Translating Climate Futures Into
Management Guidance: making

pr. tical decisions in the face of
tri ?-» ;ndous uncertalnty
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Translating Climate Futures into

Overview Management guidance: making
practical decisions in the face of
_ _ tremendous uncertainty “}
 How Can Academics + Research + Climate %

Futures = Practical Results?

 The Approach — Models, Expert Judgement +
Practitioners

« How We Arrived at Management Guidance:
— Recommended actions
— Addressing uncertainty

— Ongoing evaluation

* Concluding Remarks

ot ¥ |



Value of Science to Managers

 How can science/models help resource
managers around adaptation?
— Vulnerability assessments that help prioritize risks
— Assist managers in understanding potential tradeoffs
— Relate actions to outcomes

Scarlett 2010



Example: SRD (Alberta) Climate Change
Adaptation Framework
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Actions

Step 2:
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Initial
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Where science/models can support
framework

Models can provide

support for structured : :
e M T SRD Climate Change Adaptation Framework

developing the

framework: Step 1; Step 2: Step 3: : :ter a;t:
P Scope and Vulnerability Risk aptation
Caln asslljs_lt_tln Preparation Assessment Assessment Options
vulnerability
assessment and risk,
i iariti i . Data & {
helping prioritize risks; e
and ‘ Data & o i Governance
. . Current and Information Sensitivity Likeliood Technology
for adaptation options Projected |
can assist in evaluation I oo | Il el § '“
(how do they affect Impacts - b ~ -
outcomes) and offer T - - . . o rersere
3 Senvic rameworkK lerms SSesse rioricy aptation
?npopn?{élﬁlrr]]l;yoqff eg;lcfii? . of Reference Vulnerabilities Risks Options
Economic
indicators; and - -_— -_— -_— -_—~
can also provide a P =
: ‘ — .
platform for stakehoiger Adapkallon - i e Consequence ok i

engagement and
communication
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Stakeholder Engagement and Communication



Enabling Adaptive Management

Proactive
versus BAU
management

Models offer
link between
action,
monitoring,
evaluation and
adjustment

Traditional Approach

Feewlustion il Stretegy Failed

) Priopact Project Propact
z::::f f— Pl arininyg and ?EE:’: - Mbanoring Snd s Evaluestion and
o Sehmduing : Cortrol R e
Passive Adaptive Management
Bdaptres Leaming
Rerakion LT Reration
n |
5?::;" ! Flanning and e Monikorng and - Evaluston and
v Setwdulivg Cortrol Feriew
Active Adaptive Management
Sdaplive Leaming
.Ilr | E R I
Hieration Hypothesis e Aeation NI
N - Manitoring and Evaslushion arel
Stotegy  [7] Generstion | Mockding | g and! [
LConfnol R e
Modsling

Excufion

Hypolhesis Lasting

http://www.projecttimes.com/articles/adaptive-project-management.html




How Modeling Helps Answer Management
Questions

* |t allows us to “fast forward” through time and
simulate under different scenarios future

outcomes Modelling suite

A KA.

Our “time
machine”




Conceptual model

Climate >growth>management

Impact of climate on forest renewal
(regeneration)

Impact on growth (productivity)
Impact on mortality (disturbance)



To Offer Management Guidance

— We need to be able to tailor model to regional
characteristics and conditions

— We need to allow for diverse responses

— And ideally we should be able to offer integrated
assessments across different resource values

10
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Case Study area - Six Ecological Landscapes

And 21 stand units
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Modeling Suite and Approach

Changing Climate Conditions Inventory & Terrain
GCM Scenarios downscaled to 21 stand units
Indicate local variation Dendrochronological Analysis

Impacts of past climatic stresses on
tree species-specific growth rates

Attribute curves

for each stand unit & treatment

TACA FORECAST regime (e.g. growth & yield,
Models stand stress index, mortality, structural

elements, carbon
mer — )

| |

Landscape Modeling
* Simulates management over time for multiple
objectives using two different models.
Dyna-plan
= Optimizes as well

- patiall

Management Scenarios

1. Business-as-usual (current mgmt) with
NO climate change.

2. Business-as-usual (current mgmt)
WITH climate change.

3. Alternate species choices for
reforestation WITH climate change.

Interpretation of Results against Performance
Indicators

. To adjust plausible narratives of the future forest

. To refine adaptive strategies

. To highlight uncertainties and assumptions —
providing direction for future research and

1 3 modeling



STAND (ECOSYSTEM) SIMULATION:

FORECAST-Climate Ecosystem Process Model

Dr Brad Seely, Dept of Forest Mgmt, UBC

= . vy
- — .k w Sy
- FORECAST >
Models stand bl oralagge ! i
development and S o oal (Grow®)
attributes over time S m’.,..,, Fine argane
(cn—n detwis m ey
& —
Describes changing stand attributes over Precp Avatie Decomposaon
time by simulating in various stand layers: s i
» Harvesting and silviculture temp

 Climatic and biophysical variables
« Competition, evapotranspiration
» Decomposition

14
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FORECAST-Climate

Calibrating Growth Response to Climate

Dendroclimatology: A bioassay
of climate impacts on tree
growth

Data sources:

e NOAA tree ring datasets

e Localfield sampling (Dendro
study)

Lodgepole and Douglas-fir
e Other literature sources

CROSS SECTION of a CONIFER




LANDSCAPE SIMULATION:
Forest Planning Studio (FPS

Cam Brown and Reg Davis,
Forsite Consulting

- To adjustnar Strategic

P FPS |
Tactical

* Spatially explicit Wi

/ for management. "

Uses inputs (attribute curves) from stand
modeling to spatially report on landscape
indicators:

« Harvesting and growing stock

» Species and age class composition
« Stand level moisture stress

* Dead and down trees




Landscape Simulation:

Dyna-plan (new landscape model)

Is BOTH: Michael Gerzon, Forest Sciences, UBC

A spatially explicit simulation, AND optimization model

*§ iGoegle © () simsim forest pregection « S i IR
(- c c sim-sim-{forest.comxa com ,_ - ‘

Control Panel

KML Documents

43" Progected Fire
=¥ Cimate change scenarno
=117 Without chimate change
37 Projected forest age
3 ¥ Description
3V Forest age - chmate change simulated

GOAL:

 Better simulate impacts from
natural disturbance and harvesting
with climate change.

3|  PTORCEC Yeal UV
3] ¥ Proected Year 2060
=7 Projected Year 2110

= = Leading speoes - present chmate sim

=7 Projected Year 2020
= |Projected Year 2060

-

=1 Projecied Year 2110
3 &3 ecozones
3 E3¥ Dry Douglas-fir domenated

Forest Age
0-30 yrs Ol forest
31-60 yes old forest

" | 4
17 Google Earth Layers v 961100 ws old frest ¢
B 101+135 yrs old forest

Options *1| | 2140 yrs old forest

Find Location



TACA Stand Level Lessons:

Regeneration Success:

18

1. Over time some tree species will not regenerate in

the open on some sites.

TACA RESULTS:

Dry Transition :

Lodgepole pine regeneration

,,,,,
N '

: IDFmw S5
Slte Type Curr 2020= EIIIEI:Isl 2080=
Very dry A A A A
Dry WVF A A A
Slightly dry VF F A A
Moist VF VF VF VF ; _
Moist-wet - = e v | Douglas-fir regeneration
Wet = F F F IDFmw
Site Type Curr 2020 20505 20305
Verv dr WF INF A A
A - Absent Dryy y WVF vF F A
INF - Infrequent Slightly dry VF VF VF F
F - Frequent Moist VF VF VF VF
VE - Very Frequent Moist-wet WF VF VF VF

Wet

IMF

F

F
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FORECAST CLIMATE Stand Level Lessons:

Stand Level Productivity & Mortality

BOTH POSITIVE AND NEGATIVE Same DRY TRANSITION:
IMPACTS:! Doug-fir stand unit

c g 0.8
2. Climate warming: g 08

§ 04 -
* lengthened the g o2
growing season, gz
* increased S 0
decomposition, i
. e < 0.4
 increased productivity. £ o,
H2E-15
g -0.2
5 -0.4

Qo
-0.6
0 20 40 Yous 60 80 100
¢ Historic High CC

——10 per. Mov. Avg. (Historic)
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FORECAST Stand Level Lessons:
Stand Level Productivity & Mortality
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FORECAST Stand Level Lessons:

Stand Level Productivity & Mortality

BOTH POSITIVE AND NEGATIVE IMPACTS:

3. Climate change consistently led to increase in
mid-growing season water stress

0.5
- A 0 Dry Transition: Doug-fir
E 04 - 3?0 o 9 @ ¢ § % stand unit
" ar0n . 00.0% N0 U - Average annual
w 03 A v 400 O o0 —. it <l
0 Oy TV a0 T aalf transpirational deficit index
7 K YA AV Y over 100 yr simulation.
v 02 T000p f ORHT 0 o
g ¢ 0N @ ©
0 ~ ¢ o ¢ %
3 01 ol — 0 3 o
00 ¥ 0 ¢ ¢ 0
oy Q
0 ‘0 Q
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Projected area in Moisture-stressed Stands

NET IMPACT DEPENDS ON SPECIES, ECOZONE AND SITE:

ha

100,000
90,000
80,000
70,000
60,000
50,000

40,000

30,000
20,000
10,000

0

Area with Stressed Trees (TDI >0.3)
(Dry and Moist Transitional Ecozones)

‘A‘
as=\|0 CC
10to 20 x area in  ===High CC Base
stressed stands High CC Alt
0 2 4 6 8 10

Simulation Decades
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Developing Management Guidance

« EXxperts and practitioners in
project both helped adjust
models

* And then used model results
to inform guidance
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Management Insights

« Planting guidelines

« Strategic Planning
— OGMA loss of function

— Where THLB will be at risk over time period
* Which ecozones and stand types are at highest risk
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Resulting Management Guidance

Guidance to Adapt Forest Management for
Climate Change in the Kamloops TSA.

FIRST APPROXIMATION (June 7, 2012) which should be
viewed as a continuous work in progress.

Based on:

Validating Impacts, Exploring Vulnerabilities, and Developing
Robust Adaptive Strategies under the Kamloops Future Forest
Strategy (K2-2011) — Future Forest Ecosystems Scientific Council
(FFESC) Interdisciplinary Climate Change Adaptation Research for

Forest and Rangeland Ecosystems
And

Adapting Forest Management in the Kamloops TSA to Address
Climate Change — The Kamloops Future Forest Strategy (K1 -

2009)

Forest Resources Management
University of British Columbia,
Symmetrae Consulting Group Lid ,
Forsite Consultants Lid

Ecaological Associated
Landscape BEC Guidance Details
(Ecozones) subzones

Awoid conversion of Manage for 3 majority of Fd, Py, Lw, Pwand
Douglas-firor Spruce | other appropriats non-pine spacies. Restrict P
leading stands to Pi to 20-30% of stocking or restrict to “acceptable”

Transiional to leading stands stocking status in sivicultural surveys.
Plateau hlmer evations
leg hggsn’\__-do?s On average across the landscape, maintain
mm c

Encourage species species diversity at natural / historic levels.
diversity across the Target warm lower elevation sites for increased

landscape. amounts of Douglas-fir (e.g. 20-35%) where it s
ecologically feasible.
Plateau hLI:rEeT::u:s Mai;lElin Mef;mhig; Q:‘rg:‘& I:rushlr?; and rd'Ea actviies. Maks )
{cont) (e.g MSdm, 583 “‘m dscape o strategic use of strafication and free-growing
rm ESSFc) speces W | swocking sandars.

Spruce is still a geod choice for regeneration —
Encourage tree species | monitor carefully for increased weevl damage at
Wet ESSF diversity as much a5 | lower elevations, where redeedar should be
&g ESSFuk possible across the gradually mixed in.
landscaps

Harvesting:

The harvesting guidance below is strategic in nature and as such requires thoushtful strategic
planning divecting well-coordinated tactical plans. Work will be necessary to identfy the
vulnerable stand types and make appropriate decisions regarding economics and timing of
treatment. Incentive and other mechanisms not vet in place may be needed.

Ecaological Associated
Landscape BEC Guidance Details
(Ecozones) subzones

With well designed fire management strategies

IDF and FP Reducs fuels with | ENCOUrage vigor and health and reduce fre rsk
Dry Fdi (PY) | subzones too dry cotrm:;:id thinning | by Significantly reducing stand stocking densities.
for Pli andior juvenile spacing

Target stands more vulnerable to fire (with

i climate change) as a priority for harvesting,
Dry IDFanE =0 | Tareted harvestingto | retaning frose siands that are less winerable for
B s dry MS | = address high risk future passes and other objectives.
with Pli S s pred g




To Reduce Tree/Stand Vulnerabilities:

1. PLANT RESILIENT SPECIES AND
DIVERSIFY AT BOTH LANDSCAPE AND
STAND LEVEL:

26

More PONDEROSA PINE in Drier

ecozones

ecozones

« Moist Transition / Plateau

Use the FULL MIX OF SERAL
SPECIES in Moist Transition ecozone




Strategic Planning Implications:

STAND CONVERSIONS TO
LODGEPOLE PINE INCREASE
RISK ON THE LANDSCAPE:

« Especially in drier subzones

« and/or on drier sites.

27




Reducing Vulnerability — Dyna-plan Simulation:

The “current” problem with pine conversions:

| W Western ceda
| -Ll...lI..I'T'||.'I_ fir
| I Spruce
Subslre fr
W Lodgepole pre
| Wl Pardarosa pne ; _
B Paper birch ! W r B
R Hi e v image © 2012 Province of BrdishiColu nba,’
Treming aspsEn LZJh’G ogie .

-+
"‘012(0301rrac -




Reducing Vulnerability — Dyna-plan Simulation:

The “current” problem with pine conversions:

Y Bamere

Lr-.ulum ."1-]1-1"[ les P

B \Western cedar
I B Douclas-fr
M Spruce
Subalkre fr
W Lodgepole pre
B Fardarosa pine g - ‘,

e e UBLE mage © 2012 Provin ce f BniishiColumbia
M Faper birch 52012 Govgl ko

1 MEmo I.'-i ':-"-I'":"'I © 2012Cnes Sool Image




Reducing Vulnerability — Dyna-plan Simulation:

The “current” problem with pine conversions:

-
TS -

0 €urrent Practl

o>

» o
-
o
-

e

Leading Species

B &estern ceda
B [iouglas-fr
B Spruce
Eubalbme fr
W Lodgepole pre
B Fardarosa phe < = o
W P b Image © 2012 Province of BAliEn Columb a;’

© 2012 Google

ramblifg SsrE -
Iremping aspen © 2012 CnesiSpotimage




TRENDS

Area burned (wildfires) projected to DOUBLE

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

=NO-ClimatesChange ./ # ;o

SNl A




TRENDS
Biodiversity — Old Growth Reserves:

¢ |

Dyna-plan spatial simulation:

e Old Growth Reserves burned
with climate change.

% of present OGMA burned. (Average of 5§ simulation runs)
70

0 %present OGMA burned -noCC
H %present OGMA burned-highCC

60

50

40

30

20

% of present OGMA burned

10

10 50
Simulation time (yrs)




TRENDS

Timber Flows over the 100 year simulation:

« Harvest levels can be maintained over the 100 yr
simulation period...BUT

Total Volume Harvested
16,000,000

14,000,000

12,000,000

10,000,000

8,000,000 w=NO CC
w—=High CC Base
weeHigh CC Alt

6,000,000

Volume (m"3)

4,000,000
2,000,000

0

Period



TRENDS

Timber Flows BEYOND the 100 year simulation:
 Could be headed for a big falldown in harvestable timber.

«««««« NO Cllmate Change

nAL

315000
nkp
s 2110
-mxo & k
B Sx
“ 15000 md
I I I B None leading
il........ aneall WITH Climate Change
0123485678 91011121314151617181920212223242526272829%0 70000
10-year Age Clas
60000 §At
{3
50000 P
L s
T 40000 ‘
£ 1]
n
[
& 30000 mel
B Sx
20000
mFd
10000 \
I mnosp leading
0 I.-____, ______ B I
34 012345678 9101112131415161718192021222324252627282930
10-year Age Classes
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Visualization of Age Classes with Climate Change...

L —

-

Forest Age
0-30 yrs old forest
31-60 yrs old forest

M 61-100 yrs old forest

B 101-139 yrs old forest

M 140 yrs old forest




We Turn to the Issue of Uncertainty.

Based on

And
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Guidance to Adapt Forest Management for
Climate Change in the Kamloops TSA.

FIRST APPROXIMATION (June 7, 2012) which should be I
viewed as a continuous work in progress.

Vahdannq Impacts Exploring Vulnerabilities, and Developing
> f

under the Kamloops Future Forest

ateg

Srralegy (K2-2011) — Future Forest Ecosystems Scientific Council
(FFESC) Interdiscipinary Chimate Change Adaptation Research for
Forest and Rangeland Ecosystems

Adapting Forest Management in the Kamloops TSA to Address
Climate Change — The Kamloops Future Forest Strategy (K1 —
2009)

Forest Resources Management
University of British Columbia,
Symmetree Consulting Group Lid,

Forsite Consultants Lid

Ecological

Associated
BEC

Guidance Details
(Ecozones)  subzones
ks consionct | Noragetra ey f e Py L Paans
fror Spruce | other apercprate non-pine species. Restit Py
s rt | T S Solig et e
Transitona 1o lesdng scncs [ stooking seus in st survey
Plateau | hiorer listons
g Msom On average across e lancscape, manan
WMESSFGS) | Encourage species | species versty o e/ stk els
versiyaoross e | Target warm lower lsvaton stes forncreassd
Briscars amaunts o Dougles i (5. 20 55%) v 1 5
scologealy easile
Trnsitonsl 10 Avoid removal o aspen (wbere concenrated)
Plateau | 1y dovasons | Mointsnpresence o & | g orusing a cner scovies. Moke
eont) | (g Mo s | MRS I | e e e e o
o ES5Fe) e o | Socing st
Spruce 5 513 good choice o regeneratin -
courage tree species | monier corefuly for increased weed damoge ot
. ety 3 micn 35 o e
WetESSE | epessim | Oi) Somote | aabymacdn
Harvesting:

The harvesting guidance below is strategic in nature and as such requires thoughtful strategic
planning directing well-coordinated tactical plans, Work will be necessary w idencify the
vulnerable stand types and make appropriate decisions regarding cconomics and tming of
weamment. Incentive and other

ms 0ot yet in place may be needed.

Ecological | Associated
Landscape BEC Guidance Details
(Ecozones)  subzones
couragn v el e ek
OF 3o PP Recuos fuss ity | E700urage vger uce e
DIY PGl (PY) | st ety | coracs iy | P9 S0ty g s sockng censhes.
Torpt | andor venie soacng
s o wheie e e
— ot chorioe) asa prery or rarvestrg.
Wy | s | e [ SOOI
x eSS NG Mok | Faune passes an ot cisohes
with Pli s o stnds e

This guidance is based on data
that is precise but not accurate...

v




Models Can Allow for Probing of
Uncertainty...

T We can vary parameters and
Thisis basedondatathatis | ASSUMPLIONS IN models to
o e | assess robustness of results:
 Precision allows for useful

comparisons within these
different scenarios.

« But Important to Recognize

Uncertainty by Continually:

* Questioning assumptions,
and

* Revisiting modeling and
management.

* Through monitoring and
research
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Why Adaptive Management Might Not be
Embraced

There Is only one living species

* Inconsistency In the world that often actively
resists adaptation — humans.*
* Sunk COSts http://www.projecttimes.com/articles/adaptive-

project-management.html

* |Indecisiveness
Climate change adds
« Uncertainty

« Additional complexity
« Unfamiliarity

Source: Viner: also own author
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How Quantitative Approach Can Address

Barriers

* Inconsistency
* Sunk costs

* Indecisiveness
« Complexity

* Uncertainty

« unfamiliarity

Future is changing-it's ok to change
too!

Current practices may result in
magnified risks

Allows opportunity for structured
evaluation of decisions “by the gut”

Scenarios and process-based
models offer ways to explore how
complex relationships might change
and how things might evolve over
time and space

Tools (models) offers an alternative
to existing approaches, plus giving

people opportunity to examine how
their tools may need to be modified

But need to recognize it brings is own set of barriers-technical

expertise, cost...

39



Enabling Adaptive Management

Traditional Approach

Feewluation if Strbegy Foled

. Projact Project Projadt
gt"':‘;f o] Flarming and :’E‘ﬁ_ ol Manitiring and || Eveal ustion an

ey Scheduirg endlen Cortrol Feevierer

Fassive Adaptive Management
Bolmphres Lemming
A R atacn A— LT Raration

Shateiy b= Flareing s Evacifion Mo Boring andd = Evalieston and

Seheduirg Cortrol Feview

Active Adaptive Management

Addaptive Lesming

Riaration
Stmbegy

Hypokhesis
Generation

Wordeding || Exscition
| Modeling |
Wodsling =] Exacution

}

Resration
IS b oy rd
Corbrol

=

Rermhon
Ewmdy ety 06 aired
Feiees

Hyprthiesis Aeshineg

We live forward, but

understand backward

Soren Kierkegaard (not
a forester)

http://www.projecttimes.com/articles/adaptive-project-management.html
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Search
KAMLOOPS FUTURE FOREST STRATEGY Feeds: [ JPosts [IComments

I1

Validating Impacts, Exploring Vulnerabilities, and Developing Robust
Adaptive Strategies

Photo: Courtesy of Dave Dobl

The Kamloops Future Forest Strategy II (K2) home page K2 PAGES
Background
K2 Introduction

Adapting Forest Management Under Climate Change Karmioons TEA & Shidy Avea

These pages serve as a portal to promote an ongoing dialogue between the K2 Research Team
Kamloops clients (government agencies, forest licensees, communities, First The Models:
Nations, and other stakeholders) and the K2 Research Team in a joint effort to TACA
understand how the changing climate will affect the forest ecosystems and ForWaDy
management of the Kamloops Timber Supply Area (TSA) in British Columbia, FORECAST
Canada. FPS

DYNA-PLAN
In the following pages you’ll be able to learn about how K2 has been developing,

For more information please visit WWW.KZKamIOOpSTSA.com



