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J U L E S - E C O S S E - F U N  

•Fisher, J.B., et al., 2010. Carbon cost of plant nitrogen acquisition: a mechanistic, globally-applicable model of plant nitrogen uptake, retransolcation and 
fixation. Global Biogeochemical Cycles. 
•Smith, P., et al., 2007. ECOSSE: Estimating Carbon in Organic Soils – Sequestration and Emissions. Final Report. 
•Ostle, N.J., …, Fisher, J.B., et al., 2009. Integrating plant–soil interactions into global carbon models. Journal of Ecology. 



J U L E S - E C O S S E - F U N :   
i n p u t s  &  o u t p u t s  

Inputs from JULES-TRIFFID to ECOSSE: 
• Litterfall C and N amounts; 
• Soil temperature and moisture; 
• Soil water flux; 
• Root distribution; 
• N deposition. 

 
Outputs from ECOSSE: 

• Soil C and N stores; 
• CO2, CH4, N2O, NO, N2, NH3; 
• Leaching DOC, NO-

3, DON. 
 

Inputs from JULES, ECOSSE to FUN: 
• Soil N stores; 
• NPP; 
• Transpiration rate; 
• Root distribution; 
• Leaf turnover; 
• Vegetation C and N amounts. 

 
Outputs from FUN: 

• Updated NPP (available for 
growth) to JULES-TRIFFID; 
• Updated plant respiration to 
JULES-TRIFFID ; 
• N uptake amounts (to update soil 
N) to ECOSSE. 
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JULES with and without ECOSSE and FUN 

RothC 

4 soil carbon pools 
• Decomposable plant 

material 
• Resistant plant material 
• Biomass 
• Humus 
 
• No structure with depth. 

• Plant growth assumes no 
restriction by soil N. 

JULES v3.2 (and before) 

ECOSSE 

4 soil carbon pools 
- layered 
• Decomposable plant 

material 
• Resistant plant material 
• Biomass 
• Humus 

 

• ECOSSE is (essentially) a layered combination of RothC and a soil N 
model: RothC → SUNDIAL → ECOSSE 

Plant N uptake: FUN 

6 soil nitrogen pools 
• Nitrate, ammonium + 4 pools as for C 

 

• Plants acquire N via passive and active mechanisms. 
• Active uptake reduces NPP  reduced plant growth. 

JULES v(next) – ECOSSE and FUN additions 

  Plant N uptake: None 

J U L E S - E C O S S E - F U N  



1st order reactions 
• Rates modified by soil T and moisture, and pH. 
• Also anaerobic decomposition (CH4). 

E C O S S E  
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• Decomposition of SOM results in mobilization or immobilization  
of inorganic N (NO3

- and NH4
+) to maintain C:N. 

• If insufficient N, decomposition is slowed and produces more CO2. 

E C O S S E  



E C O S S E :  S O I L  C  &  N  



Based on tests with JULES2.0-ECOSSE at single site (ECOSSE called for each JULES timestep): 

Number of  
ECOSSE layers 

Relative CPU  
(wall clock) time 

0 1.0 

4 1.44 

10 1.67 

20 2.00 

60 2.89 

Notes: 
• These were tests of run time; the results were clearly different. 
• Simple tests, with moderate optimisation by compiler. 
• Coupling less often (e.g. once every 1-2 hours) would be important in reducing CPU requirements. 

Stand-alone ECOSSE 

JULES default 

E C O S S E  
Computational time 



Fisher, J.B., Sitch, S., Malhi, Y., Fisher, R.A., Huntingford, C., Tan, S.-Y., 2010. Carbon cost of plant nitrogen acquisition: A mechanistic, globally-applicable model of plant nitrogen uptake, 
retranslocation and fixation. Global Biogeochemical Cycles 24: GB1014, doi:10.1029/2009GB003621. 
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P L A N T  N  U P T A K E :  F U N  
Carbon costs 



P L A N T  N  U P T A K E :  F U N  
Sensitivity Analysis 



R E S U L T S :  E C O S S E  



1 6 0  y e a r s  o f  S O C  a t  
R o t h a m s t e d  



Simulated and Observed Nmin in the Profile (0-90 cm) of the Loam site (Krummbach) - 
Treatment Without Manure
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ECOSSE/SUNDIAL has been extensively tested for N in soil, crop, yield etc. 

J.U. Smith et al. (2003) 

E C O S S E :  M I N E R A L  N  
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Bell et al. (2012) 
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E C O S S E :  N 2 O  

Bell et al. (2012) 
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E C O S S E :  N O  

Bell et al. (2012) 

Grignon 
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•Fisher, J.B., et al., in press. Nutrient limitation in rainforests and cloud forests along a 3000 m elevation gradient in the Peruvian Andes. Oecologia. 
•Silva-Espejo, J.E., …, Fisher, J.B., et al., in review. Productivity and carbon allocation in a high elevation tropical mountain cloud forest of the Peruvian Andes. Plant Ecology & Diversity. 
•Marthews, T.R., …, Fisher, J.B., et al., 2012. Simulating forest productivity along a neotropical elevational transect: temperature variation and carbon use efficiency. Global Change Biology. 
•Gibbon, A., …, Fisher, J.B., et al., 2010. Ecosystem carbon storage across the grassland-forest transition in the high Andes of Manu National Park, Peru. Ecosystems. 



Fisher et al., in revision. Oecologia. 
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F U N  I M P A C T  O N  G L O B A L  V E G  
C  



N Fertilization CO2 Fertilization 

P R E D I C T  E X P E R I M E N T S  



If N-fixers have an advantage during early 
succession, then why don’t they take  
over the world? 

N  F I X E R S  



O N - G O I N G  P R O J E C T S ,  N E X T  S T E P S  
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Thank you! 
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