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



● 
● 
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● 

– 


– 


● 








● 

● 

● 

● 

● 

● 


● 


● 


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


● 

● 

● 


● 

● 


● 

● 

● 


● 
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


● 


● 


● 


● 



● 
● 








● 


– 
– 

● 

● 


● 

● 








Model (Who) Lines Lang TLM ADM Ckp HES

NASA/DAO (w. Todling & Lin) 87'000 F90 2.7 6.8 2 lev -

MOM3 (Galanti & Tziperman) 50'000 F77 Yes 4.6 2 lev -

MITGCM (ECCO Consortium) 100'000 F77 1.8 5.5 3 lev 11.0/1

BETHY (w. Knorr, Rayner, Scholze) 5'400 F90 1.5 3.6 2 lev 12.5/5

Nav.-Stokes-Solver (Hinze, Slawig) 450 F77 - 2.0 steady -

NSC2KE (w. Slawig) 2'500 F77 2.4 3.4 steady 9.8/1

HB_AIRFOIL (Thomas & Hall) 8'000 F90 - 3.0 -

•
•

•
•












Code Hand TAF/TAMC relativ
EPT (MINPACK-2) 1.5 1.9 -27%
GL1 (MINPACK-2) 1.5 1.7 -13%
GL2 (MINPACK-2) 2.1 1.3 38%
MSA (MINPACK-2) 1.8 1.6 9%
PJB (MINPACK-2) 1.8 2.2 -26%
SSC (MINPACK-2) 1.2 1.1 4%
Nav.-Stokes (Hinze and Slawig) 1.9 2.0 -5%

2.4 2.7 -12%

1.2 1.2 -4%

EULOSOLDO (Cusdin and Müller)

3D NS CFD-code (Cusdin and Müller)



• Terrestrial vegetation model (BETHY, Knorr 2000) simulates CO2 fluxes to atmosphere
• Model has 58 unkown parameters m (“design variables”)
• Atmospheric CO2 is observed at global networks
• Use atmospheric CO2 to constrain parameters (calibration) 
• Put mitfit to observations and other information in scalar objective function J
• Use gradient algorithm to minimise objective function- >  Need adjoint
• Use error in measurements (and model) 

to infer uncertainties in parameters (covariance Cm) - >  Need Hessian
• Use parameter uncertainties to derive uncertainties for predictions - >   Need Jacobian






AD of BETHY with TAF by FastOpt:
• Generated adjoint, Jacobian, and Hessian, and sparsity detection code
• Inserting of 38 TAF directives for storing, support of code analysis

C m≈{
∂2 J  m o p t 

∂ m i , j
2

}
−1

BETHY:
5400 lines of Fortran 90 code, e.g. Modules, dynamic memory allocation, derived types

intrinsics like reshape, matmul, transpose

C y= ∂ y i  mop t 

∂ m j
C m  ∂ y i  mop t 

∂ m j


T

• First system to optimise arbitrary number of vegetation parameters and with rigorous handling of 
uncertainty
• Model is continuously developed further, TAF is integral part of modelling system, updates derivative 
code



MIT global ocean model
http:/ / mitgcm.org

Slide: Courtesy 
Patrick Heimbach, MIT

• Fast and reliable gradient (10 8 components)
• Scientif ic applications infeasible without efficient adjoint code
• After each update of MITgcm, the derivative code is updated by TAF (automated process)








● 

● 

● 

● 

– 
– 
– 
– 

● 






● 



● 


● 





