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D'Arrigo et al (2007)

Divergent tree ring width with temperature in some of the northern
sites (Briffa et al. 1995, Jacoby and D'Arrigo 1995, Briffa et al. 1998,
Vaganov et al. 1999, Barber et al. 2000)



All Picea sites

Summer	temperature	strength
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GPP

✓ Light
✓ Moisture
✓ CO2
✓ Others

Foliage mass
Foliage respiration
Foliage turnover

Stem mass (Ring width)
Sapwood respiration

Root mass
Fine root respiration
Fine root turnover

Functional geometry

P model
T model

GPP = Φ0 (PAR0×fAPAR) (ci − Γ*)/(ci + 2Γ*)

P = P0 Ac (1 − exp(−kL))
Pnet = y(P−Rm) = y (P − W•s rs − ζ σ Wf rr)
Pnet = dWs/dt + (1 + ζ σ) dWf/dt + (1/τf + ζ σ/τr) Wf
dWs/dt = y Ac [P0 (1 − exp(−kL)) − ρs (1 − fc/2) H rs/c − L ζ rr] 

− L (πc/4a) [aD (1 − H/Hm) + H] (1/σ + ζ) dD/dt − L Αc(1/στf + ζ/τr) 

H = Hm [1 − exp (−aD/Hm)]
Ac = (πc/4a) DH
fc = (1−z*/H) = H/aD
Ws = (π/8) ρs D2H
W•s = L Ac vH ρs Hf

Carbon allocation

latitude, elevation
monthly T, P, S, CO2

Species parameter

(Wang et.al, 2014)
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Picea glauca, Alaska, USA, 67.97o N, 149.77o W, 701m.a.s.l.

●

●

●

●
●

●

●

● ●

●

●

●

●

●

●
●

●
●

●

●

●

● ●

●

●

● ●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

● ●
●

●
●

● ● ●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

● ●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

Ri
ng

 w
id

th
 (m

m
)

RMSE=0.07mm
r=0.33

Observation
Simulation

1940 1950 1960 1970 1980 1990 2000

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Year



PAR

f(P
AR

)

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

● ●● ●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●

p= 0.306

2400 2800 3200

0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45

R
in

g 
w

id
th

 (m
m

)

alpha

f(a
lp

ha
)

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

p= 0.106

0.3 0.4 0.5 0.6 0.7 0.8

VPD

f(V
PD

)

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

● ●

●
●

●

●
●

●
●

●● ●

●

●

●

● ●

●

●

●●

●

●

●

●

p= 0.081

1.5 2.0 2.5 3.0

t

f(t
)

●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

● ●
● ●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

p= 0.335

2 3 4 5 6

R2 = 0.204

19
40
−1

97
0

PAR

f(P
AR

) ●

●
●

●

●
●

●

●
●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●● ●
●

●

●

●

●

●

●

● ●

●

●

p= 0.795

2600 3000 3400

0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45

PAR (mol photon m2)
alpha

f(a
lp

ha
) ●

●
●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

●

●

●

p= 0.076

0.3 0.4 0.5 0.6 0.7 0.8
α VPD

f(V
PD

)

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

p= 0.036

2.0 2.5 3.0 3.5
VPD (hPa) t

f(t
) ●

● ●● ●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

p= 0.018

3.5 4.5 5.5 6.5
Temperature (°C)

R2 = 0.285

19
71
−2

00
0

PAR

f(P
AR

)

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●

●

●

●

●

●

●

p= 0

2400 2800 3200

0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45

R
in

g 
w

id
th

 (m
m

)

alpha

f(a
lp

ha
)

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

p= 0

0.3 0.4 0.5 0.6 0.7 0.8

VPD

f(V
PD

)

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

p= 0.005

1.5 2.0 2.5 3.0

t

f(t
)

●

●

● ●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●● ●●

●

●
●

●

●

●

●

●

●

●

p= 0.001

2 3 4 5 6

R2 = 0.932

19
40
−1

97
0

PAR

f(P
AR

)

●

●

●

●

●

●

●

●

●
●

●

●

●
●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

p= 0

2600 3000 3400

0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45

PAR (mol photon m2)
alpha

f(a
lp

ha
)

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

p= 0

0.3 0.4 0.5 0.6 0.7 0.8
α VPD

f(V
PD

)

●

●

●

●

●

●

●

●

●

●●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

p= 0.085

2.0 2.5 3.0 3.5
VPD (hPa) t

f(t
)

●

●

●

●

●

●

● ●

●
●

●

● ●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●
● ●

●

p= 0.304

3.5 4.5 5.5 6.5
Temperature (°C)

R2 = 0.925
19

71
−2

00
0

Both two periods show
• Positive effect from 

PAR and  α
• Negative effect from 

VPDO
bs

er
va

tio
n

Si
m

ul
at

io
n Simulation has the similar 

responses to the major 
climate factors as 
observation (PAR, α, VPD)



Temperature sensitive — Juniperus occidentalis, California, USA Non-divergent



Moisture sensitive – Callitris columellaris, GWW, Australia
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Mild climate - Pinus koraiensis, Changbai Mountain, China
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• Model	simulate	a	significant	positive CO2 response;

• CO2 effect	is	missing (flat	and	insignificant)	in	observation.

AK104, Alaska, USA



• Controls on simulation 
and observation similar, 
except [CO2]

• Positive effect from PAR
and  α

• Negative effect from VPD

• No effect from [CO2] for 
observation, but model 
simulates significat [CO2] 
response.
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Possible reason for missing [CO2] signal

Root	to	shoot	 ratio

[CO2]

• Carbon	allocation	is	the	results	of	
both	climate	change and	CO2 rising

• Time-dependent	carbon	allocation	
parameter	improves	simulation
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Take home messages

• Tree growth is controlled by multiple factors,
and ‘divergence’ just illustrates this.

• Changes of climate and CO2 affect allocation.

• Solution to ‘divergence’ problem is site specific.

• Interpretation of tree rings should account for
controls on tree growth and carbon allocation
realistically.


