= Lakehead 50

Climate change-associated trends
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consistent across soil drainage
classes in western boreal forests
of Canada
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Introduction

* Long-term consistent decline in net aboveground
biomass reported in some boreal and tropical forests
* Large increases in mortality with increases in
growth insufficient to offset these losses (Brienen
et al. 2015; Chen and Luo 2015; Chen et al. 2016).
 Major driver in some cases: global change type
drought
* Defined as increased evapotranspiration without
increased precipitation leading to negative
ecological water balances
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Introduction

* Global change type drought linked to:

* Increased mortality (van Mantgem et al. 2009;
Michaelian et al. 2011; Luo and Chen 2013; Allen
et al. 2015; Hember et al. 2017)

* Decreased growth (Chen and Luo 2015; Hogg et
al. 2017)

* Declining net aboveground biomass change (Ma
et al. 2012; Chen and Luo 2015; Chen et al. 2017;
Hogg et al. 2017)
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Local site buffering
* |If global-change type drought is a major driver of
effects of climate change, then sites with little water
retention should be more negatively affected than




UNIVERSI

Disturbance driven system,
endogenous stand
development controls on
biomass dynamics (Zhang et al.

2015)
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Boreal forests and climate change
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Boreal forests and
climate change

e Growth trends uncertain (Chen and Luo
2015; Chen et al. 2016; Girardin et al.
2016)

 Dependent on age, composition,
location

* Mortality consistently increasing (Peng
et al. 2011; Hember et al. 2017) :

* Net biomass change consistently D | Shed
decreasing (Ma et al. 2012; Chen and

Luo 2015; Chen et al. 2016)
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Well-drained sites will have less growth and higher
biomass loss from mortality across the study period
than sites with higher water retention




Study area

 Permanent sample plot (PSP) network across
Saskatchewan and Alberta, Canada

1. Known date of wildfire; unmanaged

2. All trees marked and measured accurately and
repeatedly

3. Minimum of three censuses

4. Plot size, soil drainage class, and spatial
information available
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Study area

Drainage class * Well = Moderately * Poorly
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Biomass Calculations

» Species specific allometric equations (Lambert 2005)

 Growth: sum of increase in surviving stems and
biomass added by recruits divided by census interval

* Mortality: sum of biomass lost due to dead stems
divided by census interval

* Net change: Growth minus mortality, or final biomass
of census period minus initial biomass divided by
census interval

e Relative rates were absolute rates divided by mean
standing biomass

T 1
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Statistical model

AAGBij = B, +ﬁ1.Dj + 3, .Yij + f, - f(Aij)",B4'Dj ><Yij .
Ps Dy x T(A)) + fs Yy x T(Ay) + 7,

* Disthe soil drainage class of the plot

* Yis the mid-calendar year

e f(A) is natural logarithm of forest age for absolute
AAGB models and is the inverse of the natural
logarithm of forest age for relative AAGB

 1tis the random plot error

Y 1



20

>

5 |

D
ot
kv

=

Bl

4

—— o= =i
—P—1 .|°|W .i°f. -
S w o ®» o w ©o ®» o w o o
o~  od o N - o (] -~ = o
(, 4 %) uwmoi9 (, 4 %) Anenow (, 4 %) abueyo joN
0
2 —— ——}
ae s
w o w o w o v o w o v o

__((sh, _eubn) umoio
)

(,9K ey B) Ayrepow

(, 4 ey Byy) ebueyo 1eN

Moderately Poorly

Well

Moderately Poorly

Well

Drainage class

14




20

d

Do
e
kv

=

Bl

4

200

100

T T

o-

T T T

w0 el o ™ o -] ™ o
o (44 %) gy (44 %) Qmevopy (, 4 3 ) ebueya 18N
>
2
S o
Q@ = (]
. |
gL o
e S =
[
s | |
s <. W = ~ ~ o % r = < 9
— [ ;_ el 6) ywmors ( ;.. ey Syy) Amevow __ M - By ) abueuo 18N

300

300
Forest age (years)

200

100

15




IT=Y

Y-E R §

akehead 90

N

RS
oo d
- u

1980

1970

1960

T T
o~ .

1990

1980

1970

1960

m o ™~ ) o™~ -
( I 5% ) Yoy ({, 1K 96 ) uepopy ( A 5, ) eBueya 18N
:
]
||
:
_ >
@ g
© r \
o & S |
2 = 95 =
g8 8 8
£ = = a
i
s | |
o~ .3 o~ s ~ -
— [ ;. Uy Byy) ywers) A. ;,. ey Sy) Anevow ( »f 2y By ) abueyo JaN

2000

1980

2000

Year

16




20

 §

"

e
e
-~

SPEI

T

K3

1
»
\

(, wun JA ey Bw) ymoio

(,wun K ey bw)Ameuow (, wun JA ey Bw) ebueud jeN

-
o
~—] .- s
—— i
L) Ll L) L v T L) L) L v Ll L L3 L3 Ll
®© o o ©®© © © o o ® © o ©®O o o ©
o S o @ ¢ o o o Q@ @ © o o Q Q

(,-Oe _-; .-y B) umoin

(,.00 ,JK ey B) Awewowy (0. A ey B) abueyo jaN

-
L0
m‘u. “ ° ° { b
()]
O " te i
@)
T_, ® v S V L
T LJ h L} L} L} T Ll L T T Ll
e 8 &8 &8 & 8 & & & 8 & 3
o e ] ] o = Q ] o© o <] i

(,wdd £ eybpw)uwmosg (, wdd _-S ,-BU 6) Amepow (, wdd A

©

ey 6y ) ebueys 1aN

L-

Moderately Poorly

Well

Moderately Poorly

Well

Well Moderately Poorly

17




20

5 |

"

ad
e
-~

Om _ ° - L
L
a o e e i
n
W.. L | “ b
© © o ®w 9 © ®» o w o © © o w o
\ o o 0. - -— o o n.v - -— o o n.v 5
(, wun | 1K %) ymoio (,.un 1A %) Ayiepoly (, yun 1A 9)abueyo jeN
%)
—- -9 o i bk
<
= b a a :
<
‘O.n -& W( -9 o
N © N ¥ ©®© N O N4 ¥ © N O N T ©
© 6 ¢ 9§ § © 6 ¢ § @ © © g g g
(-0 , 3K %) Umoio (,-00 , 3 %) Aweow (,-0¢ |3 %) abueyo 1oN
o
|—e- o > 88
02
o
| o _“0 o
o o o o o o o o o
= S o S S o S S S
o o Q o (=} =} (=} o o
(,wdd £ o) umos (, wdd £ o) Awepow (, wdd A %)ebueyo joN
©

Moderately Poorly

Well

Moderately Poorly

Well

Well Moderately Poorly

18




l%',"_'i-"_'_,--"La ehead 90

UN EYER S 1865-2015

Conclusion

* Why would trends be consistent?
1. Differences in species composition
2. Adaptation to local site conditions (irrespective
of community composition)
3. Possibly less sensitive to long-term trends and
more sensitive to discrete events (e.g., droughts)

e Differences in relative growth rates are interesting
but difficult to discern ecological relevance

-/ 19
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Conclusion

Our results suggest that climate change serves as a
top-down control on forest growth, mortality and
net biomass change.

Indicates that the current practise of pooling local
drainage effects into a random effect is robust

20
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