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Natureʼs response to El Nino heating



Milliff et al., www.cora.nwra.com/~morzel/mjo.html
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Initial pulse in linear model → dispersion
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January mean 300hPa streamfunction

Linear response to steady vorticity source

(streamfunction)
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GCM response to El Nino SST

2-7d bandpass ψ300 variance



The Atmospheric Response to Time-dependent Tropical Heating
as Estimated from the Fluctuation Dissipation Theorem

Data compression & analysis through data driven modeling
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Suppose have discretized dynamical system

     
d"
dt

= F (",#, f );" t=0 = "0;","0 $ %     (# )

Interested in

     A(") = A(")&(")d",  for stationary PDF &'

Suppose f is changed by a small (f . Want

     linear U  ]  ( A(") = U(f

If (Deker &  Haake, 1975;  Risken, 1984)

     *  (# ) is assumed to include a small noise term so its PDF is not fractal

     *  (# ) has a F - P equation with unique solution,

then

     Uij (t) = A
i
(" ( ) t + * ))

+ ln& (" ( ) t ))

+"
j
( ) t )0

t
' d*

Fluctuation Dissipation Theorem
  (Leith, 1975)
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Generalized FDT -- Simplifications

! 

Majda, Abramov &  Grote (2005) found third order accuracy 
for A = I and second order accuracy for quadratic A.
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For quasiGaussian case with A = I,  
the response at t to a steady forcing switched on at t0 is

     U(t, t0) f = C(")C#1(0)d"
t0

t

$ f

%

the operator that gives the response at t to a pulse forcing at t0 is
     &U(t, t0) = C(t # t0)C#1(0)

Simplified FDT -- Incremental form
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     R(t) = C(t #$)C#1(0) f ($)d$
t0
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Berner & Branstator (2006)



Natureʼs response to El Nino & La Nina



Test bed & application

Atmospheric general circulation model (NCAR’s CCM0)

     * Avoid sampling limitations when calculating lag covariances
     * Can sample strictly intrinsic variability
     * Enables rigorous testing of the resulting operator

Primitive equations, circa 1980 physical parameterizations

Perpetual January, fixed boundary conditions

R15

9 level

8 million 12hrly simulated states

} 18352 degrees of freedom



Reduce Dimensionality

1. Pick fields from

      * ps

      * psi x 9

      * chi x 9

      * T   x 9

      * water vapor mixing ratio x 9

2. Truncate each field using EOFs

       * psi   100x9 (>90%)

       * T     496x9 (100%)

3. Form multivariate (truncated) fields,

    normalize by std dev & overweight T,

    calculate EOFs

    truncate (1800 EOFs, >95%)

Assume lag covariances vanish for τ > 30d



3day pulse forcing
CCM0 FD
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(5000 member ensemble)



3day pulse forcing
      FD FD
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Exploration



3day pulse forcing
FD

day3+0

day3+10

day3+5

constant forcing
day 30



CCM0 FDT
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500mb heating

336mb streamfunction
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  ψ300 response to 8deg/d heat source
  GCM   FDT(15000 member ensemble)



  ψ300 response to -8deg/d heat source
  GCM   FDT(15000 member ensemble)
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tropical ψ300

Response to moving eq
heat source

midlatitude ψ300
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Response to El Nino in Nature

FDT response using operator from Nature

FDT from unfiltered data


