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PT-CLM	

G. B. Bonan et al.: Modeling stomatal conductance in the earth system 2205

Figure 7. Canopy flux simulations for US-Ha1, July 2001. Shown are observed (horizontal axis) and simulated (vertical axis) net radiation
(Rn), sensible heat flux (H ), latent heat flux (�E), and gross primary production (GPP) for the multi-layer canopy model with the CLM
Ball–Berry model (left-hand panels; a–d), SPA-iWUE optimization (middle panels; e–h), and SPA-WUE optimization (right-hand panels,
i–l). The dashed line shows the 1 : 1 relationship, with the light and dark shading denoting ±1 and ±2 standard deviations, respectively, of
the random flux error, � ("). Statistics show sample size (n), correlation coefficient (r), slope of the regression line, mean bias, and root mean
square error (RMSE). Data are shown for periods without rain. GPP is for daylight hours only.

www.geosci-model-dev.net/7/2193/2014/ Geosci. Model Dev., 7, 2193–2222, 2014

‘Typically’	
•  SP	mode	
•  Summer	fluxes	
•  Evaluate	biogeophysics	

Bonan	et	al.	2014	GMD	



PT-CLM	

‘Typically’	
•  SP	mode	
•  Summer	fluxes	
•  Evaluate	biogeophysics	

Today	
•  BGC	mode	
•  Annual	fluxes	
•  Evaluate	biogeochemistry	



Long-term	records	at	Niwot	

				C1	(subalpine,	3048m)		 				D1	(alpine,	3750m)	

					Tvan	(alpine,	3500m)	
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•  Dull	crayon	in	the	box?		
•  Best	synthesis	of	our	scien1fic	knowledge?	

CLM	response	to	extended	summer	



•  Forced	with	local	meteorology	[2008-2013]	
•  Modified	snow	inputs	and	soil	characteris1cs	

1.  Flux	Valida@on		
– Diurnal	&	Annual	cycle	

2.  Landscape	Evalua@on	
3.  Extended	summer		
		Projec1on	

PT-CLM	4.5+	



1a:	Validate	
diurnal	fluxes	



1a:	Validate	
diurnal	fluxes	



1b:	Validate	
annual	cycle	



1.  Flux	Valida1on	
2.  Landscape	Evalua1on	
			-	Snow	Depth	&	C	cycle		
			-	Fell	Field	to	Snow	Bed		

Burns	1980	



Skip	Walker,	1993	

2a:	Evaluate	snow	(depth	&	melt)	



2a:	Evaluate	snow	(depth	&	melt)	



100

200

300

400

N
PP

 (g
C

 m
−2

 y
−1

)

20

40

60

80

100

FF DM MM WM SB

AN
PP

 (g
C

 m
−2

 y
−1

)

2b:	Evaluate	produc1vity	



1.  Flux	Valida1on	
2.  Landscape	Evalua1on	
3.  Extended	Summer	

Projec1on	
-	Early	melt	
-	Summer	warm	
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Early	Melt	
Summer	Warm	



●

−50

0

50

FF DM MM WM SB

Biom
ass

 Ch
ang

e (g
C m

−2 )

TX
BS
TMS

●

●

0

10

20

GR
OW

 ch
an

ge
 (d

)

●

●

●

●

−0.3

−0.2

−0.1

0.0

BT
RA

N 
ch

an
ge

−0.10

−0.05

0.00

0.05

0.10

FF DM MM WM SB

Bi
om

as
s 

C
ha

ng
e 

(ln
[T

x/
co

nt
ro

l])

TX
BS
TMS

●

−50

0

50

FF DM MM WM SB

B
io

m
as

s 
C

ha
ng

e 
(g

C
 m

−
2 )

TX
BS
TMS

Early	Melt	
Summer	Warm	

●

−50

0

50

FF DM MM WM SB

Bi
om

as
s 

C
ha

ng
e 

(g
C

 m
−2

)

TX
BS
TMS



PT-CLM	can	simulate	a	‘foreign’	ecosystem		
	
	
	
	
	
	
	
	
	

Suggests	connec@vity	will	shape	how	alpine	
ecosystems	respond	to	climate	change?	

	



Adjus1ng	assump1ons	about	Rh	&	photosynthesis	
De

pt
h	
(m

)	

Soil	H2O	(kg	m2)	



Diurnal	cycle	of	GPP	

GP
P	
(m

g	
C	
m

-2
	s-

1 )
	

						Hour			



Warming	trends	at	Niwot	

Kihel	et	al.	2016,	McGuire	et	al.	2012	

				C1	(subalpine,	3048m)		 				D1	(alpine,	3750m)	

Ecosystem	response	to	extended	summer	


