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e Calibration step

 Progno stic step

« Model development within system
 Automatic Differentiation

e SumMmary
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Cost Function J(m)

First derivative EGradient) of
J(m) w.r.t. m (model
parameters) :

— J(m)/ m

yields direction of steeest
descent

Figure taken from
Tarantola '87

Spaceof m (model parameters)
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Seaond Derivative
(Hessan) of J(m):

2J(m)/ m?
yields curvature of J,

provides estimated
uncertainty in m__

Figure taken from
Tarantola '87

Spaceof m (model parameters)
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Seoond Derivative
(Hessan) of J(m):

23(m)/ m? G

yields curvature of J,
provides estimated
uncertainty in m__

Figure taken from

Tarantola'87 Spaceof m (modéel parameters)
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Cost function (misift):

model prediction r‘y\‘rements
# F, r

[P fdChim- ]+ SIY(M) - Vel CJ Iy () - Y]

T~ \

assumed a priori covariance matrix covariance of uncertainty in
model parameters a priori of parameter uncertainty measurements + model

parameter values

I =

I(m) =

N\
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Cost function (misift):

model prediction r‘y\‘rements
‘( F, r

J(m)——[m Ml Cllm- Myl += [y(m) VICy (M) - Vo]

assumed a priori covariance matrix covariance of uncertainty in
model parameters a priori of parameter uncertainty measurements + model
parameter values
Covar. of parameter uncertainties I 7]23 u
after optimisation: C — | = inverse Hessian
| ﬂml j
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Cost function (misift): model prediction r‘y‘remems

J(m)__[m mo]Cmo[m mo]"' [Y(m) YO]C [Y(m) YO]

2

assumed a priori covariance matrix covariance of uncertainty in
model parameters a priori of parameter uncertainty measurements + model
parameter values 1
. . \ e
Covar. of parameter uncertainties | ”ZJ u
. . . Y 4 Ve . .
after optimisation: Cm — | 5 = inverse Hessian
exam Ies_ first guess optimized prior unc. opt.unc.
P " [umoim s pmoim ’s % %
60.0 43.2 20.0 10.5 0.28 0.02 -0.02 0.05
29.0 32.6 20.0 16.2 0.02 0.65 -0.10 0.08
42.0 18.0 20.0 16.9 -0.02 -0.10 0.71 -0.31
117.0 45.4 20.0 17.8 0.05 0.08 -0.31 0.80
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Observations resolve about 10-15 directions in parameter space
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Covariance in uncertainties of prognostics, vy,

after optimisation (e.g. CO, fluxes): Jacobian matrix
(adjoint or
tangent linear model)

Y (M) 6. gy, (M)

I
C,(m,,) =€
/(o) e fm, ﬂTe m g

error covariance
of parameters
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e System can test a given combination observational
data + model formulation with uncertain parameters,
and deliver optimal parameters, prognostics,
and their a posteriori uncertainties

 Model is developed further within system

 Model development benefits from sensitivity
iInformation and comparison with data (often brutal!)

 Work is ongoing, numbers are from model
formulation we are not yet happy with...
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« Uses adjoint, tangent linear and Hessian code

 All this derivative code generated from F90 source
code of model (~5500 lines)
by automatic differentiation tool TAF

e CPU time in multiples of model
(on Linux: 2 XEON 2GHz2):
tangent linear: 2.1
adjoint: 3.4
Hessian * 12 vectors: 50
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e Concept can be generalised to other
modeling systems, e.qg.
-> Ocean:. MIT model, presentation of
Heimbach et al.
-> NWP: DAO fvGCM, poster Giering et al.

o Automatic differentiation helps to reduce the
delay from model development to data
assimilation
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