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P
art 6: O

bjective A
nalysis

O
ptim

um
 Interpolation

C
om

posite A
nalysis
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Purpose of O
bjective A

nalysis

O
bservations are often available only at a few

 stations that 
are unevenly spaced in the dom

ain of interests.

In order to com
pute derivatives of the field variables, as 

w
ould be required in diagnostic studies or in the 

initialization of a num
erical m

odel, or sim
ply to perform

 a 
sensible averaging process, one often requires values of the 
variables at points on a regular grid.

A
ssigning the best values at the grid points, given data at 

arbitrarily located stations and perhaps a first guess at 
regular grid points, is w

hat has traditionally been called 
objective analysis.
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W
hen to D

o the G
ridding?

T
he m

ethods described are applicable to any problem
 

w
here the data you are given do not fill the dom

ain of 
interest fully, and/or w

here the data m
ust be interpolated to 

a regular grid.

T
he gridding

can be in space, in tim
e, or both.
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Polynom
ial Fitting M

ethod

W
e can use a polynom

ial function to fit the observational data and then 
use this function to generate data on regular grids.

In m
eteorological applications, up to third order polynom

ial have been 
used. B

ut usually, quadratic equation is sufficient for m
ost purpose:

T
he problem

 now
 it to determ

ine the values of the coefficients: a
1 , 

a
2 , …

., and a
6 . 

If w
e have 6 observations of h, then w

e can determ
ine the 6 

coefficients in the quadratic polynom
ial function.

W
e can then use the polynom

ial function for gridding purpose.
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Problem
s W

ith the Polynom
ial M

ethod

T
he instability of the polynom

ial fit is such that w
hen one key data 

point is rem
oved, the polynom

ial fit in that region m
ay change 

radically.

If this point 
is m

issing.

(from
 H

artm
ann 2003)
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Problem
s W

ith the Polynom
ial M

ethod

Polynom
ial fits are unstable in the sense that the values the 

polynom
ials give at points betw

een the stations vary 
greatly for sm

all changes in the data at the station points, 
and especially so w

hen data are m
issing. 

T
he problem

 gets w
orse as the order of the polynom

ial is 
increased. T

he m
ethod is nearly useless w

here the data are 
sparse.
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O
ptim

um
 Interpolation

T
he optim

um
 interpolation (O

I) is a linear interpolation w
hich 

requires its root-m
ean square error to be m

inim
um

.

T
he discussion of this m

ethod focuses on the “deviations from
 a 

norm
al state”:

L
et’s say w

e have a variable φ
and its norm

al state φ
norm . T

his 
norm

al state can be the clim
atological value of φ

or a first guess 
of φ.

T
hen w

e can define the deviation of φ
from

 its norm
al state as φ’:
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Interpolation

N
ow

, w
e w

ant to approxim
ate the value of φ at a grid point (φ

g ), 
in term

s of a linear com
bination of the values of φ at 

neighboring station points (φ
i ):

W
e w

ant to determ
ine the coefficients p

i by m
inim

izing the 
m

ean squared error:
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D
eterm

ine the W
eightings

W
e can norm

alized the error E
:

w
here 

N
ow

 w
e can determ

ine the w
eightings  (p

i ) by asking:

W
e then solve the N

 linear equations for the N
p’s. 

It can be show
n that the error obtained after fitting the coefficients is:
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W
hat D

o W
e N

eed to G
et P

i ?

W
e need to know

 rij and rgi in order to solve the N
 linear 

equation for the N
 Ps. 

B
ut w

e don’t data at grid points (can not calculated 
rgi !).

It is typical to assum
e that correlations betw

een points 
depend only on the distance betw

een them
 and not on 

location or direction.

So w
e calculate the rij from

 station data and obtain rgi from
 

rij based on the distance betw
een the grid points and the 

stations.
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C
om

posite A
nalysis

C
om

positing
analysis (also called superposed epoch analysis) is to sort 

tim
e series into different categories (or phases) and to com

pare
m

eans 
in these categories.

For exam
ple, how

 do Pacific SST
s evolve before, during, and after an 

E
l N

ino event? In this case, there are three categories (before,during, 
and after) in the com

posite analysis.

C
om

positing
is useful w

hen you have m
any observations of som

e 
event and you are looking for responses to that event that are com

bined 
w

ith noise from
 a lot of other influences.

T
he basic idea of the com

positing analysis is that the averaging process 
w

ill rem
ove noise and keep the signals of interest.

O
ften

com
positing

w
ill reveal periodic phenom

ena w
ith fixed phase 

that cannot be extracted from
 spectral analysis if the signal is

sm
all 

com
pared to the noise.
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Steps in C
om

positing A
nalysis

Select the basis for
com

positing
and define the categories

T
he categories m

ight be related to the phase of som
e cyclic 

phenom
enon or forcing, or to tim

e or distance from
 som

e event. For 
exam

ple, w
e can use N

IN
O

3 index as the basis for com
positing the 

E
N

S
O

 cycle.

C
om

pute the m
eans and statistics for each category

W
e calculate the m

ean S
ST

, w
ind stress, or heat flux for the onset, 

grow
ing, and m

ature phases of the E
N

SO
 cycle.

O
rganize and display the results

V
alidate the results

V
alidation of the results can be achieved in m

any w
ays. Statistical 

significance tests are only one of these. 
E
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P
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A
n E

xam
ple -

the M
JO

 C
ycle
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Step 1: D
efine Index

W
e use the principal 

com
ponents of the 

1
stand 2

nd
E

O
Fs to

define different phases
of the M

JO
 life cycle.
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T
im

e-L
ag C

orrelation B
etw

een PC
1 and PC

2
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T
im

e Series 
of the 

Indices
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Step 2: C
om

pute the M
eans

E
SS210B

P
rof. Jin-Y

i Y
u

Step 3: D
isplay the M

JO
 L

ife C
ycle


