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Clm5 has a 
new nitrogen 
cycle 

Fisher et al. in prep 



The new model is imperfect!  GPP 

Image from Nathan Collier and http://climate.ornl.gov/~ncf/CLM5beta/ 



The Game of Climate Model Biases 

Find new study: 
update old, wrong 
parameter value 

Add new structure to 
account for new knowledge 

Two alternative 
algorithms for poorly 
understood process.  

Different but-still-
reasonable value 
gives better answers 

Use value 
calibrated at 
single site. 



How can you tell whether problems are  
structural  

or 
parametric  

? 



Parameter Exploration 
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One-At-A-Time 
sensitivity analysis 
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Global 4x5o runs 
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Spin up ‘default’ 
version to Pre-I CO2 

Perturb parameters 

Elevate CO2 to 
present (380ppm) 

Run for 60 more years 
at PI CO2.  

Run for 20 more years 

DEFAULT 

One-At-A-Time 
sensitivity analysis 

Global 4x5o runs 

‘Expert Judgment’ to 
narrow parameter fields 

Parameter Exploration 



Aren’t we supposed to have parameters we can measure?. 



Aren’t we supposed to have parameters we can measure?. 
Specific Leaf Area (SLA)  
from TRY database 

Existing Plant 
Functional Types are 
not a good predictor 
of many traits 



Is it cheating? YES 
We shouldn’t fit to the same data 

we are testing the model with 

We should be able to observe 
model parameters 

NO 
There is nothing magic about the existing parameter 

values 

They have both observation error and real variation 

It is better to calibrate objectively than iteratively 

We can (and will!) be transparent about our process 

We can isolate structural bias or other issues if 
calibration fails 

We need a robust simulation of the present day to say 
sensible things about the future 

We can use only a subset of data (e.g. annual means)  

. 

 

 

 



The chosen ones: reduced parameter space 
cn_s1             : Soil C:N ratio pool 1 

cn_s2             : Soil C:N ratio pool 2 

knitr_max       : max rate of nitrification 

FUNfracfixers : frac of vegetation that can fix N 

slatop             : Specific Leaf Area (TRY) 

leaf_cn           : Leaf C:N ratio (TRY) 

froot_leaf        : Fine root:leaf ratio      

gr_perc           : Growth respiration fraction      

r_mort             : Stem turnover rate (mortality) 

mbb_opt        : Ball-Berry stomatal slope 

N_costs          : Costs of active N uptake 

denit_coef      : Denitrification coefficient 

denit_exp       : Denitrification exponent 

ig_counts       : Fire ignition counts 

baseflow        : Rate of water loss to rivers 

snow              : 2 snow density parameters 

root_depth    : Exponent of root profile 

Ranges from literature, or logic/judgement  
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Conclusions of perturbations.  
There are no nasty surprises 

The model works as we might intuitively expect it to 

Many alternative Nitrogen cycles (high and low fixation/loss rates) are possible 
within similar-looking carbon cycles.  



 CO2 fertilization 
Significant changes in the N cycle have previously had large impacts on CO2 

responses 

What controls CO2 response in the new model? 

Step change to CO2, 10 years out.  



Ainsworth & Rogers 2004 

380 -> 550 ppm  
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Conclusions 
-   We explored the response of the CLM5-beta code to parameter perturbation 

-  CO2 response and parameter reactions appear first-order reasonable.  

-  Can we use this information to reduce outstanding model biases? 

-  … 



Slides for ben 



Root Profile  

-  Root profiles in CLM5 are 
from Jackson (2000) root 
database. 

-  They are far too shallow, 
compared with real deep-
rooted tropical forest data 

-  Parameters adjusted to 
reflect this.   

Fisher et al. 2007 
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0

0.2
denitresp coef--low -0.2

0

0.2

denitresp coef--high -0.2

0

0.2
denitresp exp--low -0.2

0

0.2

denitresp exp--high -0.2

0

0.2
igcounts--low -0.2

0

0.2

igcounts--high -0.2

0

0.2
baseflow--low -0.2

0

0.2

baseflow--high -0.2

0

0.2
snow--low -0.2

0

0.2

snow--high -0.2

0

0.2
rootprof--low -0.2

0

0.2

rootprof--high -0.2

0

0.2



N costs--low -0.2

0

0.2

N costs--high -0.2

0

0.2
denitresp coef--low -0.2

0

0.2

denitresp coef--high -0.2

0

0.2
denitresp exp--low -0.2

0

0.2

denitresp exp--high -0.2

0

0.2
igcounts--low -0.2

0

0.2

igcounts--high -0.2

0

0.2
baseflow--low -0.2

0

0.2

baseflow--high -0.2

0

0.2
snow--low -0.2

0

0.2

snow--high -0.2

0

0.2
rootprof--low -0.2

0

0.2

rootprof--high -0.2

0

0.2

knitr max--low -0.2

0

0.2

knitr max--high -0.2

0

0.2
FUNfracfixers--low -0.2

0

0.2

FUNfracfixers--high -0.2

0

0.2
slatop--low -0.2

0

0.2

slatop--high -0.2

0

0.2
leafcn--low -0.2

0

0.2

leafcn--high -0.2

0

0.2
frootleaf--low -0.2

0

0.2

frootleaf--high -0.2

0

0.2
grperc--low -0.2

0

0.2

grperc--high -0.2

0

0.2
rmort--low -0.2

0

0.2

rmort--high -0.2

0

0.2
mbbopt--low -0.2

0

0.2

mbbopt--high -0.2

0

0.2

GPP 
deep 
relative 
 

LOW                                HIGH 
 
 

LOW                                HIGH 
 
 



0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

LAI fertilization 
default 

380 -> 550 ppm  



0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

280 -> 380 ppm  

380 -> 550 ppm  

GPP 

GPP 

NPP 

NPP 

LAI 

LAI 


