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1. Introduction.

Satellite sounding data have long been used in numerical weather
prediction. It was established from FGGE that substantial benefits can be
obtained from making use of sounding data in the southern hemisphere in
terms of improved forecasts (eg Uppala et.al., 1984), but it has proved much
more difficult to demonstrate a beneficial impact in the northern
hemisphere. One reason for this, is that there is a degree of redundancy in
the observing network in the northern hemisphere . There is probably
sufficient conventional data over much of the land areas and even over the
ocean areas the model background is usually of quite high quality because
the models are able to accurately advect information from upstream
Observations have, therefore, to be of a quality at least comparable to
that of the model background before their impact is likely to be
consistently positive. With regard to sounding data, this implies that we
have to be particularly careful how we process and interpret the basic
measurements. Sounding data is often considered within data assimilation
schemes as a set of temperature profiles comparable to those derived from
radiosondes, whereas, of course, the temperature profile is a highly
derived product of the basic radiance measurements. This misuse of sounding
data is a second reason why we have seen surprisingly little impact from
their use. Work at the Meteorological Office in recent years has been
directed towards ways of more directly using the radiance information (Eyre
and Lorenc, 1989), taking data from the Local Area Sounding System (LASS)
described by Turner et.al., (1985); and as a first stage, the retrieval was
adapted to use a model forecast as background. Soundings from this
forecast-background retrieval have been used «since May 1988.

The case studies described in this paper have been undertaken for
several reasons. Firstly, we wish to reassess LASS products in the context
of data assimilation to validate the many changes (in particular the move
towards a forecast-background retrieval) that have been made to the
retrieval stage during the past few years. Previous assimilation studies
(Bell and Hammon, 1985 and Swinbank, 1988) have not demonstrated a positive
impact of LASS. All recent improvements to the retrieval stage have been
Justified on the basis of improved co-location statistics and not on
increased forecast skill. Secondly, we wish to assess the impact of
sounding data within the new Meteorological Office data assimilation
system, the analysis correction scheme <(Lorenc et.al., 1989), which was
introduced in the fine-mesh operational model during July 1989, following a
successful operational trial (Hammon et.al., 1988). Thirdly, it will enable
us to see how our own LASS products compare with the latest version of the
NESDIS products which, during the past year, have begun to be processed
using a more physically based retrieval scheme. Fourthly, it will enable us
to test a revision to the assimilation first proposed by Lorenc et al
(1986), which makes allowances for the fact that in the retrieval stage,
the vertical analysis of each sounding has used background informetion from
the model and will therefore contain errors which are correlated with the
background and hence with adjacent soundings. Finally, 1t will provide
results which will act as the baseline for future runs in which the data
assimilation algorithms will be tuned further to maximise the use made of
sounding data.



Clearly we cannot provide a definitive assessment of the utility of
sounding data in the North Atlantic on the basis of a few case studies.
Such an assessment can only made by undertaking a lengthy observing system
experiment along the lines of the recent OWSE-NA experiment . Before such
an experiment we need to make attempts to optimise the assimilation of
satellite soundings. The work described here can, therefore, be considered
as preliminary to s more extensive 'real-time' parallel trial of the LASS
system.

o e case

There are several strategies which may be adopted when choosing case
studies. One can take 'interesting' operational cases, or make a choice
based on an examination of the data, or choose entirely at random.
Interesting operational cases tend to be those where the forecast has been
poor, 1in which case tinkering with the analysis 1s almost certain to yield
an improvement, or good in which case modified analyses are almost certain
to degrade. Totally random choices are probably the best option if one had
resources to run many cases. However, we are not in that happy position
since the number of cases must be limited in order that several alternative
assimilations with different choices of data and assimilation algorithm can
be run for each case. Thus, it 1s more profitable to concentrate on cases
where the LASS data is different in some aspect from either the subjective
analysis or the model background field.

Contoured and plotted 1000-500 thickness charts of LASS data are
presented to the forecaster in the Central Forecast Office twice daily and
these data he marks on a simple A, B,C basis:®

‘A' - denoting where LASS data is judged to be providing valuable input

'B' - denoting where LASS data 1is Jjudged to be providing no extra
information

'C' - denoting where LASS data is judged to be providing incorrect input

These scores were used as a basis for choosing cases. The majority of
cases are scored 'B' and can be discounted, leaving a small selection of
'A' and 'C' cases to consider. December 1988 was chosen for the study
period. The main reason for this choice 1s that there was only a very
narrow window after NESDIS revised their retrieval system in the autumn and
before NESDIS NOAA-11 soundings were introduced into operational runs
(NOAA-11 has yet to be implemented in the LASS system). During December
1988, there were 7 cases marked A or C, brief comments by the forecasters
were appended to the scores.

(1> pm 8th Dec : score A : LASS indicated sharper thickness trough near
East Coast

(2) am 10th Dec : score C : smoother than conventional data
(3) pm 13th Dec : score A : confirmed important warming in W Atlantic
(4) am 15th Dec : score A : useful identifier of thickness trough at 20W
(5> pm 17th Dec : score C : doubts over shape of thickness contours to
west of UK
(6) am 19th Dec : score A : useful for thickness troughs and ridges in N
Atlantic
- 2 -




(7) pm 21st Dec : score C : would have expected more development in
thickness trough/ridge near UK and off
Newfoundland

In addition to these cases, a further case (8) was considered from 9th
Aug 1989, the occasion of a particularly interesting synoptic event as the
remnants of hurricane 'Dean' engaged the mid-latitude flow.

3. The choice of ta

Currently LASS data is used in the operational assimilation with the
following restrictions:

al The resolution of the data is reduced by averaging, from its original
resolution which 1s every 3rd HIRS field of view to a resolution
equivalent to every 6th HIRS field of view, akin to that of NESDIS
TOVS data. This is partly a cost saving measure and partly follows a
worry that 1n the previous version of the repeated insertion
assimilation scheme, a large volume of relatively dense soundings
might overwhelm the impact of other data sources.

b) The data is not used over any area defined as a land point in the
model. This restriction recognises the fact that historically,
sounding data have proved less valuable than radiosonde data, which
give an adequate land coverage in the European sector.

c) The lowest level (1000mb) is excluded? because of poor verification
scores during the past few years. Co-location statistics suggest that
this problem is not now apparent to the extent it once was.

d> The 3 LASS retrievals at each end of the swath are excluded, because
of problems with the 1limb correction which have now mostly been
resolved

For this study, we used unaveraged LASS data (that is every 3rd HIRS
field of view). We followed the operational practice of excluding the other
data discussed in b),c) and d) above. We had intended to use the Ilowest
level information since its presence allows the possibility of identifying
retrieval problems which may contaminate other levels and it also avoids
any problems in the assimilation with extrapolation of increments from
higher levels, however programming problems defeated this intent.

Land data and edge of swath data were not used. Even though their
quality seems now to be comparable with the remaining oceanic LASS data
their presence or absence from the system has no bearing on the
assimilation impact. The validation of edge of swath data has been done
using statistics, and does not require an impact study. The data over land
is of little practical consequence, because the orbit characteristics mean
that LASS data over land 1is introduced in the earlier spin-up cycles and
not the main forecast cycle when a complete coverage of radiosonde data is
available over Europe. Also we were much more interested in North Atlantic
impact since the predominant airstream is westerly and the North Atlantic
is a comparative data void .



Only data from NOAA-10 was used from either the LASS or NESDIS
systems.

4. e i tio

Initially each case was repeated five times. Three experiments were
run to compare different choices of sounding data (these are named runs A.D
and E below). Two further experiments were run with some modification to
the data assimilation algorithm for LASS data (named runs B and C in the
subsequent text)

(A) The now operational 'analysis correction' assimilation scheme, using
LASS data as discussed in the above section, within the line of sight
of Lasham and NESDIS data only outside the LASS area.

(B) As (A) but using recent revisions to the observation and model error
variance, 1including different values for clear, N#, and cloudy
retrievals

(C) As (B) but including an option to constrain the assimilation such that
the retrieval error is uncorrelated with the error of the background
used in the retrieval process.

(D> A no-LASS experiment i.e. using NESDIS data within the LASS area
(E) A no-SAT experiment i.e. LASS and NESDIS both excluded.

In the subjective and objective assessments in the subsequent sections
the no-SAT experiment is considered to be the benchmark against which the
other experiments are Judged

The runs B and C are the first of several planned tuning experiments.
In run A the error variance for LASS observations and model fields are the
same as were used for NESDIS soundings and there was no distinction between
the clear and cloudy retrievals. In run B, the error variances were taken
to be the same as were used in the prior retrieval stage. These statistics
had been determined from the colocation database of LASS and model
background against radiosondes. Different values were used depending on the
retrieval path.

In run C, the constrained assimilation involved an amplification of
the original corrections made using the radiances to the background with a
corresponding amplification to the estimated error. The following
assumptions were made in deriving this modification to the assimilation.
Firstly, we assume we have two uncorrelated estimates, the constrained
retrieval X.* and the background X,, , where the former can be determined
by assuming that the minimum variance combination of X.* and X. yields the
original retrieval X.. Thus:
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where C and S* are the error covariances for the model background and
the constrained retrieval respectively. These are related to the error
covariance S of the original retrieval as follows
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We make the assumption that that the off-diagonal terms can be ignored
and thus the 1levels are uncoupled. For a given 1level, J, the above
equations can be recast to determine X,* and S*:

B = =61 4 S%/C ) XL =¥ 3)
S =.L.60/ CC -5 4)

The error covariance, S, of the retrieval X, 1s taken from the
vertical retrieval stage

SFE~ (E@T ® C KT ¥ EHX KT 5)

where K is a linear matrix of the partial derivatives of the radiative
transfer equation, and E is the error covariance of the observed radiance
profile.

The current values of of background error variance (C) and retrieval
error variance (S) are given in table 1 below, together with the derived
values of S*/C, the amplification factor for the increments. Values are
given for each of three retrieval paths, at all the standard pressures on
which the data is available. .
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Table 1- error variances C and S, and amplification factor



5. Subjective assessment

5.1 Summary

For the subjective assessment, we concentrated on the surface
pressure, 500mb and 250mb height, 1000-500 thickness, 250mb winds and in
forecast rainfall. The cases we shall 1label 1 through 8 in the
chronological order as given in section 2. The five different experimerits
we shall label A through E as discussed in section 4.

Case Impact of sounding data overall
on analysis on forecast _assessment
1 Deeper ridge/trough system 70-80N hence minimal impact
between Norway, Greenland on forecast. 1vE
in C conflicts with obs Al v ),
-Newfoundland problem Low 4mb deeper in A,B,C,D T+36 510

but fine-mesh error increased

2 Upper trough East Greenland Weaker trough, less rain/snow

warmed by C too much. over Norway, North Sea T+24 in C EE
-Newfoundland problem Low 7mb deeper in A,B,C,D, also 2.A,B,D
250mb jet 5-10KT weaker T+24/36 5 G
3 Stronger thermal ridge in Slightly increased rain/snow 1.C
Atlantic, especially in C. associated with warm front T+24 2.A,B
250mb jet 5-10KT stronger over Norway. Anticyclone U.K 4mb 4.D
over Atlantic in C. higher. 5 Dk
B -Newfoundland problem No effect on Newfoundland low
which moved N during forecast.
Slightly higher thickness minimal
associated with low near impact
Greenland . No impact on pressure of low.
5 No positive guidance in Area of rain over U.K associated
fixing frontal wave but with wave slightly more accurate 1.C
slight warm bulge (1-2DM) in C. 2. A, ByD
30-45W in C analysis. and E
6 Small analysis differences Warm front weaker in C at T+18
Speed of 250mb jet 5-15 KT smaller rain area forecast over 1.A,B,D
weaker over Eastern England over Ireland and E
atiT+12 1nC 5.C
7 Small analysis differences No impact on forecasts minimal
impact
8 No help in analysis of
‘Dean'. Slight warming Negligible impact on forecast minimal
associated with cold pool impact
—near Iceland
Table 2. r ective as ent of t eight case studie
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Table 2 summarises the subjective assessment for all eight cases. For
the most part we shall describe the results in terms of departures from (E)
the NOSAT runs. Our main conclusions were that experiment C showed the
greatest impact in comparison with the NOSAT benchmark runs (E). In the
analyses, the largest signals were to be found in the thickness charts and
in the upper winds. There was a tendency for the signal to diminish during
the forecasts. No large differences were noted in any of the forecasts. The
' Newfoundland' problem alluded to in the table was of interest because the
analysis differences emanated from a region to the west of the westernmost
satellite orbit. In the section below we shall consider four cases in
greater detail. These have been selected because they showed the greatest
impact and also they contain illustrations of recurrent features. We shall
not illustrate any results from experiment A in the following section
because it was barely distinguishable from experiment B.

: sC ion of selected cases
CASE 2. DT 12GMT 10/12/88.
a) The synoptic situation-

A 500mb ridge was the most important feature of the analysis in the
eastern Atlantic, but it weakened over the U.K. during the forecast period
with a westerly flow becoming established by T+36. The anticyclone centred
over Biscay persisted, dominating the weather over southern Britain for
most of the forecast period. However, a cold front, positioned 20-25W at
T+0, moved steadily southeastwards, crossing Scotland and northern England
by T+24 and reaching southern England by T+36.

b> Impact of sounding data on the 1000-500mb thickness-

NOAA 10 satellite passes at 0700 , 0840 , and 1020 GMT were used in
the A,B,C and D experiments. The last two of these passes were of most
interest to us, since these provided additional information over the
Atlantic. The LASS data on this occasion was given only a 'C' rating by
the forecasters in CFO, who considered that it smoothed out the analysis
rather than adding useful data. The impact of the LASS data on the
background 1000-500mb thickness 1s shown in Figure 1, which also
illustrates the data coverage . The figures plotted show the differences in
decametres between the retrieved 1000-500mb thickness from the sounding
data and the fine-mesh forecast thickness . This is the fine-mesh forecast
used in the retrieval and 1is based on OOGMT initial data , with an
interpolation to the observation time. Over most of the Atlantic,
differences associated with the 500mb ridge are small and the largest
differences (+4 to +7DM) are seen over eastern Greenland and northern
Scandinavia. In Figures 2 (1) and (ii1), we compare the 1000-500mb thickness
analyses following the C and E assimilation cycles. The two analyses both
show the dominance of the ridge in the eastern Atlantic, but there are two
main areas of difference which are hghlighted in Figure 2(iii), the C-E
thickness difference chart.

The first feature is the thermal trough to the east of Greenland which
ie less pronounced in run C. The assimilation differences of up to 7DM in
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figure 2(iii) match the plotted differences of up to 6dm in figure 1.
Figure 2 (iv) shows that the thickness differences between the D and E
analyses were much smaller. Surprisingly, the B analysis (not shown) was
very similar to D despite having the same data as C . In the subsequent
fine-mesh forecast, the analysis differences between C and E were advected
eastwards with the upper trough without amplifying with time. The T+24
forecasts of the 1000-500 mb thickness from C and E are compared in figures
3 (1> and (ii1>. Although the two charts look very similar, C is still
warmer by 2-6 dm between Greenland and Norway and this difference is
highlighted in the C-E thickness difference chart, figure 3(iii).

The second feature of interest in the (C-E)> thickness analysis
difference chart (Figure 2 (11i)) 1lies in the area around Newfoundland
where there is a small difference between the C and E analyses of the
strong southwesterly flow south of the upper trough over Newfoundland.
This area 1is to the west of the sounding data being used in the
assimilations over the Atlantic , hence we would have expected all the
analyses to have been identical over Newfoundland. All of the analyses
which used the sounding data (i.e. A,B,C and D) showed the same impact.
This difference occurred in a crucial position in the southwesterly jet and
close to the centre of a depression on the surface at 40N 55W. In the
forecast this difference was advected northwards in association with the
depression increasing in magnitude from 1-3 DM at T+0 to 12DM by T+24. This
difference in the forecast thickness is highlighted by the bullseye on the
C-E and D-E difference charts (see Figures 3 (iii) and (iv)) just to the
northeast of Newfoundland.

¢)> Impact of Satellite Data on forecast rair and surface pressure-

The East Greenland differences in the forecast upper air pattern between
C and E did seem to have an effect on the predicted weather over Norway and
the North Sea at T+24 and T+30. At T+24, 12Z 11/12/88, a complex area of
low pressure extended between Iceland and Norway, with a warm front moving
into southwest Norway preceded by an area of snow. The C and E mean sea
level pressure and precipitation forecasts at T+24 are compared in Figures
4 (1) and (ii) respectively. The E forecast predicted a deeper centre and
trough with more precipitation over Norway and the North Sea. The forecast
850mb 6, and accumulated rain at figures 4(iii)> and (iv) support these
differences. Unfortunately these differences were difficult to verify due
to the lack of observations in this area.

The Newfoundland difference reflects a more pronounced thermal ridge
in C and B associated with the deepening depression. By T+36, the centre of
the depression was 7-8mb deeper in the A,B,C and D forecasts than in the
control forecast run from the E analysis. Due to an evolution error in the
fine-mesh forecast of the movement of the depression, this extra deepening
did not improve the forecast.

d) Impact of Satellite Data on the 250 MB winds-

Differences in the 250MB wind speed and direction developed during the
forecast as a result of the analysis difference over Newfoundland. Airep
reports valid around 12Z 11/12/88 suggested that the jet core across the
Atlantic at 60N had a magnitude of 120-135 knots (60-70 m/s>. The T+24
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forecasts from the C and E analyses are compared in Figures 5 (1) and (ii)
The jet core is better represented and 5-10 m/s stronger in the E forecast
(if we take the airep reports as representing the truth). Both the C-E and
D-E differences were similar as we can see from figures Bricidd Y and - C1v )y
The impact of the sounding data has slightly degraded the jet forecast by
smoothing out the flow. All the forecasts A, B, C and D from those analyses
which used sounding data were very similar in predicting a weaker jet at
60N at T+24.

CASE 3. DT OOGMT 14/12/88.
a) The synoptic situation-

In the upper air, the major feature was the strong ridge which
persisted over the western Atlantic including the British Isles throughout
the forecast period, confining the baroclinic zone to the west of 30W and
north of 65N. A large anticyclone controlled the weather over the British
Isles throughout the forecast period with frontal systems being steered
well to the north. A warm front moved eastwards into Norway after T+18,
whilst in the Atlantic a cold front moved slowly eastwards.

b> Impact of Satellite Data on the 1000-500MB thickness-

NOAA-10 satellite passes at 1720, 1900, and 2040 GMT were used in the
A,B,C and D assimilation cycles. The 2040GMT pass covering the western
Atlantic was of most interest and the impact of the sounding data it
provided on the fine-mesh background thickhess is shown in Figure 6. The
LASS data was given an 'A' score by the forecasters in CFO, since it
confirmed the important warming in the western Atlantic. In figure 6, we
see the largest LASS increments are over the western Atlantic at 35-45W
(up to 8dm ). The impact of the sounding data is to raise thickness values
on the western side of the thermal ridge in the western Atlantic thus
strengthening the thermal ridge and weakening the trough over Newfoundland.
This case showed the most marked impact of all the cases of sounding data
on the analysis and again, the strongest signal is seen by comparing the C
and E 1000-500mb thickness analyses in Figures 7 (i) and (1) respectively.
The impact from the sounding data in the C analysis is a marked warming (1-
7dm) in the analysis of the thermal ridge between 15 and 45 degrees west.
This can be seen more clearly in the (C-E) difference chart at
figure 7(iii), where, as in the previous case the difference in the
assimilation fields 1is very similar to the differences in observation
increments (figure 6). The thermal ridge in the C analysis is broader and
extends further east. In this case , the use of sounding data was judged to
have improved the thickness analysis, helping to correct a known model
bias.

During the forecast , however, the difference between C and E
gradually diminished. The C-E thickness difference charts shown in Figures
8 (iii) end (iv) show how the difference between the two forecasts
diminished with time. At T+12, however, if we compare the C and E forecasts
shown in Figures 8 (i) and (1i),we can still see a positive impact from the
sounding data with the C thermal ridge extending further eastwards towards
Scandinavia giving a more correct forecast. The smaller impact of the
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sounding data on the B analysie i1s shown by the B-E thickness difference
charts at T+0 and T+12 in Figures 9 (i) and (ii) respectively. The impact
was much less marked and diminished quickly with time. By T+12 there was
little or no difference between the B and E forecasts. A very similar
result is seen from the D-E thickness charts shown by Figures 9 (iii) and
(iv).

¢) Impact of Satellite Data on forecast rain and surface pressure-

The intensification of the thermal ridge in C did have some impact on
the forecast weather over Norway and the British Isles at T+24. This can be
seen by comparing the predicted mean sea level pressure and rainfall rates
at T+24 from the C and E forecasts in Figures 10 (1) and (ii) respectively
The warm front crossing Norway during the 11th was slightly more active in
the C forecast, being associated with an area of higher 850MB wet-bulb
potential temperature and slightly increased amounts of precipitation over
the Norwegian mountains. Unfortunately, this is difficult to verify due to
lack of observations. Also, the anticyclone over the U.K was slightly (4mb>
stronger in the C forecast which was correct.

d) Impact of Sounding Data on the 250 MB winds-

There were little or no differences between the 250 mb analyses and
forecasts from B, D and E. However in the C analysis, the Atlantic jet was
analysed 5-10 KT stronger over Greenland, which was judged to be an

improvement. This is illustrated in figure 11 (i) to (iii), which show C,E
and C-E winds respectively

CASE 5. DT OOGMT 18/12/88.

a) The synoptic situation

An anticyclone was centred over Biscay with a strong west to

northwesterly flow over the British Isles. A cold front was slow moving over
the U.K.;its progress southwards being retarded by a series of waves. The
main wave was centred over northwest England at T+24.

b) Impact of sounding data on the 1000-500MB thickness-

NOAA-10 satellite passes at 1600, 1730, 1910 and 2100 GMT were used
in the A, B,C and D assimilation cycles. The coverage of sounding data over
the Atlantic is shown in Figure 12. The 1910 and 2100GMT passes were
potentially of most use to help in the analysis of minor troughs and ridges
in the Atlantic which could perhaps be associated with a developing wave orn
the cold front. However, the LASS data was given a 'C' score by the
forecasters in CFO, since they did not find the data helpful. The plctted
differences in decametres between the retrieved 1000-500mb thickness from
the sounding data and the fine-mesh T+6 forecast background thickness in
figure 12 show that the main impact of the sounding data was near the
western edge of the swathe at 45-55N, 40-50W, with small positive
increments (2-4dm> in the southwesterly jet. However the differences were
too small to give any positive guidance in fixing the position of a wave on
the cold front in this area.

_lo_



The small impact of sounding data in the Atlantic in the C analysis is
shown in the C-E 1000-500mb thickness difference chart in figure 13 (iii).
Comparing the C and E analyses in figures 13 (i) and (i1) we see that the
difference results from a less sharp thermal trough in the C run south of
Greenland with perhaps just a hint of a warm bulge to the south of the
strong thermal gradient, indicative of a wave on the cold front. Figure
13(iv> shows the small differences between the C and E thickness forecasts
at T+24.

¢) Impact of sounding data on forecast rain and surface pressure-

The small positive differences in the western Atlantic in the ¢
analysis have been advected eastwards to be over the U. K at T+24 in
association with a wave on the cold front. There was a consequential
improvement in the forecast rain area over the U.K at T+24. The observed
rain area over Scotland and northern England at OOGMT 19/12/88, associated
with the wave over the U.K is shown in Figure 14 (iii). This area may be
compared with the T+24 forecast rain areas from the C forecast (Figure
14(1)> and the E forecast (Figure 14(i1))>. Although both forecasts have
predicted the area of rain too far south, the C forecast is more accurate.

In the B and D analyses, there was very little impact from the
sounding data.

CASE 6. DT 12GMT 19/12/88.
a) The synoptic situation- B

A frontal system in the Atlantic moved eastwards with the warm front
crossing the U.K. on the 20th and the cold front becoming slow moving over
southern Scotland by T+36. However,the main feature of interest was the
strength of the polar jet across the Atlantic with maximum reported wind
speeds at 250MB of 150-180 knots (75-90 metres per second).

b)> Impact of Satellite Data on the 1000-500MB thickness-

NOAA-10 satellite passes at 0840 GMT and 1020 GMT were used in the
A,B,C and D assimilation cycles. The LASS data was given an 'A' score by
the forecasters in CFO, since they found the data useful in the analysis
of thickness troughs and ridges in the North Atlantic. However the
sounding data had only a small impact on the A,B,C and D analyses on the
western side of the upper ridge at 60N 40W. These differences were advected
northeastwards in the forecasts to the north of 70N, hence the impact on
the forecast was negligible.

¢) Impact of Satellite Data on the 250 MB wind-

The 250mb wind analyses following the C and E assimilation cycles were
very eimilar, as shown by Figures 15 (i) and (ii)>. Both have a good
analysis of the speed of the jet across the Atlantic and few areas of
difference show up in figure 15¢(ii1) for (C-E) . However, in the C forecast,
emall differences developed at T+06 onwards which affected the predicted
wind speed of the warm front jet over the U.K. Figure 16 (iv) shows the
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observed 250mb winds for OOGMT 20/12/88, with maximum speeds between 145
and 165 knots (72-82 metres per second)>. Both C and E forecasts for T+12
predicted the position and strength of the mid-Atlantic SW jet accurately.
These forecasts can be compared in Figures 16 (1) and (ii). The difference
chart, Figure 16(iii) shows that the C wind speed forecast is 10-30 knots
(5-15 metres per second) lighter in the core of the jet over Eastern
England (i.e.max speed 164KT instead of 176KT).

c¢) Impact of Satellite Data on forecast rain-

Although the difference between the jets was small, there was some
impact on the intensity of the rain area associated with the warm front as
it crossed Ireland. By O6GMT 20/12/88, Figure 17(1ii) shows that the rain
area had already spread across Ireland into Cornwall, west Wales and west
Scotland. This observed weather can be compared with the T+18 rain rate
forecasts from the C and E forecasts shown in Figures 17 (i) and (ii)
respectively. Both are slow with the timing of the rain but the warm front
is noticeably weaker in the C forecast and the E forecast is more accurate.
The forecasts from the B and D analyses were much more like the E
forecast.
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6. Objective assessment

Forecasts were verified over the whole fine-mesh area using
radiosondes and surface reports. In table 3 below, rms errors for the T+12
forecasts are given as averages from eight cases. The actual values are
given for the NO-SAT runs (E). For the other runs, the values are expressed
as a percentage of the NO-SAT run.

E A B C D
Surface Pressure (mb) L 100 100 109 100
850mb Height (dm) 1 101 101 114 100
700mb Height <(dm) 1.9 100 100 108 100
500mb Height (dm) 205 98 98 102 100
250mb Height (dm) 3B g9 Y9 99 101
850mb Temperature (degC) 2.0 99 99 102 101
700mb Temperature (degC) Lo 96 96 97, 100
500mb Temperature (degC) 155 99 99 101 103
250mb Temperature (degC) 2.0 99 98 103 104
850mb Vector Wind (m/s) 5.5 100 100 101 101
700mb Vector Wind (m/s) o | 100 100 101 101
500mb Vector Wind (m/s) 5.9 99 83 100 100
250mb Vector Wind (m/s) 8.2 101 101 100 100
850mb RH (%) 20. 9 99 99 99 100
700mb RH (%) 23.3 100 100 102 101
500mb RH (%) 26. 8 100 100 101 100
mean for all variables= 99.4 s~ 99 3 102. 4 100. 7

Table 3 - T+12 verification against observations

with values for runs A-D expressed as % of 'E' runs

In table 3, we see relatively small differences between the various
experiments. The LASS-A and LASS-B runs verified marginally better than
NO-SAT, whilst the NESDIS run (D) verified marginally worse. The
‘constrained assimilation' LASS-C run was particularly poor for surface
pressure and the lowest level height fields.

As the forecasts proceded, the relative accuracy of the runs changed,
as we can see from tables 4 and 5 below which give the same information as
for table 3 but for the later forecast periods, T+24 and T+36 respectively.
There is 1little impact from our revision of the assumed background and
observation errors (LASS-A compared with LASS-B). At T+24, the height
fields are better for LASS-B compared with the NO-SAT run, but the upper
winds are slightly worse. The LASS-C run is now best, mainly because of
improved height fields, whilst the NESDIS run is giving the worst scores.
By T+36, runs LASS-A, LASS-B and NESDIS are all worse than NO-SAT, with the
largest departure from the NO-SAT scores being 3% at 850mb heights
(representing a degradation in rms error of O.8metres) and the same at
250 mb winds (which is 0.3m/s increase in rms error). LASS-C is comparable
to NO-SAT, with the degradation in the wind fields being balanced by an
improvement in height fields.
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Surface Pressure (mb)

850mb
700mb
500mb
250mb
850mb
700mb
500mb
250mb
850mb
700mb
500mb
250mb
850mb
700mb
500mb

Height (dm)
Height (dm)
Height <dm)
Height (dm)
Temperature
Temperature
Temperature
Temperature
Vector Wind
Vector Wind
Vector Wind
Vector Wind
RH (%)

RH %)

RH (%)

(degC)
(degC)
(degC)

(degC)
(m/s)

(m/s)
(m/s)
(m/s)

mean for all variables=

Table 4 -

Surface Pressure (mb)

850mb
700mb
500mb
250mb
850mb
700mb
500mb
250mb
850mb
700mb
500mb
250mb
850mb
700mb
500mb

mean for all

tables 6-8,

Height (dm)
Height (dm)
Height (dm)
Height (dm)
Temperature
Temperature
Temperature
Temperature
Vector Wind
Vector Wind
Vector Wind
Vector Wind
RH %>

RH (%)

RH (%)

(degC)
(degC)
(degC)
(degC)
(m/s)
(m/s)
(m/s>
(m/s>

variables=

T

e

E A B C D
352 100 100 99 101
2.2 100 100 98 101
2.6 98 98 96 98
3L55 97 97 94 100
4.8 98 97 94 101
2.2 100 100 100 100
2.0 97 97 98 101
251 100 100 100 103
2.2 100 101 102 102
5.9 100 100 101 101
5.8 101 100 102 100
s 100 100 100 100
9.8 102 102 101 101

214 99 99 100 101
4o | 100 100 101 102
28.5 101 100 101 99
99. 6 99. 4 9g. 2 100. 7
as table 3 but for T+24

E A B C D
433 102 102 98 102
2.9 103 s el 100 103
32 102 102 99 102
4.2 101 101 98 102
5.4 101 101 99 103
2l 100 100 102 100
202 99 99 99 101
2.2 101 101 100 102
27 101 101 101 101
6.8 101 100 101 101
6,7 101 101 101 101
8.6 102 102 101 102

1453 103 103 103 102
D2 100 100 99 100
28.9 99 99 100 100
3153 100 100 99 99
101.0 100. 9 100. 0 10153
s table 3 but T+36

and the number of cases of a lower rms error noted.
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The same objective scores are presented in an alternative way in
with each set of runs being compared with another set of runs
Six pairs have been
considered as indicated in the key below. Run A has been excluded from this

comparison because of its similarity with run B. The bolder figures in



these tables highlight case count victories by a margin of better than 5/3
where we might attach more significance to the result.

The KEY for tables 6-8 is as follows:
B/E : LASS B versus NO SAT
C/E : LASS C versus NO SAT
D/E : NESDIS versus NO SAT
B/C : LASS B versus LASS C
B/D : LASS B versus NESDIS
C/D : LASS C versus NESDIS

B/E C/E D/E B/C B/D Cc/D
Surface Pressure 4 /4 2.6 4 /4 6%/ 1% 4 /4 2 /6
850mb Height 3%/4% 12577 4 /4 T341 3%/4% 1%/ 6%
700mb Height 4 /4 2 /6 4 /4 6%/ 1% 4 /4 2 /6
500mb Height 9L /8 325/ 3%/ 4% 6 /2 5%/2% 3%/ 4%
250mb Height D /3 652 2%/ 5% 3%/ 4% 5%/2% 6 /2
850mb Temperature  4%/3% 2%/ 5% 3%/ 4% 6 /2 01/3 375
700mb Temperature  6%/1% 6 /2 4 /4 4%/ 3% 6%/ 1% 6 /2
500mb Temperature  4%/3% 3%/ 4% 2%/ 5% ) 6 /2 4 /4
250mb Temperature  5%¥/2% 1%/ 6% sy 7%/0% e/ 5:/3
850mb Vector Wind 4 /4 2 /6 2716 7 it 6%/ 1% 315
700mb Vector Wind 5 /3 2%/ 5% 2 /6 7%/0% 6 /2 375
500mb Vector Wind 6¥/1% 3%/ 4% 4%/ 3% 7L 5%/2% 3%/ 4%
250mb Vector Wind  3%/4% 4 /4 4 /4 3%/ 4% 3%/4% 4%/ 3%
850mb RH 4 /4 5%/ 2% 4%/ 3% 30/5 4%/3% 4%/ 3%
700mb RH 4%/3% 2e/6 SRS 5:/3 5%/2% 57/3
500mb RH 3 /5 S/ 543" B2 4 /4 3%/ 4%
TOTAL 73755 50%/77% 54/74 91%/36% 82%/45% 60/68

Table 6 - case count for T+12 ; taking pairs of cases

and scoring | for a lower rms error

On this measure we see from table 6, that the LASS-B runs win by a
substantial margin at T+12. The NO-SAT runs are comfortably beating the
LASS-C runs and the NESDIS runs. The LASS-C runs did score well for several
fields but a very poor performance at the surface and low level height
fields pushed the total score in favour of NO-SAT in the C/E comparison and
also in favour of NESDIS in the C/D comparison.

At T+24, we see from table 7 below, that LASS-B and LASS-C are
performing equally well and both are beating NESDIS and NO-SAT comfortably
The NESDIS runs are trailing some way behind NO-SAT in last place. By T+36
(table 8), the NESDIS runs remain firmly in last place, although there is
an indication that they are not performing as badly as the LASS runs for
250mb winds. The LASS-B runs are now outperformed by the NO-SAT runs mainly
because of poorer wind scores. LASS-C runs remain better overall than
NO-SAT despite a poor performance at 250mb winds.
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B/E C/E D/E B/C B/D Cc/D
Surface Pressure 3%/ 4% 3%/ 4% 3%/ 4% 3%/4% 4 /4 D74
850mb Height 4%/3% 54/3 4 /4 3%/4% 4%/3% 5%/2%
700mb Height 4 /4 DA D3 3 /5 L /4 5%/2%
500mb Height 6 /2 6 /2 973 2 /b 6%/ 1% 6 /2
250mb Height 6%/ 1% 8 /0 2% /5% 1%/6% 8 /0 8 /0
850mb Temperature 3%/4% 4 /4 4 /4 3%/4% 3%/4% 4 /4 |
700mb Temperature 6 /2 6 /2 4%/ 3% 4%/ 3% 6%/ 1% 6 /2
500mb Temperature 4 /4 4%/ 3% 2%/ 5% 4 /4 9/ 5 /3
250mb Temperature 3:/9 3%/ 4% 3°./5 4 /4 /s 4%/ 3%
850mb Vector Wind 3%/ 4% YA 2%/ 5% 4 /4 6 /2 573
700mb Vector Wind 4%/ 3% 1%/ 6% 3/D 6%/ 1% 4 /4 2%/ 5%
500mb Vector Wind 6 /2 4 /4 98¢ /3 5%/2% 5 /3 3545
250mb Vector Wind 4 /4 B/ 3%/ 4% 2%/ 5% 2%/5% 4%/ 3%
850mb RH 4%/3% S /i3 1%/ 6% 4 /4 7%/ 0% 4 /4
700mb RH 4 /4 1%/ 6% 4 /4 6 /2 I 3%/ 4%
500mb RH 3:- /5 3%/ 4% 4 /4 6 /2 3./ 2 /6
TOTAL 70%/57% 71/57 57%/70% 64/64 80/48 74/54

Table 7 - as for table 6 but for T+24

B/E C/E D/E B/C B/D c/D
Surface Pressure 4 /4 B3 3%/ 4% 1%/6% 4 /4 L=k
850mb Height 2%/ 5% 4%/ 3% 2%/ 5% 2%/ 5% 5573 5%/2%
700mb Height 4 /4 4%/ 3% 4%/ 3%~ 345 4 /4 4%/ 3%
500mb Height 5 Y3 5%/2% TS, 35 4%/3% 5%/ 2%
250mb Height 3%/4% 4 /4 3..15 SERA 6%/ 1% 6 /2
850mb Temperature  3%/4% 2%/ 5% 4 /4 5.-73 3%/4% 4 /4
700mb Temperature 5/3 4%/ 3% 3%/ 4% 4 /4 5%/2% 543
500mb Temperature 3%/4% 4 /4 BlD 375 4%/3% 4 /4
250mb Temperature  4%/3% 5 l3 3%/4% Y AG 5%/2% 5%/2%
850mb Vector Wind  3%/4% 4%/ 3% 3%/ 4% 3%/ 4% 543 4%/ 3%
700mb Vector Wind 3%/4% 4 /4 2%/ 5% 3.5 4%/ 3% 6 /2
500mb Vector Wind 9. /0 4 /4 3./5 4 /4 B/ 5u/8
250mb Vector Wind y /7 2 /6 2 /6 3%/4% 2 /6 3. 45
850mb RH 4 /4 4 /4 9 AS 207D 4%/ 3% 573
700mb RH 5%/2% B3 <18 5 5%/2% 6 /2 4 /4
500mb RH 4%/ 3% 6 /2 53 8/ 1%/6% 3%/ 4%
TOTAL 60%/67% 69/59 56%/71% 55%/72% 71%/56% 78/50

8 - as r ut ) e B e

The final table (9) gives an objective verification of the forecast
1000-500 thickness fields. Verification against observations was
unavailable for this field so we must rely on a comparision with verifying
analyses. The area verified is enclosed by 75N, 35N, 70W and 30E. The format
is as in the above tables. It is doubtful how much we confidence we can
place on these results for the shortest forecast period because the
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verifying fields would contain LASS data albeit at degraded resolution and
there might be a positive correlation with the LASS forecast runs. We do
see an improving trend for LASS-C as the forecast progresses.

B/E C/E D/E B/C B/D C/D
T+12 6/2 3/5 3%/4% 6/2 7/1 4/4
T+24 5/3 4/4 3%/ 4% 6/2 6/2 3/5
T+36 243 O/ 4 /4 375 0/ D/

Table 9 - case count for 1000-500 mb thickness ; taking pairs of cases
and scoring 1 for a lower rms_error

l ;




7. Conclusions and suggestions for future work

The overall conclusions from the subjective assessment of the berefit

of the use of sounding data in fine-mesh forecasts in these eight cases was
inconclusive, with the NO-SAT forecast being clearly worse in only one

case.

i)

)

1439

iv)

The main points are listed below:

In general, the impact of the sounding data on the eight cases
studied was small with no major change 1in forecast evolution.
Nevertheless, we have shown that small differences, particularly in
the predicted strength of the jet, can cause differences in forecast
rainfall intensity and amount (cases 3 and 6).

In the Newfoundland problem, small analysis differences west of
the satellite swath in the baroclinic 2zone increased during the
forecast in three cases . In two of the cases (1 and 2) a developing
depression deepened more in the forecasts which used the sounding
data. Due to evolution problems in the forecast, the increased
deepening did not verify well. This suggests that we should make some
attempt to tune the influence area for LASS data to avoid the
situation where a large amount of data some distance upstream can
negate the impact of 1isolated radiosonde reports. The problem is
perhaps exacerbated in this instance because Newfoundland is on the
edge of the fine-mesh domain and there is a one-sided distribution of
observations.

The lack of impact of sounding data in the LASS-A and LASS-B
assimilations was disappointing. Even when there were large
differences between the sounding data and the background, these runs
seemed to smooth out the differences so that the analysis differences
were small and diminished quickly with time in the forecast. One
possible reason for the analysis differences reducing rather than
growing with time during the forecast, is that the data was possibly
correcting a large scale bias in the temperature field which occurs
because the model is too slow to warm up an airmass leaving a cold
continent and moving over a warm sea. In the runs without sounding
data the warming still occurred without the help of observations, but
on a longer timescale, so that by T+24 the SAT and NO-5AT runs were
more similar than at T+0.

LASS-C analysed the soundings closely (as evidenced by the match
between [observation-background] increments and (LASS-C - NO-S5AT]
analyses) so that the greatest impact was always seen with these runs.
In the subjective forecast assessment , LASS-C forecasts improved on
the rest in two of the eight cases (3 and 5) but was worse in three
cases (1,2 and 6). However, two of the poorer cases (1 and 2) were
caused by the Newfoundland problem.

No benefits were noticed from the use of NESDIS.

We have seen in section 6, that the objective verification confirmed

the subjective assessment. In summary the objective results demonstrated

that:
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vi) The closer fit to the soundings in LASS-C was clearly detrimental
to the surface pressure and low level height fields in the early
stages of the forecast but the improvements in UK weather noted in the
later stages were confirmed by improved verification against
radiosondes. (The problem to the east of Newfoundland would not affect
the objective scores). The poor fit to surface pressure at T+12 is
possibly related to an increase in noise (as measured by rms prescure
tendency)> exhibited in some, but not all, LASS-C runs relative to
LASS-B runs. This might indicate that we were forcing in increments
from erroneous soundings which had not been correctly identified by
quality control.

vii) LASS-A and LASS-B were marginally better than the NO-SAT run at
first, but worsened towards the end of the forecast. This was
disappointing, particularly as the fields contributing most to the
overall deterioration were the more important surface pressure and
upper wind fields.

viii) LASS runs were an improvement on the NESDIS runs which were
worse than NO-SAT at all forecast periods.

We intend to pursue alternative formulations of the vertical
processing within the assimilation, including the use of vertical filters
to effectively degrade the vertical resolution and the interpretation of
the data more properly as layer thickness by calculating model thickness
increments at observation points. The improved use of geostrophic
increments, particularly at higher levels, will also be considered in an
attempt to improve on the upper wind verification . It is possible that
with a data source of such uniform high data density the large horizontal
sphere of influence in the current scheme is unnecessary, so iterating
sounding data separately from other data with a reduced sphere of influence
is another option to be considered. Although these changes may be very
beneficial they are unlikely to be relevant to a LASS/NESDIS comparison
because the changes could apply equally to both data sources.

It was not possible to demonstrate that features which the
intervention forecasters identified in the data could be followed in the
subsequent forecasts. It has been established (Ballard, pers comm) that
some of the features were clearly the result of incorrect quality control
decisions in the early stages of the retrieval process. This erroneous data
might well have had a negative impact on the forecasts. Improvements in the
preprocessing prior to the assimilation seem to be required.
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CURRENT MET O 11 TECHNICAL NOTES (JANUARY 1989)

The Met O 11 Technical Notes which contain information of current use and which
have not been published elsewhere, are listed below. The complete set of

Technical Notes is available from the National Meteorological Library on loan, if
required.
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