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Motivation

Earth rotation varies in time.
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I. Changes are observed.

2. Reflect angular momentum of the
fluid shell around the Earth, primarily
the atmosphere.

South Pole 3. Assimilation--> Earth rotation as a
constraint upon atmosphere models.



Atmospheric Effects on Earth Rotation (Examples)
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Atmospheric Effects on Earth Rotation (Examples)

Sudden Stratospheric Warmings
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Also:

NAM/SAM (Petrick et al., 2012; Marcus et al., 2012)
Blocking (Neef and Walther, in progress.)
MJO (Dickey et al., 1991)




Excitation of Earth Rotation by
Angular Momentum Exchange
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Atmospheric Excitation of Earth Rotation

R Eart.h Variations in Atmospheric Angular
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Geographic Weighting Functions
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Assimilating Earth Rotation Using DART-CAM

3 integral
observations
of the state.
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Data
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Anderson et al. (2009)
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Earth Rotation OSSEs using DART
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Given a perfect model and perfect observations, how well can we recover the
truth?
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State Space: Error Reduction in Time

Assimilation variables

u-wind at 300 hPa

All ERPs

_(115—|Jan .
] v-wind at 300 hPa

ER (m/s)

Improvement
relative to no
DA case:
observing XI
and X3 yields
the most
improvements.



ER (hPa)

State Space: Error Reduction in Time

surface pressure

_ |
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Some
improvement
relative to no-
DA case.

Assimilation variables
All ERPs

X3 only




State Space: Error Reduction in Time

Error Reduction in Time
I
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Assimilation variables
All ERPs

X3 only
Complete filter divergence

after about 4 months.
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Correlation mean U X1

Towards localizing
the Analysis
Increment

; Mean ensemble correlations
| between U-wind (300 hPa) and the
global excitation functions.

= — =

- Correlations make dynamical
sense.

- Except for strange strong signal
in polar regions

- But very small local
correlations.

>> Localization may be difficult.
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Summary

Observed Earth Rotation Parameters (ERPs) translate into
atmospheric excitation functions, which are an integral
constraint on the state.

Assimilation best constrains the zonal wind field.

Assimilating individual excitation functions generally
improves things, but all three together makes the analysis
worse.

Improvement limited to ~ first 3 months of assimilation



Outlook: A New Type of Model Constraint?

Localization: masking out regions with spurious
localization.

A better initial ensemble: constrain with uniform local
observations first, then apply ERP observations.

Can ERPs help to capture specific events, e.g. blocking?

Once filter divergence is taken care of: application to
longer timescales (6 months - years).

Expansion to DART-CESM and DART-WACCM (2013).
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Role of the
Atmosphere

In Excitation
of AAM
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Earth Angular Momentum

Hi(t) = L;j(t)w;(t) + h;(1)
/7 \

moment of inertia:
Depends on distribution of
mass around the Earth

relative angular
momentum:

Movements relative to the
the rotation vector w

dH (1 B
dt( ) = T 4 d(Iww] + h; )/dt + €KW (I;dwl + hk) = T;
Liouville equation
If net external torques are zero, changes in relative
 AM and mass distribution are evened out by changes
in the rotation vector.
GFZ

14 ﬁHELMHOLTz

Helmholtz-Zent
Pecr’n_lt_)sz I:,er;'\rumlm |GEME|NSCHAFT




Changes in Earth Angular Momentum
d(Lijw; + hq)/dt + €pw;(Tgw; + hy) = 7

* Now assume very small perturbations in the MOI and relative AM
(in each vector component!)

{ A 0 0 \ w1 my
Iij(t) — 0O B 0 -|-Afij(t) w2 = mo 0
\ 0 0 C} w3 L +ms3

Excitation functions x;:

mi/o.+mo = x2 — X1/ . .
. _ nondimensionalized angular
:> ma/oc—m1 = —x1— X2/ momentum
m3 = —YX3 exchange with Earth’s fluid

shell
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Atmospheric Angular Momentum
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State Space Error

Upper level damping
in CAM gets rid of
initial ensemble
spread.

Initial ensemble bias
in the stratosphere
reduced faster with
obs of %> and 3 (1?)

RMSE of u-wind at 300 hPa
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Earth Rotatlon Measurements

VyL ng Baseline Interferometry
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Localization of the analysis increment around
the transfer function maxima

Idea:
Observing only X2, localize the increment where

the integral most strongly weights zonal wind.
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