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Datal

DISTRIB — our statlstically based (rr]~morJQJ]ru)
coproach to predic mJ poteniial sultaole napiiat
under clirnate cnange (coarse scale = 20,20 1)
Web derno

Strengins and wearnesses of DISTRIB
Ecoregion anealysis

Mocdifying Influences surmrmeary Score (MI1S9)

Silvicultural Influence Percentage (S1P)
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Pro/Conon S
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2 Can include sorne
ecopnysiological drivers

1 Can partially rJeeJ Witr)
cornpeiition, disturbarnce, and
COZ

Cor)

1 Can't know or pararneierize
all variaoles or empiricel
relationships finally cdriving
disirioutions of eachn species

1 Can't tracy all the legacies of
lancl in questior)

r ' r r —
natial Models
a Pro

4 Data mining — all based or
real agundance data at
species level

a1 Car qL’;kJ/ rmoclel mllJ"r]pJe
species witnout rnucr
pararneterization

g Cor)

1 Assurnes arn Integrated
systern In equilioriurn witn)
environrmental conditions

1 Can't directly deal witn

cornpetition, disturbanc
or COZ2



our approach IS d]’f‘feren't frormn rmost statistical

Meny models nave beer on regression approaches to fit a resporse surface

— wildly Inaccurate
a We uge extrernely ropust non-pararmetric statistical tools using emsem'jle
i oL es T ere have been tremendous advances in this

g S SC
lrruv rJJ or rlOOJ‘OOszIEd tools, and Randorn Foresis
Icly as
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mos"r ever/
Most morJels Lise presence/absence clata aind with oiased sarnpling (e.q.,
nerparia records)
1 We use unpiased FIA data to derive apundarnce values per cell
Meny rnocels run et individual plot level witn extrapolation
N \/\/e use 20420k cells which averages rultiple FIA plots
Most rodels use only clirmzte data

12 We use 31 other variables to capiure possible ‘barriers’ or *facilitaitors’ t
rnovernent

Most models do not provide rmeasure of reliapility of each species’ mode]

1 We do

Most morJer do not nave a linked model for dispersal witnin the new
napi

N

sultaple r
J We nave S
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CD

—  Exiract latest FIA plot data oy Stat
— Calculate Importance Value (1V) pased on nurnoer o
& pasal area

— Agyregate points 1o 20 4 20 ki polygorns

- OUTPUT

— Imporiance Value (1V) for 134 tree specles, oy 20 «m cel
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Environmenial Predictor Variaoles
sResponse varlanle: FIA-derived importance values by 20 ki









Potential Surtable Habitat Distribution

Darakasa
Counstrustion
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Importance Values

(Response Variables)
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for 134 Tree
Species
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CM Climate
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FIA
Current

Model
Predicted
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Predicted
Future
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Sl Suruurs

mportance Valuj

Maps for

L134 tree Species
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Regression Tree Analysis (RTA)

terminal nodes



Manning Gavgranhic Pradictors

Highly suited for distributional mapping where
different variables operate

at different geographic regions - can
map predictor-rules driving the distribution.




Tree-pased ensemole

F)

(tnie *Tri-rnod approacn™)

lﬁ

Regression Tree Analysis (RTA or CART)
i relationsnips, map drivers)

D
rlvarrlges z'r 12 resul'ts
1 (use 30 trees o
mocdels = a ri
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Not all specles models are equal — need to
Nnow a0out our cornfidenc [
sed In rmodel rellapility score:

|
J R2 eqUlvelent of tne Randorn Forest rmocel
| Fuzz/ &l@(& statisiic cormnpearing prediciion to
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sessmerni of Model Reliaollity
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Moclel Reliapility Scores

species

Aples balsarnea
Acer parpeatur
Acer negunco

Acer nigrurr

Acer pensylvanicurr
Acer ruorurr

Acer saccrnaririurm
Acer sacchearurr
Acer spicaiurr

/)

v

/)

v

ModRel
0.75
0,32
0),8
0.21
0),6)7

0.33
.59
0)55

Model Reliability
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Models are not created equal.

If range 1s small, model is less
reliable as are predictions of = |
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Irnportant!

1 Wiin tniese models, we are predicting
ooteritial sultaole napitat oy year 2100,
We are NOT orediciing wriere ine species
will pe et tnat firne, as great lag fimes are
involved In iree specles migrations.
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Jan
Feb
Har
Apr
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Jun
Jul
Aug

2007:
2007:
2007:
2007
2007:
2007:
2007:
2007:
2007
2007:

2005:
20085
£003:
2003:
2005:
2005:
20085
£003:

14593:
14569:
15715:
15204:
21210:
afl44d:
45374
4763

42614:
30596:
44154:
T4755:
146463:
TE0e3:
T2399:
G220

14592 :
14565:
15a71:
15041:
21115:
28029:
45317:
47530:

42456
28885:
39478
67038
119865:
62912:
59451:
51891:

Busiest month: May 2008 (1159 865 requests for pages).

http://www.nrs.fs.fed.us/atlas
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shortleaf pine - Pinus echinata - {110)




American beech - Fagus grandifolia - {531}
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Mean Center Potential Movement - Trees
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Weaknesses of DISTRIB

Lirnited In scope 1o morIeJmJ trie poteritial current/future
suitaple napitats — not tneir act ral future distrioutions. SHIFT
pegins to address tnis issue,

Designed for Eastern United States only,

FIA data are spail AJJ/ sparse 5o fnat fine-scale analyses are
not usually appropriaie — 20 4 20 xrn s 200Ut rigrit.

Depends or a. decent sample size (>~50 cells), so not great

are betce e(lJ( tors tnat fould e used,

Not all species rnave 'the]r entire ranges cagiured witn 1Vs

(Canacla, West US)
Does ot acco for rmeny piologic attriputes and
cisturbarnce fac

s (addressed later).



FIA sarmples are stail S'E'LEH/
Analysis and prediction oz
Vs, not the range edges o
are rnore suscepiiole to erro

‘4

-C
D

1 DISTRIE

sourid and non-oplased

acl rmore on core of distrioution via
J IST presence/apsence rmaps tnat

Extrernely rooust non-pararmeiric statisiical tools using
ensernple *irl-rnodel” aporoacr

Tne reliaoility of individual species rmodels can pe evaluated
RF s staple orediciing into novel environrments

Can use different variables/pararneters to rleangoe prirnary
drivers In different paris of Its geograpnic setting

J'..‘
Accounts for reality in tnat a pariicular species exists where it
15, In spite of all legacies over decades and centuries. It
inerefore integrates over nistoric disturoances and clirmartic



10.

\rr f g Ye r r
Need not be parameterized witn a large suite of variaples tnat

J
are Irmnperfecily known or cannot oe adequately generalized

for a speC 1es FﬂfOllJfJOHF s range.

Jcl - - e , ~ B .
n ranie amorng species for the most vulneraole to change
(rnezn center (mrlr ges).

(r Wa & TS T £ ’ 1

Can produce ranged lists of species that nrl/ pe In greatest
risy or likely 1o have sufficient suii .
menagernernt
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Current Forest Types

and 4 Ecoregions

White/Red/Jack Pine

- Longleaf/Slash Pine
[ Loblollysshortieaf Pine

[ cawPine

- Oak/Hickory

|:I Oak/Gum/Cypress
[ Emvash/cottonwood

[ Maple/BeechsBirch

- Aspen/Birch
- No Data
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DISTRIB

Future
Climate
(Hadley, CCC)

Current
Climate

Modeled
Current
IV

Modeled
Future

IV

Environmental Variables

_ ﬁ@uLi.HLicu] 1_11:1d|:_]
Equilibrium with climate
Estimates suitable habitat

FIA Data

Calculate IV

DISTRIB-SHIFT

Potential Distribution
after 100 years

SHIFT

Smoothed
IV
Little's
Range
Percent
Forest &

| Modeled
100 yr. dist.

Cellular automata model
o 100 year migration
Estumates probabiliny ol colonization



Shift Output Summary




Influencing Factors

We riave the mocdel ouipuis sric vamg tendencies towards
galning or losing uncer climate Criznge

Many other factors corme in to play to determine final
oLtcormes

Car we raie fnese otner faciors for re
negatlve irnpacts, aslong witn sorne s
Lncerialrnty?

We would live to understand rnore about the clirmate
factors’ uncertainty witnin tne rmocdels

1 Clirnate Uncertainty Score (CUS)

We would lilke to Jemerrlre 2l scoring sysiern to nelp
evaluaie rodifications:

1 Modifying Influences Sumrnary Score (M| 55)
We wollld like to inc JJQ ite trie relative po
silviculture to play & role i mrlnrlng fo
2 Silvicultural mJueme Percentage (SIP)

o,
cl
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Novel Climates



Novel| Climates



Factors to Consider

How much impact do you anticipate for
each element over the next 50 years?

for Interpretation Species 3
model
:’de (DISTRIB) 1 | Low pos
outpu O | Minimal
. -1 Low neg
J Cloning Regeneration 3
(SHIFT) i
Dispersal Elasticity var.
Model Frefters e Habitat 0 [ Ynknown
reliability CO2WUE g specificity (additive)
. Genetic
Il\!ovel CO2/PRD constraints Harvest :
climate _ - 1 | Invasive plants
Had wild Ecophysiology Competition Drought
d | extrapolations
Novel —— Insects
climate Climatic -
- Disturbance
t
PCM Climate extremes ‘/Summa“ZE\ Air pollution Disease

GCM variability

Emissions
variability

/

broad scale )+
\ results /

Level of uncertainty

Low

Medium

High

1.0
0.75

Land use /
fragmentation

0.5 (multiplier)

(SHIFT)

Ice
Wind
Fire
|
Local
knowledge

Fire suppression

Potential
future tree
habitat

\./_




Factors to Consider
for Interpretation

Species

model
outpu

Cloning

Dispersal

Model

reliability CO2/WUE

Biological

Ecophysiology

Novel CO2/PRD
climate
Had Wild
d | extrapolations

Novel
climate Climatic

PCM ) extremes

Climate
Emissions
GCM variability variability

Level

of uncertainty

Low

Medium

High

/Summarizé\

How much impact do you anticipate for
each element over the next 50 years?

Regeneration

Elasticity

Habitat
specificity

Genetic
constraints

Competition

Drought

Flood

Air pollution

-{ broad scale )+
\ results /

Jv

Land use
change

Ice

Local
knowledge

Low pos

Minimal

Low neg

Unknown

Invasive plants

Insects

Disease

Potential
future tree
habitat

\/_




Factors to Consider

White

How much impact do you anticipate for
each element over the next 50 years?

for Interpretation
Oak .
oW pos
Minimal
d Cloning SO
v Elasticity
Model . ' ‘ Sp—— Unknown
reliability CO2/WUE B|olog|ca
S . ® CO2/PRD Genetic

Wild

extrapolations

Ecophysiology

Novel
climate Climatic
PCM ) extremes
Climate

vvvvvvvvvvvvvvv
0 0 A 4
L SO IR EELEQ RS
L e i e 4

constraints

Drought

/Summarizé\

Flood

Air-pollution

Disturbance

Invasive plants
N\ g
Insects

Disease

broad scale )+
\ results / lce
Emissions
GCM variability variability | -
Level of uncertainty Land use Potential
change Local —
Low knowledge future tree
Medium — _ habitat
High e.g. Regeneration in MO is less of a \/_

problem than in Central Hardwoods



. | How much impact do you anticipate for
Factors to Cop5|der I each element over the next 50 years?
for Interpretation Sugar

Maple - Low pos
Minimal
Q . Low neg
Slenirg Regeneration
v Elasticity
Hlse(s : : Habitat Unknown
reliability CO2/WUE Biological
. ® Genetic
Novel CO2/PRD .
climate constraints
| lant
Had wild Ecophysiology 4 SR
4 | extrapolations
climate Climatic _
PCM . extremes Summariz bobsbssbsbbssbs
Climate }2e3sistivsvises .
»(_broad scale )+
\ results /
v
Level of uncertainty Land use Potential
change Local )} _,
O knowledge future tree
Medium — _ habitat
High e.g. Large variation according \/—

to soil properties



Factors to Consider

for Interpretation

White

Model
reliability

QR

- AN VAl - )
S i

e
T b f ap D=

Ash

Cloning

CO2/WUE

CO2/PRD

extrapolations

Wild

Ecophysiology

Novel
climate

Climatic
extremes

I

Emissions
variability

Level of uncertainty

Low

Medium

High

<

Summariz

broad scale

/

results

v

Biological

Land use
change

How much impact do you anticipate for
each element over the next 50 years?

Regeneration

Elasticity

Habitat
specificity

Genetic
constraints

Competition

G
<«

Drought

Flood

Air pollution

e.g.

Ice

Low pos

Minimal

Low neg

Unknown

Invasive plants
N\ =

Local
knowledge

EAB is not everywhere yet

—

Potential
future tree
habitat

\./_

Insects



CcUs, MISS, and SIP

-0.60 -0.311 -0.19 -0.25 51
-0.90 0.56% -0.3¢ 0.09 37
-1.05 0.44 -2.67% -7 53




N

IN
n—

1

()

Advice to Managers

\/\/J rrJ fJJrre e Cr) mge predictions, plan for tne worst
| encourage lower emissions.

les distripution mocdels produced

ist on ropust prediciing tools lixke

(—-

Jmore 2y spec
oefore 2005, Jr
Hearncorn Forest,

Pay aitention to the reliapllity of each 5)9 les moclel
— and regardless, tnere still will be errors
Less cornrmor species are rmore grorie o 2rrof.
Eclge poundaries are “fuzzy’, poin now and in futlre
— core areas of nigner Vs are more mrIJszl[Jve
Use 'L’r

1ese rmodels as guidelines for regionzal irencs —
| ot appropriate for stand level ranagermnent
V\/J'Lr,hgu frie regjomrll corntext

Use flowchart/spreadsheet type technigues to rat
rodifying faciors to model outputs

Coricernitrate on ine facio | clo sornetning
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ezlrn wnicn s oe In, your location now

ezlrr wWrich aanroerem,lJ factors are likely driving species’
J [tz lola naoplitat, e.g., wnicr fre most suscepiiole to rJJme fe
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earn what species are rmost and least likely to nave tneir

|

naopltats move, ard now much

Lezirn wnicr species could Incur the most risi uncder climate
criange

Learn wnich sj pec les could pecorne newly suitaole for your
location (from ne soutn)

2l colonization could oceur

(—l'

With SHIFT, learn wnere potern
withir) 100 yrs

Iclentify wnich factors are rmost likely to rodify rnodel outputs,
ancl wnicn ones y U rnight be aple to do sometning apout
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Advice to Researcn Managers

Bottorn Ime — we need ootn rmecrn
anc statistical rmocdels

nistic

W

O

suopport merger of models (like tnis
WOorrsnop and peyond) so tnat we carn

get tne “pest of tne pest”
SUpport ir e oullding of decision support
S/Srerrb o nelp land managers



Tnern you for your atienton

0 Wep site for most data presernted
today
o Little’s boundaries
1 FIA data grouped by 20420 ki)
cell
o Climate cnange atlases
o Species-environment data for 134

N Pd'fs of

N Forfree narc copy of atlases or
reprints:
liverson@fs.fed.us

Thanks to USDA FS Nortnern Glopal
Change Prograrn for support






