Impacts and Management
Options) - science at your fingertips — web tool: http://www.sgcp.ncsu.edu:8090/
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ABOUT EXPLORE

About TACCIMO

The Template for Assessing Climate Change Impacts and Management Options (TACCIMO) is a web-based tool that connects forest planning to current climate

(53

change science. The formation of TACCIMO was rooted in the need for a standardized, credible, and concise science delivery tool relevant to forest planning and
1 management.
%
-
ol What TACCIMO Delivers - Access to the most current climate change projections and science, including the 1. Planni ng
' likely range of projected future climate for any state, county, or National Forest and dynamically linked peer- Management conditions and
reviewed scientific statements describing effects and management adaption options. For Forest Service users, capabilities to address climate
TACCIMO additionally connects climate change science with relevant planning language. change
K E
Who Should Use TACCIMO - Federal, state, and private land managers with diverse infermation needs related 2. Stﬁ:lel’?cer
to climate change Certain content is developed specifically for USDA Forest Service planners to assist with Physical and biological impacts of
.| | climate change analysis for projects and forest plan revisions. climate change and potential
~ management options
P
N
Who Is Developing TACCIMO - USDA Forest Service scientists from both the Eastern and Western Forest
Environmental Threat Assessment Centers and forest planners from the Southern and Pacific Southwest Regions 3.TACCIMO Report
of the National Forest System. Customized and synthesized
account of science and related
1 planning
Getting Started in TACCIMO:
L TACCIMO Overview Video  Provides general overview of the TACCIMO application.
L TACCIMO Factsheet Provides a downloadable factsheet covering key aspecis of TACCIMO.
How to Use TACCIMO Comprehensive User Guide, Quick Start Guides, and set of short introductory videos.
Content Sources Current list of peer-reviewed Content Sources included in TACCIMO.

Taccimo is worth a look through, it is created to help USFS planners but has information useful to all

planning with a Climate Change filter.

Climate change and forest trees in the Pacific Northwest: A vulnerability

assessment and recommended actions for National Forests:

http://ecoshare.info/projects/ccft/

ECOSHARE
y Cle

Interage aringhause of Ecclogical Information

Climate Change and Forest Trees in the Pacific Northwest

A Vulnerability and R Acti: for i Forests
June 2042

Prepared by:

Warren Devine, Carol Aubry, Andrew Bowes, Jeanne Miller, and Nicole Maggiulli A
US5DA Forest Service, Pacific Northwest Region

Abstract

Climate change predictions for the LS, Pacific Narthwest incluge oversl warming and potentially

increased winter i and d d sumimer preci o the patentisl
impacts of these changes is essenbal to manage Mabonal Forest System lands for the future
The objective of the shudy is 10 assess the of forest rees of i and Oregon

1o climate change and b propose praclical management actions Hal will work ender 2 vasiety of
future climate scenancs and will conserve biodwersity and increase resiliency in Pacific
Northwest natonal forests.

To order a CO or prnted copy af the ful report, the execulive summary, or both, please use the
Pubilication Request Forn Tl Requests previously se (o an emal address ofher than
wiidevine@fs fed us should be re-submitted 1o wddevine@is fed us

The report and also can be using the bnks below

Climate Change and Forest Trees in the Pacific A and Actions for
Natienal Forests

This document provides a list of vulnerabilities based on different characteristics. It clearly provides

assumptions and is a useful reference to begin thinking about tree vulnerability.

Links for CC Adaptation workshop updated Feb 15_13
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Forest Health links
A Risk Assessment of Climate Change and the Impact of Forest Diseases on
Forest Ecosystems in the Western United States and Canada

http://www.fs.fed.us/psw/publications/documents/psw_gtr236/psw_gtr236.pdf

USDA

A Risk Assessment of
Climate Change and the
Impact of Forest Diseases
on Forest Ecosystems in
the Western United States
and Canada

Information is provided on Dothistroma, Swiss Needle Cast, Sudden Oak Death, Ramorum Blight, White
Pine Blister Rust, Cytospora Canker of Alder, Dwarf Mistletoes, Armillaria Root Disease, Yellow Cedar
Decline.

Armillaria example (page 2-4)

Likelihood and the consequences were each assigned a certainty category as described in Orr and others
(1993). The certainty categories are a function of the information that is available and the confidence of
the assessor in it. Certainty categories used in the risk assessment process are:

- Very certain

- Reasonably certain

- Moderately certain

- Reasonably uncertain

- Very uncertain

Likelihood of increased disease damage

Warmer, drier—High (very certain) (Applicable criteria: a, b, d, e).

Warmer, wetter—-Moderate (moderately certain) (Applicable criteria: a, d, e).

The incidence of Armillaria root disease is likely to increase as temperatures increase and precipitation
decreases (Shaw and Kile 1991, U.S. Office of Technology Assessment 1993), especially when hosts are
stressed by moisture deficiency.

Five criteria were used to estimate likelihood (risk) of increased disease damage:
a. Suitability of conditions for pathogen survival, reproduction, spread, or host infection will
increase as climate changes.
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b. Changes in climate will stress the host and increase its susceptibility to the pathogen.
c. Pathogen is capable of substantial increases in population size (has a high reproductive
potential).

d. Pathogen has a broad host range.

e. Control techniques are unknown, not feasible, or ineffective.

Consequences of increased disease damage (pages 40-41)
High (reasonably certain) (Applicable criteria: a, b, c). As precipitation decreases, increased growth

reduction and mortality losses in British Columbia could increase. Increased growth loss and mortality
would likely increase as sites become drier elsewhere as well.

Risk potential -

Warmer, drier—Very high (9) (Likelihood of increased disease damage = high; consequences of increased
disease damage = high). Warmer, wetter—High (6) (Likelihood of increased disease damage = moderate;
consequences of increased disease damage = high). A warmer climate will generally increase Armillaria
incidence and impact as host stress increases. A drier climate would, in general, stress hosts more than a
wetter climate, and thus increase host susceptibility.

Review of Literature on Climate Change and Forest Diseases of Western North
America
http://www.fs.fed.us/psw/publications/documents/psw gtr225/psw_gtr225.pdf

=

Review of Literature on
Climate Change and
Forest Diseases of
Western North America

John 7. Kiigjunas, Brian W, Gells Jessie Micales:
Ellen Michae’s Goheen, Paul Hennon,
Kien, Hafry K6pe, Joff Stone, Rona Sturtock.
and Susan J_ Frankel

Provides good general guidance: e.g.: below

Key points:
“Although rusts can adapt to a wide range of environmental conditions, their tolerances are unknown.

Under a changing climate, the incidence of rusts will be determined chiefly by host distribution. Rusts are
likely to remain the cause of damaging and lethal diseases. Typically, rusts increase in intensity and
distribution in “wave years” during which the weather is especially favorable for sporulation, dispersal,
and infection. As climate changes, the frequency of such wave years is expected to change.” P 19
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Predicting Forest Insect Disturbance under Climate Change (Allan Carroll)
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Web/FFESC/reports/Carrollfinalreport.pdfion

“ABSTRACT

This paper comprises a review of literature regarding climate change impacts to forest insect
disturbances. Its primary objectives were three-fold. First, commonalities were sought among systems
regarding the effects associated with altered temperature and/or precipitation patterns on forest insect
herbivores, the proximate and ultimate form of the response by the insects, and the outcome in terms of
forest disturbance. Second, a general framework within which to assess future disturbances to
temperate and boreal forests by insect herbivores was constructed. Finally, uncertainty regarding
predictions of the extent/severity of forest insect disturbances under climate change into the future was
discussed.

Conclusions

The preceding analysis suggests that disturbance by bark beetles is more likely to be exacerbated by
climate change than defoliators, mainly because of the former’s positive response to host tree stress and
lack of a requirement for strict phenological synchrony. Given that there is little doubt of climate change-
aggravated disturbance by bark beetle populations occurring already, priority should be given to
development of realistic predictive tools that will facilitate proactive strategies intended to minimize
impacts. Vigilance toward native innocuous, native invasive and alien invasive species should also be
stressed due to their potential to erupt unpredictably in space and time. For example, lesser known bark
beetle species occurring in the southern regions of North America have the potential to move northward
as temperatures increase (Gan 2004, Bentz et al. 2010). Although the response by defoliators may be
less predictable compared to bark beetles, their potential to cause disturbances over vast areas of forest
cannot be ignored. The predictive framework suggested in this study provides a suite of potential
outcomes for an eruptive forest defoliator under climate change; however, research efforts should focus
on the development of predictive models of defoliator dynamics in a warming environment.”
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Climate change and forest diseases - Sturrock et al 2011

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2010.02406.x/abstract

Tatde 1 Predicted changs in impact an faredts of several examplss of frest dissasss as ey respand fo warmnar and drer ar warmer and welter fule cimates (adapted from Oukes ef al,2009)

Climate change

Warmer./Drier Warmer/ Wetter
Pradicted change Lewal of Pradicted change Lewval of
Group Forest disease (pathogan) in impact® uncantainty™ in impact® uncartainty™
Dissases caused by group-1 Priytophthara root rat (Phytaphihora ) L + L
pathogens (lamparature and cinnarmonm)
maisture directly atfect pathogen Sudden ok death/ramarum blight - M + L
reprodustion, spread, infaction and (Phytophihora ramerum)
survival ) Dathistroma naadle bight - M + L
(Dothistroma septosporum,
Dethistroma pini
Swiss needle cast { Phaeocryplopus - M + L
gaeLmani)
Whita pine biistar rust { Cronartium - L 0 M ~
fibiicold) z
L
Dissases caused by group-2 Permillaria root disaase (Armilaria + L 0 M =
pathogens (temparature and spp.) 3
maisture mare diectly allect hast Sphasropsis shoot bight + L 0 M -
suscaplibilty to pathagen) (Sphaeropsis sapinea) il
Charcoal canker (Biscogriauxia + L i} M B
mediteranea)
Batryosphasria carker + L Q M
(Botryosphaera spo.)
Pitch canker (Fusanum oronatum) + M + H
Sapiona canker (Seplovia musiva) + M 0 M
Deciina and abiotic diseasas Yallow-cadar dedling + L + M
Sudden aspan decling + L 04 M
Qak decling + M 1} M

A4, increase in mpact; —, decraass in impact; 0, nochangs in impact.

®Tha effects of cimata changs on pathoganhost interactions are complex and uncartain, Dukes ef ai. (2009) ksts fur types of uncartainties: those associated with (i) imemal scosystem processes, (1)
climate projecfions (general agreamant that mean annual surlace tempearatures will increase but amount of warming and nature of precipitation change is less cartain), (W) future human actions, and (iv) a
lack of dataon the pathogens themselves. These four types of uncenainty were considered when esfimating predicted changes in impact by he case study dissases; associaled uncarainty levels were
estimated to be low (L), moderate (M) or figh (H).

GrL£EL ‘09 (1102} ABopEd jueld

Yellow-cedar decline and climate change
http://www.nrs.fs.fed.us/pubs/jrnl/2012/nrs 2012 hennon 001.pdf

e Articles

Shifting Climate, Altered Niche, and
a Dynamic Conservation Strategy
for Yellow-Cedar in the North Pacific
Coastal Rainforest

FALUL E. HENMONM, DAVID V. D"AMORE, PAUL G. SCHABERG, DUSTIN T. WITTWER, AND COLIM S. SHAMLEY

The exeensive morsaliy of yelow-cedar along more than 1000 Kilomensrs of the nomhern Pacific coase of Norih America serves as a leading
ecample of climane effeces on a fores: eree species. Tn ehis ardcle, we docwmmene our approaches o resolving she canses of sree deadh, which we
explain as @ cascade of inreraceing wpographic, forese-seruciaie, and microclineare faceors thae ace on @ weigue vilnerabiliey of yellow-cedar w
fime-rooe freezing. The complex couses of sree morealivy are reduced o swo risk facers—sanow depeh and soll drsinage—which are shen wsed
w0 smodel present and fusire cedar kabisae suisabilisy. We propose a dymamic, comprehensive conservwarion seraregy for eils vahuable species on
the basis of zones creared by shifting clismaee, cedar’s ecological wicke, and observed risk faceors. Research on yellow -cedar decline (s offered asa
remplase for wederswnding and adapeing wo climiae change for other climare—foress issues,

Eeywords: climane adapration, forese deciine, mor oold roderance, Callitropsis nootkatensis, Chamascyparis nootkatensis
Provides compelling evidence of snow level impacts on yellow cedar — shows that the impacts of climate

change may not be simple to identify.
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Advances in threat assessment and their application to Forest and Rangeland
Management
http://www.fs.fed.us/pnw/pubs/gtr802/Voll/pnw gtr802voll.pdf

USDA
LSDA

Advances in Threat
Assessment and Their
Application to Forest and
Rangeland Management

Volume 1

Interesting reference, may be of limited use in BC.

Forest Health and Climate Change: A British Columbia perspective.
http://bcwildfire.ca/ftp/HFP/external/!publish/ClimateChange/FRPA/Workshop/Forest Health CC.pdf

Forest health and climate change:
A British Columbia perspective
by &l J. Waods?, Don Heppnar2, Harry H. Kope?, Jennifer Burlaigh? and Lorraine Maclauchlan®

ABSTRACT

B forests have already faced two simultaneous, globally significant, epidemics linked to climate change; the Dioth-
istroma needle blight epidemic in N¥W BC and the massive mountain pine beetle epidemic throughout the BC Interior.
Building on these expeniences, we have compiled our best estimates of how we believe other forest health agents may
behave as climate change continues to influence our forests. We have drawn on iterature from around the world but have
focused on the situation in BC. We have made management recommendations based on what we have seen so far and
what we expect to come.

BC context.
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Is the health of British Columbia’s forest being influenced by climate change?

If so, was this predictable? By Alex Woods, 2011
http://journals2.scholarsportal.info/details.xqy?uri=/07060661/v33i0002/117 ithobcciswtp.xml

An excerpt from the conclusion: “The current MPB epidemic in BC was arguably predictable given the
strong link between the insect’s vulnerability to very cold winter temperatures and the recent marked
increase in winter minimum temperatures. Increasing winter temperatures are one of the most
confidently predicted trends in climate change projections. Forest pathogens are similarly following a
pattern of increased incidence and impact but the greater role that precipitation plays in their collective
life histories presents a far less predictable scenario. The DNB epidemic in northwest BC has been linked
to an increase in summer precipitation but increasing precipitation should have been beneficial for the
trees. Increasing precipitation and warmer temperatures should also have benefited lodgepole pine
plantations in the central interior but instead hard pine rusts may be increasing due to these new
environmental conditions. A shortage of winter precipitation combined with increasing temperatures is
causing more severe drought in portions of the southern interior which may already be exacerbating root
disease severity.”

Forest health hazard ratings in BC: what is potentially an issue?
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Forest Health/SEDA maps/Individual%20Regional

%20PDFs/

Example for Armillaria Root disease from the SEDA maps showing hazard rating — good starting point
when looking forward in time. Note the high hazard area is for the entire BEC unit and may have areas
within that have characteristics that are either greater or less than the identified hazard rating.

SEDA link from FORREX http://www.forrex.org/stand-establishment-decision-aids-sedas

Armillavia Koot Disease (DRA) Distribution in West Coast Region
Armilizria asrovas

Hapard Rasimg
[P Fts

-
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RESULTS data on incidence
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/Forest Health/RESULTS%20incidence%20maps /

This site houses incidence maps based on survey information found in RESULTS. This provides a
description of severity in a local area from actual data and is not extrapolated.

DRA in Headwaters Forest District (Robson Valley TSA)
D

Ry

Expected Effects of Climate Change on Forest Disturbance Regimes in British

Columbia
http://iem.forrex.org/index.php/jem/article/view/152

7 Sustainable Na

e@a-FORREX

Expected Effects of Climate Change on Forest Disturbance Regimes in
British Columbia

Sean R. Haughian, Philip J. Burton, Steve W. Taylor, Charles Cunry
Abstract

Projections for forest disturbance and damage under a changing climate in British Columbia are summarized, with the objective of collating
regionally specific expectations so that land managers can take pro-active steps to aveid or adapt fo the changes expected. While some
projections are based on extrapolations of recent multi-decadal trends, most are based on global climate models (GCMs) that must make
assumptions about the range of COz emissions and the status of atmospheric greenhouse gas emissions over the next century. Regardless of
emission scenarios, it is universally expected that British Columbia will experience warmer air femperatures, coupled with more precipitation in
some regions and less in others. Forest fires are expecied fo be more frequent and more intense in the southern half of the province and in the
Taiga Plains, but less important in other portions of the province. Forest insects and fungal pathogens are expecied to more fully occupy the
current range of their host tree species and expand ranges northward and to higher elevations along with their hosts. More frequent and
detrimental pest outbreaks are expected in some regions when several years of favourable weather align. Wind damage, floods, and
landslides can be expected fo increase on terrain where they are already a risk factor. For many agents of free mortality, expected changes in
disturbance regime amount to an expansion or shifting of the seasonal window of activity, sometimes with different trends projected for
different seasons and different regions of the province. The prediction of future forest disturbance regimes is in its infancy, requiring a much
maore concerted effort in compiling both empirical and simulated data, but managers may wish to adjust plans accordingly where there is
largely a consensus among current and projected frends

Keywords
disturbance ecology, ecoprovinces, forest pathogens, insect outbreaks, tree mortality, wildfire, wind damage
Full Text:
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FIGURE 1. Projected changes (approximating the 20280s under the AZ scenario] for British
Columbia from current monthly (MSR for June, July, August) and seasonal mean severity ratings
{55R, “all") by ecoprovince. Change is expressed as absolute change in MSR; baseline MSR values
range from Oto 12, with higher values in the south and lowervalues in northemn and coastal
areas. Data are surnmarized and extended from Taylor et al. (2010).

Example information on severity using the Canadian Fire Weather Information System — note regional

variation.
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Direction on fuel management in the Wildland Urban Interface

The attached link provides some guidance on integrating fuel management regimes into silvicultural
treatments and high lights a prime opportunity for collaboration with fuel and fire management
specialists throughout the province so that when planning and undertaking FFT treatments we can
realize multiple benefits.

Thanks to all those who contributed comments in the development of this document and especially
thanks to Ed Korpela and Bev Atkins for their very detailed contributions. (Al Powelson contact)

http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS web/Guidance/FFT%20guidance%20-
Silvicultural%20Regimes%20for%20Fuel%20Management%20in%20the%20WildLand%20Urban%20Inter

face V2.3.pdf

RESOURCE PRACTICES BRANCH

Silvicultural Regimes for Fuel Management in the Wildland Urban
Interface or Adjacent to High Landscape Values - Guidance

Scope

This guidance covers silviculture activities by Forests For Tomorrow (FFT) within the
Wildland Urban Interface’ ar adjacent” to identified high landscape values

The main focus of the FFT funded silviculture activities within these areas will be on
future timber production, however, medification of treatment prescriptions will be
employed to reduce current and future wildfire hazard where possible

1. Introduction

Silvicultural treatments can be used to influence stand structure which, in turn, can
influence wildfire behaviour and severity. There is a potential to use stecking standards
(including species choice), site preparation, thinning, and pruning {not yet eligible under
FFT) as tools to reduce or modify surface, ladder, and canopy fuels

2. Purpose and Objectives

The purpose of this Ministry of Forests, Lands, and Natural Resource Operations
(FLNR) Silvicultural Regimes for Fuel Management in the Wildland Urban Interface
guidance is to provide direction on medifying silviculture regimes when they occur within
the wildland urban interface or adjacent to identified high landscape values to reduce
wildfire impacts while still targeting the primary objective of future timber production.

The secondary objective is to direct that, where feasible and ecologically appropriate
to do sa, FFT silviculture activities undertaken within the wildland urban interface
or adjacent to identified high landscape values will use regimes that minimize
current and future wildfire hazard.

3. General Principle

Altering tree species composition and/or reduction in aerial and/or ground fuels coupled
with adequate tree crown base height management generally results in fires, should
they occur, of reduced intensity and reduced likelihood of crown fire. Resulting surface
fires of reduced intensity are generally easier to control and may result in less damage
to values at risk as well as the stand itself.

The wildiand urban interface is any area where combustible wildland fuels [vegetation) are found adjacent to
homes, farm structures or other outbuildings. Typiclly, the wildland urban interface is defined as an sraa within 2
km of 3 community, however, for the purposes of modifying treatments to reduce wildfire risk and hazard the zone
will encompass these FFT treztments within 10 km of a community

#In reference to wildfire planning adjacent means within 10 km a community (community zone) er an area
identified as having a high landscape values

bttps:/ fwww firesmarteanads.cafimazes/uploads/resources/chapter] pdf

Version 2.3

Useful link for managing habitat - Just add a climate change lens
http://www.env.gov.bc.ca/fia/documents/mca_silvbmp.pdf
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http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/FFT%20guidance%20-Silvicultural%20Regimes%20for%20Fuel%20Management%20in%20the%20WildLand%20Urban%20Interface_V2.3.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/FFT%20guidance%20-Silvicultural%20Regimes%20for%20Fuel%20Management%20in%20the%20WildLand%20Urban%20Interface_V2.3.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/LBIS_web/Guidance/FFT%20guidance%20-Silvicultural%20Regimes%20for%20Fuel%20Management%20in%20the%20WildLand%20Urban%20Interface_V2.3.pdf
http://www.env.gov.bc.ca/fia/documents/mca_silvbmp.pdf
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