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Abstract

Two Observing System Experiments have been carried out at ECMWF. The impact
of various observing systems have been examined for two periods during the
' FGGE year: 8-9 November 1979 (OSE-I) and 22 February-7 March 1979 (OSE-II).
Attempts have been made to understand the effect of the observing systems on

both the analyses and the quality of the short and medium range forecasts.

The results confirm that the impact of a particular observing system (e.g.
SATEM) is dependent on the level of synoptic activity present in the areas
where this particular observing system is the main source of meteorological
information. SATOB data are also shown to be important for the analyses of
tropical regions, whereas SATEM data are of paramount importance for the
extra-tropical analyses over ocean areas. Aircraft data, where available,
are an invaluable addition to the global observational data base. These
results, therefore, demonstrate clearly the value of each of the observing
systems. The fact that, in particular circumstances, there may be some
redundancy between the systems is a strength rather than a weakness of the

composite global observing system.

*
Based on a paper presented to the Twelfth Session of the ECMWF Scientific
Advisory Committee, 12-14 September, 1984.

165



1. INTRODUCTION

The purpose of the Observing System Studies carried out at ECMWF is tb
estimate the information content of individual components of the Global
Observing System as to their impact on objective analyses, short range and
medium range numerical weather products, and ultimately to contribute to the

design of a "best-mix" system for operational use in the coming decade.

Observing system studies fall into two broad categories - Observing System

Experiments (OSEs) and Observing System Simulation Experiments (OSSEs).

At the Centre an OSSE has been initiated in collaboration with several
European and non-European institutions in order to evaluate the usefulness and
reliability of OSSEs. However,vthe main emphasis at the Centre has recently
been on completing two OSEs using FGGE data. The first of these, OSE-I,
covers the period 8-18 November 1979, and the second set, OSE-II, consisted of
similar experiments, but for the period 22 February-7 March 1979. This report
will concentrate on OSE-II, though results from OSE-I will be used throughout

to evaluate the experiment.
Our OSE work can be divided into two broad categories:

(1) The study of the effect of the addition of a single observing system to
a minimum system which is taken as the conventional data distributed on
the GTS ~ SYNOP, SHIP, TEMP, PILOT and DRIBU. The systems to be added

to this minimum system are SATEM or SATOB or AIREP/AIDS/ASDAR.

(2) "Best-mix" studies where a single observing system is withdrawn from

the maximum composite observing system.

Initially, studies of the second category were undertaken. However, the
results of these studies indicated that a full understanding required
consideration of the simple single-system problems which fall in the first

category. This report will be mainly devoted to such studies.

OSE work is notoriously very difficult because the results may depend on the

assimilation and forecast system used, the synoptic situation and possibly on
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the redundancies in the data in certain regions; we shall refer to examples of

these difficulties later in the report.

Another major difficulty, characteristic of OSE-type studies, is that when one
is studying the effect of moderate changes in the accuracy of the analyses,
the signal in the verification of the forecasts against the true atmospheric
state is sometimes weak after the first two days. This is because the model
errors grow so rapidly that they can swamp the signal from the analysis error.
Fig. 1.1 shows an estimate for the relative contributions to total mean square
forecast error of the model error and the analysis error, in analysis
comparison experiments (Arpe et al., 1984). The analysis error is a
relatively large contributor to total forecast error in the shor£ range
forecasts (day 0-1.5) and in the late medium range (after day 5). In the
intervening period the approximately linear growth of model error is so rapid
that it can mask the effect of the roughly exponential growth of analysis
error in the verifications against reality. For this reason, statisticé on
the forecast divergences are a useful tool in studies of data impact. This
also has as a consequence that a true appreciation of the significance of
analysis differences and data impact can only be had by a combination of
detailed synoptic investigation and the application of the available objective

tools.

2. THE SYNOPTIC SITUATION, DATA COVERAGE AND
EXPERIMENTAL SCENARIOS

The selection of the period for OSE-I, 8-19 November 1979, was based on the
very good data coverage (there wereée two polar orbiting satellites) and the
marked activity over the Pacific, for the FGGE winter. Fig. 2.1 shows the
mean circulation at the surface and 500 mb during this period. The intense
activity over the Pacific is connected with the movement of the deep trough
towards North America. However, over the North Atlantic the flow is
relatively blocked; further east there is a deep trough extending to the

Mediterranean.

A second set of experiments, OSE-II, was performed in order to see if the
conclusions based on OSE-I are valid for an independent period. The period
used, 22 February-7 March 1979, was chosen because of its relatively high
activity for the FGGE winter over the eastern North Atlantic and Western

Europe. Another reason is that it had different observational characteristics
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Fig. 2.2. : Time averaged mean sea level pressure (a, left) and 500 mb height
(b, right) for OSE~II, for the Northern Hemisphere.

169



a) OSE- |

5]

IE 150 170E
BMS (AI-RIMEANI OSE1

et

50 SO°E

10

16

[10oMICL

o

0

150°E

el

g
A¥] %’

ey /".

T0E
i

B

v

N
)

.
1% |

S0

N%

7

1307

[x3

TE

=

L~

o
LR
A/ ﬁ“
v ’Y\ kﬁgg BN

ﬁéiéhﬁ ]

=

SO0°E

I0E

10

Y
S

Ty
I
-

0%

fj

ITH

3H

2\ \3fku2i\

SOH

v
NCERB//—~-\‘\\-~271 \\~\~_

4

\_//

S0

I0°H

=
‘-—~::::::,r-\~_____

<>

70

&) IS

\ve
aﬁé
>
I~
s
o
¥

L~

@Lr

S0H

90

1i0W

Sy
i
|
[ b
b

8

i)
]

P~
-
b

e

5

RKEY =

N

Ry

HOH

130

)

I
Ny
=

141

PES_N S

H

1300

1500

NIZZI

500 M8

~]
bt

q

=

NS

(&%
g

150H

~te

170K

HEIGHT

4/\
/'\
U~

/|

N &

1

Nl

4N [
3N
N

10N

o
108

208
Lo's

B0°S

s

b) OSE-II

Ry Gl
mmghgsnww\ KW um, wawm.mim
v s R

Z
5l

E

=
N

\\\

/’\\/—\_

N

———

T ——

SR e, .
=LY

i

i

LT

NE
7 ;
e - -

LS AR @\
NV DN AR
IR\S NI afrile \En )
e - <s O
; Qzﬂw* R % /VL w .
ke WIARAN
LA ) AN
il RN /f%
: N (/e
mMg@w\ B
oA R»M%mma H
A W AT :,L%W W
s ol
R NSNS
RS : Jwé.w
N S o)
RIS N
BN N ¥ ) L
) ﬁt in}

~ g

1 (\‘

170
HEIGHT

f‘%kb ;>/i

s
RN
-

3
—
—
——

SD)iNTila

[l

ol

oM

&an
5N

[

103

205

s [
s

505

TETLS

s

s

: Time variability (RMS z-mean) of 500 mb height field during

2,3.

. Fig.

, a) and during 27 February- 7 March

November 1979 (OSE-1

10-19
1979 (OSE

-11I, b).

170



a) OSE-l 00GMT

b) OSE-l 12GMT

173 438 a3 [l L]
SATEMS CLEARs PCLOYo MICACa OTHERx LIMSe

Ez 730 1320 L] o
SATEMS cLEARe PCLOYo HICROa OTHER: LIMSo
M5 oE

g s
‘fb.»:g P
Tehilng
8L BT,
SR L A,

usH

on
“\
Marh 1,
" iy
: “f{;“iﬂ}‘é"“&’z
A
‘e
c) OSE-Il 00GMT d) OSE-Il 12GMT
SATEMS CLERR = CioUlo MICAOa OTHERZ LIS o SRTEMS Citen s CLDUDo HICADS OTHERZ LIHS o
150% 120 S0 BO'H 3?'” E JDl’E E0E B0'E 156 £ !?‘N EON 30 I.TE IE 0 SUE 1E0E

Fig. 2.4.

: Representative SATEM coverage examples during OSE-I :

a) at 00 GMT Nov. 13 1979, b) at 12 GMT Nov. 11 1979,

The same during OSE-II

c) at 00 GMT Feb. 7 1979, d) at 12 GMT Feb. 7 1979.
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since it belonged to the Special Observing Period I, and thus contains data
from special platforms which were mainly in the tropics. Also there was only
one polar orbiting satellite. Fig. 2.2 shows the mean PMSL and 500 mb height
fields for the period. Note that at the surface the Aleutian and Icelandic
lows are very distinctive. At 500 mb the mean flow over the Pacific and
Atlantic is relatively zonal, and this indicates that during OSE-II there is
generally less activity than during OSE-I. This is confirmed by Fig. 2.3
which shows that variability of the 500 mb height during OSE-I and OSE-II. In
the northern hemisphere it is clear that there is much more activity over the
oceans in OSE-I than in OSE~II; this is particularly true over the eastern and
western Pacific, and over the North Atlantic. It is also worth mentioning
that preceding OSE~II there was a strong stratospheric warming which split the

polar vortex.

The difference in the activity between the two OSE periods will, as can be
seen later, be reflected in the quality of the forecasts using different
observational scenarios. The space based observations - SATEMs, SATOBs and
aircraft data - will be of greater importance when the main activity occurs in

areas where they are the main source of observations.

As will be shown later, neither SATEM or SATOB data had a great influence on
forecast quality during OSE-II. The reason may be associated with the gap in
the SATEM data over the eastern Pacific which is apparent in the data used for
the 00 GMT analyses during this period (all forecasts were run from 00 GMT
analyses). The gap is clearly illustrated in Fig. 2.4c, and comparison with
Fig. 2.3b shows that it coincides with a particularly active region.
Examination of the sounding around the gap reveals that many of them are
micro-wave soundings which are given a low weight in the analysis scheme. As
a comparison, a typical 12 GMT SATEM coverage is also shown in the same
figure. During OSE-I, forecasts were run from both 00 and 12 GMT analyses,
and Fig. 2.4a and b also show typical SATEM coverages at these hours. Clearly
the Pacific is well covered at both times, while sometimes the Atlantic has

only a few SATEMs.
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During OSE-I, 10 day forecasts were run from selected dates and times:
Nov 10/00 GMT, 11/00 GMT, 11/12 GMT, 13/00 GMT, 13/00 GMT, 14/00 GMT,
16/00 GMT, and 18/00 GMT. In all there are 7 forecasts.

For OSE-II, 10 day forecasts were run from 00 GMT data from 9 consecutive days

between 27 February and 7 March.

Table 1 gives a list of all experimental configurations run for both OSEs and

their characteristics.

Maximum System (CONTROL) AI

Minimum System (SURFACE based)
= Maximum System minus SATEMs SO
SATOBs and ACFTs

SATEM System
= Minimum System + SATEMs sM

SATOB System
= Minimum System + SATOBs ' SB

ACFT System
= Minimum System + ACFTs SX

SPACE based System
= Maximum System minus TEMPs, SP
PILOTs and SYNOP winds

1 Polar orbiting satellite only
As SM (SATEM System), but with N1
1 satellite instead of 2
(OSE-I only)

Table 1 Table listing the acronyms identifying the
scenarios for which data have been
assimilated for the two OSE periods:

OSE-T : 7.11.79-18.11.79; 7 forecasts,
6 from 00 and 1 from 12 GMT data

OSE~II: 22.2.79-7.3.79; 9 forecasts, all
from 00 GMT data.
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a) CONTROL ACFT minus SURFACE

b) SURFACE + ACFT minus SURFACE

c) SURFACE + SATOB minus SURFACE

d) SURFACE + SATEM minus SURFACE

174




b) SX-SO

MASX - MASO OSEL

HO™

30N

20N

10°N

taa e o

ON

7

e
PR

10°8

Tl
R T R
dowwwepros.

208

30°5

HO°s

00 GMT 8 Nov 1878

4O"N

30°N

20"N

10N

ON

10°8

205

30°s

4ot

d) SM-S0

m
)

i

MASM - MASO OSEL

2
A et N

7

A
~ e
— e,
s

1

“1

-
AN
L w ~ N

2
— L

&/

R
P

S
O NN

7

\

N

)

7

N

N

A..

SPALIIIILIS
<L
WA R,
e

Vo -

N

oS

N

3

4

N

00 GMT 9 NOv 1979

Fig. 3.1.

4o°N

30°N

20°N

10°N

a*N

10°S

208

3o0*s

uo°s

T0°H

T0°H

4O°N

20°N

10N

N

10°s

20°8

30°8

40°s

T0°H



a) Al-SO

120°E 130°E 140°E 150°E 160°E 170°E 180°F 170°W 160°H 150° 140°R 130°0 120°N 110°H 100°M 9N a0°H T0°W

WIND 250 MB turl\r’r/l\' MAMO - MAMI  OSE2
o T e TS AR \'; ..... e uoeN
e AR e ,

3N T .\-Ar‘\u{ 30°N
20°N

10°N

o°N

10°8

20°S

...... 30"

uors |00 GMT 27 FEB 1079 ’ uges -

00 GHT 27 FEB 1879 ca

120°E 130 140°E 150°E 160°E 170°€ 180°E 170" 160°N 150°U LYE°H 130N 120 Syl 100" 80°R 80°H 70"

c) SB-SO

120°E 130°E 140°E 150°E 180°E L70°E 180°E 170°W 16074 150°H LYG"H 130°H 12070 110°R 100°M O0°H a0°W T0°W

HIND 250 MB ,i’l’?d MAM3 - MAM1 [QSE2
UON s e e Ty BN A T = e YoO*N
;“%/0 N Csanraves o
R SERTE Jv.gl S R RS R E A PR E.Y M e
RN A v IREERY ,,_,/,/;_-"‘":_,
N P R AN A
N £ 2 N
...... ,,g: '
7 ¢
e .
N I St N TR 20N
RIS DDA NN g %é/}//
FEP.D IR I ey s
brrps REERR /A /
1oN iy r Ll RN /,//‘/,/;; 104
T A AN
o {3 - R A}
<. \s-ai Iz
., > AR SNV NA VY N
D.N ’,‘l l’ z)' \‘\ \&\}l ; o G-N
Y =-f },Hp “
IEEE BRI -
EEER Y B4/ i -
\\\:n\ B Sk 2 AN
10 b Ot et 23 1o
- Y )
PRGBS ES-1 FHEII4 S 2355 A
é‘_cé‘ Av—ders A \ 3
. [N sy N
208 o v 4 TR b 20°s.
; ; L D T TR
¢ EENNT 3 iy
. SN 7 'l’"
A NS e L4
3 SRR fs
N : veos R Rk
INAnENELTE PR PR x\N\\}h\N\{(fW
yrs |00 _GHT 27 FEB 1579 Z SSal¥ees ws
: [ f RN NS S
00 GMT 27 FEB 1979 R IRy P AP L Yo
120°E ' 130°E 140E 150°E 180°E 170 160" 150°W 140°% 130°H 1207 110 100°W 90°W 80°H 70

Fig. 3.2. : Differences of the mean wind at 250 mb over the Tropical Pacific
during OSE-II :
a) CONTROL minus SURFACE
c) SURFACE + SATOB minus SURFACE
d) SURFACE + SATEM minus SURFACE

176



4O'N

J0°N

20°N

10°N

O'N

10°s

208

305

up's

b) $X-SO

d) SM-SO

Not available

120°E 130°E 40"E 150°E 160°E 170°E 180°E 170" 160°W 150"W 140°N 130°H 120"W 110°H 100"W O0°H 80°H 70K
WIND 250 MB [ s bono o firaniees g MAM2 - MAM1 OSED
Kk HED S
VIR NN .
AL NN .
a//’-—-‘(e?\:\ .
A7 7N | 2 -
Frroaeny ller
Pl l Y4
5 t'uui/{éb 1
Lot il 1y
e
! -l 0
Irgal 1L g -
AR A AR R
‘\~r-r/§/ aa N
XTSI
\ .////~
1/144
aER
A
o
A
N
E1
7
e
s
o) -3
T
W S I
SRNA LY
S LTEnn
~\\x: rtt{\ S~y
X & \1 = nt}ilx‘x /J\\§ﬁ o5
st LY S Y AR 2N B
00 GMT 27 FEB 1979 : PN palN T SRR s ey PRI
120°E 130E 140"E 150°E 160"E L70°E 180°E 170" 160°H 150 140°H 130°H 120 1A 100"™W 90°R 80°H T0°H
Fig. 3.2. : (cont).

177

4o°N

30°N

20°N

10°N

10°8

20's

307

40°s



a) Al-SO b) SX-SO

] 150% 160 1 130% 170 160 S0 WO 1ua tonm 1M Lo el 170 160 15¥E HO'E.
HEIGHT. Soo MB |7 | MBAT ~ MHSU HEIGHT / ! N[___MASX - AsO
& - | ! ; ERN — ~ . i / 7 .
1K) | J L1E s
; / - -
AR
¢

Y = ) {:’«m':.m
rr”/ //u_«/{\‘f"‘\

! f
now kL \éllﬂnw A
100 9000
) R o

B

o f

" gom| T

e spuf

00 GHT 9 NOV 1879

oo D0 GHT 9 NOV 1979
[5T] (3 [ 20 WE 23 YR 2

c) SB-SO d) SM-SO

1y e oM v e s 1SvE 190 yrn 1 e B e I S .- S = 3 IS0 1rE
HEIGHTS 500 HB ['4; MASB -~ MASO HEIGHTa 500 MB [Y;, ‘., 1 l’ MASM - MASO
g A N s e o | R Y e S .

é 120 $120m |

/
A e e |

100°E 1102 | -

; | \ pe 4 00 GHT_§ hOV 1978
0D GNT_ 9 NOY 1579 - G0 GNT_ 9 NOV 1979 v

(= ) i YrH ]

Fig. 3.3. : Differences of the mean 500 mb height over the Northern Hemisphere
during OSE-I
a) CONTROL minus SURFACE
b) SURFACE + ACFT minus SURFACE
c¢) SURFACE + SATOB minus SURFACE
d) SURFACE + SATEM minus SURFACE

178



/
stom |/

Not available

o]

W

sorH [

00 GNT 27 FEB 1979.
HOH £ £ ] o 0E

¢) SB-SO d) SM-SO

T uow s 60U iTW  ErE IWE_ 160 WOE _ wOE o Jsm 150%
g HEIGHTs i
\6"‘

eI s N ! : = - " |1 o .

aon N 7 - G| ' e |

N = & /
sto [ e - k " 1‘ P /! - HOE g1 |

100 Tt : gt R 100 g0

o ) ; ey S - T - ME ey
i [}

arH

0N [

son |

E ,:‘:x s __“/ o T \ SN |
00 GMT 27 FEB 1878
00 GMT 27 FEB 1978 ./ ! ' a3 00 GNT 27 FEB 1979 P L. "

[ ] 20W ] °F 10F Ed BE e I K] 0E

Fig. 3.4. : Differences of the mean 500 mb height over the Northern Hemisphere
during OSE-1II )
a) CONTROL minus SURFACE
c) SURFACE + SATOB minus SURFACE
d) SURFACE + SATEM minus SURFACE

179



130°E

ITI (b, bottom).

180

8 _,.\(ff.hfﬂ\h,; \\.ﬂ & mn.w X / m.m H
IREANSY/(ESINERvNL -
lIAER\TEns s m
R A === 2 N = ) o
ST NN LR N, £
“igl | 0 & ,ﬂ.mjmwwgﬁw AN | 2
R 5o N ,&\m@ﬁ:\ N
) i M Ms \\Jy‘ I i —
Iy am&%\\ yalhim'
Johbs L N (BN N I
8 mﬁ = ~ el ph//#\ \\/ - u
NV (=) N aViEE
A [N e N TUANNEL i T
A T TN PR N
5 /;/ W.“\ft WV\AWJ 0 TN M\\\ /A A
n% ﬁ:&i@ ] p@;?\_
d VNN L2 A .
Ay wibr i I\ hwuli
‘‘‘‘‘ TR AN N7/ -\ AN
Mo 0B (L ENZDAN )]
LI NS r//m( (vagil]®
[N NVAYNIZZ ) M ,,,
, AN e

et
%
R
\
i
&

S0H

NG\ ERS

100

a) OSE-I

T T T
110w

1307

150

- NN

’ \\_ ‘ “.} ” \ll\ | HQ

W.%%_‘ < %@W&@ :&MM r%/,wm 7290 I e
o
ARl Mt d;,wz\ 8
,f&f EL GBI WAL s
iz yimetny il |
e G2\ DSR2\ )
B A6 $7@ I
: Vw2 S\l

s
Hos
s
605
o

HETGHT
Y
~2>
50H N
N
-
P
/’?
am —dw ‘Hl“
|
N
05 ._‘\l,g\
j/;(
&0's (-—C =1 :
b) OSE -l

50H

: RMS of the difference between CONTROL and SURFACE 500 mb height
analyses during OSE-I (a, top) and OSE-

e

Fig. 3.5.



a) SO-SB

n11H6 ﬁ.rﬁJ L.L |m|..
BBl i 5
| Ly Zahimi]
Bl e N /&V“\m /P U
S N A .
R AMEFRRer
e i & M
NS NR
I ) ] P et /2] 4
: VMU =, MMWM1// > /<J wy/,‘ i
m}\ z » \J)f ﬁL \/’/ m
et s T2 LA
N e
ERE £l y@w\\\ I
Ly 9 N L fad w’ |
I G NERENSY 2wl
NEVAY SS NSRS /A
£ ™ - ok o z
REME AN ERR Ny N
g c_vl..l A Hsﬂwm ‘m 47 - WY?S\,.M / g
Vg Rer v WG
z _, ..ﬁ/ w e Prm AAEFAY |-z
& - 2ARS AR OB
il Z R ly\/(:? I
m-gﬂlrwﬂwa; /wi&m \m
B N.z 1 ; LRl \\S )
IS A
I SV “&Ks :
nml_“\wwfm /m Y m,,

b) SO-SM

LSIEZAD LA NV T
INEANV/CIRyEANPE Y.
INESNVGIEEN AN AN
B L P\ YT 130/ fim
il TN ol el /N L
el FEE-TE EE IS\
L Ny TR 20 s ) (]
T Py e LT
i PRCIYASS > ()
(NI #/rl ( ACH X6l
m MM&.& F.rl. J\\ %mﬂﬂ/',l» D ’H

\J o ﬂ«/n,a\,m A,/ 4N T,,

8 PR NS
e AN
R B -

IR N7 v (]

(TR RIS AV N (8
ls.,&; pd ! \_.(.\ AN R

d A TR /,Q»Nm ane

ML LA o //M AN

B[ GVAS ZoraieNE\ A
=y Ns AansRe= /7 |
| | ES@ =7 C (4G Bl
T 5@7\,3 DS \, ////r,m N ()
R Walpnvn'd RN 2R1 i
%ﬁ LWJ\M \ / @ il
ERBY ARG = N N\\ZAA
RN A AV
mm. Lm mm{:\ —r%\\w//g WY R H
JERTRER ¥\ vonT/2 (K <
wm S«f./w \A‘i } @ NN/ f-]E
G110/ @ MRS\ V1,
E' B BB E &2 8 EE LR E g

: RMS of the difference between SURFACE analyses and SURFACE plus

Fig. 3.6.

SATOB analyses (a, top) and SURFACE plus SATEM analyses

(b, bottom) for 500 mb height during OSE-I.
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3. IMPACT OF THE DATA ON THE ANALYSES

We now show examples of the impact of each observing system (aircraft data -
denoted by ACFTS, SATOBS and SATEMS) on the analyses. Figs. 3.1 and 3.2 show
the effect on the mean 250 mb wind field of: a) all three space based
platforms together, b) ACFTs alone, c) SATOBs alone and d) SATEMs alone, when
they are added to the minimum system for both OSE~-I and OSE-II. ©Note that the
ACFT data support the SATOB data in the tropics, and that all three support
each other in the subtropical regions. The smaller impact of SATEMs compared
with SATOBs in OSE-I is reversed in OSE-II; this illustrates the degree of
sensitivity to the synoptic situation, since data coverage alone suggests the
opposite behaviour (two polar orbiting satellites in OSE-I and only one in

OSE-ITI).

Figs. 3.3 and 3.4 show a similar set of mean charts for the northern
hemisphere 500 mb height. During OSE-I the largest impact of the space based
observations is over the North Pacific, with SATEMs (and to a lesser extent
ACFTs) having a majér role in providing information. The situation during
OSE-II is very different - SATOBs now play an important role and the main area
of influence is now over Europe with a somewhat rgduced activity over the
North Pacific. The apparent influence of single level data on the 500 mb
analysis (PMSL analyses showed no appreciable differences) confirms that the
ECMWF Data Assimilation System is capable of .successfully extracting

tropospheric mass field information from single level platforms.

Fig. 3.5 shows RMS analyses differences between the CONTROL and Minimum System
(SURFACE based observations only) for both OSE-I and OSE-II. This, together
with Fig. 2.3, confirms that the coverage of the ocean areas by space-based
platforms during OSE-I coincided with large atmospheric activity in the same
areas (West and North Atlantic and, East and North Pacific). The situation
was different during OSE~II, with reduced activity over the ocean areas. This
effect superimposed with the above mentioned intermittent data void areas over

the North Pacific to give a reduced impact of the space-based platforms.
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fig. 3.6 attempts to partition the collective impact of the space-based
platforms between SATEMs and SATOBs in OSE-I; it confirms the dominant role of
SATEMs over SATOBs in defining the mid-latitude mass field in the northern
hemisphere. In the southern hemisphere SATOBs also seem to play an important

role, probably due to the paucity of data.

4. IMPACT OF THE DATA ON THE SHORT RANGE FORECAST FIELDS

In this section we will deal with the impact of the different observing
systems on the quality of the 6-hour forecasts used as first guess in the Data
Assimilation cycle. As discussed by Hollingsworth and Arpe (1982), and in
"Results from the analysis benchmarking", ECMWF/SAC(84)5, a useful tool in
evaluating the efficiency of an assimilation is to compare the relative
magnitudes of the changes made by the forecast step, analysis step and
initialisation step in the assimilation system. If F, A and I are

measures of the RMS amplitudes of these changes, then in a 'good' data

assimilation cycle one should find that

F>A>1I

This, in turn, means that most of the changes from one analysis to the next
are accomplished by the 6-hour forecast. Where the forecast is deficient, the
analysed data should then correct the 6-hour forecast. 1In doing so a small
amount of noise or undesirable imbalances ('gravity modes') are brought into
the analysed fields, but this is eliminated by the initialisation step, that

should therefore bring about even smaller changes.

Fig. 4.1 maps the magnitude of F for both OSE-I and OSE-II for the two
control assimilations. The blocked flow in the North Atlantic is clearly
evident in both pericds, with most of the activity forced to take place north
of the blocked ridge. This is even more evident during OSE-II. The level of
activity in the 6-hour forecasts is roughly similar in the two periods in the
eastern Pacific. The western Pacific, however, has its markedly larger
meteorological activity during OSE-I confirmed by these short-range forecast

changes.
Fig. 4.2 shows the OSE-I RMS differences between the 6-hour forecast

in the AI, SX, SB and SM assimilations (for the meaning of the acronyms, see

Table 1) and the verifying AI (CONTROL) analyses which are our best estimates
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of the true state of the atmosphere. The panel labelled AI (Fig. 4.2a) also
represents, therefore, the RMS analysis changes (the quantity A defined
above) for the AI (CONTROL) assimilation of OSE-I. A comparison between
Fig. 4.1a and Fig.4.2a confirms that in the control assimilation, with all

available data included, the relationship F > A is well satisfied.

Comparison of the four panels of Fig. 4.2 shows a number of important
features. The dominant information source for the southern hemisphere are the
SATEMs. The SATOBs also contribute to the accuracy of the assimilating
forecast well to the south of 45°S. It is gratifying to note that the two
data sources together give a noticeably more accurate forecast in the southern
hemisphere than either system alone. BAircraft data were extremely sparse in
the southern hemisphere. In the northern hemisphere sub~tropics both the
SATEM and SATOB data lead to more accurate short range forecasts, while

poleward of 45°N the SATEM data have the larger effect.

These maps of short-range forecast error are probably the most éccurate
estimates available for the éccuracy of the analyses (and therefore for the
impact of the data) in the different assimilations. It is clear that the

SO (SURFACE based) system has large errors over the northern hemisphere
oceans. These are much larger over the Pacific than the Atlantic in this
period, because of the synoptic situation. It should be noted that all Ocean

Weather Ship data are included in the Minimum System.

Fig. 4.3 shows the corresponding results for OSE-II. The main results in the
southern hemisphere are just as they were in OSE-I. The SATEMs are essential
for the high mid-latitudes, while the SATOBs are essential for the tropics

(wind data not shown, however), and both systems complement each other in the

sub-tropics.

In the northern hemisphere the results for OSE-I and OSE-IT are not similar.
It should be remembered that only one satellite was available during OSE-II.
Although the short range forecast errors are smaller in the SM assimilation
than in the SO assimilation over both oceans of the northern hemisphere, the

differences are modest, and the patterns are very similar. This similarity
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pfompted a thorough perusal of all the data coverage maps, which showed that
for the 00 GMT analyses from which all the forecasts were run, there were many
missing swathes in the Eastern Pacific, every swathe but one in the 10-day
period had a gap between about 50°N and 30°N, and many partial swathes
terminated at 50°N, or began at 30°N. There was little SATEM cover in the

Eastern Pacific between 30°N and 50°N for the 00 GMT analyses of OSE-II.

We conclude, therefore, that the missing SATEM data during OSE-II contributed
substantially (together with the reduced activity over the northern hemisphere
oceans) to the reduced impact of this observing system, compared to the one

observed during OSE-I.

5. IMPACT OF THE INDIVIDUAL SYSTEMS IN OSE-~I AND OSE-IT

In this section we discuss the impact of the individual systems on the
assimilations through a study of the divergence of the forecasts of the SM,

SB, SX systems from the SO system.

As already anticipated in the introduction, a difficulty common to most
OSE-type studies is that, by the time the analysis differences caused by
different observing system configurations have had the opportunity to prodﬁce
suitable forecast differences, the model~-generated errors have reached such a
dominating level that they tend to mask any other effect (see Fig. 1.1). An
alternative approach is to analyse the forecast differences from a given
configuration (in our case the Minimum System, SO). In such a case one is
able to attribute all detectable differences to the differences in initial

conditions, arising from the differences in observing system.

The divergences of the forecasts from each other give no indication of their
absolute quality. This gquestion will be addressed in the next section. For
the moment it can be taken for granted that in OSE-I the addition of data to
the Minimum System improved the forecast, while this is not so obviously true
in OSE-II. We did not find ever that the addition of data to the assimilation

-~

degraded the forecasts.

In the next two subsections we deal with the forecast divergences from a

synoptic and statistical point of view.
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5.1 Synoptic examples of forecast divergence

Two examples were chosen from the OSE-I and OSE-II periods. For each example
we show the impact of a single data system on an analysis and forecast by
presenting difference maps between the forecast based on the Minimum System
(S0) and the forecasts based on the Minimum System plus SATEMs (SM), or the
Minimum System plus SATOBs (SB), or the Minimum System plus ACFTs. (SX). The

results from the latter have only been analysed for OSE-I.

The sequence of forecasts from 12 GMT on 11 November, Figs.5.1-5.3, show
remarkable similarities in the impact of each individual system. The SATEM
and ACFT data show extraordinary similarity out to day 7, while all three data
systems have quite similar impact out to day 4. The analysis system was
therefore capable of using any one system, or all three systems, very

effectively.

The corresponding charts for an equivalent experiment in OSE-II

(Figs.5.4~5.6) show dramatically different results. This case was chosen
because it had the most complete 00 GMT SATEM coverage in the Pacific for the
whole period. The important activity in the Pacific was associated with a jet
near 20°N, 120°W. The impacts of the SATOB and SATEM data on the forecast are
quite different, with essentially zero impact from the SATEM data out to

day 5.

5.2 Statistics of forecast divergences

The examples above show that there can be much or little redundancy among the
observing systems depending on the synoptic situation. Statistics of forecast
divergence are a useful way to quantify the impact of the data. For this
purpose, we have used the forecasts from the AI system as a reference.

Fig. 5.7 shows the divergences in 500 mb geopotential as measured by anomaly
correlations for the two hemispheres poleward of latitude 20°, and for both
OSE periods. We recall here that 7 forecasts were run during OSE-I and 9

during OSE-II.
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Fig. 5.7. : Mean anomaly correlations of tropospheric geopotential height for

the experiment forecasts when verified against control forecasts.
OSE~I, upper panels, OSE-II lower panels. Left panels Northern
hemisphere. Right panels Southern hemisphere.

Continuous thick : SO SURFACE

Dashed thick SB SURFACE + SATOB

Continuous thin SM : SURFACE SATEM

Dashed thin SX SURFACE + ACFT
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The divergence of the forecasts from the CONTROL system happens much faster in
OSE-I than in OSE-II. The SATEM experiments are closest to the CONTROL in the
southern hemisphere, as expected, with the SATOB data showing a considerable

effect in the southern hemisphere also.

In the northern hemisphere SM and SX are closest to AI in OSE-I, with SB lying
between SM and SO. In OSE-II, the relative positions of SM and SX are
reversed, with SX closest to AI. This is consistent with the last synoptic

case study and the considerations laid out in Sects. 2 and 4.1.

6. IMPACT OF DATA ON FORECAST SKILL

Fig. 6.1 shows the forecast anomaly correlation of 500 mb geopotential height
for the OSE-I and OSE-ITI experiments for AI, SM, SB, SO. The most dramatic
difference between the two periods is in the impact of the special data in
OSE-I, the lack of impact of these data in OSE~II and the remarkably good
performance of the SO system in OSE~-II. These results are, however, all
consistent with the differences in synoptic situation and data coverage noted
earlier. In the southern hemisphere the importance of the SATEM data is

confirmed in both OSE-I and OSE-II.

Finally, Fig. 6.2 shows forecast results for AI, SO, and for yet another set
of experiments SP, which attempts to probe the "best-mix" probiem and which
consisted of data that could in principle be collected from space (surface
pressure, ACFT, SATEM, SATOB, but not TEMP). These results, consistently with
the single system experiment results, confirm that the "space-based" system
alone is equivalent to the "surface-based" system alone only during the OSE-I
period. During OSE-II, however, because of the reasons exposed above, the

performance of the "space-based" platforms is considerably poorer.

The difficulities inherent to the "best-mix" problem are well illustrated by
the aircraft impact studies of Baede (1983) and Barwell and Lorenc (1984).
Their results showed that the deletion of ACFT data from the complete system
had little effect on the forecast skill after 2 déys. This is consistent with
the results of Hollingsworth and Arpe (1982) and Arpe et al.(1984), that show
that, provided the analyses are of good quality, model error is the dominant

source of forecast error in the range between 2 and 5 days (Fig. 1.1).
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7. CONCLUSIONS

The combined results of the two OSEs show that the SATOB data are crucial for
the tropical analyses, that the SATEM data are important for the
extra—-tropical analyses over oceans, and that aircraft data, where available,

are an invaluable addition to the observation data base.

In the first of our experimental periods, OSE-I, the crucial analysis area

for forecast success (area of highest synoptic activity) lay in the Central
Pacific mid—latituaes and sub-tropics, in an areé where there was an abundance
of all three types of data. The results below indicate that in this case any

one of the observing systems was able to provide the essential information.

In the second of our experimental periods, OSE~II, there was much less
activity over the oceans than in the first period. We studied in some detail
only the SATEM and SATOB data for this second period but neither of them
showed much effect on forecast quality. Further detailed investigation showed
that there was a gap in the potentially available SATEM data over the Eastern
Pacific that could well have affected the results. We conclude that the much
reduced activity over the oceans, coupled with the absénce of SATEM data, led
to the negligible impact of the SATEM and SATOB data on forecast skill in this

second period.

The results demonstrate clearly the value of each of the observing systems.
The fact that in certain situations there may be redundancy between the
systems, is a strength rather than a weakness -of the composite system.
Aircraft data particularly from wide-bodied jets can be much more accurate at
a single level than either of the other two systems. The SATEMs and SATOBs
complement each other in providing global coverage, while the aircraft data
complements the rather inaccurate microwave retrievals in cloudy areas of the
extratropics, and complements the SATOB data in cloud~free areas of the

tropics.
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