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Retomando...

e Décadade 1950: primeiras previsdes numéricas do
tempo

e Limitacdes computacionais inviabilizavam métodos mais
precisos

e Bergthdrsson e D66s (1955)
o Primeira formulacao pratica de analise objetiva
e Cressman (1959)

o Propobe correcoes sucessivas com raio de influéncia
decrescente

Introducio a Assimilacdo de Dados (MET 563-3)




DEPARTMENT OF COMMERCE
FREDERICK H. MUELLER, Secretary

WEATHER BUREAU
F. W. REICHELDERFER, Chief

R REV

MONTHLY WEAT

JAMES E. CASKEY, JR., Editor

W

Volume 87

Number 10 OCTOBER 1959

Closed December 15, 1959
Issued Januvary 15, 1560

AN OPERATIONAL OBJECTIVE ANALYSIS SYSTEM

GEORGE P. CRESSMAN
U.8. Weather Bureau, Washington, D.C.
[Manuscript received September 28 1939; revised November 25, 1959

ABSTRACT

The system of objective weather map anaylsis used at the Joint Numerical Weather Prediction Unit is
described. It ig an integral part of the automatic data processing system, and is designed to operate with a
minimum of manual supervision. The analysis method, based mainly on the method of Bergthirssen and Diis,
is essentially a method of applying corrections to a first guess field. The corrections are deftermined from a
comparison of the data with the interpolated value of the gness field at the observation point. For the analysis
of the heights of a pressure surface the reported wind is taken into account in determining the lateral gradient
of the correction to be applied. A series of scans of the field is made, each sean consisting of application of
corrections on a smaller lateral scale than during the previous scan.

The analysis systein is very flexible, and has been used to analyze many different types of variables. An
example of horizonta) divergence computed from a direct wind analysis is shown.

1. INTRODUCTION

The process of transforming data from observations
at irregularly spaced points into data at the points of
a regularly arranged grid has often been referred to
as “objective analysis.” An objective analysis scheme
must perform several functions, namely, interpolation,
removal of data errors, smoothing, and, in moest appli-
cations, should contain some method of insuring internal
consistency.

The method of analysis originally suggested by Pan-
ofsky [9] and modified to the system described by Gil-
christ and Cressman [5], consisted of fitting some kind
of polynomial by least squares to the data. Further
efforts with this method were described by Cressman
[4] and by Johnson [7]. This method, originally de-
signed for areas of relatively dense and redundant data,
did not prove too practical for use over a hemispheric
area. Much of the hemispheric area is characterized
by a few widely scattered observations, which one de-
sires to fit as exactly as possible. The least squares
polynomial scheme tended to develop instabilities of a

certain type over such an area. Considerable effort was
necessary to control these (Cressman [4]). Further-
more, the formation of the matrix elements and the
matrix triangularization required at each grid poing
involved considerable computation. As a result of these
considerations, the Joint Numerical Weather Predic-
tion (JNWP) Unit, after extensive trials of the above-
mentioned scheme, changed its analysis procedure to the
one described in the following sections. The system
described below is based essentially on the general
method described by Bergthérssen and Dids [2] and
resembles to some extent the method recently reported
by Haug [6].

2. PREPARATION OF THE DATA

One of the major problems in the practical application
of any objective analysis scheme is the problem of data
reliability and the detection and elimination of errors in
the data. For this reason, a short description of the data
preparation method follows,
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An Operational Objective Analysis
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e E 0 Método de Correcdes Sucessivas

1. Inicia-se com um campo de background

2. Utiliza-se as observacoes distribuidas de forma
irregular no espaco

3. Ajusta-se iterativamente o background em direcao as
observacoes:

o Inicia-se com raio de influéncia grande

o Reduz-se o raio de influéncia até que o campo de
background convirja para as observacoes
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Detalhes da formulacao (seguindo Kalnay, 2003)

e Onde,

o fz."Jrl é a enésima estimativa no ponto de grade 1

o ka é a k-ésima observacao ao redor do ponto de

grade 17

o f,? é o valor do enésimo campo de background

St wi (F0 — £

Kzn n 2
Zk=1 Wy, + €

c £

no ponto de observacao k

o K éonumero de observacées dentro da

distancia R" do ponto de grade ¢
2

background

|

é a estimativa da razao entre a variancia do
erro da observacao e oda varianciado erro do

A =+wid-f , W=

Ky
Zk::l wiy,

o Kzn n 2
Zk=1 Wy, + €

@ Observacges
T I Raio de influéncia

"..-e-ax-.,‘_

_______
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e No Método de Correcoes Sucessivas de Cressman,

n <3 A .
0s pesos w;, sao definidos como: T ——"
T~ Raio de influéncia
2 2 61
Wy = ————, T <R ..
’ R2 + r? ’ " > Zoal SR
n 1k ,” AN
n __ 2 2 i ’ s
wzk —_— O, ’r‘zk > R,n 4 rf L] i \“
!
1
3 'k |
l.‘// I
f' @
® Onde, 2 \\\ ’!
Ve . A . \\‘ ’II
o rfk é o quadrado da distancia entre um ponto L N - %
de observacao 7y e um ponto de grade 7;
0_
o R? é o quadrado do enésimo raio de influéncia
0 1 2 Eli 4 5 5]

e Observacoes mais préximas tém maior peso
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Exemplo 1D

e Considere um modelo matematico simples:
f(x) =sin(x) +¢&, e~N(0,0°), —-wm<x<7m >

e Afuncaosenocom aadicao de um ruido -1
normalmente distribuido

] -'|‘ '

Ihl (A
|

| |
ity

i)
14

il

sin(x)

I
i
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Exemplo 1D

X = np.arange(-np.pi, np.pi, 0.01)

xb_seno = np.sin(x)

e Qutraforma de acrescentar o ruido:

sigma = 0.5
#ruido = np.random.randn(len(x)) * sigma

ruido = np.random.randn(*x.shape) * sigma 9

xb = xb_seno + rutido

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 1D

# Posicles

obs_pos = np.array([-2.2, -2.1, -2.0, -1.8, 0.9, 1, 2, 3])

# Valores medidos

obs_vals = np.array([-2.2, -1.8, 0.9, 0, 1, 2, 3, 4])

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 1D

# Funcao peso de Cressman

def weight(r, R):
W = (R¥*2 - r**2) / (R**2 + r**2 + le-12) 9
wlr >= R] = 0.0
return w

e Note que estamos utilizando um ruido extra (¢2 = 107 '?), o qual pode ser omitido - 0 que acontece nesse
caso?

Introducio a Assimilacido de Dados (MET 563-3)



Historico da Assimilacao de Dados

An Operational Objective Analysis System (Cressman, 1959)

Exemplo 1D

# Ralos das passagens sucessivas

radiit = [3.0, 2.0, 1.0, 0.5, 0.25, 0.175]

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 1D

xa = xb.copy()

for R in raditi:
increments = np.zeros_like(xa)
denom = np.zeros_like(xa)
for xo, yo in zip(obs_pos, obs_vals):
r = np.abs(x - xo)

w = weight(r, R)
increments += w * (yo - xa)
denom += w
# evita a divisao por zero
mask = denom > 0
xa[lmask] += increments[mask] / denom[mask]

Introducio a Assimilacido de Dados (MET 563-3)
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Exemplo 1D

e O que acontece quando escolhemos apenas 1 raio? R = 3,0

44 —— X, (Cressman)

— Xp
5] @y

Xa—Xb
2-
1 [ ——————
0 L
-1
2 A bbbt bbbt
'—-———- ———————
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos apenas 1 raio? R = 2,0

—— Xj (Cressman)
44 —— Xb
o v

3 Xa—Xb

2 -

1 ==

0 -
_1 B

.. ————————

_2 B .- _________
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos apenas 1 raioc? R=1,0

| 1
—— Xj (Cressman)
—_— Xp

b |

-3 =2 -1 0 1 2 3 4
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos apenas 1 raio? R =10,5

1 — xa (Cressman)
— Xb
‘1 ey

Xa—Xb

11 *~——g---0

NI W' Iim’

o-le
——.—.-—

-3 =2 -1 0 1 2 3
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos apenas 1 raio? R =0, 25

1 — xa (Cressman)

i1 @y e

Xa— X
I' I I

i ke i ; i ; ;
X
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos apenas 1 raio? R =0,175

1 — xa (Cressman)

4 1 ,., y m

Xa— X

-

| TIA |
Tl
:

-3 =2 -1 0 1 2 3
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos apenas 2 raios? R = [3.0, 2.0]

_— Ix, {Cressman)
44— Xp &

@ Vv i
3 Xag— Xp
2-

|
11 o ¢ -
o I | 'f L Iy
3 “ IT' - T | || T
'I'ﬂ
_1- I
_2- ..
=3 =2 =1 0 1 2 3
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos 3 raios? R = [3.0, 2.0, 1.0]

T
— X5z (Cressman)
—_— Xp

4__
@ v
Xz — Xp
3
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos 4 raios? R = [3.0,2.0,1.0,0.5]

T
— X5z (Cressman)
—_— Xp

| @ vy

Xz — Xp

1]
r" J "WM 'Iii.m‘ M
L ]

=~ e

-3 -2 -1 0 1 2 3
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos 5 raios? R = [3.0,2.0,1.0,0.5, 0.25]

>1 — x. (Cressman)
& .
i !
X ]H‘"‘ ﬂl! r 'lLF' n! |
01—l o Ao—s— i _A"ﬁllrul. ll ' | il 1
PO N |
5 A o '

Ll
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 1D

e O que acontece quando escolhemos 6 raios? R = [3.0,2.0,1.0,0.5,0.25,0.75]

1
1 —— x, (Cressman)
— Xp

1 ey PRIT i

Xg—Xp

-3 -2 -1 0 1 2 3
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Background
5 1.6
Exemplo 2D
, 1.2
e Considere um modelo matematico simples:
0.8
f(X,y):SiIl(X)—i—&‘, SNN(0702)7 —T<X<® —TSyST 14
e A funcao seno com a adicao de um ruido 0.4
normalmente distribuido 01
- 0.0
e Definimos um plano Cartesiano de 100 pontos
onde esta funcao sera aplicada -17 04
J Utilizando
_2 4
ruido = np.random.randn(len(LON)) * sigma -0.8
=31 -1.2

Introducio a Assimilacdo de Dados (MET 563-3) 23
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An Operational Objective Analysis System (Cressman, 1959)

Background

5 .
Exemplo 2D .
e Considere um modelo matematico simples: 47 4
f(X,y):SiIl(X)—i—EZ, SNN(0702)7 —T<X<® —TSyST 1*’ |
e A funcio seno com a adicdo de um ruido F 00
normalmente distribuido D'h
- 0.5
e Definimos um plano Cartesiano de 100 pontos
1 ‘.

onde esta funcao sera aplicada

o Utilizando

ruitdo = np.random.randn(*LON.shape) *

sigma

Introducio a Assimilacdo de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e Definimos dois vetores com o dominio parax ey

e Definimos uma malha a partir dos valores do dominio

lon = np.linspace(-np.pi, np.pi, 10)
lat = np.linspace(-np.pi, np.pi, 10)

LON, LAT = np.meshgrid(lon, lat)

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e Aplicamos a funcao sin para os valores do dominio
e Definimos um ruido

e Somamos o ruido a funcao

xb_seno = np.sin(LON)

sigma = 0.5
ruido = np.random.randn(*LON.shape) * sigma

xb = xb_seno + ruido

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 2D

e Definicao das posicoes e valores das observacoes

# Posicles

# Valores medidos

obs_vals = np.array([-1.0, -1.5, -2.0, -1.0, 1.0, 0.0, 0.5, 0.0])

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e Definicao dos pesos dados em funcao da distancia entre o ponto a ser analisado e as observacoes

e O peso sera zero quando a observacao estiver fora do raio de influéncia

def weight(dx, dy, R):
r2 = dx**2 + dyx*2

R2 = R**2
w=(R2 -r2) / (R2 + r2 + 1e-12) 9
w[lr2 >= R2] = 0.0 ® zero fora do ratio

return w

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e Definimos um vetor com os valores dos raios de influéncia

e Observe que, neste exemplo, os valores sdo adimensionais

radii = [3.0, 2.5, 2.0, 1.5, 1.0, 0.5] # passos sucessivos

Introducio a Assimilacido de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

* |niciamos a analise como sendo o background
e Para cadaraio de influéncia, para cada observacao, calculamos os pesos de acordo com o valor do raio de
influéncia

xa = xb.copy()

for R in raditi:
inc = np.zeros_like(xa)
denom = np.zeros_like(xa)
for (xo, yo), obs in zip(obs_locs, obs_vals):

dx = LON - xo
dy = LAT - yo
w = weight(dx, dy, R)
inc += w * (obs - xa)
denom += w
mask = denom > 0
xalmask] += inc[mask] / denom[mask]

30
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 2D

e O que acontece quando escolhemos apenas 1 raio? R = 3.0

Background Analise objetiva (Cressman) Incremento de analise (Analise - Bacground)

18

1.2

- 0.6

- 0.0

=0.6

-2 4
-1.2

-3

-1.8

Introducio a Assimilacdo de Dados (MET 563-3)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos apenas 1 raio? R = 2.0

Background

34
24

1 -

‘ -
D B "
0 @
] r 0.0
14
—0.6
=2
-1.2
5 [ ]
= ' . . ' - -18
-3 -2 =1 i} 1 2 3

Introducio a Assimilacdo de Dados (MET 563-3)

-1

-2

=3

=3

=2

Analise objetiva (Cressman)

=1

1.35
I 0.90
0.45

- 0.00

- 0,45

—0.90
=1.35

Incremento de analise (Analise - Bacground)

1.8

12

0.6
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos apenas 1 raio? R = 1.0

Background

Introducio a Assimilacdo de Dados (MET 563-3)

Andlise objetiva (Cressman)

Incremento de analise (Analise - Bacground)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos apenas 1 raio? R = 0.5

Background

3

2 4
1 O
O
@
4
-
[ ]
-1 -2 -1 0 1 2 3

0

-1

-2 4

—3

Introducio a Assimilacdo de Dados (MET 563-3)

Andlise objetiva (Cressman)

Incremento de analise (Analise - Bacground)

0.6

0.3

0.0
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Exemplo 2D

e O que acontece quando escolhemos apenas 1 raio? R = 0.25

Background Analise objetiva (Cressman) Incremento de analise (Analise - Bacground)
3 b 2 3
18 18
2 2
1.2 1.2
N o ! *
(o] [o) o6 o - 0.6
0 (] 0
- D_D | GG
-1 (9] -1
L —0.6 F—0.6
-2 -2
-1.2 -1.2
3 4 y el
T T T T T T -1.8 T -1.8
-3 -2 -1 o 1 2 3 3 -3 —2 -1 0 1 2 3
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An Operational Objective Analysis System (Cressman, 1959)
Exemplo 2D

e O que acontece quando escolhemos apenas 1 raio? R = 0.175

Background Analise objetiva (Cressman) Incremento de analise (Analise - Bacground)
3 b 2 3
18 18
2 2
1.2 1.2
1 O 1
F 06 F 0.6
o O F—0.16
0 (] 0
oo oo L —0.20
-1 (9] -1
L —0.6 F—0.6
-2 -2
-1.2 -1.2
3 4 y el
T T T T T T -1.8 T -1.8
-3 -2 -1 o 1 2 3 3 -3 —2 -1 0 1 2 3
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos apenas 2 raios? R = [3.0, 2.0]

Background

le
12

Introducio a Assimilacdo de Dados (MET 563-3)

Analise objetiva (Cressman)

3

Incremento de analise (Analise - Bacground)

la

1.z

0.6
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos 3 raios? R = [3.0, 2.0, 1.0]

Background

v

Introducio a Assimilacdo de Dados (MET 563-3)

Analise objetiva {Cressman)

(o] .
(o]
-3 -2 -1 o 1 2 3

045

=0.30

—1.35

—1.80

Incremento de analise (Analise - Bacground)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos 4 raios? R = [3.0,2.0,1.0,0.5]

Background Analise objetiva (Cressman)

Introducio a Assimilacdo de Dados (MET 563-3)

L _0.45

- —0.90

=1.35

—1.80

Incremento de analise (Analise - Bacground)
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

e O que acontece quando escolhemos 5 raios? R = [3.0,2.0,1.0,0.5, 0.25]

Background
@] ’
O
@
L]
[ ]
=3 -2 -1 o 1 z 3

-0.6

-1.2

=1.8

Introducio a Assimilacdo de Dados (MET 563-3)

Analise objetiva (Cressman)

(]
(o]
-3 -2 -1 0 1 z 3

0.45

0.00

—0.45

=0.30

-1.35

—1.80

Incremento de analise (Anélise - Bacground)

"N
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An Operational Objective Analysis System (Cressman, 1959)

Exemplo 2D

3_
2'

14

‘ O
O
1 o
+
™
| ®
-3 -2 -1 0 1 2 3

0

-1

=2

=3

Background

-1.2

=1.8
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Analise objetiva (Cressman)

0.90

0.45

- 0.00

L —0.45

- =090

-1.35

—1.80

e O que acontece quando escolhemos 6 raios? R = [3.0,2.0,1.0,0.5,0.25,0.175]

Incremento de analise (Anélise - Bacground)

"N
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An Operational Objective Analysis System (Cressman, 1959)

@ Notebook com Atividade Pratica 4

e Insights e questodes interessantes que surgiram durante a aula - :
o Como generalizar a determinacao do raio de influéncia nos pontos de grade a serem analisados?
o Como fazer com que os raios de influéncia possam ser distintos entre os pontos de grade?
m A densidade de observacdes ao redor de cada ponto de grade seria um meio paraisto?

o Como fica a assimilacao das observacoes na vertical? Os métodos empiricos que vimos até agora,
contabilizam a estrutura vertical do modelo ou apenas a estrutura horizontal?

o Como devem ser definidos os valores dos raios de influéncia?

= A resolucdao do modelo seria um critério a ser utilizado?
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