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Before telling you what’s new...

==> Starting Sun0S Version 0.4.0 on host imksunsl8 <==
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3 === % AU VU L PR B \Z3/ ==
? === A VA Y ==

> ===  ANalysis of CIrculation in the STRatosphere USing ==
=== SPECtroscopic measurements of tracers ==
=== 0.4.0 / 05-Nov-2015 ===

using Processor library version 1.6.12
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..let’s recap the old stuff ﬂ("

Goal: Empirical analysis of the BDC using tracer
measurements

® The age of air can be understood as an “integral over the stratospheric
residence time of the air parcel”. Roughly speaking, the intensity of the
circulation is the quotient of the displacement of the air parcel during its
stratospheric life and its stratospheric residence time.

® If we find an approach which is more differential, we can avoid the
problems mentioned before: The strength of the circulation then is the
quotient of a short-time displacement and the related time-step.

® The continuity equation helps to achieve this!
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2-D continuity equation ﬂ(".

® Usual transport calculations (forward modelling of transport):
(vmr, density) = continuity equation (v,w,K,,K,; vmrg,density,)

® What we do (inverse modeling of circulation):
(v,w,K,,K,) = continuity equation ! (vmr,density,vmry,density,)

For us, tracer analysis is the inverse solution of the continuity equation.
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We start with monthly zonal mean vmr
distributions (in our case: MIPAS)
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The major steps

1.

Karlsruher Institut fur Technologie

Predict the later state for a given initial state by the ‘forward solution’
of the continuity equation for assumed kinematic variables (transport
calculation).

Estimate the uncertainties of the predicted later state (error
estimation).

Calculate the sensitivity of the later state with respect to the kinematic
variables (Jacobian matrix).

Compare the predicted later state with the measured later state and
calculate the difference (residual).

Invert the continuity equation by minimization of the residual.

The resulting kinematic variables represent the most likely velocities
and mixing coefficients
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Step 1: Transport modeling: ﬂ(".

® We integrate the tendencies:
new state = old state +0state/dkinematic * kinematic

® Simple Euler integration is too diffusive.

m State of the art integration (e.g. Prather) does not allow a closed form
solution for the Jacobians.

® Compromise: MacCormack-integration: a predictor-corrector method.
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locations. ‘I'he sensitivities of the densities ot the first pre-
dictive step with respect to the initial densities at the same
latitude and altitude are
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We further differenciate predicted air densities with respect
to air densities at the adjacent southern latitude but the same
altitude.
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Step 2: Error Propagation ﬂ(".

It is convenient to write the transport problem in matrix notation:
Later state =D * initial state =D, * ... *D,*D,*initial state;

Each D, ., refers to one ‘micro-timestep’;

In this case, the prediction error S, is calculated from the uncertainty of the
initial state S, via generalized Gaussian error propagation as

S, =MD, S,(ND,)";

The “only” problem is to get the D, matrices ©

have fun......
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efficiently computed using the following recursive scheme,
where f, ; is the respective column of the Jacobian after mi-
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Trace gas contributions
predicted from initial values
measured at time t,

Trace gas

distributions
measured at time t — DIFFERENCE
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This was all old stuff.

What’s new?



What’s nhew? ﬂ(“

B Sinks of all relevant gases have been implemented
(photochemistry, OH chemistry, O'D chemistry)

® Sources of H,O and CO have been implemented

® And finally we have tried to understand a little bit
better what we are doing...

...which led us to the question where the information
comes from.

KIT-IMK-ASF-SAT
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1. Tracing transported patterns; can best be analyzed by
setting the sources and sinks to zero.

2. Balance between sinks and transport; can best be
analyzed by analyzing stationary fields.

Two pathways of information:

® The realistic result contains a component of both
processes.

KIT-IMK-ASF-SAT
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Test case 1:

Sep-Oct 2010 vmr fields from
MIPAS

No sinks/sources - tracing of
patterns (local vmr changes) only

Gases used: CFC-12, CH,, N,O, SF4
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Test case 2:
Annual mean vmr fields 2010
From MIPAS

Sinks/sources only- stationary
atmosphere
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Test case 3:

Sep-0Oct 2010 vmr fields from
MIPAS

Inclusion of sinks and sources
AND tracing vmr changes
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altitude/km
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NeXt Ste pS (as announced in Victoria-talk) ﬂ(IT

® [nclude more species;
® Consider sinks (photochemical, OH, O'D);
a..
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Next steps ST

® [nclude more species; done!
® Consider sinks (photochemical, OH, O'D); done!
a..
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Next steps SIT

® [nclude more species; done!
® Consider sinks (photochemical, OH, O'D); done!

BApply for funding!
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