MONITORING OF TOVS AND DMSP DATA
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1. INTRODUCTION

As part of its data monitoring activities, ECMWF undertakes regular monitoring
of the availability and quality of temperature profile data derived from TOVS
and DMSP measureménts. This paper shows the main tools currently in use at
ECMWF for this monitoring and gives results on the typical quality of the
data. The importance of being well aware of their characteristics, either
qualities or deficiencies, in order to optimize their use in the data
assimilation is demonstrated by Andersson et al. (1989). The aspects related
to their quality control before and during the analysis are described in the

papers by Lénnberg and Kelly et al. (1989).

2. OPERATIONAL ASPECTS

At the moment, ECMWF receives data from four satellites, NOAA-10, NOAA-11,
DMSP-8 and DMSP-9. Data from NOAA satellites are received on the GTS in 500
km resolution, and in binary code through a special link between NMC and UKMO

in 250 km resolution (the 250 km data are considered in the following) .
The data coverage is plotted for every analysis time (6 hour intervals),

which allows a quick detection of most telecommunication problems. Table 1

gives the list of such problems since January 1987.
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Table 1: Data problems due to communication or encoding

1 - 2 January 1987
16 Sep - 8 Oct 1987

1 - 4 January 1988
7 - 10 February 1989
18 - 27 April 1989

Earth location error

Following protocol changes on the NMC-
UKMO link, 250 km TOVS data not available
Earth location error (shifted 1 deg. east)
Communication problem in US, no DMSP data

Occasional corruption of all incoming data

Concerning the quality of the data, from time to time part or all of the data

become suddenly affected by some problem which also requires a prompt

detection to suppress the data from the assimilation and inform the data

producer (table 2).

Table 2: Quality problems

January 1987

February 1987

9 March 1987

3 - 11 August 1987

August 1988

3. QUALITY MONITORING

NOAA-9 and NOAA~-10 soundings incompatible;
retrieval problems over Asia and Europe
NOAA-9 MSU channel 3 erratic

NOAA-9 soundings production halted
(channel 2 lost)

NOAA-10 had warm 50-30 hPa bias over
Antarctica (problem resolved by update of
coefficients at NESDIS)

Occasional random errors in DMSP-8 data

Besides the detection of occasional problems as listed above, the data quality

is assessed regularly by cross-comparisons with radiosonde observations and

with the ECMWF analysis and 6-hour forecast (first-guess). Obviously none of

these comparisons involve completely independent data, but nevertheless they

have proved valuable for both trouble shooting and assessing the typical

characteristics of the data (Hollingsworth. et al. 1986).
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3.1. COLLOCATIONS WITH RADIOSONDE_ DATA

Fig. 1 shows 3 typical plots of vertical profile of collocation statistics
between radiosondes and satellite data, for the week 28/4 - 4/5/1989. The data
are collected within 200 km around the location of each radiosonde station,
sample sizes are given on the left. For the NOAA satellites, all sounding
types together (fig. la), the bias is very small, below 0.5 K, and the RMS
error is around 2 K in the mid-troposphere and 3.5 near the surface; for
cloudy soundings (fig 1lb), the values are generally larger near the surface.
For DMSP satellites, fig. lc shows a much larger RMS in the lowest layer, up
to 4.5 K; also in the mid troposphere the bias is often larger. In contrast,
fig. 2 is an example of a collocation profile very different from normal. It
is for NOAA-10 on one day during the period in April 1989 when the data were

corrupted by telecommunication problems in the US (cf table 1 above).

A complete set of profiles for the 4 satellites currently received is produced
every day. When an unusually large value is found, the problem is looked into
with geogaphical charts showing the collocated data and the analysed field at

the corresponding levels.

3.2. COMPARTISONS WITH THE FIRST-GUESS

At the moment, the TOVS and DMSP data are compared routinely to the ECMWF
first-guess in two different ways: monthly, to assess the systematic
deficiencies in the quality of the data, and over other time scales to monitor

the stability check recently put in operations.

3.2.1. Monthly statistics, mean departure from first-—-gquess.

Figures 3 to 6 show the monthly mean values for April 1989 of the observation
departures from the first-guess, averaged over 5-degree squares, for selected
levels and sounding types (the values are in tenths of degree; corrupt data
received after 18 April are excluded). The satellite presented here is NOAA-
11, but the results for NOAA-10 are very similar. The main features are:
(i) in the upper troposphere (fig. 3), the bias i1s generally very small,
less than 1 degree in absolute value;
(1i) in the lowest layer (1000/850 hPa, fig. 4 and 5), the bias is much
larger. It shows a strong regional dependence, with characteristic

maxima in the subtropical highs. It is largest for the cloudy soundings,
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exceeding 4.0 degrees in places. There is also a large positive bias
east of the continent in the Northern Hemisphere; this is a reflexion
of a systematic under-estimation of the vertical temperature gradient
in cold-air outbreaks (cf below). It is noticeable that the bias in the
layer 1000/700 hPa, which is the first layer actually used in the
analysis, is generally smaller (fig. 6): there is a compensation within
the analysis layer in some areas. But there is still a large positive

bias in some places.

3.2.2. Monthly statistics, correlation between lavers.

To illustrate to what extent errors in the lowest layer are compensated by
opposite errors aloft, the correlation coefficients between the bias in the
layer 1000/700 hPa and the bias in the layer 500/300 hPa, averaged over 5
degree squares, are plotted on figure 7. A negative correlation coefficient
is found in most places where the mean bias in the lowest layer is large. For
this particular month, the largest problems are along the Northern Hemisphere
storm tracks, where the statistics for MSU soundings (fig. 8) show several

correlations less than ~0.6.

3.2.3. Monitoring of the stabilitv check.

To cope with this compensation of errors within the troposphere, a quality-
control check of the tropospheric stability, T(500/300)-T(1000/700), was
introduced in operations on 31/1/1989 (cf paper by Kelly). Since then, a
chart showing the effect of this check is produced for every analysis cycle.
Fig. 9 is an example for 19 February 1989 06 UTC. The data marked with a
cross are the data having failed the check; the negative values of stability
departure (blue and dark blue) correspond to observed data more unstable than
the first-guess. The contour lines are the mean temperature of the layer
700/500 hPa as given by the first-guess. A typical situation on this chart is
seen in the North Atlantic: almost all the data were rejected around 45 N in
an area with a sharp horizontal temperature gradient; it is worth noting that
the collocated radiosondes on the east coast of North America and in Ireland

and Iceland gave exactly the same indication as the first-guess.

The effect of the stability check is well illustrated by comparing the fig.
7 and 10. On fig. 10, the profiles which failed the check have been excluded
from the statistics. The resulting correlation coefficients in the North
Atlantic are small and distributed at random. In the Pacific and the Southern

Hemisphere, they are positive, and rather large from place to place. This
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NA11 - Cloudy soundings

18 March 1989 to 31 March 1989

z oz z 2 w w W op v owm @
tf f EEOEEoE R EEEE: E £ FEEEEE 8 EEEE L EE
2 & 53 8 % 3 & b » 2 & 58 & 3 B B B . y P e P P v K ESI™) [ oy ey Prgeet Pogrv
P
o « w]- a]a Nl ] 2\.\” —lm nfn e w ~ el I e L e 3 - 4.24#/]242131 4
" ol N el alv ol B N N N e 5 Py S PR P P Py o P P O BN T e S
3 ~ e i e \\1331/74442 ) & ¥ 9~ (fegin|~ enlin M|~ ~ie w{n M- afv afo o I
gl o) o L R L N N S e ¢ - ey NS[= m|w m|= =l R N =] =~ -] 2
N S L L ” N R EEECR S 2 - = <|m m|= | Y P I £
g n N vl mie - A P 1 N0 o) B L) g o wled ~ =] mlin —fo D e 2
BTl PRy [SL QY Pt b v D |~ |- b o -~ ta, wle ] Ah N NS P9 w
wle o = K&..«BQS mh ~fn e ¢ = ) w[x = K I P H
HEED A W [Xino v~ [ — af~ X @l mm ol (i rafre . =] —jn -] |4
gt~ w\§gle = = i I L U 4 w ) P Y o8 f =je v | 2
Ao o~ oo - .0 == =] ~jo a w - 1%@ v\,l Al e w
A= R A 1 N : 8 RS
I3 S =Y CA (T 8) g & oy fe - A
Slm wo|wn )vl232:s 8 W - PI =4 TR SRY'VY PSRN p M
plo o .(w e D S T I3 2 11 ./ \ s = = — - s =
i R N g po ~ - 2 A A L) o I e o u
3
glo o 3 A/~ ~ i ¢ m a4l [ PR [Ny e puy 2
8 4 a4l = [+ 8 " i@ B N e ¥
gl P e - wle ¥ a %) olfin = = e ] ralew = | a
9515(r Y- ~ ~jn & w| wlm y vl ]l _mu.
pl o ~ lllliﬂ w 4 B ey e P 12211J @
8 ssw U P p [PPSR R Fgpt gy 2 o b 11%5 L L] [N N S S Pl ¢
wl ol AR Y] S f w Rl |t = Y L Rt S, S Py R
2 s».w Jnx o 1.,.::“” R © #z“ N sﬁ o :zxxzsuﬁ "
w ~ N - - —~fr =i w (o 3] s&qa < [~ ~ ~ = <[~ 8
AR T O B - A AT O B B
wl_mlm A N - - — w o [} e e R~ s <N ) pogge P &
Ll g e % ~ N ) e 8 o L Aoag L ~ aln =[w w
wles oo = L o oy B O s ) v AR N PRt e H
IR 3 4 o P e £ Mw mW IR o .MM:W& S V! [ Il it "
sl _mlm el P 3 h o~ T\ |- - L w 5 ] s e ,.(M.l ===~ - 3
8 = rP fALnﬁ uys P e e 8 3 = ol - uwm%ﬁ | I U I "
w 7958 s — - ~ w & = -~ - .«lad 5] P Py ~
oS e e e ¥ 7 o OB A » IR o O e A .
w Gﬂ % 2 s Biwod 0l = N~ w 3 & 247W - ~ o e L) &
H ~ e~ ] - = e ) & .MW o w <lin T - P I .
. =l +]wn <l US5[S FURN U R PR S s 3 - ° e Py 5 UM FVEPYY RS ) ey gy °
Q= slmn ™ -] lleA.lZ...M: > P Py — e 12l1222124ﬁ =
ol | e |G- P I ) M x o o & o N P 2 s e e &
2 o ajoinjn ] ~fe 0k L/ - ] ]~ | fen - e C [+ o IS »EL..fZl).A.ZZZ e S PP EUEFYY EPI'S) ER PR w
H r—ldloln ~ln |~ nliwiert] - - o~ ~ v H M i | AN O e e B a | =] ~— =[m en ]
2 M n e |- - e NN O -l v I [ h andiY /57332122411 - EeaE ') Candiad el ] 1 Med B 008 R x
w oim w|oN -~ [t ed - _I= Lad dmdtd bl W h w wle s ein mjn cjee — e == e e el W
- I L e ot inliad M - W d o] CW S LR EX R DR I \\l — e o el =l =l o iy
o ]~ wln o] -~ - /1 P AV S PRI P ¥ (o] = 2 I S I Y A I S T O s | R K
L Blv ol m|m - S} JUpp QU P 2 M a : oo w|n nin ~|a e —j= t1|m «fw n|o 3
x Q‘SBGSZ « [ ~ g 4
3 - - =t |- - i w w 8 PO [oasvs sovpany peoy P = =]m mjo undlo |3
; e SE i er o o = AR T ol
¥ .g \&578 QS.\. n - N v |tk i E e H 7 ) Tl <= f v vl w |8
N ) CW = ) o s e o = © 0 AR e ale ol o o P
> 5§ 475... 1 oA |0 W Mo [x m Y Wl. v ™ 2
9 - ; i R hdﬁ Alx ~f- \ x«x B M
.w, % 4-,.»12 AN. = I/Av.nlr-M\“HH ~ m a8 il - JW/..J\%: i (o T O o S L H
| e J?QJ - - ~ Ww o Y] BN E] I EN I By B s
H " mw ) b7 = =1 =~ | ~ld E] j= x WKW \& nw~;HM R e B R RIT. >
2l @ 21/%“1 | = =ln |~ ol : 2 14 ITY A L i P, gy Py Py Py H
8im (Y o ~ - = - == a N io- Al h e |-l |- I :
*lw = o’ ) e few - | [~ - = 3 = == g e & 8
H A5 a4 E H 3[R e H
8 4:&{ - \. - - e~ 8 wy Y =9 .\ﬂ. Y RN s S 1 s ) LY LV PPy Y- Y] O x
2o ~f p0H A~ = ] P |-~ » ] M - I —[o )= —{= == —[n ~ &
pfecpath | P 2 Y 7 :
2 ¢ d %l - - [==]~ 142U = — B~ N A ~ T P e NI IS Eypy Py x
= w P L O [ EUEE N P ® 7 ~~= PO SN P | Y St - - a8
t Y £ . S8 - ¢ &
&= ¥ i 7= —f= ll...l.\f 8 o Bl mfe iﬂhlh:z&.._ll e e | ) ol I L) 2 E
W = e el Il 0 e L L W ._n“ al =i~ A | o0 vt M= = | 3= ] =] i | ]
2] mjvn i o - - bl L =] o~ - LI N I SR L) B PSY (Y RN B N ¥
¥ ol cofew o] - —fos nefre ufn [ 9 H ) S POy B P P (gt P S R P ey P B b
2o - — | |- - — =l = 4= x * o R PR PR RPN P - - —|= —=|= | min g w
W o|w R ™ o ) m o mje 4 . 2 B R O ) =] = = e T 12
al oln =[] =F ] —[~ w]m ~]="{plt |2 s r | |l o - ] i s R LR IR R |+
4 GEN L] e ] I s - ] L] Gl B a1 I 3 4 - e léﬂ\ﬁ. [~y m|ee | | ] <l ofw o] |2
16 3&{?/22122 - - = Y B G T R B . - 2\/T wim =]~ - P I G R I R
¥ ot L <11 |t M Nj—- o " — e i) Golgd Dl Eed £ W (s m T ) Oy = - , ey ] =]~ | er]ung W
gl |-~ = v = @i al— te = g A R m 2l [l il sofin o]~ [ DI R PR RPN P
o o win vl i nlN - R i) S -— F3 L v r w v 'Y i "
i g * ¢ £ ¢t ¢t & e B E 5 8 R EECEEEEECEEE
kB 3 % R & = R 5§ % % 8 ® 2

Percentage of DMSP-8 soundings failing the stability check (same period and unit as on

14

Fig.

11-13)

Figs.

44



probably means that in these areas where the first-guess errors can be
relatively large the satellite data have a consistent corrective action on the
first-guess, which is not the case in the North Atlantic where the quality of

the first—guess is better than the quality of the data.

4. CONCLUSION

This paper concentrated mainly on data quality problems in the troposphere.
Of course the usefulness of the TOVS data in the stratosphere and upper
troposphere is well established and should also be kept in mind. For the
troposphere, f£ig. 11 to 14 provide a pictorial summary of what has been said:
among the data received from NOAA-11 and DMSP-8 during a two week period,
they show the percentage of data which were not used by the analysis for one
reason or another (for NOAA-11l), or which failed the stability check (for
DMSP-8, as DMSP data are not used anyway gt the moment). The numbers are
percentages divided by 10. These figures clearly show the current limits of
TOVS and DMSP data as far as numerical weather prediction is concerned. For
example, for this North Hemisphere winter period about 50 % of the MSU
soundings could not be used in the North Atlantic and North-West Pacific, in
areas where most mid-latitude cyclones develop. Taking all sounding types
together, on average from February to April 1989 the percentage of rejected
data in the troposphere was about 20 % in the Northern Hemisphere and 10 % in

the Southern Hemisphere.
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