
 

Lecture Analysis techniques

Decomposing the circulation

we are interested in the time and zonal mean circulation
the deviations from this mean and how the two inheraak

Define time mean

A ffAdt
and deviations A A A

Note that AT AAT A A O

T is usually seasonal or longer timescale

Also define Zonal mean
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Why do this

Useful for analysing covariances
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Take the time mean
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covariance

Example I

Consider the conservation equation for scalar 8

DI D
DE

write this in flux form

Aside flux form

Remember Dte ZE t k 08 0 D

Also from continuity Iof
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Fait t 0 Crab 0

Take zonal mean

Cpr t O par o The X derivative of the
divergence is zero

For simplicity suppose that p pots

Then we have

6183 t O Polk t Pop 83 0

Expanding

p t pocu3 VN t 18104.141 P Bluff

Now the Zonal mean continuity equation may bewritten

T oh 0

Hence we may write the equation for the zonal mean 8
218 lui 0183 f o p

1
forcing term on zonal near
equation
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l Calculate meridional flux of humidity

Flux policy units Ms t.bg hgokgm
3

rgm251

movie accurately a the density

fo ol 3 to 002C1 to 01416

0.037 Kym251

Flux by mean circulation

Fmean Poog Po 31631
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Flex by eddies

FEDDY Po0 poJg Pobg 0.014 Kgw's
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Note that I 0 I 0

cos cos oh staged o

95 at Iff't at L

Now suppose q Sind

v q
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F cos sink dt

Let iv sin

IF Igf u du sin O



Combining the space time operator

consider the temporal covariance AF

we know that

FB ABT ABT

Now take the Zonal mean

AB CAB t FAI
Decompose the first term into zonal mean and Eddy

FB FATED t I BE HAT
f P p
zonal stationary transient

and timemean eddies eddies

could also go further

FBI CAT t A BEI t LATIBY first

But usually do not separate transient asymmetric
from transient symmetric

Example
Take A U Bae

IT Lift fun t ut



Add to E7
cuff hittin t I TEM t I t IFT

P p n
KE of

mean hinehi KEof stationary transient eddies
energy eddies

Stateestimationtechniques

How do we calculate UT ar UT for
the atmosphere

Observations are scattered in space and time

Need a method to construct gridded estimate

Method 1 Peixoto Oort objective analysis

Used to produce figures in Peixoto Oort 4992

uses radiosonde data

step 1

Quality control data hemove outliers

Calculate means convinces at each station

F F UT

Steph
Define an initial guess on a grid

I



Peixoto Oort used a zonal mean Climatology
in 100 latitude bands

step
Update the initial guess using theavailable data

In data spare regions solve the following

BUD

02T Ffl 0

F 02Tguess

why not just a simple interpolation routine

Method 2 Modern reanalysis

Use atmospheric general circulation model to produce
initial guess

Correct initial guess using data assimilation techniques

Basic example is the Kalman Filter

initial guess provided by forecastmodel

updated based on observations inorder to
minimise acost function thatis constructed
based on estimated error in obs and model

Next lecture Begin to apply these techniques to

understand the atmospheres angular
momentum budget






