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Set up for  Cal i brat i on  St ep

BETHY: Knor r  97; TM2: Heim ann 95

J (m) = ½ [ (m- m0)Cm
- 1(m- m0)+(M (m)- d)Cd

- 1(M (m)- d)]
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Figure taken from 
Tarantola ' 87 Space of  m (m odel  param et ers)

First  der ivat ive (Gradient) 
of  J(m)  w.r .t . m (model 
parameters) :         

           –^J(m)/^m        
yields direct ion of  
steepest  descent

Gradien t  
Met hod

Cost  Fun t i on  J (m )
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Opt im i sat i on
- - - - - - - >
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Figure taken from 
Tarantola ' 87

Second Der ivat ive 
(Hessian) of J(m):

    

     ^2J(m)/ ^m2     

    
yields curvature of J,
provides est imated
uncertainty in  mopt

Covar i ances i n  Param et er  
Uncer t ai n t i es

Space of m (model parameters)
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Covar i ances i n  Param et er  
Uncer t ai n t i es

 first guess optimized prior unc. opt.unc. Vm(TrEv) Vm(EvCn) Vm(C3Gr) Vm(Crop)

µmol/m 2s µmol/m 2s % %

Vm(TrEv) 60.0 43.2 20.0 10.5 0.28 0.02 - 0.02 0.05

Vm(EvCn) 29.0 32.6 20.0 16.2 0.02 0.65 - 0.10 0.08

Vm(C3Gr) 42.0 18.0 20.0 16.9 - 0.02 - 0.10 0.71 - 0.31

Vm(Crop) 117.0 45.4 20.0 17.8 0.05 0.08 - 0.31 0.80

error covarianceexamples:
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Relat i ve reduct i on  of  
uncer t ai n t i es

Observat i ons resolve about  10- 15 di rect i ons i n  param et er  space
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Set up for  prognost i c st ep

BETHY: Knorr 97; TM2: Heimann 95
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Covar i ances i n  Uncer t ai n t i es of  
Prognost i cs

Posterior (after optimisation) covariance in uncertainties of prognostics

error covariance

of parameters

Jacobian matrix 

(adjoint or tangent linear model)

C
y,post

=(DM)C
m,post

(DM)T

y=M(m
opt

)

Prognostics, e.g. CO2 fluxes, are a function of model parameters
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Regional  Net  Carbon  Balance 
and Uncer t ai n t i es
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• Syst em  can  t est  a gi ven  com binat i on  observat i onal  
dat a + m odel  form ulat i on  wi t h  uncer t ai n  param et ers, 
and del i ver  opt im al  param et ers, prognost i cs,
and t hei r  a post er i or i  uncer t ai n t i es 

• In i t i al  and boundary  condi t i ons can  be i ncluded as 
unk nowns/ con t rol  var i ables (we have 1 al ready)

• Model  i s developed fur t her  wi t h i n  syst em
• Model  developm ent  benef i t s f rom  sensi t i v i t y  

i n form at i on  and com par i son  wi t h  dat a (of t en  brut al !)

• Work  i s ongoing, num bers are f rom  m odel  
form ulat i on  we are not  yet  happy wi t h ...

Model  developm ent  
wi t h i n  Syst em
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• Uses adjoi n t , t angen t  l i near  
and Hessian  code

• Al l  der i vat i ve code generat ed f rom
For t ran- 90 source code of  m odel  
(~5500 l i nes) by  AD t ool  TAF

• Process fu l l y  aut om at i c: no hand coding
• Good per form ance on  Li nux, XEON 2GHz,

wi t h  Lahey  l f95: - t pp - O 

Aut om at i c Di f feren t i at i on



som e larger  TAF Der i vat i ves

M odel (W ho) L ines Lang TLM ADM Ckp HES

NA SA/NCA R (w . Todling  &  L in) 87'000 F90 2.7 6.8 2 lev -

MOM3 (Galan t i &  Tziperman) 50'000 F77 Yes 4.6 2 lev -

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

BETHY (w . Knorr, Rayner, Scholze) 5'500 F90 1.5 3.4 2 lev 50/12

Nav.- Stokes - So lver (Hinze, Slaw ig) 450 F77 - 2.0 steady -

NSC2KE 2'500 F77 2.4 3.4 steady 9.8/1

HB _AIRFOIL  (Thom as &  Hall) 8'000 F90 - 3.0 -

AL i nes: t ot al  number  of  For t r an  l i nes w i t hou t  comment s 
ANumber s for  TL M  and ADM  gi ve CPU t i me for  

(funct i on  +  gr ad i en t ) r elat i ve t o for w ar d model
A  H ES for mat : CPU t i me for  H essi an  *  n  vect or s r el . t . for w . model / n
A  2 (3) level  check poi n t i ng cost s 1 (2) addi t i onal  model  r un(s)
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Aut om at i c Sparsi t y  
Det ect i on  (ASD) i n  TAF

" TAF generat es code t o evaluat e t he sparsi t y  pat t ern  of  a 
J acobian  (ASD)

" ASD- code propagat es bi t  vect ors - > i s very  ef f i ci en t
" Can do forward m ode and reverse m ode
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Exam ple: DM for
M: Param t ers

- > Net  CO2 Flux 
i n  lat i t ude bands
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J acobian  and ASD 
Per form ance

Forward 
58 i ndependent s
J acobian : 12
ASD:   1.3

Reverse 

CPU t im e quan t i f i ed
i n  m ul t i ples of  
funct i on  evaluat i ons
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• AD i s k ey  t echnology  i n  CCDAS:
Al lows propagat i on  of  uncer t ai n t i es

• Concept  can  be general i sed t o ot her  
m odel l i ng syst em s

• Aut om at i c di f feren t i at i on  essen t i al
t o reduce t he delay  f rom  m odel  developm ent  
t o dat a assim i lat i on  

Sum m ary


