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TEF, ZOOM,model oupling, feedbak analysis...

Jean-Yves GRANDPEIX L.M.D. ; Paris ; Frane
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Modelsappearanephysis, hemistry, biology, eonomymathematisnumerissoftwareMathematis = ommon language (hopefully)� we onsider models belonging to mathematis and numeris worlds:Models = sets of equations� always try to exhibit links with upper layers� (Sub-)System = model � variables
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Sensitivity, oupling, feedbakSensitivity = response to a hange in forings

Coupling = response of a variable '1 to a hange of model relative to anothervariable '2
Feedbak = response of a variable to the losure of a loop

Importane of partitionning into labelled submodels
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Partitionning and oupling

�A �t�A = GA(�A; �S) Atmosphere�S 'S Oean�O �t�O = GO(�O; 'S)� For every sea surfae temperature �S �! one (unique) solution for �A� For every surfae ux 'S �! one (unique) solution for �OTransfer models = Supplementary onditions restauring the behaviour of theomplete system.Usual oupling tehnique in GCMs : temperature ontinuity: �S = TS(�O)ux ontinuity at surfae: 'S = 	S(�A)
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TEF ; global strutureTwo kinds of models� ells = models relative to parts of the system (partial models ; well posedproblems)� transfers = oupling and mathing modelsTwo sets of variables� state variables (~��)� transfer variables (~')

Equations : Unsteady model steady model�t~�� = ~G�(~��; ~') for eah ell � ~G�(~��; ~') = 0~' = ~f(f~��g) for transfers ~' = ~f(f~��g)
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TLS: Tangent Linear SystemTEF is mainly designed to study properties of the Tangent Linear System (TLS).TLS is obtained by linearizing equations in the viinity of a referene state ~�ref .Æ� �(t0 + Æt) = �(t0) + Æ��(t0) ~�i ~�i+1~�i+2�(t) = �ref (t) + ��(t)���ref (t)TLS is used in three ways:� for dynami models and small time displaement: TLS is used in thetime marhing simulation proedure.� for steady model iterative solving proedure: Newton Raphson methodmakes use TLS.� for pertubation studies.
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CellsUnsteady model steady model�t~�� = ~G�(~��; ~') for eah ell � ~G�(~��; ~') = 0

� Æ~� = ~�(t0 + Æt)� ~�(t0)Æ~' = ~'(t0 + Æt)� ~'(t0)��(t) Æ~�� = Æ~��;de + F : Æ~'��;de(t) F = inuene matrix�0 t0 tf = t0 + Æt
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Transfers~' = ~f(f~��g)
~��(t0 + Æt)� ~��(t0) is onsidered as a pertubation:

Æ~' =P� ��f : Æ~��

where: ��f = � ~f�~��
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Coupling equation: state variable eliminationCell and transfer equations:8<: Æ~�� = Æ~��;de + F : Æ~'Æ~' =P� ��f : Æ~�� (1)

Elimination of state variables:8<: (1�P� ��f : F�)Æ~' = Æ~'ins~'ins =P� ��f : Æ~��;de (2)� When ells are insensitive (F� = 0), then Æ~' = Æ~'ins� The oupling matrix C =X� ��f : F� represents the e�et of ell feedbaks.
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Timedisretizedfeedbakgains
Example:Oean/atmospherethermodynami
oupling
1Dproblemwith2interfaevariables(seasurfae
temperatureandheatux).
Question:isthefeedbakimportant?what
onstraintdoesitimposeontheouplingmethod?

Atm.
~�A

Æ~�A =Æ~�A;de (Æt)+ ~FA (Æt)Æ�
Æ�=� ~fO :Æ~�O �

'
Æ'=� ~fA :Æ~�A

Æ~�O =Æ~�O;de (Æt)+ ~FO (Æt)Æ'
Oean

~�O
Statevariableelimination:

8<: Æ'=� ~fA : ~FA Æ�+� ~fA :Æ~�A;de
Æ�=� ~fO : ~FO Æ'+� ~fO :Æ~�O;de

(3)
EliminationofÆ'
(1�� ~fO : ~FO � ~fA : ~FA )Æ�=� ~fO :Æ~�O;de +� ~fO : ~FO � ~fA :Æ~�A;de(4)
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Timedisretizedfeedbakgains-2
8>><>>: (1�g)Æ�=Æ� �ins

g=� ~fO : ~FO � ~fA : ~FA
Æ� �ins =� ~fO :Æ~�O;de +� ~fO : ~FO � ~fA :Æ~�A;de (5)

FA
�fA

�
'

FO
�fO

Openloop:systemmadeinsensitiveto�bysetting ~FA =0.
EquationreadsÆ�=Æ� �ins .
Closedloop:thegaingomesin:gdesribesthee�etof
thefeedbak.
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Dynami oupling analysis( = exat solving of TLS)Classially: linear di�erential system �! Laplae transform.Here, we use Borel transform instead:B(f)(�) = ~f� = 1� Z 10 exp(� t� )f(t)dt (6)Why Borel transform ? Beause it is very easy to ompute: any omputer ode,that uses Crank-Niolson sheme to ompute Æ'CN (Æt) (suh as ZOOM), anompute numerially Æ ~'(�),thanks to:Æ'CN (Æt) = 2Æ ~'(Æt=2)
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Dynami oupling analysis - 2Example : inuene of high loud over on troposphere temperature

 � High loud over HCC

T  � Troposphere temperature

Elimination of all variables exept HCC and T .(1� C)Æ~' = Æ~'insRow orresponding to T :(1� C11(�))Æ ~T (�)� C12(�)Æ ~HCC(�) = Æ ~Tins(�)
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Dynami oupling analysis - 3T equation Æ ~T (�) = 11� C11(�)Æ ~Tins(�) + C12(�)1� C11(�)Æ ~HCC(�)Main point: oeÆients C1i are of the form ��f1:::F�j ; they are independentof HCC model ( = �alphaf2). ) Inuene of HCC onto T is expliit. Inverting Byields: ÆT (t) = :::+ B�1( C121� C11 ) � �t(ÆHCC(t))� oupling oeÆient B�1( C121�C11 ) is the response of T to a step in HCC att = 0.� limit for large t = steady state oupling oe�ient� diret simulation on�rms that it takes approximately 10 years for thesystem to reah its equilibrium
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Saliantfeatures
apartfromthefatTEFandZOOMdoperform
simulations
�modelsplittingandouplingisaneÆientmodelling
tool�modelsplittingenablesouplingandfeedbakanalysis

�importaneofstudyingtheTangentLinearSystem
�feedbakgainsarepropertiesoftheTLS(note�etsof
non-linearities)

�ouplingoeÆientsdesribetheresponseofavariable
toahangeinthemodelorrespondingtoanother
variable

�feedbakgainsdesribethee�etofthelosureofa
feedbakloop

�fulldynamianalysisofTLSyieldsharateristitimes
aswellasvaluesofouplingoeÆientsandfeedbak
gains


