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- Climate is also the most

Effects of climate on forest trees

+ Climate is a major environmental
factor affecting the
performance of trees
(environmental effect)

important evolutionary force
molding among- and within-
species variation (genetic
effect)




Climate determines forest types (among-
species variation) at the global scale
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Climate controls species distribution
(among-species variation) in a region

Alpine Tundra
Spruce -- Willow - Birch
Boreal White and Black Spruce
Sub-Boreal Pine - Spruce
B sub-Boreal Spruce
I Mountain Hemlock
I Engeimann Spruce - Subalpine Fir
B Montane Spruce
- Bunchgrass
I Ponderosa Pine
Intenor Douglas-fir
Coastal Douglas-fir
B intenior Cedar -- Hemlock
B Coastal Western Hemlock

Biogeoclimatic Ecosystem Classification (BEC) in British Columbia



Climate also drives among-population
variation within a species
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Can our trees adapt to their new
climates?




To help trees to adapt to climate
change

+ Determine plant-climate relationships
* Predict responses of trees to climate change

+ Develop management strategies to adapt to
climate change



Provenance trials are used in climate
change studies

140 provenances 60 test sites

Lodgepole pine provenance trial in BC (established in 1974)



-population variation in response to
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Among-population variation at a test site

4 \ \ An individual tfransfer function

1000 4 Site: CUIS
R =0.51 .
*
800
E
s
£ 600 -
=
@
=
= 400 -
MAT (°C) &
B Hgh ;16,6 ™
200
..Mr:-&..'}
0

-4 2 0 2 4 6 B 10 12
Source MAT (°C)



Use of plant-climate relationships to
predict future climate envelopes for
ecosystems and species ranges
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Objectives

* Development of high-resolution climate
model

12



The resolution of PRISM data is low: 4 x 4 km
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Vancouver area
Wang et al. 2006. Intl. J. Climatology




The low resolution can result in huge amount
of error in predictions for temperatures
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ClimateBC - a computer program for
predicting current and future climate data

my ClimateBC_ wv3. opyright ang, Hamann, Spittlehouse and Aitken. All...
&8 Cli BC_v3.2 C ight (2006) W H Spittleh d Aitken. All

Select Time Scale Select Period
# Annual ¢ Season ¢ Monthly |Mﬂrma|1951-1990j Frtise lpmsl R AL SR L

Coordinate Input ™ Decimal ¢ Degree

Latitude | 46.98
Longitude | -113.02 Calculate

About

Elevation (m) | 1000 St |
Qutput of annual variables
MAT MWWMT  MCMT TD MAP MEP  AHM  SH:M EMT PAS

— T T |
CO=0 DD=5 00544, DD=18 DO0O=13 ®MFFD FFP bFFP eFFP 5
[ Sae]

Multi-location

Select input file | Specify output file | Calculate
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Wang et al. 2006. Intl. J. Climatology




Mean annual temperature for Vancouver area

Wang et al. 2006. Intl. J. Climatology




CllmateBC output (100m x1 OOm)
v . . —

ClimateBC v2.0




Predictions improved
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It generates climate data for past 102 years

my LiimatebBl_wva. opyright ang, Hamann, spittlenouse and Attken. All... =13
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It predicts climate data for the next 100 years
using results from global circulation models

ClimateBC_v3.2 Copyright (2006) Wang, Hamann, Spittlehouse and Aitken. AlL... [= |[B][X]

Select Time Scale
(¢ Annual

Coordinate Input
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Downscaling of GCM data (CGCM2 A2x 2050s)

CGCM2 A2x 2050s

M 1.70-2.50

I 2.51-3.50

CGCM2 A2x 351-45)
Or‘iginal 5:n1-5:50
(375 X 375°) B 5.51-6.00

Mcoi-6.19



Downscaling of GCM data (CGCM2 A2x 2050s)

Downscaled CGCM2 A2x_2050s: Tmin01

CGCM2 A2x .ngh: 6.5°C
ClimateBC

Output IL .
(400 x 400m) ow: 1.

Wang et al. unpublished
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ClimateBC outputs

Maps of Mean Annual Temperature
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2007/02/06
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2007/02/06
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Free to download

THE UNIVERSITY OF BRITISH COLUMBIA

Forestry

Centre for Forest Conservation Genetics ~ #Home = About »People »Projects »Resources Publications

Owverview

L ] - -
¢ Web-based ClimateBC: A program to generate climate normal data for
s ClimateBC v3 genecology and climate change studies in western Canada
eferences
*+ Predictions .
+ Monthly data Overview
35\ Cﬂﬂs&,} ClimateBC extracts and downscales PRISM {Daly et al. . -
Q. 2002) monthly data (2.5 x 2.5 arcmin) for the reference N g LA
% eriod (1961-1990), and calculates seasonal and annual o
p |
g‘ climate variables for specific locations based on latitude, f “"i“1
z longitude and elevation {optional) for British Columbia, { -
A Yukon Territories, the Alaska Panhandle, and part of o, Norhwest
&y Yubon Termtories

Alberta and US. This program also downscales and !
integrates historical (1901-2002) (Mitchell and Jones 2005) |/
and future climate datasets (2020s, 2050s and 2080s)
generated by various global circulation models. The output
includes both directly calculated and derived climate
variables. Methodologies are described in Wang et al.
{2008) and Hamann and Wang {2005].

An overview of the ClimateBC is given in Climate Network
Vol.10 No.1, April 2005, published by the Canadian Institute
for Climate Studies [download] and in TICtalk December
2006 [download]. & recent Vancouver Sun article features
output ClimateBC {open pdf).

yurces @
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A web version is
also available

Welcome To
ClimateBC Web Version

=CFGC-

Coordinates Input:

Latimde in Degree: |5D = |3D |' ‘31} |" Longitude: ‘-1 20 |° 30 |' |31} |"
Elevation: 500 Select Period | 1961_1990 v|

Calculate Help

Output:

Annual Variables: Seasonal Variables: Monthly Variables:
MAT=6.6 il Tave(12-2)=-4 Tave(l}=-49 »
MWMT=175 Tave(3-5)=7 Tave(2)=-13

MCMT=-4.9 Tave(6-8)=17 Tave(3)=22

TD=224 Tave(9-11)= Tave(4)=66

MAP= 451 Tmax(12-2)=0 Tave(5)=112

MSP=216 Tmax(3-5)= 12 Tave(6)= 15.1

AHM=36.9 Tmax(6-8)= 24 Tave(7)=175 -
SHM=31.0 Tmax(3-11)=12 Tave(d)=173

EMT=-331 Tmin(12-2)=-7 Tave(d)=12.3

PAS=107 Tmin(3-5)= 1 Tave(10)=74

DD=<0=453 Tmin(6-8)=9 Tave(11)=05

DD=5= 1756 Tmin{3-11)=2 Tave(12)=-4.3
DD5_100=119 PPT{12-2)= 121 Tmax(1)=-1.2

DD<18= 3972 PPT(3-5)=87 Tmax(2)=2.9

DD=18=89 PPT(6-8)= 136 Tmax(3)=7.1

NFFD= 206 | PPT{e-11)=107 Tmax(4)= 125

FFP=131 Tmax(s)=15.0

bFFP=134 ™ Tmax(fl= 222 b/

Copyright(2006) Wang T., Hamann A Spittlehouse, D. and Aitken, 5., All right reserved.



Coverage of ClimateWNA

Wang et al. unpublished
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Objectives

* Development of population response
functions to climate
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Plant materials

140 provenances 60 test sites

MAT (°C)

[ ] High : 18.6

. Low : -6.9

Lodgepole pine provenance trial in BC
established in 1974 (lllingworth 1978) 31



Effects of predicted anchor points on
climatic response functions

Without predicted anchor points

204r height (m)
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Wang et al. 2006. Global change Biology
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Multivariate approach further improved
response functions

20-yr height (m)
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Wang et al. 2006. Global change Biology
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Variation in response of lodgepole pine populations
to climate change

20-yrvolume (m3/ha)
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Test site MAT (°C)
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The performance of populations from the best SPU
at individual sites
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Response of lodgepole pine populations to climate change
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Response of lodgepole pine populations to climate change

Current 2050s 2080s
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Response of lodgepole pine populations to climate change

Current 2020s
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Response of lodgepole pine populations to climate change
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Optimization predicted to be effective, but
uncertainty exists
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Wang et al. 2006. Global change Biology




Individual transfer functions
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A universal transfer function

Productivity
(m*ha’")

O'Neill, Hamann and Wang 2008, Journal of Applied Ecology
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Integration

Universal response function
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A universal response function

Test site MAT (°C) 34

Provenance MAT (°cc) &7 4 Testsite MAT (°C)

Provenance MAT (°C)
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The surfaces were generated by a simplified version of the URF

Wang et al. unpublished

20-year height {m)
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Standard error of predictlon (m)

A URF needs a much smaller sample size
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Applications of URF

20-year height (m)

0.1-22
2.3-3.5

20-year height (m)
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W 45-6.0

I 6.6-68
e m69-71
W 72-85

Predicted performance of a population

Predicted best provenances for a site
Wang et al. unpublished
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Objectives

* Predict future climatic envelops for BC
ecosystems and species ranges
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ClimateBC is critical for climatic mapping of Biogeoclimatic
Ecological Classification (BEC) zones

V=

e o | R Ry T
G __|I ) . - ':-.J N _,J' e A
Ji ¥4 Using ClimateBC S &)
e N + o ﬁ S 1 ¥

Source: Hamann & Wang. 2005. Agricultural and Forest Meteorology 128: 211-221 48



November 2006

Hamann and Wang,
Ecology 2006

Current

CLIMATE CHANGE BC ECOSYSTEMS
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Use of Random Forest to
predict climate envelops of BEC
zones in the future

Centre for Forest Conservation Genetics




A forest of classification trees
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Comparisons between modeling

approaches
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Wang et al. unpublished



Observed vs. predicted BECs

BEC Zones (observed) BEC Zones (predicted)
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Current 2020s 2050s
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A local application the predictions
at Subzone level

Current Subzone Predicted Subzone (Current)

. 60
soieing @i all Wi i Kamloops Timber Supply Area



Predictions of species
distributions



Two approaches

+ Associate species distributions with
BEC Variants

- Species climate envelopes shift with BEC
Variant climate
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Current 2020s 2050s 2080s
—

Wang et al. unpublished
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Ponderosa pine
Climate envelope shift

Wang et al. unpublished
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Current 2020s 2050s 2080s
—

Wang et al. unpublished
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Current 2020s 2050s 2080s
—

- Wang et al. unpublished
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2020s 2050s
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. unpublished
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Current 2050s
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Two approaches

* Model and predict species climate
habitats based on ecological plot data
- BC ecological plot data (Elizabeth)

- US FIA data
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Distribution of the sample plots
(over 35,000 plots)

Wang
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Predictions of climate
envelopes for Douglas-fir



t\ Douglas_fir

Source:

= USGS

science for a changing world



t\ Douglas_fir
Climate envelope (1961-1990)




% Douglas_fir
Climate envelope (CGCM2_A2x_2020s)

“¥.Wang et al/unpublished’
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% Douglas_fir
Climate envelope (CGCM2_A2x_2050s)
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