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What happens to nitrogen 
when manure is added to the 
surface of CLM4.5 
 
 



Rationale: N is added to the surface of the Earth as manure 
what does this do to the biogeochemistry? 
 
Aim: To build a zeroth order model to calculate nitrogen 
pathways from manure 
 
• Current Methodology 

– Emission factors 
• How could this be done better? 

– Semi-empirical model 
– Validation 
– Improvements 

• What next? 



Nitrogen pathways from manure 

NOx, N2O, N2 
& NH3 are 
emitted 

Nitrogen is taken out of 
appropriate pools 

Nitrogen is deposited back 
to the ground as organic 
matter to decompose or is 
washed of by rain 



Empirical Model 
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NH3 emission 1850 
Tg NH3 year-1 

2000 
Tg NH3 year-1 

CLM4.5 (Emission factor) 5.3 27.7 
Galloway et al. (2004) 5.9 26.3 

NH3 emission (g m-2 s-1) 



Semi-Empirical Model 



N Wash off 
f(rain)  

N2, N2O & NOx  
 f(soil, rain) 

SOM 

Volatilize as NH3  
       f(T, WS) 

Above surface 
TAN Pool 

Nexcr 

Plants 



NH3(g) 

TAN Pool 

NH3(aq) 
NH4

+(aq) 
 H2O 

OH- H+ 

Volatilization of NH3 gas from the TAN 
pool depends on Henry’s Law and 
dissociation equations (Sutton et al., 
1994; Nemitz et al., 2000; Loubet et 
al., 2009). 
 





Response to ground temperature 
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1850 Nitrogen pathways 

Source 
 

N Input 
(Tg) 

NH3  
(Tg) 

N run off  
(Tg) 

N to SOM  
(Tg) 

N2O  
(Tg) 

NOx  
(Tg) 

CLM4.5* 25.5 5.03 8.75 5.33 0.122 0.03 
Galloway 

(2004) 5.9 

* N2O and NOx have been calculated as a product of nitrification only 



2000 Nitrogen pathways 
Source 

 
N Input 

(Tg) 
NH3  
(Tg) 

N run off  
(Tg) 

N to SOM  
(Tg) 

N2O  
(Tg) 

NOx  
(Tg) 

CLM4.5* 138.4 26.3 47.6 21.1 0.45 0.1 
Galloway et al. 

(2004) 24.3 

EDGAR 15.5 2.08 1.06 

* N2O and NOx have been calculated as a product of nitrification only 
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CESM Semi-Empirical Method 
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Semi-empirical Model 
Todd et al., 2007 
Bussink 1992 
Bussink 1994 
Jarvis et al., 1989 
Flesch et al., 2007 
Mulvaney et al., 2008 

R2=0.87 



Further work 

• Calculate other N emissions (NOx, N2O & N2) 
• Model the rate of plant-available nitrogen 

(PAN) formed from the TAN pool  
• Validate other N emissions 
• Use a similar method to estimate N pathways 

from artificial fertilizers 
 

 
 



Goal 

N Wash off 
f(rain)  

SOM pool 

NH3, N2, N2O & NOx 
emissions  

TAN pool 

Ne 

NH4(aq) 

NH3 (g) ⇌ NH3(aq) 

NO3 -(aq) → N2(g) 

→
 

N2 O(g) & NOx(g) 

→
 

PAN NO3 
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